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Executive Summary

Inter-Benchmark Protocol Workshop on Megrim (Lepidorhombus whiffiagonis) in Divi-
sions 7.b-k and 8.a, 8.b, and 8.d (West and Southwest of Ireland, Bay of Biscay) (IBP-
Megrim) met by correspondence from August 2015 to April 2016. It was chaired by
Santiago Cervifio (Spain) with the participation of 9 people from 5 countries.

The main objective of the meeting was to benchmark the megrim stock assessment
model with the aim at raising its assessment category from 3 (advice based on trends)
to category 1 (advice based on short term projections). To this end it was considered
critical to compile the historic series of discard data, with special focus on French data
that was not available in the previous benchmark. Once this was done, the next objec-
tives were to improve the model adapting the script to these new data, parameterizing
the model as required, developing the short term forecast algorithm and estimating the
reference points following the Workshop to consider FMSY ranges for stocks in ICES
categories 1 and 2 in Western Waters (WKMSYREF4) guidelines.

All the terms of reference were covered during the meeting. The discards data analysis
lasted longer than expected, but finally, with the support of Working Group on Com-
mercial Catches (WGCATCH), it provided useful data. Reference points were esti-
mated following ICES guidelines. The work developed showed high sensitivity to the
assumption about range of years used. Other sources of uncertainty identified were M-
at-age and the stock-recruitment relationship. Furthermore, the MSY reference points
(F range) reflect a level of exploitation outside the observed ranges of the population
dynamics, which will need to be revised once more information about the dynamics of
the stock at larger biomasses is available.

The use of the Bayesian statistical catch-at-age model, the methodology for deriving
biological reference points, the methodology for short term forecast and the estimation
of discards are statistically sound and adequate to the stock. The WG considers it can
be used for future advice.

Terms of Reference

2016/2/ACOM33 An Inter-Benchmark Workshop on Megrim (Lepidorhombuswhiffi-
agonis) in Divisions 7.b—-k and 8.a, 8.b, and 8.d (West and Southwest of Ireland, Bay
of Biscay) (IBPMegrim), chaired by Santiago Cervifio (IEO, Spain) and reviewed by
Ernesto Jardim (JRC) and Samu Mantyniemi, will be established and meet by corre-
spondence until February 15, 2016 to improve the data inputs and model in an effort
to move this stock from an ICES category 3 assessment to a category 1 assessment. This
IBP was originally scheduled to conclude in September 2015.
The IBPMegrim is conditional of data available to ICES. A data call was issued with a

deadline beginning of July. Provisioning and raising the data are ongoing activities,

scheduled to conclude by 15 December 2015. The main activities to be undertaken are:

a) Compile the historic series of discard data, with special focus on French data

that was not available in the previous benchmark, with assistance from
WGCATCH 2015;

b) Improve assessment model settings:



1

.

ICES IBP MEGRIM REPORT 2016

i) Update the assessment model script to incorporate the additional data re-
quested by the data call;
ii) Fit the model with the new data and parametrization, as required;
iii) Review the model script for the projections as some inconsistences were
detected at Working Group for the Bay of Biscay and the Iberian Waters
Ecoregion (WGBIE) 2015;
iv) If no analytical assessment method can be agreed, then an alternative
method (the former method,) should be put forward;
v) Develop recommendations for future improvements of the assessment
methodology and data collection;
vi) Propose possible reference points using the guidelines and process out-
lined in WKMSYREF4;
vii) Update the stock annex as appropriate.
The work will be conducted by correspondence. Working documents should be pro-
vided to the reviewers by 15 February 2016. The Inter-Benchmark Workshop will re-
port by 15 March 2016 for the attention of ACOM.

STOCK NAME, INSTITUTE ROLE
Meg-78ab Ane Iriondo, AZTI Stock coordinator and stock as-
sessor
Leire Ibaibarriaga, AZTI Model development

Joél Vigneau and Anne-Sophie Data providers
Cornou, IFREMER

Introduction

Structure of the report

The report is structured in two main sections; in this Section (Section 1) the chronicle
of the working group work is presented with the issues raised by the reviewers
throughout the process ending with a statement confirming that the outcome of the
benchmark is appropriate to provide scientific advice; a summary with progress to
ToRs with references to the document addressing each ToR; and finally the recommen-
dations for future work and final considerations.

Section 2 corresponds to an assessment model work structured in a similar way as the
usual Section in an assessment working group.

Annex 1 is the list and contact details of participants.
Annex 2 is the stock annex.
Annex 3 summarises the external reviewers’ considerations.

In Annex 4, two working documents are appended to the report: WD-1 by J. Vigneau
is entitled “French historical (2003-2014) discards estimates of megrim (L. whiffiagonis)
in Subarea 7 and divisions 8.a, 8.b, and 8.d” and WD-2 by L. Ibaibarriaga and A. Iriondo
is entitled “Analysis of applying Mortality at age in the assessment of Megrim (Lepi-
dorhombus whiffiagonis) in divisions 7.b-k and 8.a and 8.b”.
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Working group chronicle

The starting point was the model was initially developed and tested by The Benchmark
Workshop on Flatfish and Anglerfish (WKFLAT) that was further developed until
WGBIE (2015). The model gave promising results and seemed to be able to deal with
the heterogeneity in the Northern Megrim data. The model fit to the data was consid-
ered adequate. However, a lack of confidence in the data used made it impossible to
accept the absolute values of model results. WKFLAT (2012) concluded, in the view of
the current problems and deficiencies of available data, that no precise estimates of
development of the stock population structure and SSB were available at that time.
WGBIE (2014) recommended the importance of delivering reliable French discard data,
including annual estimates of discards to explain some of the recruitment processes
detected in the analysis and not completely registered in the catch at age matrix and
LPUEs.

This IBP was initially planned to be delivered in September 2015, however the whole
work was conditioned in the data availability which was not ready by this time. Main
problem to address the data analysis was lack of time given the unexpected problems
associated with the analysis of discards data; mainly methodology to raise unsampled
strata. None of the options of stratification taken for rising proved satisfactory, all of
them lead to problematic unsampled strata. Moreover, there may be a bias in the rep-
resentativeness of the samples and one should be cautious in regards to the raising of
discards by effort and vessel length. Since WGBIE did not have experts on this kind of
analysis it was decided to ask for support from WGCATCH, which met in November
2015, to help French work on discards. It was also decided to extend the deadline to
get the data.

The data was provided on January 2016 initialising the modelling work of IBPMegrim.
The group met by Skype on 29 January. The meeting agenda and main tasks included
the following: (i) ToRs were presented by the chair and reviewed; (ii) the work on
French data was presented by the French data provider and the discards-at-age data
were accepted by the group as useful for the analysis; (iii) Afterwards, an exploratory
data analysis for all the data included in the model was presented by the stock coordi-
nator and (iv) the model, the changes needed to incorporate the new data and a pre-
liminary assessment were presented by the modeller expert. Differences in results
compared with the 2015 model are minor. The external experts did not find any prob-
lem with the changes, the diagnostics were considered adequate and the fit quality was
considered acceptable. The external experts’ recommendations regarding the model
were: (i) try to reduce the autocorrelation in some variables and (ii) to explore alterna-
tive natural mortalities different than 0.2.

The stock coordinator in collaboration with the model developer started to work on
the external experts’ recommendations. The collaboration inside the group was mainly
through email and some short skype meetings between the stock coordinator team and
the chair.

The next WK skype meeting was set for 18 February. The stock coordinator team pre-
sented the results regarding the external experts’ suggestions. The autocorrelation was
reduced increasing the increasing the iterations and thinning. The model results did
not change and the new settings were considered acceptable to the external experts.
The stock coordinator team tested many different methods to estimate M. The estima-
tion of M-at-age depends on the weight-at-age figures which are quite variable. This
variability depends on the year the data was collected and also on the source of this
data (catches or surveys). All the M-at-age methods provide higher M for the smaller
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ages (or sizes) which is considered more realistic than a constant M. However the scale
of these estimations are quite sensitive to the data used (year and source) and also to
the method applied (e.g Gislason’s gives lower figures than Lorenzen’s). The assess-
ment model results are sensitive to the M-at-age assumed. Time series of SSB and F
showed different scales although similar trends. However these scales are similar
when the reference points are considered (i.e. in relative terms). The quality of the fit
(retrospective patterns) was not improved when variable M-at-age was considered.

The work was considered promising nevertheless, given the uncertainty in the data
affecting the M-at-age estimation and the lack of time to complete a deeper exploration
of factors affecting M, and the fact that the model was not improved. It was decided
that our initial guess for M, i.e. constant M=0.2, was our best guess to provide advice.
However, given the impact of M on absolute decision parameters (F or SSB) it should
be recommended to complete this work before next benchmark (see Recommendations
for future work, Section 1.5).

Next ToRs addressed were the short term forecast and estimation of the reference
points. Discussions and decisions were taken by e-mail and through some small skype
meetings. Reference points were estimated with Eqsim following the WKMSYREF4
recommendations. There were not Eqsim experts in the group and some help was re-
quested to Carmen Ferndndez and Michel Bertignac. The group acknowledges this col-
laboration to progress with the ToRs. Reference points were sensitive to the range of
years used. Finally the standard 10 year mean was used. The main discussions were
about the impact of M-at-age and the stock-recruitment relationship. Finally a seg-
mented regression with break-point at Bioss was accepted with the other settings. Short
term forecast was developed with a Bayesian ad-hoc software adapted to this stock
(ICES, 2012). The group accepted the settings for short term forecast.

Conclusion

The incorporation of the requested data, mainly French discards data (but also French
landings review) was completed and the script to deal with these new data was up-
dated. The model results show that the new data does not alter substantially the per-
ception of stock status and F compared with the preliminary model performed by
WGBIE (2015).

The group considers that the model diagnosis is adequate to evaluate the quality fit.
The use of the Bayesian statistical catch-at-age model, the methodology for deriving
biological reference points, the methodology for short term forecast and the estimation
of discards are statistically sound and adequate to the stock. The WG considers it can
be used for future advice.

The group considers that the model diagnosis is adequate to evaluate the quality fit.
The use of the Bayesian statistical catch-at-age model, the methodology for deriving
biological reference points, the methodology for short term forecast and the estimation
of discards are statistically sound and adequate to the stock. The WG considers it can
be used for future advice.

Nevertheless, as in most stock assessments, the stock-recruitment relationship and nat-
ural mortality estimates remain uncertain, which have impacts on the quality of the
assessment and the reference points. Although alternative M-at-age were explored,
and the biological functions for variable M-at-age were considered potentially realistic,
the analysis was not conclusive and therefore the group was not comfortable with us-
ing the variable M-at-age approach.
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1.4

Progress to ToRs

This section summarizes the work developed in each ToR mainly using references to
the section or document where each ToR is developed.

ToR a) Compile the historic series of discard data, with special focus on French data
that was not available in the previous benchmark, with assistance from WGCATCH
(ICES, 2016);

See the Data section of the assessment (Section 2.2). A working document with
the full analysis of French discards data was presented by Joél Vigneau (WD 1, An-
nex 4). The French discard estimation was developed in the second semester of 2015
with the help of WGCATCH (2015). The document explains the raising problems and
the way it was solved making two kinds of raising. Feedback from WGCATCH (ICES,
2016) on the estimation procedure was to regroup all métiers having a low contribution
to the landings into one stratum, and regroup at best the other strata to raising by effort.
Finally two raising methods were combined: one based on effort (in most cases) and
another based on landings (only for some conflictive strata). Once the total discards
and length distribution was agreed, the next step was the estimation of discards at age.
In this case there were some years (2005-07) with scarce ALK data. Gap filling tech-
nique using linear interpolation based on moving average was used, without creating
new values where age information at length was available. The French discards-at-age
data were accepted by the group to be used in the model.

ToR b) Improve assessment model settings:

i) Update the assessment model script to incorporate the additional data
requested by the data call;

The model was updated to consider this new data changing the script to accommodate
the new discard data. The whole model is described in the stock annex (Annex 2 ).

if) Fit the model with the new data and parameterization, as required;

Data reviewed compared with data used by WGBIE 2015 are: French landings (2003—
14) and French discards (2004-14).

An extensive review of methods to estimate M for megrim and their impact on the
assessment results was developed and it is presented in the sections of the report re-
garding biological data and exploratory runs. A more detailed view is available in WD-
2 (Annex 4).

iii) Review the model script for the projections as some inconsistencies were
detected at WGBIE 2015;

The code was reviewed and updated accordingly. The short term settings were agreed
as the most adequate. See details in the short term projection section (Section 2.5) and
the stock annex (Annex 2).

iv) If no analytical assessment method can be agreed, then an alternative
method (the former method,) should be put forward;

The new analytical assessment method was agreed and it is documented in the stock
annex (Annex 2).
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V) Develop recommendations for future improvements of the assessment
methodology and data collection;

See Recommendations for future work in Section 1.5.

vi) Propose possible reference points using the guidelines and process
outlined in WKMSYREF4;

WKMSYREF4 guidelines were followed and Eqsim software was used to set the refer-
ence points. The results were quite sensitive to the year range. The stock-recruitment
relationship and the M-at-age were considered important sources of uncertainty. How-
ever the group considered that the selected settings were the most adequate. See refer-
ence points section (Section 2.6) and stock annex (Annex 2).

vii) Update the stock annex as appropriate.

The stock annex was updated and it was finalised and considered appropriate to pro-
vide scientific advice for this stock.

Recommendations for future work

To explore alternatives for French discards-at-age in years without data (2005-07) such
as review available ALK data from other countries or using the growth model.

Variable M (in age or time) seems more biological consistent. Furthermore SSB and F
absolute figures are quite sensitive to M. However before their implementation in the
model, the analysis performed here should be completed by:

-Explore the time series of weight-at-age (or length-at-age) to check the temporal

variability of M.

-Weight-at-age estimated from catches can bias the estimated M in ages partially

selected to the fishery. This should be explored.

-Improve the understanding of the biological meaning of implemented methods.

Considerations like senescence or impact of maturity on M can also be explored.

-Apart from this, M could be estimated inside the model as a bayesian parameter.
The model should be developed so that also M can be treated as unknown and
estimated like all other parameters. Finding credible prior distributions for M-at-

age should help on this.

The M analysis was also used to explore their potential use to correct the retrospective
pattern without success. Alternative ways to correct this pattern should be explored in
the future.

The current model assumes a deterministic population dynamics without process er-
ror. The likely effect of this is that the uncertainty about the stock status is underesti-
mated. The inclusion of process error would help to improve the realism of the
uncertainty estimation.
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The usual way to deal with recruitment in short term forecast is to use some kind of
mean recruitment for projected years. For this stock, as in many stocks explored in
WKMSYREF4 (2015), there was also a stock-recruitment relationships set to define
MSY reference points, that could be used for the short term forecast. However, we de-
cided to go for usual mean, however, the implications of using the same S-R model for
STF and those used in the estimation of reference points should be evaluated.

Develop alternative S-R relationship with biological meaning. For instance, developing
a prior for steepness that can help current Bev-Holt model to estimate a more realistic
steepness.

The group also encourages the development of a Management Strategy Evaluation
(MSE) as a tool to evaluate reference points or any plausible Harvest Control Rule.

Final considerations

The Inter-Benchmark Protocol Workshop on Megrim (IBPMegrim) was developed by
correspondence. The group considers that this approach made the activity quite time
consuming being not as effective as it should be. As there is not a common time sched-
ule and the entire participants have other commitments, it was very slow to get to
agreement, take decisions and progress in work. The group considers that to be effi-
cient in the future a physical meting making the critical work in advance would be
more efficient.
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Assessment - Megrim (Lepidorhombus whiffiagonis) in Divisions
7.b-k and 8.a, 8.b, and 8.d

2.1

2.2

Assessment type: An Inter-Benchmark workshop has been carried out with the aim of
executing a full assessment for this stock and shifting it to category 1. This stock was
benchmarked in 2012 in WKFLAT. Until now it was in category 3 where the assessment
was based on trends in SSB from the assessment, which includes surveys and commer-
cial data, and a more detailed trend study on abundance of age groups from surveys
and commerecial fleets.

Data revisions in the Inter-Benchmark: French 2003-2014 landing data revision and
French discard data are available from 2004 to 2014 which have been included in the
assessment.

General

2.1.1 Fishery description

Megrim in the Celtic Sea, west of Ireland, and in the Bay of Biscay are caught in a mixed
fishery predominantly by French followed by Spanish, UK and Irish demersal vessels.
In 2014, the four countries together have reported around 96% of the total landings
(Table 2.1.1.1.). Estimates of total landings (including unreported or miss-reported
landings) and catches (landings + discards) as used by the Working Group up to 2014
are shown in Table 2.1.1.2.

2.1.2 Summary of ICES Advice for 2015 and Management applicable for
2014 and 2015

ICES advice for 2015

ICES advises on the basis of the approach for data-limited stocks, but cannot quantify
the resulting catches. The implied landings should be no more than 15 180 tonnes.

Management applicable for 2014 and 2015

The 2014 TAC was set at 19 101 t and 2015 TAC 19 101 t, including a 5% contribution
of L. boscii in the landings for which stock there is no assessment.

The minimum landing size of megrim was reduced from 25 to 20 cm length in 2000.

Data

2.2.1 Commercial catches and discards

The Inter-Benchmark Protocol Workshop 2016 was conditional of data available to
ICES, with special focus on French discard data that was not available in previous WD
1. Data have been provided following the data-call and stock catches for the period
1984-2014, as estimated by the WD 1, are updated and given in Table 2.1.1.2.

During Inter-Benchmark 2016, France landing data series were updated from 2003 to
2014 based on the WD presented by IFREMER (WD 1, Joel Vigneau, Annex 4). In Figure
2.2.1.1,, the comparison of the French landings and discard information between
WGBIE 2015 and IBPMegrim 2016 is presented. The updated landing data from France
in IBMegrim 2016 shows an increasing trend from 2008 onwards. Landing information
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by Spain, UK, Ireland and Belgium provided to the WGBIE 2015 remain without
changes.

Regarding discard data, they were provided from 2004 to 2014 by France to the Inter-
Benchmark 2016, which was one of the main objectives. The analysis done by IFREMER
is presented in WD 1 (Annex 4). France discard data were not provided since 1999, as
data appeared to be very uncertain in relation to sampling level affecting their repre-
sentatively. Discard information provided by France in IBPMegrim 2016 seems stable
with an average of 685 tons of discards each year.

The group stated strongly in previous WGBIE the importance of incorporating annual
estimates of discards to obtain consistent data along the whole data series what finally
has been fulfilled. Discard data from Ireland, Spain, UK and Belgium provided to the
WGBIE 2015 remain without changes.

Due to this updated information from France, some changes in comparison with
WGBIE 2015 data in the total landings and discards are shown in Table 2.2.1.1. In the
time series of data updated, the main differences in landing information are in year
2009 to 2012, with an increase of 15% by year in average. Regarding discards, the in-
crease in total discards in all updated years is significant, with an increase of 20% by
year in average. Total landings in 2014 are lower than in 2013 (16%), reaching up to
13 280 t in both cases.

Discard data available by country and the procedure to derive them are summarised
in Table 2.2.1.2. The discards decrease in year 2000 can be partly explained by the re-
duction in the minimum landing size from 25 cm to 20 cm. Since 2000, an increasing
trend in the discards has been observed until a peak of 30% of catches in 2004. In 2005,
the decrease in the number of small fish resulted in a large decrease of discards (Figure
2.2.1.1). In 2006 discards increased again around 24%, with a fluctuating trend in the
following years. In 2014 discards were 16% in weight of total catches and decreased
47% in weight in comparison with previous year.

In the following table the comparison of WGBIE 2015 and IBPMegrim 2016 of the dis-

card ratio in percentage (%) from catches in weight of the most recent years is pre-
sented.

N N N N N N N N N N N N N N N
Discard ratio (%) s 8 8§ 8 8 8 8 8 & 8 8 8 BB B =

o = N @ L) a =)} N @® ) (=] = N M) [
WGBIE 2015 1 13 15 20 27 17 22 17 19 16 25 22 19 21 14
IBP 2016 1 13 15 20 30 20 24 19 21 18 26 24 20 23 16
Difference 0% 0% 0% 0% 3% 3% 2% 2% 2% 2% 1% 2% 2% 3% 2%

The results of the comparison show that the update of French discards data imply an
increase of 2% in the discard ratio in average in relation to total catch.

2.2.2 Biological sampling

Age and Length distribution provided by countries are explained in the stock annex

for Megrim (Lepidorhombus whiffiagonis) in divisions 7.b-k and 8.a, 8.b, and 8.d (Annex
2).

Age

France and Spain provided ALKSs and consequently completed number and weights at
age up to 2014. Ireland and UK (England and Wales) provided number at age for dis-
cards and landings up to 2014.
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Age distribution for landings and discards from 1999 to 2014 are presented in Figure
2221

Lengths

Table 2.2.2.1 shows the available original length composition of landings by Fishing
Unit in 2014. The length compositions of the landings show an increase between 1990
and 1992 and, subsequently, a constant decrease until a rapid increase starting in 2000
(Figure 2.2.1.1) due to the change in MLS. Up to 2006, mean lengths stay relatively
stable in the recent years with a decrease in length of discards. In 2013 and 2014 the
mean length of landings and discards remains stable.

Natural Mortality

An extensive review of methods to estimate M for megrim and their impact on the
assessment results was addressed and it is presented by Ibaibarriaga, L. and Iriondo,
A. 2016 (WD 2, Annex 4). The main conclusions that can be extracted from this work
are the following: The estimation of M-at-age depends on the weight-at-age figures
which are quite variable. This variability depends on the year the data was collected
and also on the source of this data (catches or surveys). All the M-at-age methods pro-
vide higher M for the smaller ages (or sizes) which is considered more realistic than a
constant M. However we are not in conditions to select the best M-at-age among those
provided since the scale of these estimations are quite sensitive to the data used (year
and source) and also to the method applied (e.g Gislason’s gives lower figures than
Lorenzen’s). Some runs were also analysed with alternative M-at-age to see the sensi-
tivity of the model results (see model section).

M=0.2 has been used as input data for all ages and years in the final model.

2.2.3 Surveys data

UK survey Deep Waters (UK-WCGEFS-D, Depth > 180 m) and UK Survey Shallow Wa-
ters (UK-WCGEFS-S, Depth < 180 m) indices for the period 1987-2004 and French
EVHOE survey (EVHOE-WIBTS-Q4) results for the period 1997-2014 are summarised
in Table 2.2.3.1.

The UK-WCGFS-D and UK-WCGEFS-S show the same pattern in the indices for ages 2
and 3 since 1997; in agreement with the high values of EVHOE-WIBTS-Q4 age 1 index
for the years 1998 and 2000. These high indices in the Deep component of the UK Sur-
veys are even more remarkable in 2003 for all ages and in 2004 for the younger ages.

EVHOE-WIBTS-Q4 indices for age 1+2 showed no evident general trend. Oscillations
of high and low values are present from 2002 to 2007. In 2007 indices decreased sharply
with a slight increase till 2010. From 2010 it remains quite stable with a slight increase
in 2014 (Figure 2.2.3.2). In Figure 2.2.3.3 the time series of the age composition of abun-
dances from 2007 to 2014 of EVHOE survey is presented.

An abundance index in ages was provided for Irish Groundfish Survey (IGFS-WIBTS-
Q4) from 2003-2014. For the last five years of the data series, the survey provides the
lowest values of older ages and a sharp decrease of medium age individuals. For the
younger ages, it is quite stable in the last five years.

A revised abundance index in ages was provided for the Spanish Porcupine Ground
Fish Survey (SpPGFS-WIBTS-Q4) from 2001 to 2014 due to a change in the calculation
methodology of the tow trawling time. In Figure 2.2.3.4 the time series of the age com-
position of abundances from 2007 to 2014 is presented.
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When comparing Spanish, French and Irish survey biomass indices some contradictory
signals are detected (Figure 2.2.3.1). The EVHOE-WIBTS-Q4 index decreased from
2001 until 2005 and since then has sharply increased until 2011. In the last years until
2014, it slightly decreased. The SpPGFS-WIBTS-Q4 Porcupine survey (SP-PGFES) shows
fluctuation trends from year 2003 to 2008. Afterwards, an increasing trend is observed
until 2014.

Irish Ground Fish Survey (IGFS-WIBTS-Q4) gives the highest estimates in 2005 with a
decrease in trend to 2007 and increasing again till 2009 in agreement with EVHOE-
WIBTS-Q4. In 2010 a sharp decreased occurred in contradiction with the French and
Spanish surveys. In 2011 a slight increase occurred in agreement with Spanish survey
and in 2012 and 2013 a decreased was observed again with a slight in 2014.

For a more detailed inspection of the abundances indices of different age groups, these
were inspected along the whole data series for surveys (Figure 2.2.3.2). Ages groups
were identified as: i) age 1+age 2; ii) age 3+age 4+age 5 and iii) age 6+age 7 +age 8+age
9+age 10+. The most abundant age group was ii) at the beginning and the end of the
data series for all the surveys but it shows a decreasing trend in the last three years.
Age group i) appear most abundant during years 2005 to 2008. As a consequence it is
difficult to conclude on the recent abundance trends by age group.

It must be noted that the areas covered by the three surveys almost do not overlap
(Figure 2.2.3.5). There is some overlap between the northern component of EVHOE-
WIBTS-Q4 and the southern coverage of IGFS-WIBTS-Q4, whereas the eastern bound-
ary of SP-PGFS essentially coincides with the western one of IGFS-WIBTS-Q4.

2.2.4 Commercial catch and effort data

For 2012 Benchmark, a new Irish trawler index was provided as the result of the revi-
sion carried out for the Irish Otter trawl fleet. Irish beam trawl (TBB) data is limited to
TBB with mesh sizes of 80-89mm, larger mesh sizes are disused since 2006.

The general level of effort is described in Figure 2.2.4.1. SP-CORUTR? and SP-
VIGOTRY fleets have decreased sharply until 1993, since then it has been decreasing
slightly. SP-VIGOTR? showed a very slight increase in 2007, decreasing slightly till
2014. SP-CANTAB? remains quite stable since 1991 and decreased slightly since 2000.
In 2009, no effort has been deployed by this fleet but in 2010, some trips were recorded,
for the last four years no effort was deployed. The effort of the French benthic trawlers
fleet in the Celtic Sea decreased from 1991 to 1994, then increased in 1995-1996 and
decreasing again in 1999. Since then, effort has been fluctuating up and down for the
last 10 years. Since French logbook data were only partially available since 1999, only
the LPUE data can be considered.

Commercial series of catch-at-age and effort data were available for three Spanish
fleets in Subarea 7 (Figure 2.2.4.2): A Corufia (SP-CORUTR?) from 1984-2014, Canta-
brico (SP-CANTABY?) from 1984-2010 as no effort has been deployed by this fleet in
subarea 7 during the last four years and Vigo (SP-VIGOTR?) from 1984-2014. The
CPUE of SP-CORUTRY? has fluctuated until 1990, when it started to decrease, with a
slight increase in 2003 and a peak in CPUE in 2011 and decrease again in 2014. Over
the same period, SP-VIGOTR? has remained relatively stable until 1999, reaching in
2004 the historical maximum. In the last years it was fluctuations with a decrease in
2014. SP-CANTAB?7 has been fluctuating up to 1999 and then a general increasing trend
is observed. No LPUE value is available for this fleet in 2009, as no effort was deployed.
In 2010, LPUEs increased as a result of some trips being deployed in area 7 but in 2011,
but afterwards no effort was deployed.
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From 1985 to 2008, LPUEs from four French trawling fleets: FR-FU04, Benthic Bay of
Biscay, Gadoids Western Approaches and Nephrops Western Approaches were availa-
ble. (Table 2.2.4.1. and Figure 2.2.4.3). No data for 2009, 2010 and 2011 were provided
as effort deployed by these fleet was considered, at the time of the analysis, unreliable.

The LPUE of all Irish beam trawlers fleets oscillates up and down since 2000 to 2006
following a decreasing trend. From 2007 an increase in the LPUE is observed with a
slight decrease in 2014 (Figure 2.2.4.4).

Summarizing no particular LPUE changes have been observed, so no stock changes is
observed.

An analysis of the abundance indices of different age groups in data series for com-
mercial fleets was carried out (Figure 2.2.4.5). Ages groups were identified as: i) age
1+age 2; ii) age 3+age 4+age 5 and iii) age 6+age 7+age 8+age 9+age 10+. For Spanish and
Irish commercial fleets, the most abundant age group was ii) at the beginning and the
end of the data series. Age group i) appear more abundant than older ages (ii) during
years 2003 and 2004 in the Spanish fleet. French fleets appear to land mostly old indi-
vidual at the beginning of the data series, while same quantities of medium age fish
(group ii) and old fish (group iii) are presented till 2008. In general, a marked decrease
in abundance index of old fish was observed for French fleet. In 2014, a decrease is
observed in Spanish and Irish fleets but the proportion of age groups catches is main-
tained.

Based on age groups of commercial fleets, summarizing no particular LPUE changes
have been observed, so no stock changes is observed.

Assessment

An analytical assessment was conducted using updated French landings and discards
data. With the inclusion of French discard data, some changes to the model were exe-
cuted in relation to the discard estimation coefficient and data input from the Bayesian
model.

2.3.1 Data Exploratory Analysis

In summary, the stock catch-at-age matrix shows three periods: 1984-1989; 1990-1998
and 1999-2014.

The data analyzed consist of landed, discarded and catch numbers-at-age and abun-
dance indices-at-age. Five of the available fleets were considered appropriate to inclu-
sion in the assessment model as tuning fleets: Spanish Porcupine survey
(SpPGFS_WIBTS-Q4), French Survey (EVHOE-WIBTSQ4), Vigo commercial trawl
cpue series separated in two periods: 1984-1998 (VIGO84) and 1999-2010 (VIGO99),
and Irish Otter trawlers lpue (IRTBB), based on their representativeness of megrim
stock abundance. An exploratory data analyses was performed to examine their ability
to track cohorts through time.

Several exploratory analyses were carried out on the data with the software R. The
analysis of the standardized log abundance indices revealed no special trend in
EVHOE-WIBTSQ4 survey (Figure 2.3.1.1). Otherwise, in SpPGFS-WIBTS-Q4 negative
values for old ages from 2007 to 2011, but positive for old ages from 2012 to 2014. The
analysis of the standardized log abundance indices revealed year trends for VIGO99
and the same decrease in the index of old individuals was detected by this fleet in 2008
and 2009. In 1999 and 2000, VIGO99 showed negative high values for ages 1 and 2 but
in the last years positive values of ages 1-3 and bigger ages 7-9. IRTBB and SpPGFS-
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WIBTS-Q4 were the fleets that showed more positive values for older ages from year
2010 onwards.

A comparison of WGBIE 2015 and IBPMegrim 2016 data exploratory analysis is pre-
sented in relation to catches, landings and discards to show which the differences be-
tween them are. In general, very minor differences are appreciated.

The time-series of catch at age (Figure 2.3.1.2) showed very low catches of ages 1-5
from 1984 to 1989. From 2004 to 2010, the catch of older ages (> 6) was remarkably low,
whereas catches of ages 1 and 2 increased markedly from 2003. This could be a result
of an underestimation of catches of these ages (specially age 1) before this year, proba-
bly, due to the sparseness of discard data in that period. For ages 6 and older, large
discrepancies in the amount caught before and after 1990 are apparent, with large
catches of these ages before 1990 and a decrease to almost no individuals caught at the
end of the data series.

The analysis of the landings are presented since 1990 (Figure 2.3.1.3). Landings of ages
1 and 2 decreased from the beginning of the series to the last years where negative
values have increased from 2009 onwards. In fact, the proportion of older ages in the
landings decreased significantly from 2004 to 2009, as already discussed in relation to
the catch. In 2014, ages 1 increased a lot (mainly from the Irish fleet) and older ages
decreased.

The signal coming from the discard data showed that at the beginning of the data series
discards of age 1 was low (Figure 2.3.1.4). Discards of this age increased along the data
series, particularly from 2003 onwards. Ages 4, 5, and 6 appeared to be highly dis-
carded in year 2004. From year 2010 to 2013, ages 1 to 3 appear to be highly discarded
but in 2014 general discards decrease again. A slight difference between WGBIE 2015
and IBPMegrim 2016 discard data is observed for ages 7 and 8 (Figure 2.3.1.5). From
year 2005 to 2010 the new data provides higher discards of older ages that were not
observed in previous discards data.

2.3.2 Model

The model explored during the benchmark is an adaptation of one developed origi-
nally for the southern hake stock, published in Fernandez et al. (2010). It is a statistical
catch-at-age model that allows incorporating data at different levels of aggregation in
different years and also allows for missing discards data by certain fleets and/or in
some years. These are all relevant features in the megrim stock.

The model is described in the stock annex (Annex 2).
Exploratory runs

Some exploratory runs were performed: to estimate the impact of alternative M at age.
(see WD 2, Annex 4)

5 cases with different M-at-age where selected to explore the model fit:

e M=0.2 (as used up to now)

e Variable M-at-age (following Gislason)

e M constant estimated by the model

e Bayesian model averaging with the 3 previous cases
e Bayesian model averaging with first two cases
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The assessment model results are sensitive to the M-at-age assumed. Time series of SSB
and F showed different scales although similar trends. However these scales are simi-
lar when the reference points are considered. The quality of the fit (retrospective pat-
terns) was not improved when variable M-at-age was considered. Given the
uncertainty in the data and methods affecting the variable M-at-age estimation and the
lack of time to complete a deeper exploration of factors affecting variable M-at-age, our
initial guess for M, i.e. constant M=0.2, was considered our best guess.". However,
given the impact of M on absolute decision parameters (F or SSB) it should be recom-
mended to complete this work before next benchmark (see recommendations section).

2.3.3 Results

The model results were analysed looking at three different kinds of plots: convergence
plots (to analyse the convergence behaviour of the MCMC chains), diagnostic plots (to
analyse the goodness of the fit) and, finally, plots of the models estimates (displaying
the estimated stock status over time).

Regarding the settings of the prior for the final run, some changes have been done in
relation to the inclusion of discards information from France, which will be included
as data instead of being estimated by the model. A comparison of the ones chosen in
the Benchmark 2012 as the best one among the different model configurations run and
the ones chosen in IBPMegrim 2016 are listed in Table 2.3.3.1.

In order to be sure that the model has produced a representative sample of the poste-
rior distribution, the MCMC chain was examined for behaviour ("convergence" prop-
erties). This was done by examining trace plots and autocorrelation plots for most
parameters in the model (Figure 2.3.3.1 to Figure 2.3.3.3). The trace and autocorrelation
plots showed a good behaviour in the run carried out with the model, giving support
to the reliability of the outputs from the MCMC simulation conducted.

Model diagnostics plots examined were: prior-posterior plots and time series and bub-
ble plots of the residuals. Prior-posterior distributions are shown in Figures 2.3.3.4.
Posterior distributions for log-population abundance in first assessment year (1984),
log-f(y) and log-catchabilities of abundance indices were much more concentrated than
the priors and were often centred at different places. This indicated that the model was
able to extract information from the data in order to substantially revise the prior dis-
tribution. In these cases, the model fits are mostly driven by the data, with the prior
having only a small influence. The posterior distributions for log-rSPD, log-rFR or log-
rOTD in the first assessment year (1984) were similar to the prior distributions in most
of the cases. This was especially true for log-rOTD, were data directly associated with
it was not available to the model. This indicates that the available data does not contain
very much information concerning these parameters and that the priors have to be
chosen carefully trying to be realistic.

WGBIE 2015 and IBPMegrim 2016 results oftime series of estimated spawning stock
biomass (SSB), reference fishing mortality (Fvar), recruits and catch, landings and dis-
cards are shown in Figure 2.3.3.5 for comparison. The SSB shows an overall decreasing
trend from the start of the series in 1984 to 2005 with a marked increasing trend till
2014. The uncertainty in the SSB was low in the whole time series. The median recruit-
ment fluctuated between 200 000 and 300 000 thousand in the whole series without any
trend. As expected, uncertainty in recruitment estimates is largest at the end of the time
series, as those years correspond to cohorts that are still passing through the popula-
tion and additional information about them will be gained in future years. The fishing
mortality showed three marked periods which coincide with the data periods, 1984—
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2.5

2.6

1989, 1990-1998 and 1999-2014. The lowest Fvar was observed in the first period and
the highest one in the year 2005 and then it decreases until 2014 with small uncertainty.
This decreasing F trend in recent years explains the increase of SSB since catches and
recruitment remain relatively constant. Overall, the catches showed very weak de-
creasing trend. The landings decreased in a higher proportion than the catches and the
discards showed a slight decreasing trend. The uncertainty was small in all the years.
When comparing the results from WGBIE 2015 and IBPMegrim 2016, the general
trends remain the same and only slight differences in the absolute values are observed.

Retrospective pattern

Retrospective analysis was conducted for 5 years, the retrospective time series of most
relevant indicators are shown in Figures 2.4.1. In terms of SSB, two groups were dis-
tinguished: one corresponding to the two shortest time series (removing the 2 and 3
final years) and a second one with the two longest time series (until 2013 and removing
1 year). The SSB estimates were very similar throughout the entire time series and there
was an upward revision of SSB. The recruitment estimates towards the end of the time
series showed significant revisions in the retrospective analysis, but this is something
common, as recruitment in the most recent year(s) is usually not correctly estimated
by assessment models. The fishing mortality was revised downwards year by year.
Regarding the catches and landings, a downward revision was observed from 2006 to
2010 and a slight upward revision was done in the last 3 years. For discards the main
differences in the estimates were observed at the beginning of the time series and for
years 2002 and 2007.

Short term forecasts

Short-term projections have been made using Rscript developed by Fernandez et al.
(2010). Some modifications have been done to the script during IBPMegrim 2016 as the
previous results of the projection were inconsistent with the stock dynamic estimated
by the assessment model.

For the current projection, the following short term forecast settings are agreed: the
average of the last three years is used to average F-at-age, the proportion landed-at-
age, and the vectors of weight-at-age and maturity-at-age. As there is a decreasing
trend of F in the results of the assessment time series, F status quo is scaled to Frar of the
final assessment year. For the recruitment, the geometric mean of the recruitment pos-
teriors in all assessment years except for the final 2 is used. The impact of impaired
recruitment when SSB is below Bioss on STF was not explored. However, given the cur-
rent healthy stock status it was not considered an issue at this time. A recommendation
for this analysis was set (see Section 1.5).

Landings in 2016 and SSB in 2017 predicted for various levels of fishing mortality in
2016 are given in Table 2.5.1. Maintaining F status quo in 2016 is expected to result in
an increase in landings with respect to 2015 and an increase in SSB in 2016with respect
to 2015.

Biological reference points

Biological reference points were calculated for this stock based on the recommenda-
tions from WKMSYREF4 (ICES, 2016). First, limit and precautionary reference points
for spawning stock biomass (SSB) and fishing mortality (F), namely Biim, Bpa, Fiim and
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Fpa, were defined. Then, Fumsy, MSY Buigger and Fusy ranges were estimated using Eqsim
(stochastic equilibrium reference point software) which provides MSY reference points
based on the equilibrium distribution of stochastic projections. Alternatively, Fmax, Fo.,
Fso% and Fss% were estimated from equilibrium analysis that includes the uncertainty of
the assessment.

2.6.1 Precautionary reference points

The stock-recruitment relationship for this stock is shown in Figure 2.6.1.1. The dy-
namic range of SSB goes from 30 to 60 thousand tonnes. The highest biomasses corre-
spond to the first four years of the assessment, on which recruitments were among the
lowest observed. However, the SSB in these initial years are considered quite uncertain
given the shortness of the cohorts contributing to them and the lack of observations to
calibrate them (only one LPUE from fleet SP-VIGOTR?). The stock was considered of
type 5, i.e. with no evidence that recruitment has been impaired or no apparent relation
between stock and recruitment. Therefore, Bim was taken as Bioss, the lowest observed
biomass in the time series. This corresponds to 37 100 tonnes in year 2006.

The precautionary approach biomass (Bps) is defined as the value of the estimated SSB
that ensures that the true SSB has less than 5% probability of being below Bim, i.e. as
the upper 95 percentile on the distribution of the estimated biomass if the true biomass
is at Biim. Thus, Bpa is derived from Biim as follows:

Bpa — B]imel.645 4 ,
where o is the standard deviation of In(SSB) in the final assessment year. The standard
deviation of the logarithm of SSB in 2014 is 0.07, leading to Bpa at 41 800 tonnes.

The limit fishing mortality (Fim) is the F that, in equilibrium from a long-term stochastic
projection, gives 50% probability of SSB being above Bim. This was computed using
Egsim for a projection based on stochastic recruitment around a segmented regression
with breakpoint fixed at Bim (Figure 2.6.1.2). Biological parameters (mean weights at
age, maturity and natural mortality) and exploitation pattern were as in the last 10
years (2005-2014) of the stock assessment. No assessment/advice errors were consid-
ered (Fev = Fphi =0) and no advice rule was included (Btigger=0). Fim was set at 0.489 as
the fishing mortality giving 50% probability of SSB being above Biim.

The precautionary approach fishing mortality Fpa is the value of the estimated F that
ensures that the true F has less than 5% probability of being above Fiim, i.e. the lower 5
percentile on distribution of the estimated F if true F is at Fiim. Thus, Fpa is derived from
Fim as follows:

Fpa — F]ime—1.645 o ,
where o is the standard deviation of In(F) in the final assessment year. The standard
deviation of the logarithm of F in 2014 is 0.105, leading to Fpa at 0.412.

2.6.2 MSY reference points from Eqsim

For the stochastic projections in Eqsim recruitments are sampled from the predictive
distribution of fitted parametric stock-recruitment models. Initially, Beverton-Holt,
Ricker and segmented regression stock—recruitment models were considered and the
fitted models were averaged using smooth AIC weights (Buckland et al., 1997). How-
ever, the breakpoint of the segmented regression model was lower than the lowest ob-
served SSB, the fit of the Beverton-Holt was unrealistic (a flat line) and no biological
support was found for the Ricker model. Therefore, it was decided to use a segmented
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regression model with the breakpoint fixed at the lowest observed biomass (Figure
2.6.1.2). This is a risk adverse decision to avoid the high Ferash derived from bad steep-
ness estimated in Beverton-Holt model or the high Fusy caused by the over-compensa-
tory area in the Ricker model defined by the 4 first SSBs in the time series. However it
is considered that SR models with biological meaning would be preferred in the future
and the definition of priors for the conflicting parameters could help to build accepta-
ble models (see Section 1.5).

Biological parameters (weights-at-age, natural mortality and maturity) and the exploi-
tation pattern (selectivity) were resampled at random from the last ten years of the
assessment (2005-2014). Assessment/advice errors could not be estimated for this stock
since the model was not used in the latest years to provide advice. Assessment/advice
errors were set according to the default option in WKMSYREF4 (ICES, 2016). The con-
ditional standard deviation in the log domain was Fcv=0.212 and the parameter of au-
tocorrelation in the AR (1) process for fishing mortality was Phi=0.423. These values
were estimated by WKMSYREF4 (2016) as the medians of five stocks. The biomass trig-
ger point (Buigger) was fixed at 0, indicating that the ICES MSY advice rule (fishing mor-
tality is linearly reduced if the biomass in the TAC year is predicted to be lower than
MSY Brigger) was not applied.

All the settings for the base case run in Eqsim are given in Table 2.6.2.1.

Fusy was computed as the F maximizing the median landings yield curve. Fusy range
was calculated as the F values corresponding to median landings yield that are at least
95% of the maximum yield. The value of F corresponding to the 5% probability of SSB
being below Biim in one year (Fp.0s) was calculated to check whether the Fusy values were
precautionary. Yield curve for the median landings is shown in Figure 2.6.2.1. Sum-
mary table and plots from Eqsim are given in Table 2.6.2.2 and Figure 2.6.2.2. Fusy is
0.161 with Fmsy range at 0.106-0.246. The upper range value is lower than Fp.os, which
is estimated at 0.366. Thus, fishing mortality levels around Fumsy are precautionary. The
median SSB at Fumsy is around 106 300 tonnes, well above the observed biomasses.
Hence, the reference points reflect a level of exploitation outside the observed ranges
of the population dynamics, which will need to be revised once more information
about the dynamics of the stock at larger biomasses is available.

MSY Btrigger needs to be estimated for the ICES MSY advice rule. This parameter is de-
fined as the 5th percentile of the distribution of SSB when fishing at Fusy and is calcu-
lated via stochastic simulation in Eqgsim excluding assessment/advice error and
without Buigger. Note that given that the selected stock-recruitment model for the pro-
jection is the segmented regression with the breakpoint fixed at Biim, this Eqsim run is
the same as used for deriving Fim. From this run, the initial proposal for MSY Buigger
would be 89 700 tonnes. However, the fishing mortalities from the assessment have
ranged between 0.2 and 0.6, being above Fusy. Given that the fishery has not been at
Fusy levels in the last 10 years, MSY Buigger was set equal to Bra.

Although not necessary because Fuvsy was shown to be compatible with the precaution-
ary approach, the effect of including the ICES MSY advice rule was also evaluated by
running Eqsim with Btrigger equal to MSY Buigger at 41 800 tonnes. Summary table and
plots from Eqsim are given in Table 2.6.2.3 and Figure 2.6.2.3. Fp.0s increased from 0.366
to 0.379 when including the ICES MSY advice rule.

The summary of the proposed precautionary and MSY reference points obtained with
Eqgsim is given in Table 2.6.2.4.
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2.6.3 Per recruit equilibrium analysis

Alternatively to Eqsim, a yield per recruit equilibrium analysis was conducted. The
results of the assessment are projected forward including the assessment uncertainty.
The exploitation pattern, proportion landed-at-age, and the vectors of weight-at-age
and maturity-at-age are averaged over the last 3 years. The resulting probability dis-
tributions of Fistatus-quo, Fmax, Fo1, Fa0% and Fss% are shown in Figure 2.6.3.3 and summa-
rised in Table 2.6.3.1. The median values of Fmax, Fo.1, Fso% and Fss% are lower than the
Fstatus-quo. The yield per recruit and the SSB per recruit curves for different F values are
shown in Figure 2.6.3.2.

Sensitivity to the number of years over which the exploitation pattern and the biologi-
cal parameters were averaged is shown in Figure 2.6.3.3. The more years are used the
lower are the F reference points.

Conclusions

The incorporation of the requested data, mainly French discards data (but also French
landings review) was completed and the script to deal with these new data was up-
dated. The model results show that the new data does not alter substantially the per-
ception of stock status and F compared with the preliminary model performed by
WGBIE (2015).

The group considers that the model diagnosis is adequate to evaluate the quality fit.
The use of the Bayesian statistical catch-at-age model, the methodology for deriving
biological reference points, the methodology for short term forecast and the estimation
of discards are statistically sound and adequate to the stock. The WG considers it can
be used for future advice.

Nevertheless, as in most stock assessments, the stock-recruitment relationship and nat-
ural mortality remain uncertain, which have an impact in the assessment and the ref-
erence points. Although alternative M-at-age were explored, and the biological
functions for variable M-at-age were considered potentially realistic, the analysis was
not conclusive to make the group comfortable with using the variable M-at-age ap-
proach. Our initial guess for M, i.e. constant M=0.2, was considered our best guess to

provide advice. Some recommendations to address these issues in the future are in-
cluded.
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Table 2.1.1.1. .Megrim (L. whiffiagonis) in Divisions 7.b-k and 8.a, 8.b, and 8.d. Nominal landings and catches (t) by country provided by the Working Group.

Landings Discards
UK. UK. Total Northern
France |Spain |(England & Wales) |(Scotland) |Ireland [Northern Ireland |Belgium |Unallocated (landings |France |Spain [UK. |Ireland |Ireland |[Belgium |Others |Total discards |Total catches
1984 16659 2169 2169 18828
1985 17865 1732 1732 19597
1986 4896 10242 2048 1563 178 18927 2321 2321 21248
1987 5056 8772 1600 1561 125 17114 1705 1705 18819
1988 | 5206 9247 1956 995 173 17577 1725 1725 19302
1989 | 5452 9482 1451 2548 300 19233 2582 2582 21815
1990 | 4336 7127 1380 1381 147 14370 3284 3284 17654
1991 | 3709 7780 1617 1956 32 15094 3282 3282 18376
1992 | 4104 7349 1982 2113 52 15600 2988 2988 18588
1993 3640 6526 2131 2592 40 14929 3108 3108 18037
1994 3214 5624 2309 2420 117 13684 2700 2700 16384
1995 3945 6129 2658 2927 203 15862 554 422 2230 3206 19068
1996 4146 5572 2493 2699 199 15109 410 2616 3026 18135
1997 | 4333 5472 2875 1420 130 14230 414 568 2083 3066 17296
1998 4232 4870 2492 2621 129 14345 381 681 4309 5371 19716
1999 | 3751 4615 2193 2597 149 13305 3135 162 3297 16601
2000 | 4173 6047 2185 2512 115 15031 1033 208 630 1870 16750
2001 | 3645 7575 1710 2767 80 15778 1275 250 736 2262 18040
2002 | 2929 8797 1787 2413 62 15987 1466 435 912 2813 18800
2003 3227 8340 1732 2249 163 15711 3147 279 582 4008 19719
2004 2817 7526 1622 2288 106 14358 1003 4511 257 472 6243 20602
2005 2972 5841 1764 2155 156 12888 697 1831 289 458 3275 16163
2006 | 2763 5916 1509 1751 99 12037 382 2568 271 529 3751 15788
2007 | 2745 6895 1462 1763 195 13060 330 2114 272 317 3033 16092
2008 | 2578 5402 1387 1514 167 11048 329 1479 289 764 2860 13908
2009 | 3032 8062 1840 1918 2 209 15064 674 1761 389 454 3278 18342
2010 | 3651 7095 1805 2283 5 261 15101 937 3489 463 453 5343 20444
2011 | 3235 3500 1845 2227 330 2089 13226 847 2097 898 344 4187 17413
2012 | 4012 4055 1744 3047 609 966 14433 796 2668 88 152 3704 18137
2013 4549 4982 2918 3038 538 16025 748 3792 53 286 5 4885 20910
2014 4311 3318 2753 176 2391 179 150 13277 795 1337 72 360 5 2569 15846
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Table 2.1.1.2. Megrim (L. whiffiagonis) in Divisions 7.b-k and 8.a, 8.b, and 8.d. Nominal landings
and catches (t) provided by the Working Group.

Total landings Total discards  Total catches = Agreed TAC (1)
1984 16659 2169 18828
1985 17865 1732 19597
1986 18927 2321 21248
1987 17114 1705 18819 16460
1988 17577 1725 19302 18100
1989 19233 2582 21815 18100
1990 14370 3284 17654 18100
1991 15094 3282 18376 18100
1992 15600 2988 18588 18100
1993 14929 3108 18037 21460
1994 13684 2700 16384 20330
1995 15862 3206 19068 22590
1996 15109 3026 18135 21200
1997 14230 3066 17296 25000
1998 14345 5371 19716 25000
1999 13305 3297 16601 20000
2000 15031 1870 16750 20000
2001 15778 2262 18040 16800
2002 15987 2813 18800 14900
2003 15711 4008 19719 16000
2004 14358 6243 20602 20200
2005 12888 3275 16163 21500
2006 12037 3751 15788 20425
2007 13060 3033 16092 20425
2008 11048 2860 13908 20425
2009 15064 3278 18342 20425
2010 15101 5343 20444 20106
2011 13226 4187 17413 20106
2012 14433 3704 18137 19101
2013 16025 4885 20910 19101
2014 13277 2569 15846 19101

(1) for both megrim species and 7.a included.
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Table 2.2.1.1. Megrim (L. whiffiagonis) in Divisions 7.b-k and 8.a, 8.b, and 8.d. Difference in total landings and total discards between WGBIE 2016 and IBPMegrim 2016.

Weight in tons 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Landings WGBIE 2015 15687 | 14300 | 12703 | 12000 | 13048 | 10853 | 13348 | 13179 | 11590 | 12689 | 16027 | 13277
ggi‘ghngs IBPMegrim 15711 14358 12888 12037 | 13060 11048 15064 15100 | 13559 14489 15869 13277
Difference in landings: 0.2% 0.4% 1.5% 0.3% 0.1% 1.8% |  12.9% | 14.6% | 17.0% | 142% | -1.0% 0.0%

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Discards WGBIE 2015 4008 5240 2578 3368 2703 2531 2604 4406 3340 2908 4137 2179
Discards IBPMegrim 2016 4008 6243 3275 3751 3033 2860 3278 5343 4187 3704 4885 2569

Difference in discards: 0.0% 19.2% 27.0% 11.3% 12.2% 13.0% 25.9% 21.3% 25.4% 27.4% 18.1% 17.9%
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Table 2.2.1.2. Megrim (L.whiffiagonis) in 7.b-k and 8.a, 8.b, and 8.d. Discards information and der-

ivation.

FR SP IR UK
1984 | FR84-85 - - -
1985 | FR84-85 - - -
1986 | (FR84-85)  (SP87) - -
1987 | (FR84-85)  SP87 - -
1988 | (FR84-85)  SP88 - -
1989 | (FR84-85)  (SP88) - -
1990 | (FR84-85)  (SP88) - -
1991 FR91 (SP94) - -
1992 (FR91)  (SP94) - -
1993 (FR91)  (SP94) - -
1994 (FRO1)  SP94 - -
1995 (FR91)  (SP94) IR -
1996 (FR91)  (SP94) IR -
1997 (FR91)  (SP94) IR -
1998 (FR91)  (SP94) IR -
1999 - SP99 IR -
2000 - SP00 IR UK
2001 - SPO1 IR UK
2002 - (SPO1) IR UK
2003 - SP03 IR UK
2004 FRO4 SP04 IR UK
2005 FRO5 SP05 IR UK
2006 FRO6 SP06 IR UK
2007 FRO7 SP07 IR UK
2008 FRO8 SP08 IR UK
2009 FRO09 SP09 IR UK
2010 FR10 SP10 IR UK
2011 FR11  SP11(*) IR UK
2012 FR12  SP12 (*) IR UK
2013 FR13  SP13 (*) IR UK
2014 FR14  SP14 (*) IR UK

- In bold: years where discards sampling programs provided information
- In (): years for which the length distribution of discards has been derived
(*) Scientific estimates were provided
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Table 2.2.2.1 Megrim (L.whiffiagonis) in Divisions 7.b-k and 8.a, 8.b, and 8.d. Length composition

by fleet (thousands).
Length FRANCE SPAIN IRELAND UNITED KINGDOM
OTB_CRU_100_119
(00

OTB_CRU_>=70_0_|OTB_DEF_100_119 [OTB_DEF_70{OTB_DEF_70_

0 00 99_0_0. Otter (0_0. Otter trawl- FU05:Otter

OTB_DEF_>=70_0_|OTB_DEF_70_99_0 |trawl- med&deep ALL FISHING FUO3Fixed  |trawk FUO06:Beam trawl-

class (cm) [0 VIl o Vil med&deep VII|VIllabd UNITS nets shallow all depths
10 0 0| 0| 0 0 0|
11 0 0| 0| 0 0 0|
12 0 0| 0| 0 0 0
13 0 0 0| 0 0 0|
14 0 0 0| 0 0 0|
15 0 0 0| 0 0 0|
16 0 0 0| 0 0 0|
17 0 0 0 0 0 0
18 0 0 0 0 0 0
19 0 0| 0 4 0 0 0 0
20 0 0| 0 22 3 0 0 0
21 8 0| 0 75 8 0 0 0
22 0 0| 0 115 40 0 0 0
23 58 0| 20 186 79 0 0 0
24 0 0| 153 218 96 0 0 8
25 118 5 829 200 129 0 0 7
26 0 0| 1614 183 166 0 0 44
27 140 93 1794 199 195 0 0 102
28 0 0| 1518 211 305 0 1 165
29 242 270 1227 186 346 0 8 264
30 0 0| 986 203 443 1 19 256
31 227 558 768 197 502 0 41 197
32 0 0| 630 187 468 0 54 178
33 219 611 545 140 506 0 65 211
34 0 0| 444 104 458 0 70 198
35 215 562 366 77 450 0 57 178
36 0 0| 289 63 478 0 60 177
37 205 481 239 50 389 0 55 152
38 0 0| 206 46 362 0 49 134
39 172 366 173 35 278 0 35 95
40 0 0| 155 31 223 0 25 79
41 144 292 135 24 190 0 16 74
42 0 0| 110 21 125 0 11 56
43 137 237 93 16 112 0 8 42
44 0 0| 107 10 121 1 5 43
45 108 211 60 7 59 0 3 44
46 0 0 61 5 73 1 2 33
47 106 187 39 2 54 0 2 26
48 0 0 35 1 37 0 1 26
49 52 120 24 2 26 0 0 12
50 0 0 20 1 20 0 0 16
51 36 61 10 0 16 0 0 7
52 0 0 6 0 11 0 0 6
53 10 27 3 0 11 0 0 5
54 0 0 4 0 3 0 0 6
55 6 11 1 0 7 0 0 1
56 0 0 1 0| 3 0 0 2
57 2 2 0 0| 1 0 0 0|
58 0 0 0 0| 0| 0 0 1
59 0 2 0 0| 0| 0 0 0|
60 0 0| 0| 0 0 0|
61 0 0| 0| 0 0 0|
62 0 0| 0| 0 0 0|
63 0 0| 0| 0 0 0|
64 0 0| 0| 0 0 0
65 0 0| 0| 0 0 0|
66 0 0| 0| 0 0 0|
67 0 0| 0| 0 0 0|
68 0 0| 0| 0 0 0|
69 0 0| 0| 0 0 0|
70 0 0 0| 0 0 0|
TOTAL 2205| 4097, 12666| 2822 6794 7 588 2845
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Table 2.2.3.1. Megrim (L. whiffiagonis) in Divisions 7.b-k and 8.a, 8.b, and 8.d. Abundance Indices
for UK-WCGFS-D, UK-WCGEFS-S, IGFS, SP-PGFS and FR- EVHOE.

UK-WCGFS-D Effortin hours
Age
Effort 1 2 3 4 5 6 7 8 9
1987 100 863 5758 (o] o] o 95 1753 151
1988 100 8 256 59 49 (o] 228 1008 1262 632
1989 100 70 188 471 2540 788 3067 680 1060
1990 100 8 526 1745 553 2584 1985 974 1154 974
1991 100 415 1375 1250 989 912 1677 593 731
1992 100 7 28 425 414 349 189 206 132 121
1993 100 122 382 1758 1505 728 739 666 718
1994 100 69 1593 1542 2663 1325 1278 825 595
1995 100 47 582 747 1755 1686 1303 548 281 421
1996 100 15 69 475 549 1580 1231 870 327 117
1997 100 329 751 1702 1518 541 149 a7 17
1998 100 120 797 1432 1134 866 242 246 13
1999 100 237 270 734 760 302 94 33 17
2000 100 143 1004 619 681 395 67 35 13
2001 100 20 384 690 1426 581 460 376 226 45
2002 100 162 2680 1915 1349 761 690 315 104
2003 100 330 1705 3149 2662 1451 676 417 179
2004 100 168 1001 1382 1069 897 628 208 47
UK-WCGFS-S Effortin hours
Age
Effort 1 2 3 4 5 6 7 8 9
1987 100 499 3082 641 891 180 794 264 587
1988 100 47 55 585 95 367 [0} 50 93
1989 100 616 574 547 1540 576 361 297 198
1990 100 375 1057 816 661 1220 195 454 176
1991 100 2 373 829 822 394 460 550 178 293
1992 100 149 278 323 193 109 164 93 36
1993 100 470 877 1140 601 327 321 143 233
1994 100 74 1000 1301 998 521 374 185 153
1995 100 28 435 878 1167 1054 805 488 359 130
1996 100 2 64 401 389 823 592 372 152 43
1997 100 3 284 1028 550 540 289 202 75 29
1998 100 4 30 438 665 381 209 97 48 21
1999 100 69 82 222 214 103 53 41 20
2000 100 72 377 249 313 169 81 52 20
2001 100 2 131 297 594 104 145 122 80 37
2002 100 134 808 506 757 339 326 181 82
2003 100 5 184 289 639 416 328 113 102 36
2004 100 50 343 467 270 394 303 124 49 21
FR-EVHOE
Age
Effort 1 2 3 4 5 6 7 8 9
1997 100 0.77 3.92 2.47 1.47 1.59 0.91 0.61 0.35 0.15
1998 100 1.61 0.66 4.48 3.07 1.52 0.98 0.84 0.43 0.14
1999 100 0.54 3.48 0.72 2.14 3.38 1.66 0.70 0.30 0.27
2000 100 1.38 2.79 2.64 1.35 1.22 0.73 0.40 0.28 0.14
2001 100 0.94 0.51 1.87 2.36 2.72 1.87 1.40 0.38 0.22
2002 100 3.12 2.28 4.24 3.18 1.67 0.68 0.49 0.23 0.10
2003 100 2.53 2.95 2.40 3.21 0.67 0.65 0.25 0.19 0.11
2004 100 0.97 4.64 1.70 0.96 0.77 0.66 0.33 0.25 0.12
2005 100 0.86 3.48 2.94 0.91 0.57 0.48 0.13 0.07 0.12
2006 100 2.77 5.06 3.25 0.25 0.86 0.36 0.38 0.21 0.07
2007 100 4.05 3.91 1.63 1.39 2.03 0.66 0.43 0.24 0.10
2008 100 0.54 5.52 3.72 2.05 0.69 0.38 0.22 0.06 0.01
2009 100 1.55 3.09 7.90 0.94 0.45 0.21 0.06 0.01 0.00
2010 100 2.71 2.67 2.75 4.59 1.20 0.54 0.25 0.21 0.13
2011 100 0.08 5.03 5.17 3.63 1.60 0.97 0.27 0.04 0.12
2012 100 1.26 3.89 7.87 1.89 0.94 0.78 0.66 0.08 0.03
2013 100 0.89 3.34 3.93 4.63 0.49 0.52 0.35 0.04 0.07
2014 100 0.43 4.17 2.09 4.81 1.49 0.40 0.10 0.03
IGFS
Age
Effort 0 1 2 3 4 5 6 7 8 9
2003 100 0 152 316 368 238 96 36 14 5 2
2004 100 0 153 461 595 454 162 57 30 12 3
2005 100 29 414 643 431 370 215 68 44 18 17
2006 100 44 505 548 481 215 154 68 10 7 5
2007 100 1 100 293 125 91 70 25 7 7 3
2008 100 5 140 481 349 101 66 60 17 12 5
2009 100 3 1 234 371 455 346 159 53 44 23
2010 100 6 1 128 377 259 173 90 38 13 10
2011 100 5 2 121 333 331 144 69 40 25 30
2012 100 4 24 141 140 108 52 36 16 9 33
2013 100 9 31 132 93 83 58 30 10 8 22

2014 100 40 62 143 106 56 57 52 22 23 17
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Table 2.2.3.1 (cont.). Megrim (L. whiffiagonis) in Divisions 7.b-k and 8.a, 8.b, and 8.d. Abundance
Indices by kilograms and numbers by 30 minutes haul duration.

SP-PGFS
Age
Effort 0 1 2 3 4 5 6 7+
2001 100 43 1770 2208 2842 3434 1941 1357 740
2002 100 6 1069 2502 3168 3997 2237 1107 515
2003 100 11 1081 2913 4105 5262 2789 1284 636
2004 100 7 719 3457 5498 5569 3071 1125 828
2005 100 77 633 626 2279 8249 4959 2605 688
2006 100 5 1776 1443 3275 4719 3312 901 383
2007 100 30 4856 6990 3556 3622 1814 852 399
2008 100 14 260 2219 5406 4010 1807 1219 428
2009 100 6 534 661 5320 7097 1635 877 606
2010 100 39 318 2158 2557 6723 2313 494 476
2011 100 37 393 1174 2510 3940 5141 1452 626
2012 100 5 157 692 3759 2862 3207 2926 1902
2013 100 6 1473 1184 1174 1619 3703 2657 2579
2014 100 39 243 3174 1001 2286 4400 3409 2198
FR-EVHOEFS Abundance Indices SP-PGFS
kg/30'  Nb/30' ANO  kg/30" Nb/30'
1997 1.98 12.35 2001 6.80 143.34
199] 220 | 139 2002 6.66 146.00
2000 142 ]1@4 2003 8.16 180.81
2001 2.21 17.04 2004 9.01 202.72
2002 2.03 16.55 2005 9.81 201.19
2003 177 13.14 2006 7.64 158.14
2004 1.50 10.67
2005 143 0.88 2007 9.15 221.18
2006 1.7 15.63 2008 8.46 153.61
2007| 196 | 145 2009 11.96 167.34
2009 25 148 2010 11.47 150.76
2010 257 15.53 2011 11.89 152.72
;812 23% 1;-6133 2012 13.03 155.08
2013 291 1458 2013 12.82 143.96
2014 2.13 13.82 2014 15.78 166.68

IGFS Abundance Indices

2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

1227
1926
2254
2039
725
1238
1724
1103
1116
583
497
593
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Table 2.2.4.1. Megrim (L. whiffiagonis) in Divisions 7.b-k and 8.a, 8.b, and 8.d. French and Spanish
CPUE:s for different bottom trawl fleets.

French (single and twin bottom trawls combined) CPUE  (kg/h) Spanish CPUE (kg/(100day*100 hp)) |lrish LPUE (‘000 h!
Benthic Bayof | Benthic Western | Gadoids Western |Nephrops Western
Biscay Approaches Approaches Approaches  |A Corufia -VIl_|Cantabrico- VIl [ Vigo-VIl | Otter trawlers

1984 16.3 130.1 99.1 -
1985 3.0 53 47 47 9.8 395 108.9

1986 32 48 28 44 21.1 52.8 105.1

1987 33 5.1 2.7 45 83 80.7 96.2

1988 38 58 3.0 41 9.8 783 106.1

1989 36 55 26 4.2 14.6 48.1 92.1

1990 31 42 18 34 15.1 18.4 738

1991 26 4.0 13 2.8 129 25.9 85.4

1992 25 45 15 34 6.9 328 105.6

1993 19 46 12 35 5.1 335 92.3

1994 19 42 12 34 74 52.7 78.7 -
1995 23 49 14 34 78 61.3 94.3 137
1996 26 5.0 14 35 39 58.4 79.3 136
1997 33 56 12 3.0 3.0 46.9 96.0 12.1
1998 29 6.5 15 36 24 35.7 824 10.0
1999 3.0 6.3 0.9 34 11 325 137.0 113
2000 29 6.8 0.6 4.0 55 45.0 1289 134
2001 22 6.8 0.7 4.1 13 75.6 131.2 13.1
2002 21 6.8 05 3.2 13 76.4 185.3 122
2003 18 58 0.6 3.2 112 54.0 192.1 8.2
2004 18 46 05 34 33 60.0 2110 9.3
2005 1.9 51 0.4 42 17 58.46 1353 10.0
2006 25 48 03 36 14 76.42 146.1 75
2007 24 5.1 04 29 24 87.86 1443 ] 85
2008 22 46 05 31 3.0 37.58 1140 | 84
2009 NA NA NA NA 83 0.00 173.2 ] 103
2010 NA NA NA NA 7.9 38.78 198.3 | 118
2011 NA NA NA NA 19.7 0.0 151.2 135
2012 NA NA NA NA 6.4 0.0 135.3 193
2013 NA NA NA NA 10.0 0.0 210.2 19.4
2014 NA NA NA NA 34 0.0 116.7 154

(*) LPUES, no discards available

Table 2.3.3.1. WKFLAT 2012 Prior distributions of final run. LN ('u ! V/) denotes the lognormal

distribution with median %/ and coefficient of variation 4 , and F(U ! V) denotes the Gamma

2
distribution with mean U /v and variance U Iv .
PARAMETER AND PRIOR DISTRIBUTION VALUES USED IN PRIOR SETTINGS
N(y,1) ~ LN (medrec,2) medrec = 250000

N (1984,a) ~ LN (medrec
medrec as above, M =0.2,

a-1
exp[—(a—1)M — > medF(j)],2),a = medF = (0.05,0.1,0.3,0.3,0.3,0.3,0.3,

j=t

N (1984,10+) ~ LN (medrec exp[-9M

9
3" medF (j)]{L—exp[-M —medF (9), medrec, M, medrecF as above

j=t

f(y)~LN(med,,CV,) med, =0.3,CV, =1

p ~Uniform(0,1)

r (1984,a) ~ LN(medr,_(a),1),a =1,....& medr, =(0.0005,0.05,1,1,1,1,1,1)

r(y,9) =r(y,10+)=1
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PARAMETER AND PRIOR DISTRIBUTION VALUES USED IN PRIOR SETTINGS

repp (1984,a) ~ LN (medrepp (a)1),a=1,..,7  Medrg, =(0.002,0.02,0.02,0.02,0.01

medr,, =(0.001,0.01,0.01,0.01,
Nrp (1984,a) ~ LN (medrzp (a),1),a2 =1,...,.8

0.005,0.005,0.005,0.001)
medr;,, = (0.00001,0.001,0.001,0.00
[ (1984,a) ~ LN (medr, ., (a),1),a = UKD ' ’ ’
o ) (medto (2).1) 0.001,0.001,0.001,0.001)
. medr,,, = (0.002,0.02,0.02,0.02
I (1984,a) ~ LN (medr,,(a),1),a =: oTb T
ot o 0.01,0.01,0.01,0.002)

rSPD(y’7) = rSPD(y!a) = rIRD(y!a)
= UKD(y’a) = rom(y,a) = Oa a= 8’911C

7.(a),7 (a),a=123r,(a),a=1..8 TI(4,0.345)
7.(a),7 (a),a=4,.10+ '(10,0.1)

Tspp(@).@=1,...7,7,gp (8), 7yp (@), 8 = T'(4,0.345)

log[q, ()] ~ N (4,7 ), <8,
indexk =1,...,5

q.(a) =q,(8),a>8,indices k with ages

ty==1, 7, =02

7.(a),indexk =1,...,5 '(4,0.345)
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Table 2.3.3.1 (cont.) IBPMegrim 2016 Prior distributions of final run. LN ('u ! l//) denotes the

lognormal distribution with median H and coefficient of variation ¥’ ,and F(U ! V) denotes the

Gamma distribution with mean U Iv and variance

u/v?

PARAMETER AND PRIOR DISTRIBUTION

VALUES USED IN PRIOR SETTINGS

N(y,1) ~ LN (medrec,2)

medrec = 250000

N (1984,a) ~ LN (medrec

exp[-(a-1)M — aimedF(j)],Z),a =2,...9

i=1

medrec as above, M =0.2,
medF = (0.05,0.1,0.3,0.3,0.3,0.3,0.

N (1984,10+) ~ LN (medrec exp[-9M —

Zg:medF (j)]/4L—exp[-M —medF (9)]}, 2)

j=t

medrec, M, medrecF as above

f(y) ~ LN(med,,CV,)

med; =0.3,CV, =1

p ~Uniform (0,1)

r. (1984,a) ~ LN(medr, (a),1),a=1,...8

medr, =(0.0005,0.05,1,1,1,1,1,1)

r(y.9) =r(yl0+)=1

Ipp (1984,a) ~ LN (medrp(2),1),a=1,...,7

medrgpp = (0.002,0.02,0.02,0.02,
0.01,0.01,0.01)

fap (1984,a) ~ LN (medr,(a),1),a=1,...8

medr . = (0.001,0.01,0.01,0.01,
0.005,0.005,0.005,0.001)

ko (1984,a) ~ LN (medr,,(a),1),a =1,...8

medr,,, = (0.00001,0.001,0.001,0.C
0.001,0.001,0.001,0.001)

'ERD (1984,a) ~ LN (medrFRD (@))),a=1,...8

medrerp = (0.002,0.02,0.02,0.02,
0.01,0.01,0.01,0.01)

lo1p (1984,a) ~ LN (medr,;,(a),1),a=1...8

medrgTp = (0.001,0.001,0.001,0.001,

0.001,0.001,0.001,0.001)
rspp (¥,7) = rspp (¥, @) = irp (¥, @)
=tukp (¥.8) =rerp (Y.8) =fotp (¥,8) =0, a=89.10+
r.(a),7 (a),a=123,7,(a),a=1,..38 '(4,0.345)
r.(a),7 (a),a=4,.10+ '(10,0.1)
rgpp (@),a=1...7;7|gp (@), 7ykp (@). 7ppp (@)a=1...8 I'(4,0.345)
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PARAMETER AND PRIOR DISTRIBUTION VALUES USED IN PRIOR SETTINGS
log[q, (@)] ~ N (#4,7,),a <8, —_7 -02
: Hy == Ty =V
indexk =1,....5

q.(a) =q,(8),a>8,indices k with ages >8

r.(a),indexk =1,...,.5 I'(4,0.345)
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Table 2.5.1. Megrim (L.whiffiagonis) in 7.b-k and 8.a, 8.b, and 8.d. Catch forecast: management op-

tion table.

Short term forecast table for quantile 0.5, 0.05 and 0.95.

F scaled
Recluit 2015=R(GM84-12)

2015
Rec_2015 SSB_2015 Fbar_2015 Catch_2015 Land_2015 Disc_2015 SSB_2016
234021 71894 0.23 16424 12471 3884 80188
2016
Table for quantile: 0.5
Fmult F_2016 Catch_2016 Land_2016 Disc_2016 SSB_2017
0 0 0 0 0 108214
0.1 0.02 2008 1569 434 105735
0.2 0.05 3963 3093 861 103464
0.3 0.07 5867 4576 1280 101099
0.4 0.09 7729 6020 1692 98843
0.5 0.12 9537 7426 2098 96701
0.6 0.14 11308 8793 2498 94573
0.7 0.16 13025 10122 2889 92483
0.8 0.19 14700 11416 3275 90461
0.9 0.21 16336 12674 3655 88497
1 0.23 17927 13894 4026 86522
11 0.26 19470 15079 4391 84645
1.2 0.28 20990 16247 4750 82806
1.3 0.3 22480 17372 5105 81076
14 0.33 23919 18469 5453 79339
1.5 0.35 25331 19541 5796 77666
1.6 0.37 26695 20579 6130 75971
1.7 0.4 28033 21589 6464 74332
1.8 0.42 29340 22576 6793 72749
1.9 0.44 30611 23530 7115 71229
2 0.47 31861 24456 7432 69722
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Table 2.5.1(cont.). Megrim (L.whiffiagonis) in 7.b-k and 8.a, 8.b, and 8.d. Catch forecast: manage-
ment option table.

2016
Table for quantile: 0.05
Fmult F_2016 Catch_2016 Land_2016 Disc_2016 SSB_2017
0 0 0 0 0 89511
0.1 0.02 1812 1426 347 87299
0.2 0.04 3576 2813 688 85089
0.3 0.06 5293 4164 1024 82977
0.4 0.08 6966 5478 1354 80931
0.5 0.1 8594 6753 1679 78938
0.6 0.12 10186 7992 1999 76976
0.7 0.14 11739 9202 2316 75058
0.8 0.16 13246 10373 2625 73193
0.9 0.18 14725 11514 2929 71433
1 0.2 16157 12603 3230 69818
1.1 0.22 17536 13677 3527 68151
1.2 0.24 18906 14721 3818 66469
1.3 0.26 20241 15735 4104 64912
1.4 0.28 21552 16722 4385 63345
1.5 0.3 22816 17681 4662 61870
1.6 0.31 24055 18617 4934 60409
1.7 0.33 25246 19520 5202 58994
1.8 0.35 26407 20381 5466 57536
1.9 0.37 27522 21248 5728 56193
2 0.39 28639 22053 5990 54922
2016
Table for quantile: 0.95
Fmult F_2016 Catch_2016 Land_2016 Disc_2016 SSB_2017
0 0 0 0 0 133773
0.1 0.03 2255 1730 575 131400
0.2 0.05 4454 3413 1141 128946
. 1
2
e 0 . 1 6
. 6 3
0 . 50 9 6
0.3 8 e 6596 54 7 4
0.4 0.11 8695 6652 2243 123797
0.5 0.14 10732 8207 2780 121299
0.6 0.16 12722 9726 3306 118858
0.7 0.19 14676 11208 3826 116475
0.8 0.22 16575 12635 4330 114151
0.9 0.25 18439 14026 4830 111913
1 0.27 20257 15387 5318 109670
11 0.3 22024 16732 5798 107516
1.2 0.33 23765 18046 6267 105407
1.3 0.36 25459 19317 6737 103251
14 0.38 27105 20538 7187 101236
15 0.41 28735 21731 7628 99337
1.6 0.44 30306 22874 8062 97475
1.7 0.47 31846 23997 8490 95611
1.8 0.49 33336 25102 8911 93791
1.9 0.52 34798 26199 9320 92014
2 0.55 36226 27244 9728 90256




Table 2.6.2.1: Settings for the base case run in Eqsim.
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DATA AND
PARAMETERS

SETTING

COMMENTS

SSB-recruitment data

Full time series (1984-2014)

Exclusion of extreme values

No

Trimming of R values

error in the advisory year

Mean weights, maturity and 2005-2014

natural mortality

Exploitation pattern 2005-2014

Assessment error in the 0.212 Default value from
advisory year. CV of F WKMSYREF4
Autocorrelation in assessment 0.423 Default value from

WKMSYREF4

Table 2.6.2.2: Estimates of Fumsy, Fusy ranges and Fypos resulting from Eqsim without ICES MSY AR.

YIELD FROM CATCHES YIELD FROM LANDINGS Fros
Fumsy Fumsy lower Fmsy upper | Fmsy Fmsy lower Fmsy upper
0.186 0.121 0.312 0.161 0.106 0.246 0.366

Table 2.6.2.3: Estimates of Fumsy, Fusy ranges and Fpos resulting from Eqsim with ICES MSY AR (MSY

BtriggeFBpa).

YIELD FROM CATCHES YIELD FROM LANDINGS Fros

Fusy Fusy lower | Fumsy upper | Fumsy Fusy lower | Fumsy upper

0.186 0.121 0.312 0.161 0.106 0.246 0.379

Table 2.6.2.4: Summary table of proposed reference points from Eqsim.

REFERENCE POINTS VALUE RATIONAL

Biim 37 100 Bioss, which is the lowest
biomass observed
corresponding to year 2006

Bya 41800 Biime %47

Fiim 0.489 It is the F that gives 50%
probability of SSB being above
Bim in the long term. It is
computed using Eqsim based
on segmented regression with
the breakpoint fixed at Blim,
without advice/assessment
error and without Btrigger

Fpa 0.412 Flime 16459

Fmsy without Btrigger 0.161

Fusy lower without Brrigger 0.106
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REFERENCE POINTS VALUE RATIONAL

Fusy upper without Brrigger 0.246

Fpos (5% risk to Bim without Birigger) 0.366

MSY Btrigger 41 800 Bra, because the fishery has not
been at Fusy in the last 10 years

Fmsy with Buigger=Bpa 0.161

Fusy lower with Buigger=Bpa 0.106

Fusy upper with Brigger=Bpa 0.246

Fpo5 (5% risk to Biim with Brrigger=Bpa) 0.379

Table 2.6.3.1: Summary of the per recruit equilibrium analysis by projecting forward the current
assessment results and averaging over the last 3 years for the exploitation pattern and the biological

parameters.
5% 50% 95%
Foar Fstquo 0.2 0.23 0.28
Fmax 0.17 0.18 0.2
Fou 0.11 0.12 0.13
Faso 0.16 0.17 0.18
Fao% 0.2 0.21 0.22
YPR Fstquo 0.065 0.069 0.073
Fmax 0.067 0.07 0.074
Fou 0.064 0.067 0.07
Fas% 0.067 0.07 0.074
Fao% 0.067 0.07 0.073
SSBPR Fstquo 0.32 0.37 0.42
Fmax 0.44 0.45 0.46
Fou 0.6 0.61 0.62
Fasv 0.47 0.47 0.47
Faos 0.4 0.4 0.4
%SPR Fitquo 0.24 0.28 0.32
Fmax 0.33 0.34 0.35
Fo 0.45 0.46 0.47
Fas 0.35 0.35 0.35
Faos 0.3 0.3 0.3
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France: Landings and discards
WGBIE 2015 & IBP 2016

===| andings WGBIE 2015

==| andings |BP 2016

Landing {t)

- Discards IBP 2016

1984 1986 1988 1990 1892 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

Figure 2.2.1.1. Megrim (L.whiffiagonis) in Divisions 7.b-k and 8.a, 8.b, and 8.d. Comparison of land-
ings and discards data from France in WGBIE 2015 and IBPMegrim 2016.
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Figure 2.2.1.2. Megrim (L.whiffiagonis) in Divisions 7.b-k and 8.a, 8.b, and 8.d. Length composition
of catches for the years 1990 to 2014. Numbers of individuals in thousand tons.
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Figure 2.2.2.1. Megrim (L.whiffiagonis) in Divisions 7.b-k and 8.a, 8.b, and 8.d. Age composition of

catches for the years 1990 to 2014.
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Figure 2.2.3.1. Megrim (L. whiffiagonis) in Divisions 7.b-k and 8.a, 8.b, and 8.d. Scaled Biomass

Indices for FR-EVHOE, SP-PGFS and IR-IGFS.
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Figure 2.2.3.2. Megrim (L. whiffiagonis) in Divisions 7.b-k and 8.a, 8.b, and 8.d. Abundance Indices
for EVHOE, IGFS and SP-PGEFS by ages grouped: i) 1+2; ii) 3+4+5 and iii) 6+7+8+9+10+.
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Figure 2.2.3.3. Megrim (L. whiffiagonis) in Divisions 7.b-k and 8.a, 8.b, and 8.d. Age composi-
tion of FR-EVHOE survey in abundance (numbers/30min haul).
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Figure 2.2.3.4. Megrim (L. whiffiagonis) in Divisions 7.b-k and 8.a, 8.b, and 8.d. Age composi-
tion of SP-PORCUPINE survey in abundance (numbers).



ICES IBP MEGRIM REPORT 2016

10

[=1

on
on
1

40 1

o

3 10
g
2% A
LRI

%g %

w‘ 1% e

LEGEND

Stations Sampled
SURVEYS:
NS-IBTS-03
SCOGFS
IGFS
NIGFS_4
CEFAS_B
SP_Porc
FR-EVHOE
FR-CGFS
SP_Morth
PT-GFS
SP_GC

OO REEENEOCM

L

Figure 2.2.3.5. Station positions for the IBTS Surveys carried out in the Western and North Sea Area
in the autumn/winter of 2008. (From IBTSWG 2009 Report). Just to be used as general location of

the Surveys.

10

[}

10

on
on

[}

40

| 41



ICES IBP MEGRIM REPORT 2016

—&— SP-CORUTR7 —¢— SP-CANTAB7 —¢—S5P-VIGOTR7 —O—FR-FU04 —@—|R-7-OT

1400 - - 4500
— L 4000
L 3500
1000 -
o L 3000
S 800 L 2500
2. L 2000
& 600
el
S - 1500
400 A
- 1000
200 1 | s
0 0

Figure 2.2.4.1. Megrim (L. whiffiagonis) in Divisions 7.b-k and 8.a, 8.b, and 8.d. Evolution of effort
for different bottom trawler fleets.
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Figure 2.2.4.2. Megrim (L. whiffiagonis) in Divisions 7.b, 7.c, and 7.e-k and 8.a, 8.b, and 8.d. Spanish
CPUE for different bottom trawler fleets.
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Figure 2.2.4.3. Megrim (L. whiffiagonis) in Divisions 7.b, 7.c, and 7.e-k and 8.a, 8.b, and 8.d. French
LPUE for different bottom trawler fleet.
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Figure 2.2.4.4. Megrim (L. whiffiagonis) in Divisions 7.b, 7.c, and 7.e-k and 8.a, 8.b, and 8.d. Irish
LPUE for beam trawl fleet.
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Figure 2.2.4.5. Megrim (L. whiffiagonis) in Divisions 7.b-k and 8.a, 8.b, and 8.d. Abundance Indices
for SP-VIGOTR?, FR-FU04 and IRTBB by ages grouped: i) 1+2; ii) 3+4+5 and iii) 6+7+8+9+10*.
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Figure 2.3.1.1. Megrim (L. whiffiagonis) in Divisions 7.b-k and 8.a, 8.b, and 8.d. Bubble plots of the
standardized log abundance indices of the surveys and commercial fleets used as tuning fleets.
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Figure 2.3.1.2. Megrim (L. whiffiagonis) in Divisions 7.b-k and 8.a, 8.b, and 8.d. Comparison of
WGBIE 2015 (left) and IBPMegrim 2016 (right) Bubble plots for catch numbers at age from 1984 to
2014.
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Figure 2.3.1.2. Megrim (L. whiffiagonis) in Divisions 7.b-k and 8.a, 8.b, and 8.d. Comparison of
WGBIE 2015 (left) and IBPMegrim 2016 (right) Bubble plots for catch numbers at age from 1984 to

2014.
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Figure 2.3.1.3. Megrim (L. whiffiagonis) in Divisions 7.b-k and 8.a, 8.b, and 8.d. Comparison of
WGBIE 2015 (left) and IBPMegrim 2016 (right) Bubble plots for landing numbers at age from 1990
to 2014.
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1990 to 2014.



ICES IBP MEGRIM REPORT 2016 | 47

Discardad numbers-al-age (stock total 1990-1998; missing Others (OTD) 1999-2014) Discaid rarmburs -al-aga: slock Setal 1990-1398; misaing Oers (OTD) 19982014 and France (FRD) 139-2003
ago 1 age 2 age3 ages el
g 3y }
g § {?‘ ik l
E |
5 A
: (ML
py——
-
d
. Psl |||
jé H ™} |
5 ER A |
it
£ LYY
. .

Figure 2.3.1.5. Megrim (L. whiffiagonis) in Divisions 7.b-k and 8.a, 8.b, and 8.d. Comparison of
WGBIE 2015 (left) and IBPMegrim 2016 (right) discarded numbers at age separated by age from
1990 to 2014.
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Figure 2.3.3.1. Trace plots of recruitment draws from 1984 to 2014.
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Figure 2.3.3.2. Trace plots of f(y) fishing mortality in ages 9 and 10 from 1984 to 2014.
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Figure 2.3.3.3. Autocorrelation plots of rL for years 1984, 1996 and 2014.
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Prior (red) and posterior (black) distributions of log(rL) in 1984
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Figure 2.3.3.4. Prior (red) and posterior distribution of log (L) in 1984, log (rSPD) at age in 1984, log
(rFRD) at age in 1984 and log (rOTD) at age in 1984.
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Prior (red) and posterior (black) distributions of log(rFRD) in 1984
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Prior (red) and posterior (black) distributions of log(rOTD) in 1984
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Figure 2.3.3.4 (cont.). Prior (red) and posterior distribution of log (L) in 1984, log (rSPD) at age in
1984, log (rFRD) at age in 1984 and log (rOTD) at age in 1984.
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Figure 2.3.3.5. WGBIE 2015 and IBPMegrim 2016 results of time series of spawning stock biomass
(SSB), recruits, Fvar, catch, landings and discards from 1984 to 2014. The solid dotted lines corre-
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Figure 2.6.1.1: Stock-recruitment plot for the Northern megrim stock. The black bullets represent
the median values. The red points (in the left panel) are the values from the MCMC draws, whereas
the dashed lines (in the right panel) join the median in chronological order. Figure 2.6.1.1: Stock-
recruitment plot for the Northern megrim stock. The black bullets represent the median values.
The red points (in the left panel) are the values from the MCMC draws, whereas the dashed lines
(in the right panel) join the median in chronological order.
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Figure 2.6.2.1: Median yield curve for different values of total catch fishing mortality. Fusy and Fusy
ranges are given in blue (solid and dashed lines respectively) and Fros is represented as a solid

green line.
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Figure 2.6.2.2: Eqsim summary plots without ICES MSY AR. From left to right and from top to
bottom historical values (bullets), median (solid black) and 90% intervals (dotted black) of recruit-
ment, SSB and landings for fixed values of F (on the x-axis). The red vertical line represents the Fyos
value, whereas the brown vertical line is the Fusy. The last panel (bottom right) shows the proba-
bility of SSB<Biim (red), SSB<Bpa. (green) and the cumulative distribution of Fusy based on yield as
landings (brown) and catch (cyan).
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Figure 2.6.2.3: Eqsim summary plots without ICES MSY AR (MSY Buigg:=41 800 tonnes). From left
to right and from top to bottom historical values (bullets), median (solid black) and 90% intervals
(dotted black) of recruitment, SSB and landings for fixed values of F (on the x-axis). The red vertical
line represents the Fyos value, whereas the brown vertical line is the Fusy. The last panel (bottom
right) shows the probability of SSB<Biim (red), SSB<Bp. (green) and the cumulative distribution of
Fusy based on yield as landings (brown) and catch (cyan).
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Figure 2.6.3.2: Yield per recruit on the left and SSB per recruit on the right for different levels of
fishing mortalities (x-axis). The black solid line represents the median and the black dashed line
the 90% probability intervals. The coloured vertical dashed lines are the estimated reference points
(Fst in black, Fmax red, Fo1 in green, Fss% in blue and Fso% in cyan).
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Annex 2  Stock Annex: Megrim (Lepidorhombus whiffiagonis) in di-
visions 7.b-k and 8.a, 8.b, and 8.d

Stock specific documentation of standard assessment procedures used by ICES.

Stock Megrim (Lepidorhombus whiffiagonis) in divisions 7.b-k
and 8.a, 8.b, and 8.d

Working Group IBPMegrim 2016 (Inter-Benchmark Workshop on Me-
grim)

Last updated: March 2016

Last updated by: Ane Iriondo

A. General

A.1. Stock definition

Since the end of the 1970s ICES has assumed three different stocks for assessment and
management purposes: megrim in ICES Subarea 6, megrim in divisions 7.b—k and 8.a,
8.b, and 8.d and megrim in divisions 8.c and 9.a. The stock under this Annex is called
northern Megrim and defined as megrim in divisions 7.b-k and 8.a, 8.b, and 8.d.

A.2. Fishery

Megrim in the Celtic Sea, west of Ireland, and in the Bay of Biscay are caught in a mixed
fishery predominantly by French followed by Spanish, UK and Irish demersal vessels.
In 2014, the four countries together reported around 96% of the total landings

French benthic trawlers operating in the Celtic Sea and targeting benthic and demersal
species catch megrim as a bycatch.

Spanish fleets catch megrim targeting them and in mixed fisheries for hake, anglerfish,
Nephrops and others. Otter trawlers account for the majority of Spanish landings from
Subarea 7, the remainder, very low quantities, being taken by netters prosecuting a
mixed fishery for anglerfish, hake and megrim on the shelf edge around the 200 m
contour to the south and west of Ireland. The catches made by otter trawlers from the
port of Vigo comprise around 50% of the total catches.

Most UK landings of megrim are made by beam trawlers fishing in ICES divisions 7.e,
7.f,7.g, and 7 .h.

Irish megrim landings are largely made by multi-purpose vessels fishing in divisions
7.b, 7.c, and 7.g for gadoids as well as plaice, sole and anglerfish.
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% LANDINGS
COUNTRIES ICES AREA (BASED ON 2014 FISHERIES
LANDINGS DATA)

Otter trawls targeting
mixed groups of species
(hake, anglerfish,

Divisions 7.b, 7.c, and 259 Nephrops and other).

Spain 7.e-k and 8.a, 8.b, and 8.d
Netters targeting also
mixed species (anglerfish,

hake and megrim)

Benthic trawlers targeting
France Subarea 7 32% benthic and demersal
species

Multipurpose vessels
Ireland Divisions 7.b, 7.c,and 7.g 18% targeting gadoids, plaice,
sole and anglerfish

UK (England ICES Divisions 7.e, 7.f, 229, Beam trawlers
and Wales) 7.g,and 7.h ?
Belgium Divisions 7.b, 7.¢, and 1% Beam trawlers

7.e-k and 8.a, 8.b, and 8.d

A.3. Ecosystem aspects

There are two megrim species in the Northeastern Atlantic: megrim (Lepidorhombus
whiffiagonis) and four spot megrim (Lepidorhombus boscii).

Megrim (L. whiffiagonis, Walbaum, 1792) is a pleuronectiform fish distributed from the
Faroe Islands to Mauritania (from 70°N to 26°N) and the Mediterranean Sea, at depths
ranging from 50 to 800 metres but more precisely around 100-300 metres (Aubin-Ot-
tenheimer, 1986).

Four spot megrim (L. boscii, Risso 1810) is distributed from the Faroe Islands (63°N) to
Cape Bojador and all around the Mediterranean Sea. It is found between 150-650 m,
but mostly between 200-600 m.

Although, there is no evidence of multiple populations in the Northeast Atlantic, since
the end of the 1970s ICES has assumed three different stocks for assessment and man-
agement purposes: megrim in Subarea 6, megrim in Divisions 7.b, 7.c, and 7.e-k and
8.a, 8.b, and 8.d and megrim in Divisions 8.c and 9.a.

Spawning period of these stocks goes from January to March. Megrim spawning peak
occurs in February (8.a, 8.b, and 8.d) and March (7) along the shelf edge. Males reach
the first maturity at a lower length and age than females. For both sexes combined, fifty
percent of the individuals mature at about 20 cm and about 2.5 year old (BIOSDEF,
1998; Santurttn et al., 2000). Their eggs are spherical, pelagic, with a furrow (stria) in
the internal part of the membrane and with a fat globule.

Megrim is a demersal species of small-medium size with a maximum size about 60 cm.
It is believed that it has a medium-large lifespan, with a maximum age of about 14-15
years. It lives mainly in muddy bottoms, showing a gradual expansion in bathymetric
distribution throughout their lifetimes, where mature males and juveniles tend to oc-
cupy deep waters, immature females shallower waters and, during the very short pe-
riod when females are mature, the dynamics remain unclear.

The Bay of Biscay and Iberian shelf are considered as a single biogeographic ecotone
(a zone of transition between two different ecosystems) where southern species at the
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northern edge of their range meet northern species at the southern edge of their range
as well as for some other Mediterranean species. Since species at the edge of their range
may react faster to climate changes, this area is of particular interest in accounting for
effects of climate change scenarios, for instance, in the food-web models (BECAUSE,
2004).

Megrim belongs to a very extended and diverse community of commercial species and
it is caught in mixed fisheries by different gears and in different sea areas. Some of the
commercial species that exist in the same ecosystem are hake and anglerfish, however
many other species are also found. From the northern to southern areas of the extent
of the stock these species include: Octopus, Rajidae, Ommastrephidae, Nephrops norvegi-
cus, Phycis blennoides, Molva molva, Pollachius virens, Trisopterus spp (mainly Trisopterus
luscus), Trachurus spp, Sepia officinalis, Loligidae, Micromesistius poutassou, Merlangius
merlangus, Scyliorhynus canicula and Pollachius pollachius.

Demersal fish prey on megrim. Megrims are very voracious predators. Prey species
include flatfish, sprat, sandeels, dragonets, gobies, haddock, whiting, pout and several
squid species.

Adult megrim feed on small bottom dwelling fish, cephalopods and small benthic crus-
taceans; juvenile megrim feed on small fish and detritivore crustaceans inhabiting
deep-lying muddy bottoms (Rodriguez-Marin and Olaso, 1993).

It is believed that megrim movements are more aggregation and disaggregation move-
ments in the same area instead of highly migratory movements between areas (Perez,
pers. comm.).

Although a comprehensive study on the role of megrim in the ecosystem of the com-
plete sea area distribution has not been carried out, some general studies are available.

Fisheries modify ecosystems through more impacts on the target resource itself, the
species associated to or dependent on it (predators or preys), on the tropic relationships
within the ecosystem in which the fishery operates, and on the habitat.

At present, both the multi species aspect of the fishery and the ecological factors or
environmental conditions affecting megrim population dynamics are not taken into
account in assessment and management. This is due to the lack of knowledge of these
issues.

B. Data

Data are supplied from databases maintained by national Government Departments
and research institutions. The figures used in assessment are considered as the best
available data at the Working Group time of the year. From year to year, and before
the Working Group, small revisions of data could occur. In that case, revised data are
explained and incorporated into the historical data series for assessment.

Data are supplied on electronic files to a stock coordinator nominated by the ICES
Working Group for the Bay of Biscay and the Iberian Waters Ecoregion (formerly Hake,
Monk and MegrimWorking Group), who compiles the international landings, discards
and catch-at-age data, and maintains the time-series of such data with the amendments
proposed by countries.
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B.1. Commercial catch

Landings data are supplied from databases maintained by national Government De-
partments and research institutions. Countries providing landing data by quarter and
ICES division are Spain, France, Ireland, United Kingdom and Belgium.

B.2. Discard data

In many fisheries, discards constitute a major contribution to fishing mortality in
younger ages of commercial species. However, relatively few assessments in ICES
stock working groups take discards into consideration. This happens mostly due to the
long time-series needed (not available for all the fleets involved in the exploitation of
most stocks) but also to the large amount of research effort needed to obtain this kind
of information (Alverson ef al., 1994; Kulka, 1999). The knowledge of discards and their
use in stock assessment may also contribute, in cooperation with the industry, to refine
fishing and management strategies (Kulka, 1999).

Spain started sampling discards on board commercial vessels in 1988, more specifically
the Spanish trawl] fleet operating in Subareas 6 and 7 was firstly target. During 1994,
discard sampling was undertaken for other fleets (longliner (EC Project: Pem/93/005)).
Sampling discards continued during 1999, 2000 for 4, 7, 8 and 9 (EC Project: 98/095)
and in 2001, partly just for cephalopods and during the first and last quarter of the year
(Bellido et al., 2003; Santurttn et al., 2004). Since 2002 and under the National Sampling
Programs, Spain continues sampling discards on board commercial fleets.

Until 2003, the standard procedure used for calculation of the Spanish discards estima-
tors was based on a haul basis as described by Trenkel (2001). However, although these
procedures were applied, there was not an estimate of the error and variance in every
step of the analysis. Errors were only estimated on a haul basis.

From 2003 onwards and following the recommendation of the Workshop on Discard
Sampling Methodology and Raising Procedures held in Charlottenlund (Denmark) in
2003 (Anon, 2003), general guidelines on appropriate sampling strategies and method-
ologies were described and then, the primary sampling unit was defined as the fishing
trip instead of haul.

From 2000 to 2001 the minimum legal size (MLS) was reduced from 25 to 20 cm.

Since using the French discards from the 1991 survey to obtain estimates for 1999 and
subsequent years was considered unreliable, only the Spanish data were used for these
years, applied only to the Spanish fleets. This has led to an artificial decrease in the
amount of total discards, since no estimates for French fleets were available.

The lack of discards data was considered the main problem with megrim assessment.
This fact resulted in an underestimation of the international catch matrix occurs as
some main countries (mostly France) involved in the fishery have not provide discard
data. The lack of consistency of the catch series, which could cause great bias in assess-
ment, was also a result of only one country (Spain) providing discard data since 1999.

During the WKFLAT (2012), Spain, United Kingdom (England and Wales) and Ireland
provided discard data since 2000. Still France did not provide these data, which led to
an artificial decrease in the amount of total discards. Discard data deficiencies were
partly overcome as United Kingdom (England and Wales) provided discard raised
data from 2000 to 2010. Irish discard data were revised and updated and a new data
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series were provided since 1995. Spain provided some minor revised values of dis-

cards. France did not provided discard data since 1999, as data appear to be very un-
certain in relation to sampling level affecting their representatively.

In Inter-Benchmark 2016 the main aim was to obtain discard information from France
which was lacking from 1991 onwards. Finally, an updated discard data from 2004 to
2014 from France was delivered based on the WD presented by IFREMER (WD 1, Joél

Vigneau, Annex 4).

Discard data available by country and the procedure to derivate them are summarised

in Table B.2.1.

Table B.2.1. Megrim (L.whiffiagonis) in 7.b-k and 8.a, 8.b, and 8.d. Discards information and deri-

vation.

FR SP IR UK
1984 FR84-85 - - -
1985 FR84-85 - - -
1986 (FR84-85) (SP87) - -
1987 (FR84-85) SP87 - -
1988 (FR84-85) SP88 - -
1989 (FR84-85) (SP88) - -
1990 (FR84-85) (SP88) - -
1991 FRI1 (SP94) - -
1992 (FR91) (SP94) - -
1993 (FR91) (SP94) - -
1994 (FR91) SP94 - -
1995 (FR91) (SP94) IR -
1996 (FR91) (SP94) IR -
1997 (FR91) (SP94) IR -
1998 (FR91) (SP94) IR -
1999 - SP99 IR -
2000 - SP00 IR UK
2001 - SP01 IR UK
2002 - (SP01) IR UK
2003 - SP03 IR UK
2004 FR04 SP04 IR UK
2005 FRO5 SP05 IR UK
2006 FRO6 SP06 IR UK
2007 FRO7 SP07 IR UK
2008 FRO08 SP08 IR UK
2009 FR09 SP09 IR UK
2010 FR10 SP10 IR UK
2011 FR11 SP11 (*) IR UK
2012 FR12 SP12 (*) IR UK
2013 FR13 SP13 (*) IR UK
2014 FR14 SP14 (*) IR UK

- In bold: years where discards sampling programs provided information.

- In (): years for which the length distribution of discards has been derived.

(*) Scientific estimates were provided
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B.3. Biological

Quarterly/annually length/age composition data are supplied from databases main-
tained by national Government Departments and research institutions. These figures
are used as the best available data to carry out the assessment.

France has provided quarterly length distribution by fishery unit and by sex since 1984.
For 2002, 2003, 2004 and 2006 French data (Ilength distributions, catch-at-age by FU and
ALKs) were not available for the assessment. In 2005 and 2006, length distributions,
catch-at-age data by quarter and sex were available. In 2007 and 2008, annual length
distributions by sexes were provided. For 2010, no French data were provided to the
group. In 2012 (ICES, 2012) France provided revised ALKs and consequently com-
pleted number and weights-at-age since 1999.

Annual length compositions of landings are available by country and fishery unit, for
the period 1984-1990 by sex. Since 1991, annual length composition has been available
for sexes combined for most countries except for France. Since 1999, the length compo-
sitions have been available on a quarterly or half-year basis. For Spain, data are avail-
able for sexes combined, except in 1993, when data were presented for separate sexes
and on an annual basis. As in previous years, derivations were used to provide length
compositions where no data other than weights of landings were available.

No ALKs were available for the period 1984-1986, and age compositions for these years
were derived from a combined-sex ALK based on age readings from 1987 to 1990.

Quarterly ALKSs for separate sexes were available for UK (E&W). Combined Annual
ALKs were applied to their length distributions. Annual age composition of discards
and half-year landings per fleet, based on half-year ALKs for both sexes combined,
were available and applied from Spain in Subarea 7 and in Divisions 8.a, 8.b, and 8.d.
Annual age composition of discards was available based on annual ALKs for both
sexes combined were available and applied to Irish and UK (England and Wales) dis-
cards. Quarterly age compositions for sexes combined were available for Irish catches
for Divisions 7.b, 7.c, and 7.e—k.
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The following table gives the source of length frequencies and ages for Northern Megrim:
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France Ireland Spain UK
Length ALK Length distribution ALK Length ALK Length ALK
distribution distribution distribution
(1984-1986) (1984-1986) Synthetic (1984-1986) Synthetic (1984-1986)
1984-1990 Quarter, by sex Syﬁthehc ALK.s Annual, ALK§ using age Annual, ALK.s using age Annual, Syﬁthehc ALK§
using age reading by sex reading from 1987- by sex reading from 1987- by sex using age reading
from 1987-1990 1990 1990 from 1987-1990
. . Annual, . Annual, .
1991 Quarter, by sex Quarter, combined  Annual, combined Quarter, by sexes . Half-year, combined . Quarter, combined
combined combined
. . Annual, . Annual, .
1992 Quarter, by sex Quarter, combined Annual, combined Quarter, by sexes . Half-year, combined . Quarter, combined
combined combined
. . Annual, . Annual, .
1993 Quarter, by sex Quarter, combined  Annual, combined Quarter, by sexes Half-year, combined . Quarter, combined
by sexes combined
. . Annual, . Annual, .
1994 Quarter, by sex Quarter, combined Annual, combined Quarter, by sexes . Half-year, combined . Quarter, combined
combined combined
. . Annual, . Annual, .
1995 Quarter, by sex Quarter, combined  Annual, combined Quarter, by sexes . Half-year, combined . Quarter, combined
combined combined
. . Annual, . Annual, .
1996 Quarter, by sex Quarter, combined Annual, combined Quarter, by sexes . Half-year, combined . Quarter, combined
combined combined
. . Annual, . Annual, .
1997 Quarter, by sex Quarter, combined  Annual, combined Quarter, by sexes . Half-year, combined . Quarter, combined
combined combined
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France Ireland Spain UK
Length ALK Length distribution ALK Length ALK Length ALK
distribution distribution distribution
. . Annual, . Annual, .
1998 Quarter, by sex Quarter, combined  Annual, combined Quarter, by sexes . Half-year, combined . Quarter, combined
combined combined
. . . Half-year, . Quarter,
1999 Quarter, by sex Quarter, combined Quarter, combined Quarter, combined | Half-year, combined . Quarter, by sexes
combined combined
. . . Half-year, . Quarter,
2000 Quarter, by sex Quarter, combined Quarter, combined Quarter, combined | Half-year, combined . Quarter, by sexes
combined combined
. . . Half-year, . Quarter,
2001 Quarter, by sex Quarter, combined Quarter, combined Quarter, combined | Half-year, combined . Quarter, by sexes
combined combined
. . Half-year, . Quarter,
2002 NA NA Quarter, combined Quarter, combined ! Half-year, combined . Quarter, by sexes
combined combined
. . Half-year, . Quarter,
2003 NA NA Quarter, combined Quarter, combined ) Half-year, combined . Quarter, by sexes
combined combined
. . Half-year, . Quarter,
2004 NA NA Quarter, combined Quarter, combined ) Half-year, combined . Quarter, by sexes
combined combined
. . Half-year, . Quarter,
2005 Quarter, by sex Quarter, by sex Quarter, combined Quarter, combined ) Half-year, combined . Quarter, by sexes
combined combined
. . Half-year, . Quarter,
2006 Quarter, by sex Quarter, by sex Quarter, combined Quarter, combined | Half-year, combined . Quarter, by sexes
combined combined
. . Half-year, . Quarter,
2007 Annual, by sex NA Quarter, combined Quarter, combined | Half-year, combined . Quarter, by sexes
combined combined
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France Ireland Spain UK
Length ALK Length distribution ALK Length ALK Length ALK
distribution distribution distribution
. . Half-year, . Quarter,
2008 Annual, by sex NA Quarter, combined Quarter, combined | Half-year, combined . Quarter, by sexes
combined combined
. . Half-year, . Quarter,
2009 Quarter, by sex Quarter, by sex Quarter, combined Quarter, combined | Half-year, combined . Quarter, by sexes
combined combined
. . Half-year, . Quarter,
2010 Quarter, by sex Quarter, by sex Quarter, combined Quarter, combined | Half-year, combined . Quarter, by sexes
combined combined
. . Half-year, . Quarter,
2011 Quarter, by sex Quarter, by sex Quarter, combined Quarter, combined | Half-year, combined . Quarter, by sexes
combined combined
2012 Quarter, by sex Quarter, by sex Annuél’ combined, Amuél' combined, Quart'er, Quarter, combined Quart'er, Quarter, by sexes
bymetier bymetier combined combined
2013 Half—year, Half—}'/ear, Annua'l, combined, Annua'l, combined, Quart'er, Quarter, combined Quart'er, Quarter, by sexes
combined combined bymetier bymetier combined combined
Half- Half- A 1 i A 1 i
2014 a Year, a Year, nnua- , combined, nnua. , combined, Quart.er, Quarter, combined Quart.er, Quarter, by sexes
combined combined bymetier bymetier combined combined
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A fixed natural mortality of 0.2 is used for all age groups and all years both in the
assessment and the forecast.

The maturity ogive, obtained by macroscopy, for sexes combined calculated for Sub-
area 7 (BIOSDEF, 1998), has been applied every year. It is as follows:

AGE 0 1 2 3 4 5 6+

Maturity 0.00 0.04 0.21 0.60 0.90 0.98 1.00

As in previous years, SSB is computed at the start of each year, and the proportions of
M and F before spawning were set to zero.

B.4 Surveys

UK survey Deep Waters (UK-WCGEFS-D, Depth > 180 m) and UK Survey Shallow Wa-
ters (UK-WCGEFS-S, Depth < 180 m) indices for the period 1987-2004 and French
EVHOE survey (EVHOE-WIBTS-Q4) results for the period 1997—present are available.

An abundance index was provided for the Spanish Porcupine Ground Fish Survey
from 2001 to present.

Irish Ground Fish Survey (IGFS-WIBTS-Q4) is also from 2003 to present.

Surveys available for the assessment:

TYPE NAME YEAR RANGE AGE RANGE  USED IN THE ASSESSMENT
UK Survey Deep UK-WCGESD 19872004 o "
Water
UK Survey
Shallow Water UK-WCGFS-S 1987-2004 1-10+ No
French EVHOE EVHOE-WIBTS-Q4  1997-present 1-9 Yes
Survey
Spanish
Porcupine
Ground Fish SpPGFS-WBIT-Q4  2001-present 0-10+ Yes
Survey
Irish Ground IGFS-WIBTS-Q4 2003-present 0-10+ No

Fish Survey
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It must be noted that the area covered by the three current surveys does not overlap,
just the northern component of EVHOE-WIBTS-Q4 and the southern coverage of IGFS-
WIBTS-Q4. (Figure B.3).
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Figure B.3. Station positions for the IBTS Surveys carried out in the Western and
North Sea Area in the autumn/winter of 2008. (From IBTSWG 2009 Report). Just to
be used as general location of the Surveys.

B.5 Commercial cpue

Commercial series of fleet-disaggregated catch-at-age and associated effort data were
available for three Spanish fleets in Subarea 7: A Corunia (SP-CORUTR?), Cantabrico
(SP-CANTAB?) and Vigo (SP-VIGOTR?).
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From 1985 to 2008, Ipue s from four French trawling fleets: FR-FU04, Benthic Bay of
Biscay, Gadoids Western Approaches and Nephrops Western Approaches are available.
No update for the French lpues series has been provided from 2008 onwards as effort
deployed by these fleets was considered, at the time of the analysis, unreliable.

In 2012, during the WKFLAT (ICES, 2012), a new Irish trawler index was provided as
the result of the revision carried out for the Irish Otter trawl fleet. Irish beam trawl
(TBB) data are limited to TBB with mesh sizes of 80-89 mm, larger mesh sizes are dis-
used since 2006.

USED IN THE
TYPE NAME YEAR RANGE ASSESSMENT
A Coruna otter trawl ~ SP-CORUTR?7 1984-present No
Cantabrico otter trawl SP-CANTAB7 1984-2010 No
Vigo otter trawl SP-VIGOTR? 1984—present Yes
Irish beam trawl IR-TBB 1995—present Yes
F h (single and
rench (single an Benthic Bay of Biscay 1985-2008 No
twin bottom trawls
Benthic Western 19852008 No
Approaches
Gadoids Western 1985-2008 No
Approaches
Nephrops Western 1985-2008 No
Approaches

B.6 Other relevant data

The estimates of discard data from France have been incorporated to the assessment in
IBPMegrim 2016. The aim was to obtain consistent data along the whole data series
and also to detect possible recruitment processes that were not previously completely
registered in the catch-at-age matrix and Ipue.

C. Assessment: data and methods

Summary of the data used for the Inter Benchmark Protocol Workshop Megrim 2016

Catch, landings and discard numbers-at-age data that were used to carry out the as-
sessment:

i)  From 1984 to 1990, international catches-at-age.

ii) From 1990 to present, total international landings-at-age (separately from dis-
cards).

iii) From 1990 to 1998 total international discards at age (separately from land-
ings).

Discards in this period were originally available just for two countries: France and

Spain. Total international discards from 1990 to 1998 were calculated raising the Span-

ish and French discards based on the international landings. However, the discard rais-
ing method used (which came from many years ago) has not been exactly clarified.

iv) For 1999, only Spanish and Irish discards-at-age are available. Discards-at-age
are available for Ireland, Spain and UK from 2000 onwards and for France
from 2004 onwards. There was no information for Belgium and Northern Ire-
land. However, missing discards are supposed to be small as the contribution
of these two nations to the stock landings is very small.
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The table below summarizes the information of the tuning fleets used in the assess-

ment.
FLEET ACRONYMS PERIOD AGE RANGE
Spanish Survey SpPGFS-WIBTS-Q4 2001-assessment year-1 1-8
French Survey EVHOE-WIBTS-Q4 1997-assessment year-1 1-9
Spanish Vigo Trawl 7 VIGO84 1984-1998 2-9
VIGO99 1999-assessment year-1 2-9
Irish Beam trawlers 7 IRTBB 1995-assessment year-1 2-9

Model used in Inter Benchmark 2016

The model explored during the benchmark is an adaptation of one developed origi-
nally for the southern hake stock, published in Fernandez et al. (2010). It is a statistical
catch-at-age model that allows incorporating data at different levels of aggregation in
different years and also allows for missing discards data by certain fleets and/or in
some years. These are all relevant features in the megrim stock. This model was pro-
posed in WKFLAT 2012 and was adapted in IBP 2016 to include French discards data.
The model is fitted in a Bayesian context, using the freely available software JAGS
(Martyn Plummer, 2007).

Population dynamics

N(y,a) denotes the number of fish of agea at the beginning of year y. In this general
model description, the assessment years are labelled asy = 1,...,Yand ages as a =
1,..,A +, where A-1 is the last true age and the A+ group consists of fish aged A or
older. For the megrim stock, the first assessment year is 1984 and the age plus group
corresponds to 10+.

Population dynamics follow the usual equations for closed populations. For y = 2:
N(y,a)=N(y—1,a—Dexp[-Z(y —1,a—1)], if2<a<A-1 (1)
N@,A+) =Ny —-1A-Dexp[-Z(y —1,A - 1)]
+N@y-LADexp[-Z(y-1LAH)] (@)

where Z(y,a) = F(y,a) + M andF (y, a)andM are the rates of fishing and natural mor-
tality, respectively. M = 0.2 is assumed for all ages and years. Annual recruitment of
megrim (at age 1), N(y, 1), and numbers-at-age in the initial assessment year, N(1, a),
are unknown parameters.

Modelling F(y, a) taking account of discards

The rate of fishing mortality is decomposed into disjoint terms as follows:

F(y,a) = F,(y,a) + Z§=1 Fpj(y,a)  (3) whereF,(y,a) and Fp, j(y,a),j = 1, ...,] relate
to the total stock landings and discards from each of the ] fleets fishing the stock, re-
spectively. The fleets used for the megrim stock correspond to the countries fishing it
and are: Spain, Ireland, United Kingdom, France and Others, where “Others” com-
prises countries with minor stock catches.

The terms making up the fishing mortality are modelled as follows:
FL(y' a) = f(y)rL(y' a): FD,j(y' a) = f(}’)T'D,j(}" a)'j = 1! l] (4)

Where f(y) is an overall annual factor relating to total fishing effort on the stock and
rn(y,a) and 7, ;(y,a) for j =1,..,] determine the exploitation pattern or, in other
words, the distribution of F among ages and among landings and discards of different
fleets. All factors in formulation (4) are positive and for identifiability, 7 (y, a) is set to
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1 for an age chosen arbitrarily. This was set as age 9 in the megrim model implemen-
tation, an age for which discards are assumed to be 0, i.e. 7, ;(y,9) for all fleets; there-
fore,f(y) is interpreted as the total fishing mortality-at-age 9). Each of the r(y,a)
factors, whether it corresponds to landings or discards, is assumed to have the same
values for ages A-1 and A+, so that the fishing mortality of the + group is the same as
the fishing mortality of the last true age.

A Normal random walk for log[r;, (y, a)] is assumed for each age separately. In original
(non-logged) scale, this means:

1§ (y' a)~LN(rL (y —la- 1)' CVrCond)' (5)

where the log-Normal (LN) distribution is parametrized using the median (first param-
eter) and coefficient of variation (second parameter). As megrim discarding is believed
to have increased over the assessment period, the non-stationary random walk model
in Equation (5) is considered appropriate. For each age, the value in the first year of the
assessment period, 1;,(1, a), is an unknown parameter, whereas CV,.,nqhas been fixed
at 20%. The same modelling procedure is applied to 1p ;(y, @), separately for each age
and fleet j = 1,...,J, where the values in the first assessment year, 1 ;(1,a), are un-
known parameters and CV,..,nq4is fixed at the same value as for 1, (y, a).

The annual factor f(y) [Equation (4)] common to all components of F is also unknown.
As f(y) is expected to vary slowly in time with no particular trend a priori, a stationary
process with time autocorrelation seems appropriate. This is modelled as a multivari-

ate Normal distribution for (log[f(1)], ..., log[f (Y)]) (log['f (D)]...., log[f (Y1) a priori,
with the same mean and variance in all years and correlation p™ between log[f ()]
values that are n years apart. The resulting marginal prior distribution in original (non-
logged) scale every year is log-Normal:

f)~LN(med;, CV;), (6)

with median and CV denoted as med; and CV, respectively. Considering only non-
negative correlations, the extreme p = 0 corresponds to independence between f(y)
values over time, whereas p = 1 leads to the same f(y) value in all years. The values
med; and CV; are fixed and p is treated as unknown.

Observation equations for commercial catch, landings and/or discards data in num-
bers-at-age

The commercial catch data for the megrim stock have different levels of aggregation
depending on the year. Three main time periods can be distinguished in terms of data
availability and how they are used in the assessment: (1) years 1984-1989: stock catch
numbers-at-age in all years, without any disaggregation into landings and discards or
by fleet; (2) years 1990-1998: stock landed numbers-at-age and stock discarded num-
bers-at-age in all years, without any disaggregation by fleet; (3) years 1999—present:
stock landed numbers-at-age in all years and discarded numbers-at-age disaggregated
by fleet for the fleets mentioned earlier, i.e. Spain, Ireland, UK (missing in 1999), France
(missing in 1999-2003) and Others (but all years missing). The fact that discards of the
Others fleet (composed of countries with minor stock catches) are not available means
that the stock discards data from 1999 to present are incomplete.

Each of these sources of information is assigned its own observation equations, with a
separate equation for each age. For the catch numbers-at-age (years 1984-1989), these
are:

log[C°?S(y,a)] ~N(log[C(v, )], 7c(@)),  (7)
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log[C” (y, )] ~N(log[C (v, @)], 7c(@)),  (7)
Where C°%$(y, a) is the observed and
C(y,a) = N(y,a){1 — exp[~Z(y, )} F(y, @) /Z(y,a)  (8)

the model estimated catch numbers-at-age. For the landed numbers-at-age (years
1990—present):

log[L°"* (y, )] ~N(log[L(y, )], 7, (a)),  (9)
where L°PS(y, a) is the observed and

L(y,a) = N(y,a){1 — exp[-Z(y, D)} F,(y, @) /Z(y,a) ~ (10)

the model-estimated landed numbers-at-age, obtained by applying the Baranov catch
equation and using the landings component of F.

The observation equations for discarded numbers-at-age for the stock total (years
1990-1998) or by fleet (years 1999—present) are defined in a similar fashion as Equations
(9) and (10), considering the appropriate component of the fishing mortality, i.e. re-
placing F, (y, a) by Fspp(y.a) (Spanish discards), Fjzp(y.a) (Irish discards), Fygp(y.a)
(UK discards), Fpgp(y.a)(French discards) and Fp(y.a) = Fspp(y.a) + Figp(y.a) +
Fykp(y.a) + Fepp(y. @) + Forp(y.a) (total stock discards). There are no observation
equations involving Fyrp (y. a) alone, given that discards of the Others fleets are miss-
ing in all years from 1999 to present. This means that information for fitting the
Forp(y.a) component of the total fishing mortality is very indirect as this component
of fishing mortality only in the observation equations for total stock catch-at-age dur-
ing 1984-1989 and total stock discards-at-age during 1990-1998. In preliminary trial
runs of this models it became apparent that it was not possible to get sensible estimates
of Forp(y. a) for years 1999 and onwards. To circumvent this difficulty it was decided
to fix the evolution of ryrp (y. a)from 1999 according to the formula:

OTLW (y) /LW (y)
OTLW (y — 1)/LW (y — 1)

Torp(y-a) = 1orp(y — 1.a) 11

where LW (y) and OTLW (y) denote the total stock landings in weight and the landings
of the Others fleet in weight in year y, which are both known. The idea here is to say
that the discarding pattern-at-age of the Others fleet has not changed since 1998 and
that its change in overall level (with the same change in level for all ages) between
years can be approximated by the change in overall landings of this fleet with respect
to total stock landings. Clearly, this assumption can be debated, but it was the most
reasonable way found to constrain the model to produce sensible fits. If discards data
become available for the Others fleet, it would be recommendable to remove this as-
sumption from the model and let 7,57, (y.a) continue to evolve in time as a random
walk (in log-scale) after 1998 too, as originally modelled.

The precision (inverse of variance) parameters of the observation equations, namely,
7.(a) (catch numbers-at-age), 7, (a) (landed numbers-at-age), 75 (a) (discarded num-
bers-at-age) and 7p j(a),j = 1, ...,J (discarded numbers-at-age for fleetj = 1, ...,]), re-
flect the precision of the catch, landings and discards data and are treated as unknown
and estimated when fitting the assessment model. In setting prior distributions for
these parameters, the well-known relationship between the precision 7 of a Normal
prior distribution for the log of a variable and the CV of the corresponding log-Normal
distribution for the original variable (in non-log scale) will be used. This relationship
is as follows: iflog(X) ~N(u, 1), where 7 denotes precision (inverse of variance), then
CV(X) = (exp(1/1) — 1)Y/2,
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Observation equations for relative indices of stock abundance

Relative indices of abundance-at-age may be obtained from research surveys or corre-
spond to values of catch per unit of effort of commercial fleets. Let 2?5 (y, a) denote the
index corresponding to series k, which relates to a certain time portion of the
year[ay, Br] € [0,1]. For each year and age for which the index is available, the follow-
ing observation equation is assumed:

exp[—a,Z(y, a)] — exp[-BZ(y, a)]
B — a)Z(y,a)

The mean of the Normal distribution is the logarithm of the product of the average
stock abundance during the period of the year to which the index relates and the catch-
ability q,(a), which is unknown. The index precision, 74 (a), is considered unknown
for all indices explored in the assessment. As explained above, the relationship be-
tween the precision of a Normal distribution for the log of a variable and the CV of the
corresponding log-Normal distribution for the variable in original scale will be used
when setting prior distributions for the precision parameters.

log[ 1" (y, @)| ~N (loy [qk (@N(y,a) ] 'Tk(a)> (12)

Data, priors, and computational method

Catch numbers-at-age data correspond to: total stock catch (years 1984-1989), total
stock landings (1990—present), total stock discards (1990-1998), Spanish discards
(1999—present), Irish discards (1999-present), French discards (2004-present), UK dis-
cards (2000—present, with year 1999 missing). Discards of Others (countries with minor
stock catches) from 1999—present are missing in all years. Catch and landings corre-
spond to ages 1-10+. Discards of ages 8 and older are minimal and assumed to be ex-
actly 0 for ease of modelling (except for Spain, for which the very low number of
discards from age 7 make it more convenient to assume that discards are 0 already
from age 7).

After considering various potential abundance indices available at the benchmark,
with the corresponding ranges of available ages, the ones finally explored within the
assessment model correspond to the following indices, years and ages: EVHOE-WI-
BTS-Q4 survey (1997-present, ages 1-5), Porcupine survey (2001-present, ages 1-8),
Vigo bottom-trawl cpue (split into two parts: 1984-1998, ages 2-9; 1999—present, ages
1-9; this splitting was done because of the strong increase in cpue shown by this fleet
around the late 1990s and early 2000s, which, after exploration, was considered much
more likely to be caused by an increase in catchability rather than be reflective of a
strong increase in megrim abundance) and Irish beam trawl Ipue (1995—present, ages
2-7).

In a Bayesian context, all unknown parameters are assigned prior distributions, which
are meant to reflect the knowledge available before observing the data. The prior dis-
tributions considered are centred at values deemed reasonable according to current
knowledge of the stock and the fishery while trying to ensure they are not too narrow,
so as not to influence unduly the assessment results. Table C.1 lists all the prior choices
made for the final run. The parameters of the Gamma prior distribution for the preci-
sions of all observation equations (the T parameters towards the bottom of Table C.1),
were chosen using the well-known statistical fact that if log(X) ~N(u, ), then CV (X) =
(exp(1/7) — 1)'/2, as already mentioned, because it seems easier to think in terms of
CVs of the observations than to think in terms of the inverse variance in logarithmic
scale. With a I'(4,0.345) prior distribution on 7, the resulting prior distribution for the
CVs of the observations in original (non-logged) scale has median 0.31 and (0.20, 0.61)
as the 95% central probability interval. These values become 0.10 and (0.08, 0.15), when
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a I'(10,0.1) prior distribution is used for t. The prior distributions for the exploitation
pattern parameters in the first assessment year (y = 1, which corresponds to 1984) re-
flect the idea that discards were very low at that time. When setting the prior distribu-
tion for these parameters, it is useful to remember that 7;(y,9) = r.(y,10 +) = lhas
been set, so that all other selection-at-age parameters for landings and discards should
be interpreted as departures from the fishing exploitation at ages 9 and 10+.

Model fitting was done using MCMC to simulate the posterior distribution (Gilks et
al., 1996, provide an accessible introduction to MCMC). This was programmed in the
free software JAGS and run from R (R Development Core Team, 2015). MCMC simu-
lates the posterior distribution with each draw depending on the one immediately pre-
ceding it. As a consequence of this dependence, many iterations are typically needed
to obtain a representative sample from the posterior distribution, particularly when
this is highly dimensional and strong correlations between some of its dimensions ex-
ist. The results for the main runs conducted during the benchmark are based mostly
on chains of 250 000 iterations. The first 50 000 were discarded to eliminate the effect
of start-up values, and 2000 equally spaced iterations out of the other 200 000 iterations
were kept. This was considered enough to provide a good representation of the poste-
rior distribution.

Sensitivity analysis

Current assessment settings were decided on the benchmark WKFLAT (ICES, 2012),
where a sensitivity analysis to the various model configuration was conducted. The
report of that workshop provides a detailed description of that work.
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Table C.1. WKFLAT 2012 Prior distributions of final run. LN ('u ! !//) denotes the lognormal dis-

tribution with median H and coefficient of variation v , and F(U, V) denotes the Gamma dis-

2
tribution with mean Y v and variance U Iv .
PARAMETER AND PRIOR DISTRIBUTION VALUES USED IN PRIOR SETTINGS
N(y,1) ~ LN (medrec,2) medrec = 250000

N (1984,a) ~ LN (medrec
1 medrec as above, M = 0.2,

exp[-(a—1)M - > medF(j)].2),a =2 medF = (0.05,0.1,0.3,0.3,0.3,0.3,0.3,
j=1

N (1984,10+) ~ LN (medrec exp[-9M -

9
ZmedF(j)]/{l— exp[-M — medF (9)] medrec, M, medrecF as above
j=1

f(y)~ LN(med,,CV,) med, =0.3,CV, =1
p ~Uniform (0,1)

r (1984,a) ~ LN (medr_(a),1),a =1,....& medr_=(0.0005,0.05,1,1,1,1,1,1)
(y,9)=r(yl10+)=1

repp (1984,a) ~ LN (medrepp (a)1),a=1,..,7  Medrg, =(0.002,0.02,0.02,0.02,0.01

medr,.,, = (0.001,0.01,0.01,0.01,
0.005,0.005,0.005,0.001)
medr,,, = (0.00001,0.001,0.001,0.00
0.001,0.001,0.001,0.001)

medr,,,, = (0.002,0.02,0.02,0.02,
0.01,0.01,0.01,0.002)

Nrp (1984,a) ~ LN (medr 5 (a),1),a2 =1,...,.8

ko (1984,a) ~ LN (medr,,, (a).1),a =

lo7p (1984,a) ~ LN (medry;,(a),1),a =

rSPD(y!7) = SPD(y’a) = IRD(y!a)
= UKD(y!a) = OTD(y’a) = O: a= 819,1(:

7.(a),7 (a),a=123r,(a),a=1..8 I'(4,0.345)
r.(a),r (a),a=4,.10+ '(10,0.1)

Tspp (a)’ a=1..7 Tirp (a)aTUKD (a), a=. I'(4,0.345)

log[q, (@)] ~ N (#4,7,),a <8,
indexk =1,...,5

q.(a) = q,(8),a > 8, indices k with ages

Hy ==1, 7, =02

7. (a),indexk =1,...,5 I'(4,0.345)
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Table C.1. (cont). IBP 2016 Prior distributions of final run. LN ('u ! l//) denotes the lognormal dis-

tribution with median H and coefficient of variation v , and F(U, V) denotes the Gamma dis-

2
tribution with mean U /v and variance u/v .
PARAMETER AND PRIOR DISTRIBUTION VALUES USED IN PRIOR SETTINGS
N(y,1) ~ LN (medrec,2) medrec = 250000
N (1984,a) ~ LN (medrec medrec as above, M = 0.2,

a-1
exp[—(a —1)M _ ZmedF(j)],Z),a =2..9 medF = (0.05,0.1,0.3,0.3,0.3,0.3,0.‘

j=1

N (1984,10+) ~ LN (medrec exp[-9M —

9
zmedF(j)]/{l— exp[-M — medF (9)]}, 2) medrec, M, medrecF as above
j=1

f(y)~LN(med,,CV,) med, =0.3,CV, =1
p ~Uniform (0,1)

I (1984,a) ~ LN (medr, (a),1),a=1,....8 medr, =(0.0005,0.05,1,1,1,1,1,1)
n(y9)=r(yl0+)=1

medrspp, = (0.002,0.02,0.02,0.02,
0.01,0.01,0.01)

medr ., = (0.001,0.01,0.01,0.01,
0.005,0.005,0.005,0.001)
medr,, = (0.00001,0.001,0.001,0.(
ko (1984,8) ~ LN (medry (@) 1).a=1...8  0,001,0.001,0.001,0.001)

Ipp (1984,a) ~ LN (medrp (2),1),a=1,...,7

lao (1984,a) ~ LN (medr,,,(a),1),a=1,...,8

medrgrp = (0.002,0.02,0.02,0.02,
0.01,0.01,0.01,0.01)

medr,,,, = (0.002,0.02,0.02,0.02,

'ERD (1984,a) ~ LN (medrFRD (@))),a=1...8

lo1p (1984,a) ~ LN (medry;,(a),1),a=1,...8

0.01,0.01,0.01,0.002)
rspp (V,7) =rspp (¥, @) =rrp (¥, )
=fukp (Y.@) =rrrp (¥,8) =Totp (¥,8) =0, a=89,10+
r.(a),7 (a),a=123,7,(a),a=1,...8 '(4,0.345)
7.(a),7 (a),a=4,.10+ '(10,0.1)
7SPD (a),a:l ..... 7;T|RD (a),‘[UKD (a),‘[FRD (a)a:l ..... 8 F(4,0345)
log[a, (a)] ~ N (£, 7). 2 <8, _ _
: Hy=—1, 7, =02
indexk =1,...,5

q.(a) =q,(8),a>8,indicesk with ages > 8
7.(a),indexk =1,...,5 I'(4,0.345)
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D. Short-term projection

Model used: Age structured.

Software used: Rscript developed by Fernandez et al. (2010).
Type of projection: stochastic.

Initial stock size: Survivors of ages 2 to 10+ from the assessment. All the MCMC draws
are used, so that uncertainty from the assessment is taken forward to the projection.

Number of years of projections: 3 years (interim year and 2 additional years)

Recruitment-at-age 1: It is assumed equal in all projection years. It is calculated as the
geometric mean of all the recruitments since 1984 except the last two years. It includes
uncertainty from the assessment, as recruitment is calculated for each MCMC draw.
Note that this assumption makes recruitment independent of the current SSB level.
Other recruitment scenarios, based on bootstrapping recruitment and/or selecting spe-
cific years are also available.

F-at-age, the proportion landed-at-age, weight-at-age and maturity-at-age are taken as
the average of the last three years.

Exploitation pattern: If there is a decreasing trend of F in the results of the assessment
time series, F status quo should be scaled to Frvar of the final assessment year (default
option). Otherwise, this is not necessary.

E. Medium-term projections

No medium-term projections are proposed for this stock.

F. Long-term Projections (until 2006)

No long-term projections are proposed for this stock.
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G. Biological reference points

FROM THE IBP
MEGRIM TYPE VALUE TECHNICAL BASIS
(ICES, 2016):

MSY approach Bra, because the fishery has not

MSY Brigge 41800 been at Fusy in the last 10 years.

F giving maximum yield at
Fusy 0.161 equilibriumComputed using
Eqgsim.

Precautionary Bioss, which is the lowest biomass
approach Biim 37100 observed corresponding to year
2006.

Byj,e 6457
m

where ¢ = 0.07isthe standard
deviation of the logarithm of SSB
in 2014.

It is the F that gives 50%
probability of SSB being above
Biim in the long term. It is
computed using Eqsim based on
segmented regression with the
breakpoint fixed at Bim, without
advice/assessment error and
without Burigger.

Bpa 41 800

Fiim 0.489

Flime 16459
m

where o = 0.105 is the standard
deviation of the logarithm of F in
2014.

Fpa 0.412

H. Other issues

Historical development

Data improvement during the Benchmark 2012

i)  Anew Irish trawler index was provided as the result of the revision carried
out for the Irish Otter trawl fleet. Irish beam trawl (TBB) data are limited
to TBB with mesh sizes of 80-89 mm, larger mesh sizes are disused since
2006.

ii) France provided revised ALKs and consequently completed number and
weights-at-age since 1999.

iii) Spain, United Kingdom (England and Wales) and Ireland provide discard
data since 2000.

iv) Irish discard data were revised and updated and a new data series was pro-
vided since 1995.

v) Spain provided some minor revised values of discards.

vi) Some minor revisions were carried out for SP-VIGOTR? due to the incorpo-
ration of catches previously not recorded.

Data deficiencies after Benchmark 2012

vii) France did not provided discard data since 1999, as data appear to be very
uncertain in relation to sampling level affecting their representatively.
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viii) No update for the French Ipues series has been provided to the Benchmark
group for 2009 and 2010 as effort deployed by this fleet was considered, at the
time of the analysis, unreliable.

Software change in WGBIE 2014

Until last year working group, the model was fitted in a Bayesian context, using
the freely available software WinBUGS (Lunn et al., 2009). Due to the high
amount of time needed to run the model in this software (3 days to run the final

assessment) and the low effectiveness that it implicates to make trial runs with
different inputs during the group, another freely available software JAGS
(Martyn Plummer, 2007) was tested. In JAGS software the final run took 1.5
hours to run. A comparison of the results of both software was done in order to
check the outputs. As the results obtained where nearly the same (Figure 5.3.2.1)
it was decided to used JAGS software for the assessment.

Updates during IBP Megrim 2016

During IBPMegrim these are the main updates executed:

e French discard estimates are provided from year 2004 to 2014 and included in
the assessment.

e Short term forecast script was revised and projections are presented.

e Biological reference points are defined for this stock.
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Annex 3 External Experts’ Report

External experts: Ernesto Jardim, Samu Mantyniemi and Santiago Cervifio (Chair)

The external experts have to following considerations:

a) The issues raised by the reviewers throughout the process are reported in the
sections named “Working group chronicle” and “Progress to ToRs”.

b) The external experts confirm that the outcomes of the benchmark (i.e. the
stocks annex) are appropriate to provide scientific advice as it is also stated in
the “Conclusion” section.

¢) The “Recommendations for future work” section compiles the problems and
weakness identified by the external experts (and other members of the group)
that should be addressed in the future to potentially improve the current
assessment.
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Annex 4 Working Documents

List of working documents:

e WD-1 by J. Vigneau is entitled “French historical (2003-2014) discards estimates of
megrim (L. whiffiagonis) in Subarea 7 and divisions 8.a, 8.b, and 8.d”.

e WD-2 by L. Ibaibarriaga and A. Iriondo is entitled “Analysis of applying Mortality at
age in the assessment of Megrim (Lepidorhombus whiffiagonis) in divisions 7.b-k and
8.aand 8.b”.
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fremer

WD 1
French historical (2003—2014) discards estimates of megrim
(L. whiffiagonis) in Subarea 7 and Divisions 8.3, 8.b, and 8.d

Working document to IBP Megrim, January 2016.

Joél Vigneau, Ifremer Port-en-Bessin

Abstract

In this working document the analysis of French discards data is presented. The document explores
the historical French dataset, in order to test the consistencies of the time series and find the most
robust raising method for estimating the discards. Feedback from WGCATCH on the estimation
procedure helped to regroup all métiers having a low contribution to the landings into one strata,
and regroup at best the other strata to use raising by effort as advised by the working group. Finally
two raising methods were combined: one based on effort (in most cases) and another based on
landings (only for the low contributor strata). Once the total discards and length distribution was
agreed, the next step was the estimation of discards at age. In this case there were some years
(2005-07) with scarce ALK data. Gap filling technique using linear interpolation based on moving
average was used, without creating new values where age information at length was available.
Eventually, a new time series of landings is proposed with corrections brought to some years where
two FAO codes were used for megrim (MEG and LEZ), and the annual volume of discards and their
corresponding age structures are estimated for the years 2004 to 2014.

The fishery

The French landings (table 1) are almost entirely driven by trawlers (more than 97% in both areas).
The main distinction between trawlers are their target species, with demersal species accounting for
83% of the total landings and crustaceans the remaining , then single trawl or twin trawl (the latter is
more used in subarea 8 with 77% of the landings vs 44% in subarea 7). Eventually, it is possible to
distinct different mesh size, especially in subarea 7, where 70%of the landings are with mesh size
100-119mm and 29% with mesh size 70-99mm. The ratio between the two areas is stable and
varying between 70 and 80% in favor of subarea 7 every year. The inter-annual stability is also shown
by the mapping of the French landings per year (figure 1). The maps seem to display three patches
that could be investigated when estimating discards. These are West of Ireland (divisions 7bc), Celtic
sea (divisions 7e-k) and Bay of Biscay (subarea 8), although an option will be to consider Bay of
Biscaye and Celtic Sea as a continuum (true every year except in 2008).
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% catch in

Area Metier 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 area
OTT_DEF_100-119_0_0 573 539 524 522 552 464 671 1083 974 1117 1058 983 29.5%
OTB_DEF_70-99_0_0 601 438 428 454 449 411 541 656 717 1098 1111 1255 26.6%
OTB_DEF_100-119_0_0 654 540 513 536 669 570 404 532 408 763 1198 900 25.0%
OTT_CRU_100-119_0_0 248 459 506 377 268 275 352 271 168 109 190 197 11.1%
OTB_CRU_100-119_0_0 384 107 190 153 52 69 66 37 12 12 27 13 3.7%
Vil OTT_DEF_70-99_0_0 163 121 113 50 93 61 56 63 48 40 83 19 3.0%
GNS_DEF_120-219_0_0 14 19 23 17 22 10 4 2 2 3 2 2 0.4%
SDN_DEF_100-119_0_0 0 0 0 0 0 1 3 3 2 9 15 6 0.1%
GNS_DEF_100-119_0_0 1 0 1 0 0 0 8 11 8 4 5 7 0.1%
MIS_MIS_0_0_0 12 10 2 2 3 8 13 9 51 6 9 10 0.4%

Total 2650 2233 2300 2111 2108 1869 2118 2667 2390 3161 3698 3392
OTT_DEF_>=70_0_0 220 282 307 346 435 414 538 605 533 597 580 529 58.6%
OTB_DEF_>=70_0_0 168 120 146 133 77 120 208 223 111 131 178 135 19.0%
OTT_CRU_>=70_0_0 122 144 181 135 112 160 141 117 173 103 78 219 18.3%
GNS_DEF_>=100_0_0 3 3 9 16 6 5 12 21 5 9 14 1.2%
Villa,b,d |OTB_CRU_>=70_0_0 28 16 22 9 3 7 2 4 11 7 1 9 1.3%
SDN_DEF_100_119 0_0 0 0 0 0 0 0 1 2 2 2 5 0.2%
GTR_DEF_>=100_0_0 1 3 2 5 0 0 2 4 0 0 0 0 0.2%
MIS_MIS_0_0_0 35 16 5 8 4 3 10 8 7 6 3 8 1.2%

Total 577 584 672 652 637 709 914 984 845 851 851 919

Grand total 3227 2817 2972 2763 2745 2578 3032 3651 3235 4012 4549 4311

Table 1 :French landings by area, year and métier DCF level 6

It has to be noted that the grand total (table 1) differs sometimes significantly with the figures used
by the Working Group, even after 2012 benchmark. The reason is the introduction of a 2" 3-alpha
code in the system in 2008 (LEZ, Lepidorhombus spp.) which was omitted to count on top of MEG
(Lepidorhombuswiffiagonis).

The different effort variables (figure 2) display expected trends, at least in relative terms, with some
decreasing tendency, more pronounced for trawlers targeting Nephrops. There is no counter
indication here for using effort variables as auxiliary variables for discards estimates.
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Figure 1 : Map of the French landings per year
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Figure 2 : Effort for the otter trawlers (dashed lines : subarea 8, thick lines : subarea 7)

The samples

The number of trips sampled is shown table 2. The step increase of the sampling effort is clearly
displayed with a first increase in 2007 in subarea 7, and a full increase in all areas from 2009 onward.
The last column of the table represents the probability to catch a megrim in a sampled trip, and this
column is informative. We learn that

OTB_DEF and OTT_DEF_100-119 fishing altogether 55% of the total megrim catches (table 1)
in subarea 7 are catching megrim at almost every trip (95% and 85%). Merging these two
métiers for discards estimates will need to be considered.

OTB_DEF_70-99 fishing 26% of the total megrim catches (table 1) in subarea 7 has a very low
probability of catching megrim (7%). This is either due to the large number of these inshore
trawlers, or due to a bad representativity of this métier in the ay-sea programme as regards
megrim. In consequence, the discards estimates of this métier will need to be taken with
caution, and it will be mandatory to consider mesh size ranges in the analysis (no merging
with 100-119 range).

OTB_CRU and OTT_CRU_100-119 fishing altogether 15% of the total megrim catches (table
1) in subarea 7 are catching megrim at each trip. Merging these two métiers for discards
estimates will need to be considered, and they will need to be kept separate from the
demersal trawling (risk of bias).
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e OTT_DEF_70-99 contributing to 3% of the catches in subarea 7, has a probability of 65% of
catching megrim. This between high probability (like OTB_DEF_100-119) and low probability
(like OTB_DEF_70-99) will need to be investigated further.

e (OTB and OTT_DEF_>=70 contributing together to 77% of the total catches in subarea 8 show
different probabilities of catching megrim (78% and 25% respectively). This will be a cause of
concern when estimating discards, and will need further analysis.

e OTT_CRU_>=70 contributing to 18% of the total catches displays a different probability (78%)
than OTB_CRU In the area (25%) and than Nephrops trawlers in 7 (>98%). Given the
importance of this métier it will be safer to consider it apart in one strata.

o Netters, seiners and miscellaneous gears contributing to less than 1% of the megrim catches
in both areas, have also marginal probabilities of catching megrim in the at-sea sampled trip
(except SDN_DEF in 7). In the French at-sea programme, netters and miscellaneous receive a
high sampling effort (for other species), which means the expected low discards ratio and
volume should be assessed with good quality.

Proba
Area  Metier 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013  2014| megrim
OTT_DEF_100-119_0_0 ol 21 6l 5| 6l si 1701 310 131 36[] 2701 22 95%
OTB_DEF_70-99. 0.0 [I 121 14l 190 130 27 4490 B lsa T 93 99 | 90114 7%
OTB_DEF_100-119_0_0 ol 5] 6l 20 ol 9ll 16 2000 34 12[] 161 26 85%
OTT_CRU_100-119_0_0 0 ol 4| 2 0 oll 13 10] 4| 1 ol 6 98%
OTB_CRU_100-119_0_0 0 ol 3] 4 ol 2| 3| 1l 1] 2| 4 o 100%
Vil OTT_DEF_70-99_0_0 ol 4| 1 ol 21 8l 70 19l 9ll 12 4] 9 66%
GNS_DEF_120-219_0_0 | 1 ol 1 ol 4| 1l 110 15[l 14[] 18[] 16 (] 13 3%
SDN_DEF_100-119_0_0 0 0 0 0 0 0 ] 0 0 ol 9l 14 83%
GNS_DEF_100-119_ 0 0 | 1 0 0 0 ol 1f 27| 3 8l 12 8l 8 30%
MIS_MIS_0_0_0 | 231 36| 21| 14 1290 178 436 430 I 249 3p9[ p77[ D57 3%
Total 37 61 61 58 168 248 620 610 425 521 451 469
OTT_DEF_>=70_0_0 | 2| 1l 13| 101 24 100 18 [] 31] 101l 210 35]] 29 78%
OTB_DEF_>=70_0_0 | 6| 3] 16| 9l 11| ofl 330 430 49(l 310 380 33 25%
OTT_CRU_>=70_0_0 0 380 40l 410 2911 2511 200 330 370 261 23] 261 23 78%
GNS_DEF_>=100_0_0 | 1] 3] 71 19F] eol ] osE] esEl 65E] 5701 60 ] 6601 61 3%
Villa,b,d |OTB_CRU_>=70_0_0 | 8| 3] 9| 1l 1l 1| 3] 9l 8| 51 11 11 54%
SDN_DEF_>=70_0_0 0 0 0 0 0 0 0 0 0 0 0 0 25%
GTR_DEF_>=100_0.0 | 8l 10] 101 20 a3 218 138 443 ] 75 se[ ] es[ ] 91 1%
MIS_MIS_0_0_0 I 170 271 250 51223 196 233 167 I 11371 187 | 174 | 177 2%
Total 80 87 121 139 507 549 524 495 362 413 415 425

Table 2: French number of trips sampled

Table 2 also shows that OTB_DEF_70-99 in subarea 7, OTT and OTB cru in subarea 8 were traditional
sampled strata for Ifremer staff. In consequences these are the best information available for the
period 2003-2008. During this period, the other demersal trawlers in both areas were also
monitored, but at a minimum level. Some assumptions will need to be made in order to estimate
discards (e.g. merging métier, areas and/or quarters).

Exploratory analysis

After the overview of sampling information available and the recommendations for potential
mergers or non mergers, the exploratory analysis will focus on the variable of interest and the
differences in discarding behaviors regarding megrim. The most disaggregated stratification, each
year would consider 4 quarters, 10 metiers and 12 ICES sub-divisions, for a total of 360 strata.
Considering 2 subareas still leads to 80 strata, which is far too many. There is no objective number of
strata for estimation, but the lesser, the better.
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Figure 3 : Median and distribution of discarding per trips per métier * subdivisions

The COST tool allows the estimation of the discards estimates per trip (function landisVol), and this

has been used to build a data frame with the estimates and the covariates time (year + quarter),
space (ICES divisions) and technical (métier level 6). The search of patches in the discards estimates

begins by those combination of space and technical with no or very few discards. These are MIS_MIS

and SDN_DEF in all areas

(given the number of samples, an estimation by subarea will be possible)

and the area 7d.
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Figure 4 : Median and distribution of discarding per trips per métier * subdivisions. Focus on

demersal trawlers with mesh size ranged from 100 to 119 mm (left panel), and mesh size ranged

from 70 to 99mm (right panel)
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Median and distribution of discarding per trips per métier * subdivisions. Focus on

Figure 5

70mm in subarea 8 (left panel), and Nephrops trawlers (right

demersal trawlers with mesh size >

panel)

A special consideration should be given to Subdivision 7ewhen raising by an effort variable, since

trawling inshore is a major activity for France in this area, and they never catch megrim inshore.
Including the effort of the large number of 7e trawlers would certainly lead to a bias. The safe option

would be to use the raising as a ration of the megrim landings.



time
2003 -1
2003 -2
2003-3
2003 -4
2004 -1
2004 -2
2004 -3
2004 -4
2005-1
2005 -2
2005-3
2005-4
2006 -1
2006 - 2
2006 -3
2006 -4
2007 -1
2007 -2
2007 -3
2007 -4
2008 -1
2008 -2
2008 -3
2008 -4
2009-1
2009 -2
2009 -3
2009 -4
2010-1
2010-2
2010-3
2010-4
2011-1
2011-2
2011-3
2011-4
2012-1
2012-2
2012-3
2012-4
2013-1
2013-2
2013-3
2013 -4
2014-1
2014 -2
2014-3
2014 -4
2015-1

Table 3 :Empirical discards rates by numbers (figures raised to the sampled trips). Cells in green =
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MIS_MIS_0_0_0

0.154

0.063

0.276
0.671

0.635
0.182

0.12
0.045
0.313

0.913

0.983

0.376
0.254
0.125

0.311
0.818
0.814

0.1

OTB_CRU_100-119 0_0

0.369
0.385

0.223

0.438

0.528

0.389

0.173

0.634

0.286

0.133

OTB_CRU_70-99_0_0

0.932
1

0.741
0.561

0.538

0.331

7000

OTB_DEF_>

-

1
0.419

0.075

0.713

0.003

0.985

0.604

0.936

0.985

0.61

0.486

0.958

0.831
0.32

OTB_DEF_100-119_0_0

0.197

0.136
0.486

0.033
0.245
0.078

0.553

0.23
0.107
0.182
0.398
0.121

0.13

0.45
0.336

0.55
0.803
0.599
0.504
0.084

0.34
0.676
0.089
0.216
0.644
0.208
0.129

<40% discards, cells in red = >= 60% discards.

OTB_DEF_70-99_0_0

0.957

0.105

0.776
0.898

0.227
0.419
0.439

0.446

0.711

1
0.286

OTT_CRU_100-119_0_0

0.928
0.194

0.589

0.794
0.624
0.408
0.137
0.295
0.876

0.2
0.801
0.265

0.704
0.073

OTT_CRU_70-99_0_0

0.514

0.267
0.052

0.544

0.315

0.768

0.436
0.891

0.309
0.036
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- >=70 0.0

OTT_DEF_>

0.483

0.051
0.287
0.226
0.171

0.136
0.779
0.359
0.779

0.467
0.095

0.122
0.827
0.215
0.228
0.305
0.203
0.088
0.597

0.073
0.987

0.24
0.329
0.411
0.133
0.316
0.093
0.076
0.101

0.01
0.174
0.107
0.079
0.046

OTT_DEF_100-119_0_0

0.276
0.4

0.389
0.589
0.095

0.138
0.432

0.401
0.366

0
0.326

0.273

0.429
0.17
0.104
0.152
0.395
0.352
0.432
0
0.289
0.52
0.331
0.233
0.325
0.445
0.192
0.214
0.451
0.555
0.058
0.036
0.349
0.505
0.063
0.039

OTT_DEF_70-99_0_0

0.476

0.015

0.609
0.277

0.222
0.261
0.288
0.293
0.403

0.095
0.148
0.168

0.624
0.575
0.46

0.2
0.102

=70 0.0

CRU_>

b b oh o e Ot

0.243
0.118
0.302
0.679
0.057
0.223
0.712
0.796
0.799
0.582
0.401
0.889
0.616
0.622

0.54
0.237

0.096
0.164
0.429
0.986
0.921
0.862
0.975

0.892
0.718

0.38
0.813
0.877
0.708
0.585
0.992
0.797
0.928
0.851
0.949
0.825
0.915
0.691
0.766
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2004-1

2004-2 0.107

2004-3 0.064 0.101 0.546 0.044

2004-4 0139 0.168 0.170 0.195 0.062

2005-1 0.108

2005-2 0.133 0.015

2005-3 0.056 0.708 0.104 0.733 0.013 0.043

2005-4 0.045 0.193 0.235 0.003 0.613 0.111 0.090

2006-1 0.028 0.128 0.094 0.202

2006-2 0.019 0.051 0.056 0.198

2006-3 0.061 0.028 0.139 0.261

2006-4 0.018 0.134 0.266 0.156

2007-1 0.317

2007-2 0.019 0.337

2007-3 0.106 0.053 0.206 0.264

2007-4 0.124 0.017 0.044

2008-1 0.015 0.099

2008-2 0.107 0.246 0.307

2008-3 0.080 0.272 0.275 0169 0.126

2008-4 0.222 0.103 0.075 0.202 0.027

2009-1 0.608

2009-2 0.265 0.414 0.197 0.048 0.253 0.002 0.045 0.093

2009-3 0.468 0.054 0.098 0.108 0.141 0.406 0.025

2009-4 0.119 0.026 0.208 0.036 0.473 0.107 0.182

2010-1 0.081 0.030 0.055 0.069 0.153 0.047 0.093 0.001 0.052 0.526

2010-2 0.024 0.124 0.215 0.137 0.497 0.065 0.307

2010-3 0.178 0.187 0.686 0.107 0.120 0.358 0.049 0.491

2010-4 0.047 0.840 0.170 0.095 0.203 0.293 0.868 0.065 0.860

2011-1 0.047 0.018 0.048 0.094 0.403

2011-2 0.105 0.124 0.068 0.268 0.578 0.819

2011-3 0.837 0.155 0.099 0.269 0.037 0.804 0.016 0.108

2011-4 0289 0.168 0.175 0.158 0734 0724 0048

2012-1 0207 0797 0182 0067 0356 0.624 0088 0041 0.180

2012-2 0.237 0.267 0.135 0.310 0.178 0.372

20123 0450 0599 0485 0.319 0238 0201 0.174 0023 0337 0274 0226

2012-4 0048 0213 0.090 0.075 0.198

2013-1 0.193 0.088 0.367| 0.170 0.156 0.974

2013-2 0.828 0.177 0.097 0.095 0.269 0.029 0.498 0.979

2013-3 0.504 0.462 0.254 0.262 0.465 0.027 0.369

2013-4 0.051 0.038 0.027 0.039 0.500 0.356

2014-1 0.140 0.623 0.011 0.004 0.684

2014-2 0.212 0.390 0.153 0.082 0.304 0.075 0.257 0.147 0.412

2014-3 0.120 0.149 0.182 0.049 0.037 0.081] 0.237 0.108 0.079 0.387

2014-4 0.058 0.023 0.032 0.444

Table 4 : Empirical discards rates by weight (figures raised to the sampled trips). Cells in green = <10%
discards, cells in red = >40% discards.

Table 3 and 4 display a scattered coverage of the strata. The discards ratio estimates are derived
from discards and landings estimated for the sampled trips without raising, so with minimal
assumptions. It remains several metiers strata which cannot receivea quarterly stratification. Several
time and/or technical stratification on subsets of the data can be tested, in order to define the
optimal stratification based on the available information.
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First stage conclusions

The objective of providing a time series of age distribution of the discards could not be attained
before the deadline imposed. The reasons are an under-evaluation of the workload and a number of
issues to deal with, which necessitates time, reflection and further coding.

None of the options of stratification taken for raising proved satisfactory, all of them lead to
problematic un-sampled strata. Moreover, there may be a bias in the representativity of the samples
as regards vessel length (figure 6) asking to be cautious about raising by effort.

Proportion of the samples per vessel length class

500 1000 1500

u10 10-12 12-15 15-18 18-24 24-40 040

0

Proportion of the landings per vessel length class

1000000

[ ] —

u10 10-12 12-15 15-18 18-24 24-40 040

0

Figure 6 : Proportion of number of trips per vessel length class in
the samples and in the landings

Eventually, two options have to be considered, i.e. (1) further grouping of métiers or (2) interpolation
of the empirical discards ratios (table 4). The second option is unconventional but would have my
preference, because the empirical discards ratios seem consistent and reliable (there is a need to
filter out those figures derived from low sampling rates).

Proposing age structure of the discards for France will be possible, only when the gap filling exercise
is done. Specific coding will have to be done to finalise the whole exercise, in consequence, the
feedback from the IBPmegrim will be important in order to prepare this information for next year.

Second stage of estimation after WGCATCH

Feedback from WGCATCH on the estimation procedure was to regroup all métiers having a low
contribution to the landings into one strata, and regroup at best the other strata in order to give a
second chance to raising by effort.
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Strata mapping
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Table 5 : Number of sampled trips available
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Table 6 : Number of sampled trips available with presence of megrim in the catches

Low contributors
Were considered as low contributors all métiers contributing to less than 4% of the landings in table
1. These were all merged into a métier named MIS_MIS _0_0_0. Yearly stratification was chosen
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because of the low discarding volume expected. Table 5 details the results by the 4 estimators (ratio
to landings, ratio to fishing days, raised to total number of trips, ratio to hours fishing). The values
given by estimators based on effort are deemed over estimated due to the very high number of
vessels and effort by this fleet component, emphasizing the estimates to improbable values for

fremer

certain years. The estimation based on the ratio to the landings was preferred.

time space technical estim.Ind estim.day estim.trip estim.time
2004 27.7.b-k MIS_MIS_0_0 0 - - - -
2005 27.7.b-k MIS_MIS_0_0_0 1246 578 418 2240492 212176
2008 27.7.b-k MIS_MIS_0_0_0 2116 96 830 222 406 8980
2009 27.7.b-k MIS_MIS_0_0_0 3593 175127 363922 10 264
2010 27.7.b-k MIS_MIS_0_0_0 3076 200 355 370265 7612
2011 27.7.b-k MIS_MIS_0_0_0 3745 12 565 26 208 929
2012 27.7.b-k MIS_MIS_0_0_0 1904 81 682 183 586 4105
2013 27.7.b-k MIS_MIS_0_0_0 7113 347 409 981 056 19 216
2014 27.7.b-k MIS_MIS_0_0_0 596 12 813 30 805 796
2004 27.8.abd MIS_MIS_0_0_0 26 452 2723 6 400 106
2005 27.8.abd MIS_MIS_0_0_0 2076 1063 2649 112
2008 27.8.abd MIS_MIS_0_ 0 0 18 237 970 66
2009 27.8.abd MIS_MIS_0_0_0 4169 72 179 10
2010 27.8.abd MIS_MIS_0_0_0 8903 75 684 147 791 8241
2011 27.8.abd MIS_MIS_0_0_0 42574 52534 68 782 4556
2012 27.8.abd MIS_MIS_0_0_0 421 7 839 12 612 1086
2013 27.8.abd MIS_MIS_0_0_0 6 085 9278 14 758 988
2014 27.8.abd MIS_MIS_0_0_0 2351 83 171 7

Table 7 : discards estimation of low contributors from 4 estimators (ratio to landings, ratio to fishing
days, raised to total number of trips, ratio to hours fishing). In bold the estimation chosen.

All other strata

For all other strata contributing substantially to the discards, estimation based on effort was
preferred, and the one based on the ratio to the fishing days was chosen as consistent with the
estimator taken for reporting to the French industry by the French at-sea observation programme.
Tables 8 to 14 detail the values obtained for each estimator.

time space technical estim.Ind estim.day estim.trip estim.time
2004 27.7.b-k OTX_CRU_70-119_0_0 116 388 246 894 977 116 273749
2005 27.7.b-k OTX_CRU_70-119_0_0 888 679 558 370 2236930 443 338
2006 27.7.b-k OTX_CRU_70-119_ 0_0 98 879 76 226 270174 71621
2007 27.7.b-k OTX_CRU_70-119_0_0 9424 28 727 139 780 29 861
2008 27.7.b-k OTX_CRU_70-119 0 0 58 356 67 655 350618 50261
2012 27.7.b-k OTX_CRU_70-119_0_0 49 664 90 766 227 568 43 367
2013 27.7.b-k OTX_CRU_70-119_0_0 22 871 17 749 65 369 10 105
2009 -1 27.7.b-k OTX_CRU_70-119 0 0 96 129 169 687 545117 114 435
2009 -2 27.7.b-k OTX_CRU_70-119 0 0 17 447 26 660 106 430 15661
2010-1 27.7.b-k OTX_CRU_70-119 0 0 48 585 47 920 148 874 37930
2010-2 27.7.b-k OTX_CRU_70-119_0_0 31692 57 150 214 099 43 044
2011-1 27.7.b-k OTX_CRU_70-119_0_0 11 865 17 266 59 508 12112
2011-2 27.7.b-k OTX_CRU_70-119_0_0 7746 17 029 115 043 10 442
2014 -1 27.7.b-k OTX_CRU_70-119 0 0 15 162 31032 117591 16 037
2014 -2 27.7.b-k OTX_CRU_70-119_0_0 1752 2502 6927 1198
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Table 8 : discards estimation of (OTB+OTT)_CRU_70-119 0 _0 in ICES divisions 7b-k from 4 estimators
(ratio to landings, ratio to fishing days, raised to total number of trips, ratio to hours fishing). In bold
the estimation chosen.

time space technical estim.Ind estim.day estim.trip estim.time
2004 27.7.b-k OTX_DEF_100-119_0_0 83029 246 452 1428773 156 725
2005 27.7.b-k OTX_DEF_100-119_0_0 66 200 97 481 431 649 74 612
2006 27.7.b-k OTX_DEF_100-119_0_0 76 605 178 971 682 637 157 865
2007 27.7.b-k OTX_DEF_100-119_0_0 91 563 135419 539417 95171
2008 27.7.b-k OTX_DEF_100-119_0_0 42920 53926 237019 38208
2009-1 27.7.b-k OTX_DEF_100-119_0_0 63134 106 187 503 875 73476
2009 -2 27.7.b-k OTX_DEF_100-119_0_0 29593 29 356 123928 23132
2010-1 27.7.b-k OTX_DEF_100-119_0_0 95 599 169 712 598 663 114 071
2010-2 27.7.b-k OTX_DEF_100-119_0_0 67 556 120 834 460 851 81333
2011-1 27.7.b-k OTX_DEF_100-119 0 0 64 185 87 800 353 899 52 842
2011-2 27.7.b-k OTX_DEF_100-119 0 0 147 563 131191 510 659 85621
2012-1 27.7.b-k OTX_DEF_100-119_0_0 51 849 63 365 226 284 37 255
2012-2 27.7.b-k OTX_DEF_100-119_0_0 65 135 67 653 335618 40 164
2013-1 27.7.b-k OTX_DEF_100-119_0_0 41 058 46 157 158 702 25272
2013 -2 27.7.b-k OTX_DEF_100-119_0_0 140 555 178 239 648 407 96 293
2014 -1 27.7.b-k OTX_DEF_100-119_0_0 38470 54 537 231330 30493
2014 -2 27.7.b-k OTX_DEF_100-119_0_0 62 383 97 279 450776 55016

Table 9 : discards estimation of (OTB+OTT)_DEF_100-119_0 0 in ICES divisions 7b-k from 4
estimators (ratio to landings, ratio to fishing days, raised to total number of trips, ratio to hours
fishing). In bold the estimation chosen.

time space technical estim.Ind estim.day estim.trip estim.time
2004 27.7.b-k OTX_DEF_70-99_0_0 198 820 448 165 1996 926 341 353
2005 27.7.b-k OTX_DEF_70-99_0_0 36793 23729 87 624 17 091
2006 27.7.b-k OTX_DEF_70-99_0_0 45122 37 969 151 232 27 225
2007 27.7.b-k OTX_DEF_70-99_0_0 - - - -
2008 27.7.b-k OTX_DEF_70-99_ 0 0 110034 77 108 169 277 44 722
2009-1 27.7.b-k OTX_DEF_70-99_0_0 24 510 87 624 178 967 66 939
2009-2  27.7.b-k OTX_DEF_70-99_0_0 49 692 77 161 207 117 33870
2010-1 27.7.b-k OTX_DEF_70-99_0_0 97 448 235 887 656 283 161949
2010-2 27.7.b-k OTX_DEF_70-99_0_0 110553 107 399 450 840 68 246
2011-1 27.7.b-k OTX_DEF_70-99_ 0 0 33104 50 015 123 095 33247
2011-2 27.7.b-k OTX_DEF_70-99_0_0 79079 74 416 242 606 49 790
2012-1  27.7.b-k OTX_DEF_70-99_0_0 204 449 139 684 330241 95 480
2012-2  27.7.b-k OTX_DEF_70-99_0_0 272 690 259 283 638 452 137576
2013-1 27.7.b-k OTX_DEF_70-99_ 0 0 274 759 75 815 134 073 61762
2013-2 27.7.b-k OTX_DEF_70-99_0_0 471196 152 291 342 064 108 143
2014-1 27.7.b-k OTX_DEF_70-99_0_0 167 666 228 595 653 544 142 530
2014-2  27.7.b-k OTX_DEF_70-99 0 0 56 940 36 222 89 691 20 099

Table 10 : discards estimation of (OTB+OTT)_DEF_70-99_0_0 in ICES divisions 7b-k from 4 estimators
(ratio to landings, ratio to fishing days, raised to total number of trips, ratio to hours fishing). In bold
the estimation chosen.
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time space technical estim.Ind estim.day estim.trip estim.time
2004-1 27.8.abd OTX_CRU_>=70_0_0 10 169 10 161 9852 6752
2004-2 27.8.abd OTX_CRU_>=70_0_0 8448 2812 2497 1924
2005-1 27.8.abd OTX_CRU_>=70_0_0 3778 2829 2990 2174
2005-2 27.8.abd OTX_CRU_>=70_0_0 6747 5236 4636 4100
2006-1 27.8.abd OTX_CRU_>=70_0_0 13 469 15878 13 588 19 427
2006-2 27.8.abd OTX_CRU_>=70_0_0 30149 47 894 44 374 62 375
2007-1 27.8.abd OTX_CRU_>=70_0_0 27726 42101 41 955 68 864
2007-2 27.8.abd OTX_CRU_>=70_0_0 24 866 14 476 16 511 15 242
2008-1 27.8.abd OTX_CRU_>=70_0_0 24119 8677 7 149 9479
2008 -2  27.8.abd OTX_CRU_>=70_0_0 10 893 11768 8 855 12 848
2009-1 27.8.abd OTX_CRU_>=70_0_0 5255 5730 8581 4230
2009-2 27.8.abd OTX_CRU_>=70_0_0 2616 1488 1995 1022
2010-1 27.8.abd OTX_CRU_>=70_0_0 12 735 13 074 15420 10 089
2010-2  27.8.abd OTX_CRU_>=70_0_0 52440 30 230 40 126 22757
2011-1 27.8.abd OTX_CRU_>=70_0_0 70 096 90 301 119 534 61 666
2011-2  27.8.abd OTX_CRU_>=70_0_0 4 805 4277 5335 3278
2012-1 27.8.abd OTX_CRU_>=70_0_0 27071 53489 56 915 30 040
2012-2 27.8.abd OTX_CRU_>=70_0_0 9387 10 865 14 252 7 250
2013-1 27.8.abd OTX_CRU_>=70_0_0 25186 58 646 76 121 28121
2013-2  27.8.abd OTX_CRU_>=70_0_0 45201 71023 83 369 46 626
2014-1  27.8.abd OTX_CRU_>=70_0_0 65 760 38343 46 507 27 303
2014-2 27.8.abd OTX_CRU_>=70_0_0 92770 88 636 140770 49 826

Table 11 : discards estimation of (OTB+OTT)_CRU_>=70_0_0 in ICES divisions 8abd from 4 estimators
(ratio to landings, ratio to fishing days, raised to total number of trips, ratio to hours fishing). In bold
the estimation chosen.

time space technical estim.Ind estim.day estim.trip estim.time
2004 27.8.abd OTX_DEF_>=70_0_0 97 163 22518 34 649 39 846
2005 27.8.abd OTX_DEF_>=70_0_0 11931 5987 10 130 5179
2006 27.8.abd OTX_DEF_>=70_0_0 32326 25 305 74 006 18 239
2007 27.8.abd OTX_DEF_>=70 0 0 53590 109 158 303 194 85104
2008 27.8.abd OTX_DEF_>=70_0_0 59 000 107 439 245 061 83374
2009 -1 27.8.abd OTX_DEF_>=70_0_0 13334 4461 7 388 3838
2009 -2 27.8.abd OTX_DEF_>=70_0_0 51433 157 883 276 302 97 656
2010-1 27.8.abd OTX_DEF_>=70_0_0 31049 78 445 223071 46 688
2010-2 27.8.abd OTX_DEF_>=70_0_0 16 694 64 671 135230 40 606
2011-1 27.8.abd OTX_DEF_>=70_0_0 130 661 63 512 84191 32750
2011-2 27.8.abd OTX_DEF_>=70_0_0 90 055 264 637 199 836 104 714
2012-1 27.8.abd OTX_DEF_>=70_0_0 54039 51344 79430 43 650
2012-2 27.8.abd OTX_DEF_>=70_0_0 42 620 56 757 130623 31893
2013-1 27.8.abd OTX_DEF_>=70_0_0 51379 81 980 173 198 47 249
2013-2 27.8.abd OTX_DEF_>=70_0_0 11 829 53 388 119 203 26 363
2014 -1 27.8.abd OTX_DEF_>=70_0_0 27 292 106 134 225 600 51615
2014 -2 27.8.abd OTX_DEF_>=70_0_0 15313 109 076 306 017 47 857

Table 12 : discards estimation of (OTB+OTT)_DEF_>=70_0_0 in ICES divisions 8abd from 4 estimators
(ratio to landings, ratio to fishing days, raised to total number of trips, ratio to hours fishing). In bold
the estimation chosen.
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The estimation raised by fishing days seems extremely consistent compared to the three other
estimators, regularly positioned in the middle of the other estimations. The absence of extremum or
outlier values as shown in figure 7 validate the approach taken.
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Figure 7 : discards Estimates using four estimators. The chosen estimator raised by fishing day is in
displayed in black.

Ql Q2 Q3 Q4
2003 305 166 234 250
2004 147 250 214 570
2005 - - - 15
2006 58 - - 423
2007 - - - 403
2008 249 262 88 524
2009 184 348 215 180
2010 146 370 233 110
2011 293 450 254 460
2012 176 506 126 470
2013 233 453 226 620
2014 179 156 94 352

Table 15 : number of age samples available

Number of otoliths interpreted for ages are presented table 15. The values are combined for ICES
areas 7 and 8, and present sufficient information on a semester time frame for years 2003, 2004 and
2008 onward. One issue is the year 2005 where only 15 otoliths are available in quarter 4, and years
2006 and 2007 where Q4 are sufficiently sampled but not the other quarters.

Gap filling technique using linear interpolation based on moving average was used, without creating
new values where age information at length was available. A paper is being prepared to explain the
approach which is going to be generalized in France in order to unlock the data transmission issues.
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The problem here concerns the year 2005 and semester 1 of year 2006 and 2007 where no or seldom
information was available. The gap filling techniques proposed a solution, but may not be suitable at

this level of gaps. This is a case to address by the IBPmegrim group at this stage.
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Figure 9 : age distribution of French megrim discards per year
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Overall conclusions

The current work on estimating the French time series of discards of megrim in areas 7 and 8 was
based on a thorough analysis of the empirical data. The objectives were to post-stratify the data in a
way consistent with the discarding patterns in the fisheries, consistent throughout the years, and
with sufficient samples in each strata to infer statistical estimates. The results in discards volume and
length frequencies are quite robust and replicable in future years. The volume (in tons) of discards by
métiers, area and year is given in the table 16 below.

Area Metiers 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
27.7.bk MIS_MIS_0_0_0 - 12 21 36 3.1 3.7 19 7.1 0.6
OTX_CRU_70-119_0_0 246.9 558.4 76.2 28.7 67.7 196.3 105.1 343 90.8 17.7 335
OTX_DEF_100-119 0.0 2465 975 179.0 135.4 53.9 1355 290.5 219.0 131.0 224.4 151.8
OTX_DEF_70-99_0_0 448.2 237 38.0 - 77.1 164.8 3433 124.4 399.0 228.1 264.8
Total 27.7.b-k 941.5 680.8 293.2 164.1 200.8 500.3 742.0 381.5 622.7 477.4 450.8
27.8.abd MIS_MIS_0_0_0 26.5 2.1 0.0 4.2 8.9 426 0.4 6.1 2.4
OTX_CRU_>=70_0_0 13.0 8.1 63.8 56.6 20.4 7.2 433 9.6 64.4 129.7 127.0
OTX_DEF_>=70_0_0 225 6.0 25.3 109.2 107.4 162.3 143.1 328.1 108.1 135.4 215.2
Total 27.8.abd 61.9 16.1 89.1 165.7 127.9 173.7 195.3 465.3 172.9 271.1 344.5
Total 1003.5 697.0 382.2 329.9 328.7 674.0 937.3 846.8 795.5 748.5 795.3

Table 16 : Megrim 7-8 - Volume of discards in tons from 2004 to 2014 by métiers.

The more difficult phase was the estimation of age structures, since age information was extremely
variable from year to year. For example, in 2005 only 15 otoliths of megrim were collected and read
(table 15), which is far too few to derive estimates. Scarce age-length data availability in years 2005-
07 was overcome interpolating years 2004-08. The gap filling techniques proposed a solution, but
may not be suitable at this level of gaps. The interpolation approach is accepted now and IBP group
recommend further inter-sessional work to estimate these ages exploring alternatives such as
Spanish age data or through a growth model. The discards number at age per year as used in the
assessment model is presented in table 17 below.

Year / age 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
2004 37 2455 4992 2614 1437 724 381 136 17 5 9 3 1 1
2005 135 1700 1607 1389 1019 720 794 460 22 2 1 0 0
2006 50 1386 1534 1019 714 316 168 75 70 36 1
2007 17 2648 1325 764 490 372 211 66 19 4
2008 17 1210 1676 1061 682 247 118 79 37 10 1 0 0
2009 147 1237 1292 1402 1096 757 333 224 137 37 20 5 1 1 0
2010 158 2120 2006 1306 1177 794 530 336 198 73 13 4 0
2011 495 1428 2387 1784 1120 716 298 145 56 9 0 0
2012 107 1324 1985 2651 1231 522 293 82 50 7 1 0 0
2013 480 2792 2160 1267 1344 638 246 75 17 1
2014 - 2211 2522 1182 997 906 383 82 6 1 0 0

Table 17 : Megrim 7-8 — Yearly age structure of French discards (number in 000’s)
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1. Introduction

In previous assessments natural mortality (M) of megrim was assumed to be equal to 0.2 (per
year) invariant across ages and years. The Interbenchmark Megrim (IBP Megrim) 2016 aimed
at compiling historic discard data and including them in the stock assessment. There was no
specific ToR regarding natural mortality and no new information was available. Therefore, the
value of M=0.2 was used for the stock assessments and projections conducted during IBP
megrim (see main report).

However, one of the reviewers proposed to use a natural mortality at age (M@age)
considering that it could be biologically more meaningful than having a unique M value across
ages. Following this suggestion during the IBP Megrim different estimates of M, both constant
across ages and varying with age, were obtained using empirical methods. Then, the sensitivity
of the assessment results to the M assumptions was evaluated. This annex presents a
summary of this work.

2. Estimates of natural mortality

There are many empirical methods that try to derive natural mortality estimates from growth
parameters, life-history traits or other measurable indices. See for instance the review
provided by Kenchington (2014) or Then et al. (2015). Several of these methods are
implemented in the function metaM() in the library FSA (Ogle, 2015) in R (R Core Team, 2015).
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Table 1 lists these methods and indicates the type of data needed such as the parameters from
the von Bertalanffy growth equation, maximum age and/or temperature. The reference of the
source and the empirical equation are also given. The methods attempted for megrim that
estimate a unique M value are colored in pink and the methods estimating a vector of M at
age are highlighted in blue. Besides the methods in the FSA library, the empirical equations
from Lorenzen (1996) and the posterior modification by Cook (2013) were also implemented in
R and applied to megrim.
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Table 1. List of methods available in the function metaM() in the R library FSA and additional methods

implemented for megrim.

Parameters needed

Method p— T = Wi Reference Equation
ax K nf 0 b LT 0 nf
"tmax1" X First line of Table 3 in Then et al (2015) 5.109/tmax }
"PaulyLNot" X X Sixth line of Table 3 in Then et al (2015) 4.118*(K”(0.73))*(LinfA(-0.33))
10~(-0.0066-
0.279*log10(Linf)+0.6543*log10(K)+0.4634*l0g10
"PaulyL" X X X Pauly (1980) (M)
107(-0.2107-
0.0824*log10(Winf)+0.6757*log10(K)+0.4627*log
"Paulyw" X X X Pauly (1980) 10(T))
"Hoenig0" X Hoenig (1983) fit with OLS composite exp(1.44-0.982*log(tmax))

"HoenigOF" X
"HoenigOM" | X
"HoenigOC" X

"Hoenig02" X

"HoenigO2F
i X
"Hoenig02
m" X
"Hoenig02C
" X

"HoenigLM" X

"HoenigNLS" | X

Hoenig (1983) fit with OLS fish
Hoenig (1983) fit with OLS mollusc
Hoenig (1983) fit with OLS cetacean

Hoenig (1983) fit with GM composite
Hoenig (1983) fit with GM fish
Hoenig (1983) fit with GM mollusc

Hoenig (1983) fit with GM cetacean
Modified Hoenig with LM from Then et
al (2015)

Modified Hoenig with non-linear from
Then et al (2015)

exp(1.46-1.01*log(tmax))
exp(1.23-0.832*log(tmax))
exp(0.941-0.873*log(tmax))

5.52*tmax”(-1.08)
6.99*tmax”(-1.22)
4.49*tmax”(-0.94)
5.20*tmax”(-1.04)
exp(1.717-1.01*log(tmax))

4.899*tmaxA(-0.916)

"HewittHoe
nig" X Hewitt and Hoenig (2005) equation 8 4.22/tmax
fourth line of Table 3in Then et al
"K1" X (2015) 1.692*K
"K2" X fifth line of Table 3 in Then et al (2015) 0.098+1.55*K
"JensenK1" X Jensen (1996) 1.5*K
"Jensenk2" X Jensen (2001) 0.21+1.47*K
"Gislason" X X X Gislason et al. (2010) exp(0.55-1.61*log(L)+1.44*log(Linf)+log(K))
"AlversonCa Alverson and Carney (1975); Zhang and
rney" X X Megrey (2006) (3*K)/(exp(K*(0.38*tmax))-1)
Charnov et al (2013); Kenchington
"Charnov" X X X (2014) K*((Linf/L)A1.5)
"ZhangMegr Zhang and Megrey (2006) for demersal
eyD" X X X X X fish (b*K)/(exp(K*(Ci*tmax-t0))-1)
"ZhangMegr
eyP" X X X X X Zhang and Megrey (2006) for pelagic fish (b*K)/(exp(K*(Ci*tmax-t0))-1)
"RikhterEfan Rikhter and Efanov (1976); Kenchington
ovl" X (2014) (1.521/(t5010.720))-0.155
"RikhterEfan Rikhter and Efanov (1976); Kenchington
ov2" X X X X (2014) (b*K)/(exp(K*(t50-t0))-1)
OTHERS
Lorenzen
Cook

Method estimating constant M

Method estimating M by age

In order to estimate a unique natural mortality rate, the maximum age (tmax) was taken equal

to 15 years from BIOSDEF project. The Von Bertalanffy equation parameters were based on

sexed combined data from BIOSDEF and separated in male and female from Landa and Pifieiro

(2000). The estimates of natural mortality for megrim ranged from 0.165 to 0.445, being on

average around 0.3 (Table 2).
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Table 2. Summary table of natural mortality estimates (constant across ages) for megrim based on empirical
relationships with life-history parameters.

tmax=15 | Landa and Pifieiro (2000) | BIOSDEF
Method All Females Males Sex combined

tmax1 0.34060
HoenigO 0.29544
HoenigOF 0.27939
Methods based on tmax Hoenig02 0.29632
HoenigLM 0.36127
HoenigNLS 0.41002
HewittHoenig 0.28133

PaulyLNoT 0.25019 0.31070 0.20628

K1 0.23688 0.27072 0.18612

Methods based on VB K2 031500  0.34600 0.26850

JensenK1 0.21000 0.24000 0.16500

Jensenk?2 0.41580 0.44520 0.37170

Methods based on tmax and VB AlversonCarney 034395  0.32230 0.37845
Min 0.16500
Max 0.44520
Median 0.29632
Mean 0.30189

Alternatively, empirical equations for estimating natural mortality at age were based on mean
length at age. Different data sources of mean length at age were available for megrim (Table
3). ALK SP 2012, 2013 and 2014 are the mean length at age taken from annual Spanish ALK
from Subarea VIl for sex combined. BIOSDEF columns refers to the data taken from BIOSDEF
project and finally VB columns refers to the values estimated according to the annual
parameters of the von Bertalanffy growth equation for both sexes combined for megrim (L.

whiffiagonis) in subarea VIl (Linf =66, to =-0.49, K = 0.11) estimated in BIOSDEF project.
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Table 3. Summary of different data sources of mean length at age in Subarea VIl for sex combined.

AGE Mean L (cm)
(years) | ALK SP 2012 ALK SP 2013 ALK SP 2014 | BIOSDEF| VB

1 17.850 NA NA 16.5 9.977
2 20.868 21.909 21.668 18.300 |15.813
3 26.079 25.913 26.130 21.300 |21.041
4 27.442 27.381 28.415 25.000 |25.724
5 29.132 29.214 29.490 28.200 [29.919
6 31.697 31.255 32.309 33.600 |33.678
7 35.368 35.356 36.007 38.300 |37.045
8 38.098 40.956 41.067 44.500 |(40.061
9 42.624 45.573 45.203 49.600 [42.763

10+ 50.291 49.936 52.555 52.000 |45.183

For each of these vectors of length at age, different M at age estimates were calculated
according to the empirical equations by Gislason, Charnov, Lorenzen and Cook (modification of
Lorenzen). The resulting vectors of natural mortality are given in Table 4.
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Table 4. Different M at age estimates are provided (according to Gislason, according to Charnov, according to

Lorenzen, according to Cook (modification of Lorenzen)) by age.

AGE M at age estimates according to Gislason
(years) | ALK SP 2012 ALK SP2013 ALK SP 2014 |BIOSDEF VB
1 0.771 NA NA 0.871 1.959
2 0.596 0.552 0.561 0.738 0.933
3 0.416 0.422 0.416 0.578 0.589
4 0.385 0.385 0.364 0.446 0.426
5 0.350 0.348 0.342 0.368 0.334
6 0.305 0.311 0.296 0.277 0.276
7 0.255 0.255 0.248 0.225 0.237
8 0.227 0.201 0.200 0.176 0.209
9 0.189 0.170 0.172 0.148 0.188
10+ 0.145 0.147 0.135 0.137 0.172
AGE M at age estimates according to Charnov
(years) | ALKSP 2012 ALK SP2013 ALK SP 2014 |BIOSDEF VB
1 0.785 NA NA 0.880 1.871
2 0.617 0.575 0.583 0.753 0.938
3 0.442 0.447 0.442 0.600 0.611
4 0411 0.411 0.390 0.472 0.452
5 0.376 0.374 0.368 0.394 0.360
6 0.330 0.337 0.321 0.303 0.302
7 0.280 0.280 0.273 0.249 0.262
8 0.251 0.225 0.224 0.199 0.233
9 0.212 0.192 0.194 0.169 0.211
10+ 0.165 0.167 0.155 0.157 0.194
AGE M at age estimates according to Lorenzen
(years) | ALKSP 2012 ALK SP2013 ALK SP 2014 |BIOSDEF VB
1 1.080 NA NA 1.157267| 1.832
2 0.933 0.894 0.901 1.053 1.203
3 0.761 0.767 0.761 0.917 0.927
4 0.728 0.728 0.705 0.792 0.772
5 0.689 0.687 0.681 0.710 0.672
6 0.638 0.645 0.627 0.605 0.603
7 0.577 0.577 0.568 0.537 0.553
8 0.539 0.504 0.503 0.468 0.515
9 0.487 0.458 0.461 0.424 0.485
10+ 0.418 0.421 0.402 0.406 0.461
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M at age estimates according to Cook (modification of
AGE |Lorenzen)

(years) | ALK SP 2012 ALK SP2013 ALK SP 2014 |BIOSDEF VB
1 1.250 NA NA 1.345612| 2.188
2 1.071 1.023 1.033 1.217 1.402
3 0.864 0.870 0.864 1.051 1.064
4 0.824 0.824 0.796 0.901 0.876
5 0.778 0.775 0.767 0.802 0.757
6 0.716 0.725 0.703 0.677 0.675
7 0.643 0.643 0.633 0.596 0.616
8 0.599 0.558 0.557 0.516 0.571
9 0.538 0.504 0.508 0.464 0.536

10+ 0.458 0.462 0.439 0.444 0.508

The results of different methods for BIOSDEF length-at-age data are compared in Figure 1. The
four methods give parallel estimates at age, with Cook giving the highest estimates by age. The
Gislason method gives the lowest M estimates by age, followed very closely by the Charnov
estimates. Alternatively, Figure 2 compares the results of M at age obtained with the Gislason
method using different data sources of length-at-age. The annual Spanish ALK’s provide very
similar estimates. The BIOSDEF project gives larger M-at-age estimates up to age 5 and slightly
lower natural mortality for the older ages (6 years old and older). The M estimates at the
youngest ages (ages 1 and 2) from the Von Bertalanffy parameters are much higher than for
the rest data sources and were considered unrealistic.

Figure 1. Different methods for BIOSDEF length-at-age data.
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—— Cook
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0.0
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Figure 2. Different length-at-age data with the Gislason model.
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Based on the previous analysis, and after some comments and discussion, the length at age
vector was taken as the average from the 2012, 2013 and 2014 ALK'’s and the BIOSDEF project.
The final M@age vector was obtained by applying the Gislason method to the aforementioned
vector of lengths at age. The vector of natural mortality at age ranged from 0.87 for the
younger individuals to 0.14 for the 10+ group (Figure 3 and Table 5).

Table 5. Vector of natural mortality at age computed according to the Gislason method from the average length-
at-age data.

Age 1 2 3 4 5 6 7 8 9 10+

M 0.87 0.61 0.45 0.4 0.35 0.3 0.25 0.2 0.17 0.14
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Figure 3: Natural mortality at age from applying the Gislason method to the average length-at-age vector from
the Spanish ALK in 2012-2014 and the BIOSDEF project.

3. Results

In order to test the sensitivity of the assessment to the natural mortality assumption, 3
different scenarios were run:

1. Run with M=0.2.
2. Run estimating M unique with a log-normal prior with median 0.2 and precision 2.

3. Run with M at age (M@age from Gislason applied to average L@age).

In the following figures the results from different runs are presented. Looking to the Figure 4
the estimates of SSB, TBS, R and Fbar show the same trends but different scale under different
M assumptions. In SSB, TSB and R the highest values are given by using M@age and the lowest
by M estimated, and in the case of Fbar, the highest values are given by M estimated and the
lowest by M@age. In all cases using M=0.2 provides intermediate results in absolute values.
When a unique M is estimated, the median natural mortality is 0.097 with a 90% probability
interval between 0.05 and 0.15.
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Figure 4. Estimates of SSB, TBS, R and Fbar (medians are solid lines and 90% probability intervals are dashed lines)
for 3 different scenarios with M=0.2 (blue), M@age (red) and M estimated (green).
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When comparing the results of three
three of them gave very similar results as the Bayesian model is adjusted to catches (Figure 5).

scenarios of M for catches, landings and discards, the

Figure 5. Estimates of catches, landings and discards (medians are solid lines and 90% probability intervals are
dashed lines) for 3 different scenarios with M=0.2 (blue), M@age (red) and M estimated (green).
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Regarding model parameters, the assumptions on natural mortality affect the initial
population at age, the indices catchability at age and selection at age (Figure 6 and Figure 7).
The difference in the selection at age is smaller for older ages, for which the assumed natural
mortalities are smaller (Figure 7).

loghyeart
logphi SPGFS.

2 3 4 5 6 7 8

Figure 6. Changes in the initial population (on the left) and in the survey indices catchability (in the right)
for different assumptions on M. The black, red and green lines represent the cases when M=0.2, M@age
and M is estimated respectively.
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Figure 7. Changes in the selection at age 3 (on the left) and at age 7 (on the right) for different assumptions
on M. The black, red and green lines represent the cases when M=0.2, M@age and M is estimated
respectively.

This is explained by the posterior correlation between the natural mortality and the rest
parameters. Natural mortality is negatively correlated with the year effects of fishing mortality
and the survey indices catchability and positively correlated with the recruitment and the
initial population at age (Figure 8). The natural mortality is apparently independent of the
autocorrelation in f, the precisions of the observation equations and the r’s.
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Figure 8: Cross-correlation between natural mortality and the annual effect of fishing mortality, recruitment,
initial population at age 2 and the log catchability of the EVHOE survey for age 1.

In addition to the individual fit of each model, the three models were averaged by assigning a
prior probability to each of them and by fitting them together in a Bayesian setting. Three
chains, each of them starting from a different model, were run. The prior and posterior
probabilities of each model are shown in Table 6. Almost of the posterior weight is given to the
case in which M is estimated. However, the models are somehow nested and are not
exclusive. So, the results were not considered conclusive in this case.
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Table 6: Prior and posterior probabilities of each model for the Bayesian model-average.

M=0.2 M@age M estimated
Prior 0.4 0.3 0.3
Posterior 0.026 0 0.974

The retrospective analysis results of SSB and F under different M assumptions are shown in
Figure 9 in absolute levels and in Figure 10 scaled to the final year assessment. The SSB
retrospective results show similar trends for M=0.2 and M@age with an upward revision of the
estimates at the end of the time series. Using M estimates shows a slight retrospective pattern
in SSB. For the F value, results show similar trends for M=0.2 and M@age with a downward
revision of the estimates until 2011 and upward revision from 2012 in the time series. For the
M estimated, the time series shows a downward revision of the values and a slight
retrospective pattern in F in the whole time series.
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Figure 9. Retrospective pattern of estimates of SSB and F when applying different M values.
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Figure 10: Scaled retrospective pattern of estimates of SSB and F for different M assumptions.

Several statistics were computed to better quantify the potential retrospective patterns
(Hanselman et al., 2013). Let p=1, ..., P denote the years of data that were left out at the end, Y
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the last year in the assessment and X,, the estimate of some quantity of interest in year y
obtained by fitting the model with the last p years left out. The revised Mohn’s statistics, which
is a modifition of Mohn (1999) is the average of relative differences between an estimated
quantity from an assessment with a reduced time series and the same quantity estimated from
the full time series:

P
l Z XY—p,p - XY—p,O
PLi Xy

The Wood’s Hole statistic suggested by Legault (2009) uses the same concept but averaging
along the whole series as follows:

Y-

p
Xy.p - Xy,O
X .

1 y,0

| -

P
Z 1
TR

The root-mean-squared error (RMSE) suggested by Parma (1993) but for all years is given by:

y=

-
1
313 (logCty) — TogCty )’

These statistics were computed for SSB, R, Fbar, Cmod, Lmod and Dmod under different M
assumptions (Table 7). As expected the parameter with larger retrospective pattern is the
recruitment. However, in general all the statistics are low and do not show any major patterns
or differences in the retrospective behaviour for any M assumption.
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Table 7: Retrospective statistics for the models under different M assumptions.

Mohn'srev  Wood'sHole RMSE
M=0.2 SSB 0.0002 -0.0041 0.0210]
R -0.1861 -0.0123 0.0721
Fbar 0.0356 0.0050 0.0381
Cmod 0.0201 0.0003 0.0122
Lmod 0.0202 0.0009 0.0134
Dmod 0.0124 -0.0014 0.0187
M@age SSB -0.0236 -0.0041 0.0211
R -0.2635 -0.0194 0.0924
Fbar 0.0607 0.0051 0.0406
Cmod 0.0206 0.0001 0.0122
Lmod 0.0209 0.0010 0.0130]
Dmod 0.0064 -0.0024 0.0198
M estimated | SSB 0.0027 -0.0162 0.0258
R 0.0195 -0.0199 0.0296
Fbar 0.0267 -0.0238 0.0335
Cmod -0.0168 -0.0190 0.0268
Lmod 0.0028 -0.0234 0.0311
Dmod 0.0117 -0.0276 0.0364

. Conclusions

Under the three M assumptions, SSB, R and Fbar show the same trends, but re-scaled.
When using M@age the patterns of the initial population at age, indices’catchabilities at
age and selection at age change.

When estimating M, the assessment results in larger uncertainty (wider intervals). There is
high correlation with other parameters and the estimated M (around 0.1) is low in
comparison with the empirical studies and observed age range. However, the sensitivity to
the prior distribution of M was not tested, which might require further studies.

The Bayesian model was designed to investigate in detail the fishing mortality, especially
the inclusion of discards, given a M value. The initial objective was not to estimate natural
mortality.

In general, precision of observation equations is rather invariant across models.

In terms of the retrospective pattern, M=0.2 seems the most stable case both in the
terminal year and in the whole series.

AS THERE ARE NO CLEAR INDICATIONS THAT MODELS M@AGE OR M ESTIMATED ARE
BETTER THAN M=0.2, WE PROPOSE TO KEEP M=0.2 AS NATURAL MORTALITY VALUE FOR THE
ASSESSMENT.
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