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Executive summary

WGWIDE reports on the status and considerations for management of the Northeast Atlantic
mackerel, blue whiting, Western and North Sea horse mackerel, Northeast Atlantic boarfish,
Norwegian spring-spawning herring, striped red mullet (subareas 6, 8, and divisions 7.a—c, e-k
and 9.a), and red gurnard (subareas 3, 4, 5, 6, 7, and 8) stocks.

2024 catch advice was drafted for all eight stocks. Benchmark assessments are proposed for 2025
for mackerel, herring, and striped red mullet while both horse mackerel stocks and boarfish are
scheduled to be benchmarked in 2024.

Northeast Atlantic mackerel. This migratory stock is widely distributed throughout the North-
east Atlantic with significant fisheries in several ICES subareas. The assessment conducted in
2023 is an update assessment, based on the configuration agreed during the 2019 interbenchmark
and incorporates updates to the commercial catch, tagging, swept-area, egg survey, and recruit-
ment index dataseries. Advice is given based on stock reference points which were updated dur-
ing a management strategy evaluation carried out in 2020. SSB has been declining since 2014 but
is above MSY Buigger in 2023. Fishing mortality has been increasing since 2016 and above Fusy
since 2021.

Blue whiting. This pelagic gadoid is widely distributed in the eastern part of the North Atlantic.
The current assessment configuration (interbenchmark in 2016) uses preliminary catch and sam-
pling data along with the acoustic survey data from the current year. The 2023 update assessment
indicates that SSB is increasing following strong recent recruitment and is well above MSY Burigger.
Fishing mortality has been above Fmsy since 2014.

Norwegian spring-spawning herring. This stock is migratory, spawning along the Norwegian
coast and feeding throughout much of the Norwegian Sea. The 2023 update assessment is based
on an implementation of the XSAM assessment model introduced following a benchmark in 2016
and is consistent with the 2022 assessment. SSB has been declining since 2009, except for an in-
crease in 2021 which was due to the strong 2016 year class entering the SSB. Fishing mortality
has been above Fusy since 2019. Recruitment since 2016 is estimated to be below average and SSB
is forecast to fall below MSY Brrigger in 2024 and decrease further in 2025 even if the management
plan is applied in 2024.

Western horse mackerel. The Western stock of horse mackerel is distributed throughout ICES
subareas 4, 6, 7, 8, and 9. Following a benchmark in 2017, the stock is assessed using the Stock
Synthesis (SS) integrated assessment model. Stock reference points were revised in 2019. Follow-
ing a period of declining SSB, there has been a modest rise since 2017, albeit from a low level.
The 2023 assessment indicates that SSB is below Bim and will remain so in 2025, even under the
scenario of zero catch in 2024. Based on the MSY approach, advice for 2024 is therefore for zero
catch. The assessment has been displaying significant retrospective bias, but the 2023 assessment
is consistent with the 2022 assessment.

North Sea horse mackerel. Catch advice for this stock is issued biennially on the basis of an
assessment based on a combined index from groundfish surveys in the North Sea and the Chan-
nel. The 2023 value is an increase on the 2022 value for the exploitable stock. A length-based
indicator continues to indicate that fishing mortality remains above Fusv.

Northeast Atlantic boarfish. Boarfish is a small, pelagic, planktivorous, shoaling species found
over much of the Northeast Atlantic shelf but primarily in ICES subareas 4, 6, 7, and 8. The di-
rected fishery occurs primarily in the Celtic Sea and developed during the early 2000s, initially
unregulated before the introduction of a TAC in 2011. The stock is assessed using an exploratory
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Bayesian surplus production model with catch and survey data from groundfish surveys and an
acoustic survey. The current assessment indicates that, following a sharp decline after 2012, bio-
mass has been increasing in recent years. The most recent acoustic surveys indicate a period of
above-average recruitment in recent years. A length-based indicator indicates that fishing mor-
tality is below Fumsy.

Northeast Atlantic red gurnard. This stock was first considered by WGWIDE in 2016 with advice
issued biennially. The assessment was benchmarked in 2021 and a survey-based relative biomass
indicator was developed. The 2023 update assessment continues to show the indicator fluctuat-
ing without trend since 2010. However, large uncertainties remain regarding landings data due
to poor resolution at the species level and reported discarding levels vary widely.

Striped red mullet in Bay of Biscay, Southern Celtic Seas, Atlantic Iberian waters. No assess-
ment is available for this stock and information on abundance and exploitation level is limited
with advice given triennially on the basis of the precautionary approach. However, there are a
number of research projects underway which will inform a future benchmark and potential up-
grade of the assessment category.

ICES
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Introduction

1.1 Terms of References (ToRs)

The Working Group on Widely Distributed Stocks (WGWIDE), chaired by Erling Kare Sten-
evik, met in ICES HQ in Copenhagen in hybrid format, 23-29 August 2023. The terms of reference
for the meeting were the generic ToRs for Regional and Species Working Groups:

a) Consider and comment on Ecosystem and Fisheries Overviews with a focus on:

i) identifying and correcting mistakes and errors (both in the text, tables and figures),
and

ii) proposing concrete evidence-based input that is considered essential to the advice but
is currently underdeveloped or missing (with references and Data Profiling Tool entries,
as appropriate).

The input will feed into the annual updates of the overviews. Delivery of contributions other than
those outlined above is also welcomed but will be utilized during the revision process (around
every 5 years).

b) Conduct an assessment on the stock(s) to be addressed in 2023 using the method (assess-
ment, forecast or trends indicators) as described in the stock annex; - complete and doc-
ument an audit of the calculations and results; and produce a brief report of the work
carried out regarding the stock, providing summaries of the following where relevant:

i) Input data and examination of data quality; in the event of missing or inconsistent
survey or catch information refer to the ACOM document for dealing with missing
data and the linked template that formulates how deviations from the stock annex
are to be reported.

ii) Where misreporting of catches is significant, provide qualitative and where possible
quantitative information and describe the methods used to obtain the information;

iii) For relevant stocks (i.e. all stocks with catches in the NEAFC Regulatory Area), esti-
mate the percentage of the total catch that has been taken in the NEAFC Regulatory
Area in 2022.

iv) For category 3 and 4 stocks requiring new advice in 2023, implement the methods
recommended by WKLIFE X (e.g. SPiCT, rfb, chr, rb rules) to replace the former 2
over 3 advice rule (2 over 5 for elasmobranchs). MSY reference points or proxies for
the category 3 and 4 stocks (guidelines)

v) Evaluate spawning-stock biomass, total-stock biomass, fishing mortality, catches
(projected landings and discards) using the method described in the stock annex;

1) for category 1 and 2 stocks, in addition to the other relevant model diagnostics,
the recommendations and decision tree formulated by WKFORBIAS (see An-
nex 2) should be considered as guidance to determine whether an assessment
remains sufficiently robust for providing advice.


http://ices.dk/about-ICES/Documents/Approaches_Missing_data_2020_and_template.pdf
https://doi.org/10.17895/ices.advice.19801564
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<)

d)

2) If the assessment is deemed no longer suitable as basis for advice, provide ad-
vice using an appropriate Category 2-5 approach as described in ICES technical
guidance for harvest control rules and stock assessments for stocks in catego-
ries 2 and 3 or ICES.

3) If the assessment has been moved to a Category 2-5 approach in the past year
consider what is necessary to move back to a Category 1 and develop proposal
for the appropriate benchmark process.

vi) Catch scenarios for the year(s) beyond the terminal year of the data for the stocks for
which ICES has been requested to provide advice on fishing opportunities;

vii) Historical and analytical performance of the assessment and catch options with a
succinct description of associated quality issues. For the analytical performance of
category 1 and 2 age-structured assessments, report the mean Mohn'’s rho (assess-
ment retrospective bias analysis) values for time-series of recruitment, spawning-
stock biomass, and fishing mortality rate. The WG report should include a plot of
this retrospective analysis. The values should be calculated in accordance with the
"Guidance for completing ToR viii) of the Generic ToRs for Regional and Species
Working Groups - Retrospective bias in assessment” and reported using the ICES
application for this purpose.

Produce a first draft of the advice on the stocks under considerations according to ACOM
guidelines.

Review progress on benchmark issues and processes of relevance to the Expert Group.
i) update the benchmark issues lists for the individual stocks in SID;

ii) review progress on benchmark issues and identify potential benchmarks to be initi-

ated in 2024 for conclusion in 2025;

iii) determine the prioritization score for benchmarks proposed for 2024-2025;

iv) as necessary, document generic issues to be addressed by the Benchmark Oversight

Group (BOG)

Prepare the data calls for the next year’s update assessment and for planned data evalu-
ation workshops;

Identify research needs of relevance to the work of the Expert Group.

Review and update information regarding operational issues and research priorities on
the Fisheries Resources Steering Group SharePoint site.

If not completed previously, complete the audit spread sheet ‘Monitor and alert for
changes in ecosystem/fisheries productivity” for the new assessments and data used for
the stocks. Also note in the benchmark report how productivity, species interactions, hab-
itat and distributional changes, including those related to climate-change, could be con-
sidered in the advice.

Deliver conservation status advice in accordance with the “Technical Guidelines on the
conservation status advice”. The advice is only to be given when conservation aspects
were identified and where clear, demonstrable management action can be recommended
for any non-catch anthropogenic pressure. It can also be used to highlight clear demon-
strable sensitivity to climate change. The qualification required to show clear, demon-
stratable management action is high. Avoid generic statements that are of no specific ap-
plication to management.

Update SAG and SID with final assessment input and output

ICES
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1.1.1 The WG work 2023 in relation to the ToRs

The WG considered updates for all eight stocks within its remit. Based upon these assessments
and associated short-term forecasts, the group produced draft advice sheets for Northeast Atlan-
tic mackerel, Blue Whiting, Norwegian spring-spawning herring, Western horse mackerel, North
Sea horse mackerel, Boarfish, red gurnard and striped red mullet. All draft advice sheets were
agreed in plenary. Advice sheets, report sections and assessments were audited with 2-3 working
group members assigned to each stock.

1.2 Participants at the meeting

WGWIDE 2023 was attended by 37 delegates (11 online) from the Netherlands, Ireland, Spain,
Norway, Germany, Portugal, Iceland, UK (England and Scotland), Faroe Islands, France, Den-
mark, and Sweden. The full list of participants, all of whom are authors of this report is given in
Annex 1.

All the participants were made aware of ICES Code of Conduct, which all abided by, and none
had Conflicts of Interest that prevented them from acting with scientific independence, integrity,
and impartiality.

1.3 Overview of stocks within the WG

Eight stocks are assessed by WGWIDE. In 2023, the group drafted 2024 advice sheets for all 8
stocks. A summary of the WGWIDE stocks, current data category and assessment method and
advice frequency is given in the table below:

Stock ICES code Data category Assessment Assessment fre- Last assessment
method quency
Boarfish boc.27.6-8 3.2 Bayesian Schafer 2 2021
surplus produc-
tion model
Red gurnard gur.27.3-8 3.2 Survey trends 2 2021
based
Norwegian her.27.1-24a514a 1 XSAM 1 2022

spring-sp. Herring

Western horse hom.27.2a4a5b6 1 Stock Synthesis 1 2022
mackerel a7a-ce-k8

North Sea horse hom.27.3adbc7d 3.2 Survey trends 2 2021
mackerel based

NE-Atlantic mac.27.nea 1 SAM 1 2022
mackerel

Striped red mul- mur.27.67a-ce- 5 No assessment 3 2020
let k89a

Blue whiting whb.27.1-91214 1 SAM 1 2022
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1.4 Quality and adequacy of fishery and sampling data

1.1.2 Sampling data from commercial fishery

Each year, the working group reviews available sampling data and the level of sampling on the
commercial fisheries. Details are given in the relevant stock-specific sections of this report.

Generally, the amount and quality of available data to the WG has been unchanged in the most
recent years. However, in 2022 no Russian data submissions were available (for 2021). In 2023,
Russian catch data for 2022 on NEA Mackerel, Blue Whiting and Norwegian Spring-Spawning
Herring were available and used in the assessments of the three stocks.

The WG identified issues associated with the formatting and availability of data from commer-
cial catch sampling programmes such as the requirement for length frequency and age-length
key data for the assessment of Western horse mackerel and the availability of data arising from
the sampling of catches of North Sea horse mackerel from foreign flagged vessels. The issues
have been included on the individual stock issue lists and the ICES data call has been updated
such that future data submissions should provide data in the appropriate format.

1.1.3 Catch data

The WG has on a number of occasions discussed the accuracy of the catch statistics and the pos-
sibility of large-scale under reporting or species and area misreporting. The working group con-
siders that the best estimates of catch it can produce are likely to be underestimates.

In the case of red gurnard catch data, the available information is of poor quality. Prior to 1977,
red gurnard catches were not reported. Since this time, landings of gurnards have often been
reported as mixed gurnards, or using the incorrect species code. With the exception of Portugal,
there is no detail provided to the WG on the methodology used to estimate the proportion of red
gurnards in mixed landings.

1.1.4 Discards

In 2015, the European Union introduced a landing obligation for fisheries directed on small pe-
lagic fish including mackerel, horse mackerel, blue whiting and herring. The obligation was ex-
panded over the following years in a stepwise fashion such that discarding of small pelagic spe-
cies could still legally occur in other fisheries. From 2019 onwards the landing obligation is gen-
erally effective. A general discard ban is already in place for Norwegian, Faroese and Icelandic
fisheries.

Historically, discarding in pelagic fisheries is more sporadic than in demersal fisheries. This is
because the nature of pelagic fishing is to pursue schooling fish, creating hauls with low diversity
of species and sizes. Consequently, discard rates typically show extreme fluctuation (100% or
zero discards). High discard rates occurred especially during “slippage” events, when the entire
catch is released. The main reasons for ‘slipping” are daily or total quota limitations, illegal size
and mixture with unmarketable bycatch. Quantifying such discards at a population level is ex-
tremely difficult as they vary considerably between years, seasons, species targeted and geo-
graphical region.

Discard estimates of pelagic species from pelagic and demersal fisheries have been published by
several authors. Discard percentages of pelagic species from demersal fisheries were estimated
between 3% to 7% (Borges et al., 2005) of the total catch in weight, while from pelagic fisheries
were estimated between 1% to 17% (Pierce et al. 2002; Hofstede and Dickey-Collas 2006, Dickey-
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Collas and van Helmond 2007, Ulleweit and Panten 2007, Borges et al. 2008, van Helmond and
van Overzee 2009, 2010, van Overzee and van Helmond 2011, Ulleweit et al. 2016, van Overzee
et al. 2013, 2020). Slipping estimates have been published for the Dutch freezer trawler fleet only,
with values at around 10% by number (Borges ef al. 2008) and around 2% in weight (van Hel-
mond et al. 2009, 2010 and 2011) over the period 2003 —2010. In Iberian waters the discard com-
position of pelagic species, mainly blue whiting, in demersal fisheries were estimated between
20% and 30% of the total catch in weight (Fernandes et al. 2015). Nevertheless, the majority of
these estimates were associated with very large variances and composition estimates of “slip-
pages’ are liable to strong biases and are therefore open to criticism.

Because of the potential importance of significant discarding levels on pelagic species assess-
ments, the Working Group again recommends that observers should be placed on board vessels
in those areas in which discarding occurs, and existing observer programmes should be contin-
ued. Furthermore, agreement should be made on sampling methods and raising procedures to
allow comparisons and merging of dataset for assessment purposes. The newest update on dis-
cards for the different stocks assessed by the WG is provided in the sections for each of the stocks.

1.15 Age reading

Reliable age data are an important prerequisite in the stock assessment process. The accuracy
and precision of these data, for the various species, is kept under constant review by the Working
Group. The most recent updates on this aspect for the different stocks are addressed below.

1.4.1.1  Mackerel

The most recent age calibration exercise for this stock was carried out in 2021 using the
SmartDots platform under the remit of WGBIOP. The full exercise was completed by 37 readers
from 12 countries across Europe. Otolith images (n=237) were provided by 12 of the participating
laboratories with the aim to provide a set of images representative of the temporal and spatial
coverage of otoliths read for stock assessment purposes (including the southern component,
western component, North Sea component and the northern distribution).

Results show a slightly lower percentage of agreement and higher CV in the analysis taking all
readers in account than the previous workshop (2018) and exchange (2014) which might be re-
lated to an increased number of readers (23 in WK 2018; 37 in Ex 2021 with 10 new (basic) read-
ers). However, lower agreement (and higher CV) was also found for advanced readers. Here,
numbers of readers also increased from 2018 to 2021 (15 to 21).

The overall conclusion was that the slightly worse results than in the prior workshops might be
related to the increased number of readers. The image quality of otoliths from different areas
was also discussed. However, the problem shown in previous workshops and exchanges per-
sists: Agreement for otoliths with modal age 6 and older remains quite low. A new workshop
was recommended.

1.4.1.2  Horse mackerel

The most recent workshop on the age reading of Trachurus trachurus (also T. mediterraneus and
T. picturatus) was carried out in November 2018 and involved 15 age readers from 9 countries.
This was followed by an otolith exchange which was conducted in 2021 for the three horse
mackerel species T. Trachurus, T. mediterraneus, and T. picturatus and 28, 14 and 18 readers
participated, respectively.

For T. trachurus both whole (N=249) and sliced (N=134) otoliths were read from 10 different
areas (5 in the Mediterranean and 5 in the Atlantic). For whole otoliths and all readers, the
weighted average percentage agreement (PA) based on modal ages for all readers is 46%, with a
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weighted average CV of 44% and an APE of 32%. For sliced otoliths and all readers, the weighted
average percentage agreement based on modal ages for all readers is 44 %, with a weighted av-
erage CV of 22 % and an APE of 15 %. The readers had some difficulties in recognizing first ring
and the edge nature, and with overlapped rings in old specimens. CV PA APE decrease for sliced
oto-liths; however, high differences in the modal age is observed between same sample/different
preparation.

1.4.1.3 Norwegian Spring-spawning Herring

For some years, there have been issues with age reading of herring. These issues were raised
around 2010, and since then two scale/otolith exchanges and a workshop have been held; and a
final workshop was planned after the second exchange. There were, however, concerns with the
second scale/otolith exchange and the final workshop was postponed. It was therefore recom-
mended to organize a new scale/otolith exchange and a follow up workshop.

There are several topics to cover in the recommended work.

First, age-error matrices are needed as input to the stock-assessment, to evaluate sensitivity to
ageing errors, and such age-error matrices are an output of age-reading inter-calibrations.

Second, stock mixing is an issue. There are several herring stocks surrounding the distribution
area of Norwegian spring-spawning (NSS) herring, e.g. North Sea herring, Icelandic summer
spawning herring, local autumn-spawning herring in the Norwegian fjords, and Faroese autumn
spawning herring. Mixing with these other stocks in the fringe areas of the NSS herring distri-
bution area leads to confounding effects on the survey indices of NSS herring in the ecosystem
surveys and potentially also in the catch data. Methods to separate the NSS herring stock from
the other herring stocks are needed — both with regards to obtain more accurate age-readings as
well as to reduce confounding effects on the survey indices.

Finally, the experience from earlier exchanges is that age of older fish is more prone to be under-
estimated when aged is read from otoliths as compared to being read from scales. Some of the
institutes mainly sample and read scales, whereas other institutes use the otoliths.

In 2021, WGWIDE recommended to organize a scale/otolith exchange and workshop. This work-
shop, WKRANSSH was held in Bergen 17-21 April 2023 (ICES 2023a). Overall results for both
exchanges and the combination were high and at acceptable levels. However, as described above,
disagreement between scales and otoliths occurred especially for older individuals (age 8 and
above), and disagreement between scales and otoliths occurred especially for older individuals.
The next step is to investigate how these discrepancies impacts the stock assessment, based on
the general age error matrix from the workshop. Stock mixing seems to be a minor issue that will
have no direct impact on the assessment of NSS herring. However, this needs to be investigated
in more detail in the near future.

1.4.1.4 Blue Whiting

The most recent workshop on the age reading of blue whiting (WKARBLUE3) took place in 2021
(31 May-4 June). The workshop was preceded by an inter-calibration age reading exchange,
which was undertaken in 2020 using the SmartDots platform. In the exchange, the otolith collec-
tion included 407 otoliths from the entire stock distribution area, from which 190 otoliths where
from the northern areas and 217 where from the southern areas of distribution. The otolith da-
taset allows a good coverage of samples by area and sex and took into account the differences in
growth patterns by areas (northern and southern), and by sex due to the sexual dimorphism in
blue whiting (Gongalves et al. 2017).

The overall agreement of the pre-workshop exercise was 66% considering all readers and 70%
for the assessment readers (advanced readers). Considering only the otoliths samples from the

ICES
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northern areas and the readers from the northern that usually read the otoliths from those areas
for the assessment, 69% of agreement was achieved. Otherwise, considering only the otoliths
samples from the southern areas and the readers from the southern that usually read the otoliths
from those areas for the assessment, 79% of agreement was achieved. During the workshop, a
small exchange was also conducted with 55 otoliths in which 73% agreement between the ad-
vanced readers was achieved.

The main issues identified on blue whiting age reading are still: the fact that the otoliths from
some areas revealed to be more difficult to read (e.g. 27.2.a, 27.5.b); the first ring identification;
edge type interpretation and false or double rings identification (Gongalves, 2021).

During the workshop some of the otoliths from the exercise were polished, to help readers in the
cases were the first age ring were not so evident, completely absent, or showing a growth pattern
different from the expected. The polishing results revealed to be useful on the ring interpretation
and to help in cases here the visible first ring size presents a size higher than the expected and
the readers have doubts if an inner first ring are there. The hypothesis of the existence of a non-
visible first ring has been described in the otoliths from the adult fish as the otolith becomes
thicker and wider.

Although, during the WKARBLUE3 progresses have been made and objective and more clear
age reading guidelines had been constructed. The recurrent age reading issues still remain the
same, e.g. the identification of the position of the first annual growth ring, false rings and inter-
pretation of the edge. In order to overcome those problems and increase the accuracy on age
classifications, age validation studies on blue whiting otoliths to solve growth rings interpreta-
tion, were further recommended and should be conducted (ICES. 2023b).

1.4.1.5 Boarfish

Sampling of the commercial catch of boarfish has been included within the EU data collection
framework since 2017. An age length key was produced in 2012 following increased sampling of
a developing fishery. The age reading was conducted by DTU Aqua on samples from the three
main fishery participants: Ireland, Denmark and UK (Scotland). No ageing has been carried out
since 2012 although otoliths continue to be collected from the Irish fishery during routine catch
sampling.

In November 2022, an ageing exercise was initiated via SmartDots with the aim to age samples
less than 10 cm (all samples less than 10cm used in the ALK were estimations), to compile otolith
images for future training purposes and to potentially shed light on the possibility of adjusting
the plus group designation. A total of 158 boarfish otoliths of varying difficulty were aged by
three readers from Denmark and Ireland. The otoliths were sourced from both legs of the 2022
WESPAS survey (14t June to 24t July). The fish length distribution of the samples ranged from
55 — 170mm with one third of the samples in the 55-95 mm length range. To image and read the
otoliths, the protocol outlined in the boarfish age reading manual, created by DTU Aqua, was
followed.

Results from the ageing exercise found that boarfish within the length range of 5.5 cm - 9.5 cm
were between the ages of 1 and 3 years old. Concerning the plus group designation, the exercise
wasn’t able to advise or provide useful information to support or oppose changes to the plus
group. The full results from the exercise were compiled in a report and published on the
SmartDots webpage (ID 509).

1.4.1.6  Striped red mullet
In 2011, an otolith exchange was carried out, the second such exercise for the striped red mullet.
For details see section 10.5.
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1.4.1.7 Red gurnard

Age data are available for red gurnard from the EVHOE and IGFS groundfish surveys. Improve-
ments in the understanding of the age structure of this stock would be improved by reading
otoliths from other surveys in the assessment area (e.g. NS-IBTS, SCO-WCS, CGFS) which also
contribute information on stock status in term of their CPUE series.

1.1.6 Current methods of compiling fisheries assessment data

Information on official, area misreported, unallocated, discarded and sampled catches have
again this year been recorded by the national laboratories on the WG-data exchange sheet (MS
Excel; for definitions see text table below) and sent to the stock co-ordinators and uploaded
through InterCatch. Co-ordinators collate data using the either the sallocl (Patterson, 1998) ap-
plication which produces a standard output file (sam.out) or InterCatch.

There are at present no specified criteria on the selection of samples for allocation to unsampled
catches. The following general process is implemented by the species co-ordinators. A search is
made for appropriate samples by gear (fleet), area, and quarter. If an exact match is not available
the search will extend to adjacent areas, should the fishery extend to this area in the same quarter.
Should multiple samples be available, more than one sample may be allocated to the unsampled
catch. A straight mean or weighted mean (by number of samples, aged or measured fish) of the
observations may be used. If there are no samples available the search will move to the closest
non-adjacent area by gear (fleet) and quarter, but not in all cases.

It is not possible to formulate a generic method for the allocation of samples to unsampled
catches for all stocks considered by WGWIDE. However full documentation of any allocations
made are stored each year in the data archives (see below). It should be noted that when samples
are allocated the quality of the samples may not be examined (i.e. numbers aged) and that allo-
cations may be made notwithstanding this. The Working Group again encourages national data
submitters to provide an indication of what data could be used as representative of their unsam-
pled catches.

Following the introduction of the landings obligations for EU fisheries new catch categories had
to be introduced from 2015 onwards. The catch categories used by the WGWIDE are detailed
below:

Official Catch Catches as reported by the official statistics to ICES

Unallocated Catch Adjustments (positive or negative) to the official catches made for any special knowledge of the
fishery, such as under- or over-reporting for which there is firm external evidence.

Area misreported To be used only to adjust official catches which have been reported from the wrong area (can be
Catch negative). For any country the sum of all the area misreported catches should be zero.
BMS landing Landings of fish below minimum landing size according to landing obligation

Logbook registered  Discards which are registered in the logbooks according to landing obligation
discards

Discarded Catch Catch which is discarded

WG Catch The sum of the 6 categories above

Sampled Catch The catch corresponding to the age distribution

ICES
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1.1.7 Quality of the Input data

Primary responsibility for the accuracy of national biological data lies with the national labora-
tories that submit such data. Each stock co-ordinator is responsible for combining, collating, and
interpolating the national data where necessary to produce the input data for the assessments. A
number of validation checks are already incorporated in the data submission spreadsheet cur-
rently in use, and these are checked by the co-ordinators who in the first instance report anoma-
lies to the laboratory which provided the data.

Overall, data quality has improved and sampling deficiencies have been reduced compared to
earlier years, partly due to the implementation of the EU sampling regulation for commercial
catch data. However, some nations still have no (or inadequate) aged samples. Occasionally, no
data are submitted such that only catch data from EuroStat is available, which are not aggregated
quarterly but are yearly catch data per area.

The Working Group documents sampling coverage of the catches in two ways. National sam-
pling effort is tabulated against official catches of the corresponding country (see stock specific
sections). Furthermore, tables showing total catch in relation to numbers of aged and measured
fish by area give a picture of the quality of the overall sampling programme in relation to where
the fisheries are taking place. These tables are contained in the species sections of this report.

The national data on the amount and the structure of catches and effort are archived in the ICES
InterCatch database. The data are provided directly by the individual countries and are highly
aggregated for the use of stock assessments.

There exist gaps in some dataseries, in particular for historical periods. The WG has requested
members to provide any national data reported to previous working groups (official catches,
working group catches, catch-at-age and biological sampling data) not currently available to the
WG. Furthermore, the WG recommends that national institutes increase national efforts to col-
late historic data.

A number of stock data problems relevant to data collections have been brought forward to the
contact person in preceding years. Those that still apply are listed in table below for the infor-
mation of ICES-Working Groups and RCGs as specified.

Stock

Data Problem

How to be addressed in

By who

Northeast At-
lantic Mackerel

Submission of data

Data submissions must include all the data outlined in the
data call and be submitted by the deadline. Data should
include length distributions split by area and quarter.

Should the data submitter be unavailable after the data
has been submitted (e.g. vacation) an alternative contact
should be available who can be contacted in the event of
any queries.

National labora-
tories

Northeast At-
lantic Mackerel

Discard and slippage
information

Discard and slippage information is incomplete. All fleets,
including demersal fleets should be monitored and sam-
pled for discards and slipping. Data should be supplied to
the coordinator by the submission deadline, accompanied
by documentation describing the sampling protocol.

National labora-
tories, RCG NA,
RCG NS&EA

Northeast At-
lantic Mackerel

Sampling deficien-
cies— general

All countries involved should provide sampling infor-
mation. Increased cooperation between countries would
help reduce redundancy and increase coverage.

National labora-
tories, RCG NA,
RCG NS&EA
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Stock

Data Problem

How to be addressed in

By who

Northeast At-
lantic Mackerel

Sampling of foreign
vessels

Any information available from the sampling of foreign
vessels should be forwarded to the appropriate person in
the national laboratory so that they may use this infor-
mation when compiling the data submission.

National labora-
tories; RCG NA,
RCG NS&EA

Horse Macke-
rel — Western
Stock

Missing sampling
data for some parts
of the distribution
area (e.g. 27.2a, 7e)

Fishing nations to Sample age and length Distributions
from commercial fleets

National Insti-
tutes

Horse Macke-

Incomplete report of

Reporting of discards by national institutes.

National Insti-

rel — North Sea  discards by non-pe- tutes

Stock lagic fleet.

Horse Macke- Lack of maturity ogive Collection of information about maturity stage during reg-  National insti-
rel—North Sea  both by age or length  ular biological sampling (otoliths) in commercial and sur- tutes

Stock vey fleets

Horse Macke- Lack of length distri- Sampling of length distribution of discarded individuals National insti-
rel—North Sea  butions in the dis- tutes

Stock carded component

Norwegian Low sampling effort Sampling effort should be increased by nations with little  National labora-
Spring-spawn-  on some nations or no samples. tories; RCG

ing Herring NS&EA

Red gurnard

Species level catch re-
porting and sampling

Red gurnard catches should be reported to species level
and with the appropriate codification. Where reported as
mixed gurnards, this should be accompanied by docu-
mented procedures for estimating the proportion of red
gurnard.

National labora-
tories

Red gurnard

Discard and slippage

Discard rates for this species can be very high (up to 100%

National labora-

information of catch at a trip level). Alternative data sources and tories
methods for estimation (e.g. CCTV systems) should be in-
vestigated.
Red gurnard Stock area Red gurnard is found all along the Iberian continental

shelf. There are no records of catches of red gurnards in
SAS5, and this area could be removed from the data call.

Northeast At- Submission of data Data submissions must include all the data outlined in the  National labora-
lantic data call and be submitted by the deadline. Should the tories
. data submitter be unavailable after the data has been
Blue whiting submitted (e.g. vacation) an alternative contact should be
available who can be contacted in the event of any que-
ries.
1.1.8 Quality control of data and assessments, auditing

As a quality control of the data and the assessment, WG participants were appointed as auditors

for each stock. The primary aim of the auditing process is to check that the assessment and fore-

cast has been conducted as detailed in the relevant stock annex. Auditors conducted checks of
the assessment input data, assessment code (time permitting), draft WG report and draft advice
sheet. Auditors completed an audit report upon completion (annex 4). Issues identified in the
audit reports were followed up by the appropriate stock coordinator/assessor with updates
made where appropriate.
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1.1.9 Information from stakeholders

The procedure for the submission of inputs from stakeholders into the scientific advice changed
in 2020. Instead of contributing information directly into the Advice Drafting Groups, infor-
mation from stakeholders is now submitted directly to the expert group for consideration and
inclusion into the draft advice, if applicable.

For WGWIDE stocks there are several instances of strong cooperation between research institutes
and fishing industry stakeholder in the collection of data that is used in the assessments, e.g. the
acoustic survey for Norwegian Spring-spawning herring, the extension of the IESSNS survey
into the North Sea and several cases where industry vessels are collecting samples for catch mon-
itoring. In these cases, the research institutes are coordinating the activities and bringing the re-
sults directly to the expert group(s).

A recent development that started around 2014 involves fishing industry organizations taking
initiatives on their own, to collect additional information that is contributed to the expert groups.
In many cases these research activities are undertaken in close cooperation with research insti-
tutes. During WGWIDE 2022, the following contributions from fishing industry research activi-
ties were reported to the working group:

1. PFA self-sampling report 2015-2021
2. Gonad sampling for mackerel and horse mackerel in support of the 2022 egg survey
3. Horse mackerel genetics

1.19.1 PFA self-sampling report (WD02)

The Pelagic Freezer-trawler Association (PFA) initiated a self-sampling programme in 2015,
aimed at expanding and standardizing ongoing fish monitoring programmes by the vessel qual-
ity managers on board of the vessels. An overview of the self-sampling in widely distributed
pelagic fisheries from 2016 onwards is presented in the text table below.

Year Number Number Number Number Catch (t) Catch per Number
Vessels Trips Days Hauls Day (t) Length

Measure-

ments
2017 12 62 842 1,783 178,162 212 0.25%
2018 16 86 1,220 2,679 253,474 208 0.22%
2019 16 97 1,233 2,668 225,059 183 0.29%
2020 17 113 1,434 3,051 306,172 214 0.35%
2021 19 119 1,401 2,881 282,898 202 0.52%
2022 18 114 1,259 2,736 237,438 189 0.69%
2023* 18 68 785 1,934 189,832 242 0.18%
(all) 659 8,174 17,732 1,673,036

*incomplete
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In the 2023 self-sampling report, a standardized CPUE calculation has been included for most of
the stocks. The standardized CPUE is based on a GLM model with a negative binomial distribu-
tion. The response variable is catch by week and vessel, with an offset of the log effort (number
of fishing days per week) and explanatory variables year, GT category, month, division and
depth category. An assumed technical efficiency increase of 2.5% per year has been included in
the fitting of the model (Rousseau et al 2019)

The trends in the 2023 Mackerel assessment are very similar to the standardized CPUE for the
PFA vessels. The trends for Western horse mackerel CPUE are markedly different from the stock
assessment where the CPUE suggests a further decline while the stock assessment points to-
wards slow recovery of the stock. Limited quota may have resulted in a fishery not being repre-
sentative of full stock exploitation. For North Sea horse mackerel, the assessment suggests a re-
cent increase in stock size while the CPUE shows a continuous decline since 2017. It is suggested
to investigate these differences at its next benchmark meeting. The CPUE for blue whiting
showed a rather stable stock in the past 7 years while the stock assessment clearly shows a peak
at around 2018, a decline followed by a peak again in 2022-2023. PFA will interact with the skip-
pers to find an explanation for this difference in CPUE and stock trends as it is clear that the
fishery was good this year.

1.4.1.8 Gonad sampling for mackerel and horse mackerel

During 2023, a dedicated PFA industry researcher carried out one sampling trip on-board of a
commercial trawler with the aim to collect frozen gonad samples, all frozen in a different way to
assess if the way of freezing has an impact on the fecundity estimates. Samples were delivered
to Wageningen Marine Research and results are still pending.

1.4.1.9 Horse mackerel genetic stock identification

In an effort to address the longstanding questions regarding the stock identification of horse
mackerel the northern European pelagic fishing industry commissioned a series of research pro-
jects to develop genetic methods for discriminating the stocks. Next Generation Sequencing
(NGS) based approaches were used to identify informative genetic markers and to screen a larger
number of samples, which indicated a clear separation of the southern North Sea spawning sam-
ples from other regions and further, less pronounced structure along the Northeast Atlantic con-
tinental shelf (Brunel et al., 2016; Farrell and Carlsson, 2018). However, it was concluded that
further genetic analyses were required to increase the numbers and types of genetic markers
available, which would improve the capacity for accurate genetic assignment.

In 2019 the Northern Pelagic Working Group (NPWG) of the European Association of Fish Pro-
ducers Organisations (EAPO) commissioned a further project to develop a reference genome
assembly for horse mackerel and to undertake whole genome sequencing (pool-seq) of popula-
tion samples in order to identify informative single-base genetic markers (Single Nucleotide Pol-
ymorphisms - SNPs). Analyses of ~12.8 million SNPs indicated that the North Sea spawning
samples were the most genetically differentiated group, whereas the structure among the West-
ern, Southern and north African samples was less clear, though a north—-south split was observed
with a potential mixing zone between the Western and Southern populations in the southern
part of Division 9.a, near Lisbon (Fuentes-Pardo et al., 2023). The analyses indicated that the
samples from northern Portuguese waters were from the same biological population as those
from the Western stock area i.e. the Western population. The samples from southern Portuguese
waters comprised a mix of the ‘Western population’ type and a distinct southern population,
which was more closely related to the North Africa population. Therefore, it was concluded that
the southern limit of the Western stock was likely further south than the current definition of the
border between Divisions 8.c and 9.a.
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During this study a large number of informative SNPs were identified and ¢.4,000 of these,
spread across the 24 chromosomes, were included on the multispecies genotyping array (Identi-
GEN DNA TRACEBACK® Fisheries array FSHSTK1D) that is also being used for genotyping
herring in divisions 6.a, 7.b-c, the Irish Sea and the Celtic Sea to allow population level genetic
assignment.

In late 2022 the NPWG commissioned a further in-depth analysis of the genetic population struc-
ture of horse mackerel and the development of a genetic baseline and genetic assignment model
using the new genotyping array. In total 35 samples, comprising 2,304 individuals were geno-
typed (Figure 1.4.8.3.1), including temporal replicates from all three stocks (See Farrell, 2023).
Additional spawning samples from Division 9.a, which were not available for analysis by
Fuentes-Pardo et al. (2023), were included and also non-spawning samples from potential mix-
ing zones in divisions 4.a, 7.d and 7.e (Figure 1.4.8.3.1). The genotyping array yielded high qual-
ity data from 2,421 SNPs distributed across all twenty-four chromosomes.
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Figure 1.4.8.3.1. The sample locations for the horse mackerel samples genotyped during the latest genetic project. Dark
green indicates spawning baseline samples, light green indicates potential baseline samples and orange indicates non-
spawning mixed samples.

Exploratory analyses of the data included filtering of the dataset to exclude linked SNPs and
testing of different approaches to identify the most informative markers. The different panels of
markers, including an 8-SNP panel (Figure 1.4.8.3.2), all indicated the same population structure,
which agreed with Fuentes-Pardo et al. (2023). The additional spawning samples from Portu-
guese waters clustered with the Western population samples and only samples from the south-
ern tip (Cabo de Sao Vicente) and south coast of Portugal were significantly differentiated (Fig-
ure 1.4.8.3.2), confirming that the Western population extends further south than the current
Western stock limits.
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Figure 1.4.8.3.2. Principle Coordinate Analysis (PCoa) of Fsrillustrating the differentiation between the analysed baseline
and potential baseline samples. NS = North Sea, WS = Western (west/southwest of Ireland), NSS = Northern Spanish
Shelf, NPT = Northern Portugal, SPT = Southern Portugal, NAF = North Africa.

There were insufficient representative spawning samples available from the southern population
to include in the development of the assignment model, therefore only the North Sea and West-
ern populations were included. A support vector machine learning (svm) based approach was
employed based on the available spawning baseline samples: 109 North Sea individuals (3 sam-
ples) and 383 Western individuals (10 samples). The assignment models were tested using two
approaches, the first using all SNPs with dimensionality reduction through limiting the number
of PCs based on the results of cross validation and the second with a reduced panel of 24 SNPs
identified as the most informative to discriminate the two populations. The self-assignment rates
were over 90% for each of the approaches, though the North Sea samples had a higher error rate
than the Western samples.

Potentially mixed samples collected from commercial catches from Divisions 4.a (quarters 1 and
2 and quarters 3 and 4), 7.d and 7.e were assigned to population of origin using the assignment
models (Figure 1.4.8.3.3.). The samples from Division 4.a. assigned to primarily to the Western
stock regardless of quarter, indicating that these Q 1and2 samples should not be allocated to the
North Sea catches as they were from the Western population. The 7.e samples assigned primarily
to the Western population though contained a small number of North Sea fish. The 7.d sample
from September 2020 assigned primarily to the Western population whereas the November and
December 2020 samples assigned primarily to the North Sea population though still contained a
significant proportion of Western fish present. The analyses indicated that there was a significant
level of mixing between the Western and North Sea populations in the Division 7.d samples
analysed.

In summary the analyses undertaken indicated that the Southern stock area contained at least
two populations, one which was the same as the western population and one in the south of the
area which was a distinct Southern population. Analyses also indicated that the current deline-
ation of the North Sea stock appears to be inappropriate in Division 4.a and that there was sig-
nificant mixing with the Western population in Division 7.d. Given that the Western stock area
extends into Division 9.a, 4.a in all quarters and 7.d it is likely that the recruitment, biomass and
catch of the Western population are underestimated. A report with the detailed analyses de-
scribed above is being prepared and will be submitted to the SIMWG for review in advance of
the Horse Mackerel Benchmark (see Section 5.10).
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Figure 1.4.8.3.3. The outputs of the exploratory North Sea vs. Western assignment model. Each pie represents a single
sample but the number of individuals in the samples varies (see Figure 1.4.8.3.1.).

1.5 Comment on update and benchmark assessments

Updates were presented to the WG for the stocks in the group.

Western and North Sea horse mackerel were assessed on basis of a benchmark that took place in
January 2017 (ICES, 2017) and NEA mackerel on an interbenchmark that took place in 2019 (ICES
2019a). Norwegian spring-spawning herring was assessed using the XSAM implementation
benchmarked in 2016. The Blue whiting SAM assessment was introduced following a benchmark
in 2012. Since this time, an interbenchmark in 2016 incorporated the use of preliminary in-year
catch data with the stock weights in the assessment year estimated from catch sampling incor-
porated in 2019 (previously the average of the most recent three years was used). The acoustic
survey time-series was updated in 2020 following recalculation by the StoX platform with minor
updates to the historic index. The red gurnard assessment conducted at WGWIDE 2023 followed
a benchmark in February 2021 (WKWEST) during which an index of abundance based on a num-
ber of bottom trawl surveys was developed. Boarfish was considered at the SPiCT benchmark in
January 2023 (WKBMSYSPiCT) but unfortunately it was unsuccessful as no model fit met all the
points of the SPiCT checklist.

The remaining stock addressed by the WG (striped red mullet) has not been benchmarked re-
cently but was still assessed by the WG.
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1.6 Planning future benchmarks

The striped red mullet stock is still to be benchmarked as there is no assessment in place. A full
benchmark is proposed by WGWIDE 2023 to take place before the next advice is scheduled in
2026.

Since boarfish was unsuccessful at WKBMSYSPiCT this year, it is still on the list for a benchmark
in 2024. Ongoing sampling of the commercial catch, an expanded acoustic survey time-series
and exploring alternative assessment models e.g. Stock synthesis will be explored. Research pro-
jects underway for Striped red mullet are due to be completed in the near future and will inform
the proposed benchmark for 2025.

Full benchmarks are scheduled for western horse mackerel and North Sea horse mackerel in
2024.

WGWIDE 2023 is proposing full benchmark to take place for Northeast Atlantic Mackerel and
Norwegian Spring-spawning Herring.

The workshop to review the current assumptions with regard to stock structure (components)
for mackerel (WKMACEVAL) were conducted in 2023. The Workshop rejected the current three-
component structure and accepted a single NEA mackerel stock concept to advance towards
assessment, management and advice. This conclusion will simplify data issues in a benchmark.
Exploratory work is already underway or is planned on a number of issues related to the macke-
rel assessment including dealing with individual high catch rates in the swept-area survey, DEP-
Mvs.AEPM methodologies for the egg survey time-series, inclusion of additional ages from the
tagging dataset, increasing the assessment recruitment age and updating the SAM configuration.

The proposed benchmark of Norwegian Spring-spawning Herring will explore issues such as
the splitting of exiting survey indices, inclusion of additional surveys (IESSNS and tagging data),
assumptions on maturity in the most recent years.

The XSAM software is used for the assessment. However, the SAM software now supports the
XSAM model as an optional model. A switch from the currently used code to the SAM platform
should be done in order to make the model more publicly available and to ensure further devel-
opment of the infrastructure. WGWIDE 2023 recommends conducting an expert group level
benchmark in 2024 in order to switch from XSAM to SAM software from 2024 and onwards as
the XSAM software is no longer maintained. A comparison between the two software has been
made (WD09), resulting in a negligible difference between the two software.

Issue lists and benchmark scoring sheets for each of the stocks proposed for benchmarking by
WGWIDE 2023 were reviewed and updated during the meeting.

The current status of the WGWIDE stocks with respect to benchmarking is summarized below:

Stock Benchmark History WGWIDE 2023 Proposal

Boarfish Benchmark scheduled for 2024

Red gurnard Full benchmark 2021

Norwegian Spring  Full benchmark 2016 Expert group level benchmark during WGWIDE 2024 and full

. . benchmark in 2025
Spawning herring

Western horse Full benchmark 2017

mackerel Reference point interbenchmark
2019
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Stock Benchmark History WGWIDE 2023 Proposal
Benchmark scheduled for 2024
North Sea Full benchmark 2017
horse mackerel Benchmark scheduled for 2024
Northeast Atlantic  Full benchmark 2014 Full benchmark in 2025
mackerel Full benchmark 2017
Inter-benchmark 2019
Striped red mullet Never benchmarked Full benchmark in 2025
Blue whiting Benchmarked 2012
Inter-benchmark 2016
1.7 Scientific advice and management of widely distrib-

uted and migratory pelagic fish

1.1.10 General overview of management system

The North East Atlantic Fisheries Commission (NEAFC) is the Regional Fisheries Management
Organisation (RFMO) for the Northeast Atlantic. NEAFC is an end-user of ICES advice and pro-
vides a forum for its contracting parties (Coastal States and fishing parties) to manage the ex-
ploitation of straddling stocks that occur in several EEZs and international waters such as
WGWIDE stocks Northeast Atlantic Mackerel, Blue Whiting and Norwegian Spring-spawning
herring (also known as Atlanto-Scandian herring). There are 6 contracting parties to NEAFC:
Denmark (in respect of the Faroe Islands and Greenland), European Union, Iceland, Norway,
Russian Federation and the UK. The management of Western horse mackerel is not considered
by NEAFC with sharing subject of separate agreements between EU, Norway and the UK.

1.1.11 Management plans

Catch advice in recent years for two stocks considered by WGWIDE has been given on the basis
of an agreed long-term management strategy:

o A long-term management strategy for Norwegian spring-spawning herring was agreed
by the European Union, the Faroe Islands, Iceland, Norway and Russian Federation in
2018 following an evaluation by ICES (WKNSSHMSE, ICES, 2018a) which found it to be
precautionary. The plan is based on a target fishing mortality of 0.14 when the stock is
above Bpa. Should SSB fall below By, the target fishing mortality is linearly reduced to
0.05 at and below Biim. The plan incorporates TAC change limits of -20% and +25% which
are suspended when below Bpa and 10% interannual transfer which is suspended when
below Biim. The plan is scheduled for review no later than 2023. Although the plan is
agreed by the parties involved in the fishery and ICES advice is based on application of
the management strategy, there has been no agreement on the relative catch share since
2013 with the total unilaterally declared quotas exceeding the management plan based
catch advice since this time.

. A long-term management strategy for Blue Whiting was agreed by the European Union,
the Faroe Islands, Iceland and Norway in 2016 following an evaluation by ICES
(WKBWMS, ICES, 2016) in 2016 which found it to be precautionary. The plan is based on
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a target fishing mortality equivalent to Fwmsy (0.32) when the stock is above Bpa. Should
SSB fall below Bps, the target fishing mortality is linearly reduced to 0.05 at and below
Biim. The plan incorporates TAC change limits of +/-20% which are suspended when be-
low Bpa and 10% interannual transfer. The Coastal States subsequently agreed a long-
term management plan for the blue whiting stock with a TAC change limit of -20%/+25%
and a new clause (6.b.) stating that the TAC change limit is not applied when the catch
advice deviates more than 40% from the TAC of the preceding year (clause 6.b., see An-
nex 1 in Anon, 2021). This clause was then evaluated by ICES and found precautionary
in 2017 (Working Document in ICES, 2017). No agreement on quota shares has been
reached since 2015 and catches have exceeded advice since this time. Since the manage-
ment plan target fishing mortality is equivalent to Fusy, the MSY approach results in the
same advice as the LTMS.

There is no currently agreed management strategy for either Northeast Atlantic Mackerel or
Western horse mackerel. Strategies have been proposed and evaluated but agreement has not
yet been reached on their implementation such that catch advice has been given on the basis of
the MSY approach.

1.7.1 Comparison of advice, TAC, and catches

This section presents an overview of the time-series (2010 to present) of ICES catch advice, TAC
(either agreed between all fishing parties or a sum of unilaterally declared quotas) and ICES
estimates of total catch for Norwegian spring-spawning herring, Western horse mackerel, North-
east Atlantic mackerel and blue whiting. The overviews are based on the history of advice, man-
agement and catch as reported in the ICES single-stock advice documents. The information is
summarized in Tables 1.7.3.1-4 and figure 1.7.3.1. Figures 1.7.3.2-5 compare the TAC and advice,
catch and advice and catch and TAC and catch and the sum of unilateral quotas respectively,
each expressed as a percentage difference e.g. (TAC-advice)/advice.

For Norwegian spring-spawning herring some deviations between TAC and advice occurred
between 2010-2013, but from 2014 on the sum of unilateral quotas has been in excess of the sci-
entific catch advice which was based on the agreed management plan. Catches have likewise
been in excess of the scientific advice and close to the sum of unilateral quotas.

Western horse mackerel: some deviations between TAC and advice have been occurring during
the time-series presented, but there does not appear to be a clear trend. No management plan is
applicable for western horse mackerel. Catches have generally been at or below the agreed TAC.

Northeast Atlantic mackerel has not had agreed TACs during the period presented. The sum of
unilateral quota has always been higher than the scientific advice. Catches have on average been
44% above the scientific advice since 2010. In 2021 and 2022, catches were 10% below the sum of
declared unilateral quotas.

Blue whiting: up to 2013, the agreed management plan has been followed. From 2014 onwards,
the sum of unilateral quota has been in excess of the scientific advice and the agreed management
plan. Catches have likewise been in excess of the scientific advice and close to the sum of unilat-
eral quota.

In summary: although long-term management plans exist for Norwegian spring-spawning her-
ring, Northeast Atlantic mackerel and Blue whiting, they have not been instrumental in limiting
the TACs to the pre-agreed values. While the Coastal States may have agreed on the TACs for
these stocks, there was no agreement on the distribution of quota between Coastal States. As a
consequence, the sum of unilateral quota and the catches have been in excess of both the scientific
advice and the rules of the management plans.
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Table 1.7.3.1. Overview of scientific advice, agreed TAC, sum of unilateral quotas and catch for Norwegian Spring-spawn-

ing Herring.
Year Advice Basis Advice (t) TAC (t) Unilateral Catch (t)
Quota (t)

2010 Do not exceed the harvest control rule 1,483,000 1,483,000 1,457,000

2011 See scenarios 1,170,000 988,000 993,000

2012 Follow the management plan 833,000 833,000 826,000

2013 Follow the management plan 619,000 619,000 692,000 685,000

2014 Follow the management plan 418,000 418,487 436,000 461,000

2015 Follow the management plan 283,000 328,000 329,000

2016 Follow the management plan 317,000 377,000 383,174

2017 Follow the management plan 646,075 805,142 721,566

2018 Follow the management plan 384,197 546,448 592,899

2019 Follow the management plan, Fmgt = 0.14 588,562 588,562 773,750 777,165
and Bmgt = 3.184 Mt)

2020 Follow the management plan, Fmgt = 0.14 525,594 525,594 693,915 720,937
and Bmgt = 3.184 Mt)

2021 Follow the management plan, Fmgt = 0.14 651,033 651,033 881,097 851,813
and Bmgt = 3.184 Mt)

2022 Follow the management plan, Fmgt =0.14 598,588 598,588 827,963 813,834
and Bmgt = 3.184 Mt)

2023 Follow the management plan, Fmgt = 0.14 511,171 511,171 692,942

and Bmgt = 3.184 Mt)

2024 Follow management strategy (Fmgt = 0.123, 390,010
Bmgt = 3.184 Mt)

Table 1.7.3.2. Overview of scientific advice, agreed TAC, sum of unilateral quotas and catch for Western Horse Mackerel.

Year Advice Basis Advice (t) TAC (t) Unilateral Catch (t)
Quota (t)

2010 Follow proposed management plan 180,000 185,000 203,112
2011 See scenarios 229,000 184,000 193,698
2012 MSY framework 211,000 183,000 169,858
2013 MSY framework 126,000 183,000 165,258
2014 MSY approach 110,546 135,000 136,360
2015 MSY approach 99,304 99,300 98,419

2016 MSY approach 126,000 126,000 98,811
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Year Advice Basis Advice (t) TAC (t) Unilateral Catch (t)
Quota (t)

2017 MSY approach 69,186 95,500 82,961

2018 MSY approach 117,070 115,470 101,682

2019 MSY approach 145,237 136,376 124,947

2020 MSY approach 83,954 81,796 76,422

2021 MSY approach 81,376 81,375 81,557

2022 MSY approach 71,138 71,138 70,114

2023 MSY approach 0 15,277

2024 MSY approach 0

Table 1.7.3.3. Overview of scientific advice, agreed TAC, sum of unilateral quotas and catch for Northeast Atlantic Macke-

rel.

Year Advice Basis Advice (t) TAC (t) Unilateral Catch (t)
Quota (t)
2010 harvest control rule 572,000 691,305 875,515
2011 See scenarios 672,000 929,943 946,661
2012 Follow the management plan 639,000 938,410 892,353
2013 Follow the management plan 542,000 857,319 931,732
2014 Follow the management plan 1,011,000 1,400,981 1,393,000
2015 Follow the management plan 906,000 1,054,000 1,208,719 1,208,990
2016 MSY approach 773,840 895,900 1,047,432 1,094,066
2017 MSY approach 857,000 1,020,996 1,191,970 1,155,944
2018 MSY approach 550,948 816,797 999,929 1,026,437
2019 MSY approach 770,358 653,438 864,000 840,021
2020 MSY approach 922,064 922,064 1,090,879 1,039,513
2021 MSY approach 852,284 852,284 1,199,103 1,081,540
2022 MSY approach 794,920 794,920 1,188,227 1,046,720
2023 MSY approach 782,066 782,066 1,188,265
2024 MSY approach 739,386
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Table 1.7.3.4. Overview of scientific advice, agreed TAC, sum of unilateral quotas and catch for Blue Whiting.

Year Advice Basis Advice (t) TAC (t) Unilateral Catch (t)
Quota (t)

2010 Follow the agreed management 540,000 548,000 540,000
plan

2011 See scenarios 40,000 40,100 105,000

2012 Follow the agreed management 391,000 391,000 384,000
plan

2013 Follow the agreed management 643,000 643,000 626,000
plan

2014 Follow the agreed management 948,950 1,200,000 1,155,000
plan

2015 Follow the agreed management 839,886 1,260,000 1,396,244
plan

2016 MSY approach 776,000 776,000 1,147,000 1,183,187

2017 MSY approach 1,342,330 1,342,330 1,675,400 1,558,061

2018 Long-term management strategy 1,387,872 1,387,872 1,727,964 1,711,477

2019 Long-term management strategy 1,143,629 1,143,629 1,483,208 1,515,527

2020 Long-term management strategy 1,161,615 1,161,615 1,478,358 1,495,248

2021 Long-term management strategy 929,292 929,292 1,157,604 1,143,450

2022 Long-term management strategy 752,736 752,736 752,736 1,038,736

2023 Long-term management strategy 1,359,629 1,359,629 1,359,629

2024 Long-term management strategy 1,529,754

21
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Advice, TAC and catch
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Figure 1.7.3.1: Overview of scientific advice, agreed TAC (or sum of unilateral quota) and catch.
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TAC over advice
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Figure 1.7.3.2: Relative deviations of TAC over advice. Red line indicates average relative deviation over the time-series
shown.
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Catch over advice

her.27.1.24a514a hom.27.2ada5b6a7a-ce-ka
100%
54%
7 6%
2 103 3
3%

1486 o163 8810 iﬁl 19%/| | 13% . 24
U%'"_"-T'_-- ________ 0% 1%
oo Il % 1% L e %

15% ~15%) 3o I

~100%-
mac.27.nea whb.27.1-91214
162%
100% 25%
72% 56%

5%, o ) 29

' 2 3. el o703t A0%| | ” : 3%0g%,,, 20 | 35%
0% - seBEEEN L. 9% . ______

2% 3%

-100%

2010 2012 2014 2016 2018 2020 2022 2024 2010 2012 2014 2016 2018 2020 2022 2024
TAC Year

Figure 1.7.3.3: Overview of catch over advice
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Catch over TAC

her.27.1-24a514a hom.27.2a4a5bba7a-ce-k8
100%
32 7! -1%35%
11310%......... . .igl. 7%, 10%50
19 [ 1% 0
U%--——Q——.——Q—- ————————————————— E= *—-—.— [z - - -5l
T % ki AR | b oo %
-22%
-100% 1
mac.27.nea whb.27.1-91214
162%

100%
52%
38%
27% 15622% 26929%  27%32% | 5 o229 209
o F R P
2 il
o] Mz i L s e T .
-5% -

-2%-3%-4%

-100% 4

2010 2012 2014 2016 2018 2020 2022 2024 2010 2012 2014 2016 2018 2020 2022 2024
TAC Year

Figure 1.7.3.4: Overview of catch over TAC
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Catch over Summed unilateral Quota

her.27.1-24a514a hom.27.2a4a5bGafa-ce-k8
20% 9

10% 1 9%

6%
4%

2%
0% 0%

g F=Esssasss IITEL |, 1 N N S S SU— N— — S—

-10% 4
-10%

-20% 4

mac.27.nea whb.27.1-91214
20% 1

10% 1

0% 1

-10% 1

-12%

-20%

2010 2012 2014 2016 2013 2020 2022 2024 2010 2012 2014 2016 2018 2020 2022 2024
TAC Year

Figure 1.7.3.5: Overview of catch over sum of unilateral quotas.
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1.8 General stock trends for widely distributed and migra-
tory pelagic fish

WGWIDE 2023 has carried out the stock assessments of the following widely distributed and
migratory pelagic species: boarfish, red gurnard, Norwegian spring-spawning herring, Western
horse mackerel, North Sea horse mackerel, Northeast Atlantic mackerel, Striped red mullet and
Blue whiting.

Analytical (category 1) assessments are available for the four species that make up the bulk of
the biomass of pelagic species in the Northeast Atlantic:

. Northeast Atlantic mackerel

. Norwegian spring-spawning herring
. Blue whiting

U Western horse mackerel

The time-series of the combined catch of these four stocks since 1988 is shown in figure 1.8.1.
The highest combined catch (approx. 4 million tonnes) for these four species was been taken in
2004 and 2005. In the most recent 6 years the total catch has been composed of ~45% blue whit-
ing, ~33% mackerel, ~18% herring and ~3% horse mackerel.

100% 1 . ' ] .
75% 1
50% 1
25% 1
0%

1980 2000 2010 2020
year

2,000,000 1

catch [tonnes)

1,000,000 4

=]

rel. catch

stockl her.27.1-24a514d hom.27.2a4a5b6a7a-ce-kB mac.27.nea

Figure 1.8.1: Catch of blue whiting, mackerel, western horse mackerel and Norwegian spring-spawning herring.

An overview of the key variables for each of the stocks (SSB, fishing mortality and recruitment),
is shown in Figure 1.8.2. Stock sizes of herring, mackerel and blue whiting have been declining
from historical highs in the recent years, but remain above their respective MSY Burigger reference
point values with the exception of Western Horse Mackerel which has been increasing from a
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historic low in 2017 but is considered to be below Bim. The Norwegian Spring-spawning Herring
SSB is forecast to fall below MSY Buigger in 2023. The Blue Whiting SSB has increased in the most
recent years following strong recent recruitment.

Fishing mortality for herring, horse mackerel and mackerel has been around Fusy in the most
recent period. Fishing mortality for blue whiting has been above Fusy for much of the time-series.

Recruitment estimates for blue whiting and herring are on a comparable scale (billions) and are
substantially higher and more variable than those for horse mackerel (with the exception of the
1982 year class) and mackerel.
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Figure 1.8.2: top - SSB (million tons), middle - fishing mortality and bottom - recruitment (billions) of Norwegian spring-
spawning herring, western horse mackerel, Northeast Atlantic mackerel and blue whiting from the WGWIDE 2023 update
assessments.
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An overview of stock weight-at-age for mackerel and blue whiting is shown in figures 1.8.3 and
1.8.4.

For mackerel, a decline in weight at age started around 2005 for most ages. In more recent years,
this has ceased with increases for younger fish noted since 2012.

Weight-at-age of blue whiting shows substantial fluctuations over time. For most ages, a decline
in weight at age has been observed from 2010 although this appears to have ceased and, for some
ages reversed in the most recent years.
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Figure 1.8.3: Stock weight-at-age of NEA mackerel.
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Blue Whiting
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Figure 1.8.4: Stock weight at age of blue whiting.

WGWIDE (and its precursors WGMHSA and WGNPBW) have been publishing catch per statis-
tical rectangle plots in their reports for many years. Catch by rectangle has been compiled by
WG members and generally provide an estimate of total catch per rectangle (although catch by
rectangle data do not represent the official catches and cannot be used for management pur-
poses). In general, the total annual catches by rectangle are within 10 % from the official catches.
In the individual stock report sections, the catch by rectangle is been presented by quarter for the
most recent year. For this overview, WGWIDE has collated all the catch by rectangle data that is
available for herring, blue whiting, mackerel and horse mackerel. For horse mackerel and macke-
rel, a long time-series is available, starting in 2001 (horse mackerel) and 1998 (mackerel). The
time-series for herring and blue whiting are shorter (from 2011) although additional information
could still be derived from earlier WG reports.
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from the official catches.
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Figure 1.8.7: Catch of blue whiting (tonnes) by year and rectangle. Catch by rectangle data do not represent the official
catches and cannot be used for management purposes. In general, the total annual catches by rectangle are within 10%
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1.9 Ecosystem considerations for widely distributed and
migratory pelagic fish species

A number of studies demonstrate that environmental conditions (physical, chemical and biolog-
ical) can significantly influence stock productivity by changing the level of recruitment, growth
rates, survival rates, or inducing variations in their geographical distribution (e.g. Skjoldal et al.,
2004, Sherman and Skjoldal 2002). It has been acknowledged that future development in stock
assessment methods should take ecosystem considerations into account to reduce assessment
uncertainty. Therefore, WGWIDE encourages further work to be carried out on ecosystem con-
siderations linked to widely distributed fish stocks including NEA mackerel, Norwegian spring-
spawning herring, blue whiting, and horse mackerel. A close collaboration with the Working
Group on Integrated Assessment of Norwegian Sea (WGINOR; ICES 2018b; 2023c), and other
relevant Integrated Assessment groups within ICES could help in operationalizing the ecosys-
tem approach for widely distributed pelagic stocks assessed by WGWIDE. The text and figures
below include summary of the Norwegian Sea ecosystem status on climate variability, circula-
tion pattern, recent trends in oceanography, phytoplankton production, zooplankton biomass,
marine mammals, pelagic fish biomass and pelagic fish spatial distribution in the Norwegian
Sea. It was prepared by WGINOR (ICES, 2023c).

Highlights

. Extent of Arctic Water has increased from 2017. This has been accompanied by a fresh-
ening and cooling, although heat content in the Norwegian Sea remains above the long-
term average.

. Annual primary production has remained stable over the period 2003 to present. The
seasonal timing of the peak of production has gradually shifted to a later date.
. Zooplankton spring biomass, measured since 1995, declined in the mid-2000s and has

since remained relatively stable.

U Spawning biomass of Norwegian spring-spawning herring and mackerel declined
slightly in 2022. After a few years of decline, biomass of blue whiting increased, driven
by historically high recruitment.

. Long-term decrease in breeding numbers for Atlantic puffin and black-legged kittiwake
continues. Common guillemot remains at high risk of extinction despite increasing abun-
dance at some monitoring colonies over the last decade.

U Seals pup production is declining or at low level. Baleen whales’ distribution has gradu-
ally moved from the Norwegian Sea towards the Barents Sea. Bycatch of harbour por-
poise remains at unsustainable level.
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Graphical summary

Topic

Overall trend

Situation in 2022

Certainty

Possible implications

&

Ocean climate

Generally, warm and saline
conditions prevailed from the
early 2000s until 2016. Since
2012, temperature of the At-
lantic inflow has been close to
the long-term mean while sa-
linity has been below the long-
term mean since 2016. The ex-
tent of Arctic Water has in-
creased from 2017.

The temperature of the Atlan-
tic inflow is close to the long-
term mean while salinity is be-
low the long-term mean. The
extent of Arctic Water contin-
ues to increase and relative
heat content continues declin-

ing.

Highly certain: dedicated
monitoring with good spatial
coverage exists.

The recent increase of Arctic
Water may lead to increased
new production due to rela-
tive high winter nutrient con-
centration.

™%

Primary production

There is no trend in the level
of spring and summer primary
production in the Norwegian
Sea deep basins since 2003%.
The timing of peak production
has gradually shifted to a later
date over the last two dec-
ades.

The primary production for
2021 (latest year of data avail-
able) is comparable to the
mean over the whole period.
The timing of the peak pro-
duction is 2 weeks later than
in 2003.

Certain: Phytoplankton esti-
mates are based on satellite
data covering the whole pro-
ductive season with high geo-
graphic resolution. The pro-
duction model is not cali-
brated for high latitudes and
absolute estimates of primary
production are uncertain.

Change in timing can lead to
seasonal match/mismatch
with reproduction and feeding
of zooplankton.

B

Zooplankton biomass

The spring biomass of meso-
zooplankton was at a higher
level from 1995 to mid-2000s
and has been at a lower level
in the following years. Sum-
mer biomass shows an in-
creasing trend during the first
ten years then a decline for
the last two years.

Biomass in 2022 was at similar
level as the previous year for
all subareas and both seasons.

Moderately certain: plankton
is patchily distributed, which
leads to uncertain estimates.
The timing of seasonal devel-
opment relative to time of
sampling can affect the level
of biomass measured.

Reduced zooplankton biomass
may have caused reduced
food resources for planktivo-
rous feeders, including pelagic
fish. in the recent decade.
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Topic

Overall trend

Situation in 2022

Certainty

Possible implications

&

Zooplankton spatial
distribution

The spring distribution of zoo-
plankton has changed from
higher biomasses in Arctic wa-
ter in the west to become
evenly distributed in the Nor-
wegian Sea.

In 2022, the zooplankton was
relatively evenly distributed in
spring and summer, but with
some confined high-concen-
tration areas in southeast in

spring.

Moderately certain: The spa-
tial distribution reflects and is
affected by the timing of the
survey and the timing of the
zooplankton seasonal devel-
opment.

Changes in the spatial distri-
bution of plankton can affect
the spatial distribution of
planktivorous fish

Bo‘}

Pelagic fish biomass

Spawning biomass of Norwe-
gian spring-spawning herring
and mackerel remains close to
the long-term average
whereas blue whiting biomass
is above.

Herring spawning-stock bio-
mass decreased by 2% and
mackerel by 3% whereas blue
whiting increased by 11%
compared to previous year.
Estimated recruitment of blue
whiting is at a historical high.
Fishing remains above scien-
tific advice for all stocks.

Highly certain for herring and
blue whiting, moderately cer-
tain for mackerel: estimates
are based on quantitative
stock assessments.

Changes in pelagic fish bio-
mass have direct implications
for fisheries opportunities.

Pelagic fish spatial

Since the mid-2000’s, macke-

No mackerel in Greenlandic

Highly certain: based on eco-

Changes in pelagic fish spatial

= distribution rel distribution expanded waters but increased presence system surveys in the Nordic distribution have direct impli-

westward into Icelandic and and density in Icelandic Wa- Seas in spring (May) and sum- cations for fisheries opportu-
@? Greenlandic waters, then re- ters in 2022 compared to last mer (July) nities.
tracted eastward from 2015. two years.
By 2020, most of the mackerel
stock was feeding in the Nor-
wegian Sea. In 2022, mackerel
expanded westward again.
Seabirds Substantial long-term declines No clear signs of improve- Highly certain: Trends are de- Many bird colonies are at risk

for most species, including
common guillemot, Atlantic
puffin, and black-legged kitti-
wake.

ments, except common guil-
lemot abundance appears sta-
ble in colonies which provide
shelter from eagle predation.

rived from dedicated monitor-
ing.

of extinction, and some have
already disappeared.

) v

Marine mammals

Decline or sustained low levels
of pup production in several
seal species. Long-term shift in
summer distribution of baleen
whales from the Norwegian
Sea to the Barents Sea. Unsus-
tainable levels of harbour por-
poise bycatch.

No new data on abundance
and distribution.

Highly certain: Trends in pup
production are based on dedi-
cated surveys.

Moderately certain: Data are
scarce on bycatch and produc-
tivity-connectivity for harbour
porpoises

Changes in marine mammals
affect foodweb structure and
long-term viability of marine
mammal populations
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Figure 1.9.1. A subset of climate indicators for the Norwegian Sea: a) North Atlantic Oscillation Index (NAO), b) Subpolar
Gyre index (SPG, note that strong gyre is represented by negative values and weak gyre by positive values), c) Norwegian
Sea Gyre index, d) Atlantic Water Temperature at Svingy section and East Icelandic Current Temperature, e) Atlantic
Water Salinity at Svingy section, f) Arctic Water amount in the Norwegian Sea, g) relative heat content (RHC) and h)
Relative Freshwater Content (RFC).

Pelagic Fish
Current status

Three fish stocks dominate the pelagic ecosystem of the Norwegian Sea: Norwegian spring-
spawning herring (NSSH, Clupea harengus), Northeast Atlantic (NEA) mackerel (Scomber
scombrus), and blue whiting (Micromesistius poutassou). In 2022, estimated spawning-stock bio-
mass (SSB) for all three stocks ranged from 3.7 to 5.0 million tonnes. Combined SSB for all three
stocks was 12.5 million tonnes’ (Figure 4a).

Combined catch of the three stocks was 3.1 million tonnes in 2021, of which approximately 1.1
million tonnes was blue whiting, 1.1 million tonnes was mackerel, and 0.9 million tonnes was
herring. Current exploitation levels, relative to biological reference points, show that fishing
pressure on all three stocks is above that which leads to maximum sustainable yield’. Further-
more, herring and blue whiting exploitation is above management plan fishing targets and the
95% confidence interval for mackerel fishing mortality is higher than maximum sustainable yield
targets’. Stock status, for all three stocks is above all biological reference points related to the risk
of impaired reproductive capacity. However, herring SSB is very close to biological reference
limits, as the 95 % SSB confidence limits include the reference limits’.
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Recent changes

The 2022 stock assessment results show an estimated 2% decrease in herring SSB in 2022 com-
pared to 2021, after a brief increase in 2021, following a decade of continuous decline with an
overall estimated decline of 52%’. After a slight increase in 2021, mackerel SSB is estimated to
decline by 3% in 2022 and has declined 37% from peak stock size in 2014-2015’. Blue whiting SSB
increased an estimated 11% in 2022 compared to previous year and was estimated to be 20%
lower than at the last peak size in 20177

Mackerel distribution in Nordic Seas in summer 2022 expanded further westward in 2022 com-
pared to the last two years. The western boundary of the distribution was west of Iceland (lon-
gitude 30 °W)2. Distribution of blue whiting in 2022 was similar to the most recent years®. The
distribution area of herring in May was comparable with the most recent period and the large
2016 year class is distributed throughout the geographical distribution range of the mature her-
ring stock™. In July, the herring had shifted farther east and north?®.

Possible reasons for recent changes

Herring SSB is dominated by recruitment of large year classes at irregular intervals with many
years of small year classes in between (Figure 4b). After the large 2002- and 2004-year classes,
recruitment was below average until the 2016-year class. The 2016 year class appears to be fully
recruited to the spawning stock and contributes approximately half of the SSB’. Fishing above
the advised level has accelerated the stock decline during a period of low recruitment. Since 2013,
unilaterally determined quotas have led to annual commercial catch being 31% higher than the
advised total allowable catch (TAC) on average’.

a) pelagic fish spawning-stock biomass b) pelagic fish recruitment
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Figure 4. a) estimated spawning-stock biomass (lines) including 95% confidence intervals (shaded areas) for Norwegian
spring-spawning herring (red filled circles), mackerel (purple filled triangles) and blue whiting (blue filled rectangles) from
first stock assessment year, ranges from 1980 to 1988, to 20227. b) estimated year-class size at recruitment for Norwegian
spring-spawning herring (age 2; red filled circle), mackerel (age 2; purple filled triangles) and blue whiting (age 1; blue
filled triangle) from first year of assessment, ranges from 1980 to 1988, to 2022’. Note the different scale for mackerel
recruitment.

The 2022 assessment changed the perception of the mackerel stock. This was due to changes in
relative weights of data sources in the assessment model. Prior to 2017 SSB was revised upward
and fishing mortality downward. After 2017, SSB was revised downward and fishing mortality
upward. This resulted in current fishing pressure being above Fusy’. Estimates of ages 0 and 1
are considered highly uncertain and year-class strength appears to be established at age 2-3’.

ICES



ICES

WGWIDE 2023

After mackerel abundance peaked in 2014-2015, the annual commercial catches have on average
been 35% higher than the scientific advice’. Fishing above advised TAC is believed to have con-
tributed to the observed decline in spawning stock size.

Blue whiting’s sharp decline in SSB from 2018-2020 was caused by excessive fishing. Catches
exceeded the advised TAC by 28% since 2018 along with low recruitment in 2017-2019. However,
improved recruitment in recent years (2020-2022) explains increased SSB in 2022. Recruitment
(age 1) in 2021 (i.e. the 2020 year-class) is estimated to be at a historical high and short-term
forecasts project a high SSB in 2023 (6.7 million tonnes)’.

The blue whiting fishery mostly targets ages 3-5 years. Hence the stock can decline sharply when
several years of poor recruitment coincide with excessive fishing. The stock can also recover
quickly when recruitment is high, as seen in the stock fluctuations during the early 2000’s and
late 2010’s.

The reasons why mackerel have retracted from the western area from 2015 onwards remain
poorly understood. Since 2015, estimated mackerel stock size has declined by approximately a
third, zooplankton abundance has remained within the range observed when mackerel were
present, and the western area remains warm enough for mackerel (> 8-9 °C)2.

1.10  Future Research and Development Priorities

As part of the planning towards future benchmark assessments, the working group maintains,
for each stock, a list of research and development priorities on topics including proposed re-
search projects, improved sampling and data collection and development of stock assessment
techniques. In addition to these individual stock issues, increased consideration should be given
to integrated ecosystem assessments for the stocks within WGWIDE. Several WGWIDE mem-
bers are also participants in the work of the Working Group on Integrated Assessment for Nor-
wegian Sea (WGINOR). Improving linkages with other regional Integrated Ecosystem Assess-
ment groups within ICES would be beneficial and should be considered in future.

1.10.1 NEA Mackerel

In 2019, the ICES Workshop on a Research Roadmap for Mackerel (WKRRMAC, (ICES, 2019b))
met to discuss the research needs for the provision of advice for the management of NEA Macke-
rel. The workshop involved a diverse range of stakeholders including industry representatives,
managers and scientists and identified a number of priorities (see report of WGWIDE 2019 (ICES,
2019c) for details).

WGWIDE 2022 recommended the establishment of WKEVALMAC (A Workshop on the Evalu-
ation of NEA Mackerel stock components and regional management measures) to review avail-
able information from appropriate methods to infer the stock structure of NEA Mackerel. This
workshop took place in 2023 (ICES 2023 WKEVALMAC in prep). See section 8.11 for a summary
of the conclusions of this workshop.

1.10.2 Blue Whiting

Numerous scientific studies have suggested that blue whiting in the North Atlantic consists of
multiple stock units. The ICES Stock Identification Methods Working Group (SIMWG) reviewed
this evidence in 2014 (ICES, 2014) and concluded that the perception of blue whiting in the NE
Atlantic as a single-stock unit is not supported by the best available science. SIMWG further
recommended that blue whiting be considered as two units. There is currently no information
available that can be used as the basis for generating advice on the status of the individual stocks.
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However, currently a project is going on with more data being collected (NEA and Mediterra-
nean) to allow clarify the stock definition for this species. In future, this newly collected infor-
mation on stock composition should be evaluated on the behalf of a benchmark of this stock.

1.10.3 NSS Herring

The Norwegian spawning ground survey was reintroduced in 2015 as part of the tuning series
(fleet 1). However, changes were made to the survey compared to the older part of the series. At
the 2016 assessment benchmark, the inclusion of the surveys from 2015 was accepted as an ex-
tension to the tuning series. It is now considered appropriate to investigate the splitting of this
survey series since the time-series is now long enough to do this exercise. An interbenchmark
exercise to explore this was proposed during WGWIDE 2020, but it was later decided to postpone
such exploration for the next benchmark. Some exploratory work was presented in WGWIDE
2021.

. Consider the inclusion of a new tuning series (IESSNS) in the assessment.

U Consider the inclusion of a new tuning series (tagging data based on RFID) in the assess-
ment.

. Consider the inclusion of a new Norwegian recruitment index into the assessment, as the

current recruitment index has not been updated since 2021.
. Request and incorporate within the assessment information on the uncertainty in catches
from all countries submitting catch data (currently only available from Norway).

The maturity ogive for NSSH is back-calculated but with a delay of 6 years, i.e. the 5 last years
use one of two fixed maturity ogives scales (one for small cohort and the other for large cohort).
The benchmark report has no objective criteria when to recognize a cohort as strong, and the
current model is not optimal for medium-sized cohorts. This may result in deviation in SSB in
intermediate year.

There is clear indication of a density-dependent effect on maturity-at-age. A more proper esti-
mate of the maturity for the last 5 years (and for the forecast) should be made using the estimated
cohort strength directly, and this should be evaluated through a peer-review process.

The XSAM software is used for the assessment. However, the SAM software now supports the
XSAM model as an optional model. A switch from the currently used code to the SAM platform
should be done in order to make the model more publicly available and to ensure further devel-
opment of the infrastructure. The possibility to use the predicting the observation variance in
SAM can then be used instead of including external variance from surveys. WGWIDE 2023 rec-
ommended to use SAM software from WGWIDE 2024 and onwards as the XSAM software is no
longer maintained. A comparison between the two software has been made (WD09), resulting a
negligible difference between the two software.

1.10.4 Western Horse Mackerel

Considering the potential of mixing between Western and North Sea horse mackerel occurring
in division 7d and 7e, improved insight into the origin of catches from that area will be a major
benefit for improvement of the quality of future scientific advice and thus management of the
North Sea and Western horse mackerel stocks. A project addressing stock structure and bound-
aries of horse mackerel was initiated by the Northern Pelagic Working Group in collaboration
with University College Dublin and Wageningen Marine Research. In 2018, the results of the
genetic analysis have been published (Farrell et al 2018) which concluded that the spawners of
North Sea and Western horse mackerel can be genetically identified as two distinct stocks. How-
ever, at that stage it was not yet possible to separate the two stocks when they occur in mixed
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samples. Subsequently, a full genome sequencing on horse mackerel has been carried out
(Fuentes-Pardo et al 2020), which confirmed the earlier results on separating western, North Sea
and southern horse mackerel (see also text below on North Sea horse mackerel). In addition, this
study concluded that it would also be possible to distinguish horse mackerel from different
spawning populations in mixed samples.

The 2020 study also concluded that further analysis on the mixing between the Western stock
and the Southern stock in area 8c should be carried out: the fishery in the area targets mainly
juveniles, would be therefore be very important to understand the impact of this fishery on each
of the two stocks.

The most recent results indicate that a further large-scale analysis of samples, with a greater
temporal and spatial coverage, with the newly identified molecular markers was required to test
and reassess the current stock delineations. Results were presented at WGWIDE 2023 and con-
cluded that the stocks boundaries might need revision (see also section 1.4.8.3 for details).

1.10.5 North Sea horse mackerel

Studies on stock identity and the degree of connection and migrations between the North Sea
and the Western Stock are considered particularly relevant. On behalf of the Pelagic Advisory
Council and the EAPO Northern Pelagic Working Group, a research project on genetic compo-
sition of horse mackerel stocks was initiated. Genetic samples have been taken over the whole
distribution area of horse mackerel during the years 2015- 2017. The full genome of horse macke-
rel was sequenced and results indicated that the western horse mackerel stock is clearly genet-
ically different from the North Sea stock (Farrell and Carlsson, 2019; Fuentes-Pardo et al., 2020).
Markers were identified that are be able to reveal the stock identity of individual horse mackerel
caught in potential mixing areas. Horse mackerel samples from division 7d and 7e have been
collected by the PFA on board of commercial vessels in autumn 2020, while horse mackerel from
division 4a have been collected during the NS-IBTS in Q3. Initial results of this comprehensive
genetic research project on stock identification of horse mackerel suggest that the boundaries of
the stocks might require revision. This relates to the Northern boundary in 4a to the Southern
border in 7d. Additionally, the Institute of Marine Research in Norway sampled horse mackerel
in coastal waters within 4a during all quarters in 2019. Preliminary results presented at WGWIDE
2021 showed that the genetic profile of individuals caught in all quarters matched well with the
genetic profile of the Western HOM stock, with just one or two individuals matching better with
North Sea HOM profile (Florian Berg, pers. comm.). Ongoing and new studies are being under-
taken to investigate these issues. Potential changes in the perception of the stock distributions
could impact the reliability of the assessments for the three current stocks of horse mackerel in
the Northeast Atlantic (see also section 1.4.8.3 for details).

Efforts are required to upload historic age and length data to the InterCatch database. The cur-
rent stock assessment method is based on length data and, with only data from 2016 onwards
currently available in InterCatch, it is impossible to compare the F/Fumsy proxy and the length-
based indicators that the proxy is based on with information from earlier years. Furthermore,
length data are only submitted by accessions to stock coordinators directly, and not through
InterCatch. This makes the process of combining the data from different countries prone to error
and lack transparency. Since 2020, national data submitters were requested to submit data both
via the accessions as well as through InterCatch. A comparative analysis has to be carried out to
evaluate the feasibility of using length data from InterCatch only in future. Moreover, it was
discovered that several hundred Dutch age readings coming from foreign vessels (mainly UK)
have not been uploaded to InterCatch in the past. Efforts will be made to ensure this historic
information will be uploaded in order to increase (the currently low) confidence in the estimates
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of catch-at-age. However, from 2021 onwards Dutch age samples were used in the raising pro-
cedure of UK and uploaded to InterCatch. The historic data will be dealt with in the upcoming
benchmark.

1.10.6 Boarfish

From 2017, this stock has been included on the list of stocks sampled under the data collection
framework (DCMAP). This permitted sampling of commercial catch for both length and age.
However, age reading is difficult and expertise is limited. An increase in the number of age read-
ers would help develop a time-series of commercial catch-at-age which would in turn allow the
development of an age-based assessment methodology. The current ALK is static and is based
on a limited number of age readings. Also investigating the viability of length based assessments
should be explored.

Improvements in the survey data can be realized through a change in sampling protocol on
groundfish surveys to ensure boarfish are measured to the 0.5cm. The acoustic time-series should
continue to be developed. The current survey does not contain the stock. The use of information
from other acoustic surveys, for example, the Pélagiques GAScogne (PELGAS) survey should
also be explored.

1.10.7 Striped red mullet

In the WGWIDE framework, the assessment of striped red mullet stock is currently absent. The
limited and scarce availability of data within the ICES database, coupled with uncertainties re-
garding data quality, has precluded the establishment of any analytical assessment. The foremost
development priorities encompass the enhancement of fishery-dependent information and the
creation of biomass indices derived from EVHOE and SP-NSGFS. These indices will be meticu-
lously tailored to the unique characteristics of the stock, which include its coastal distribution
and potential variations in dynamics between the Bay of Biscay and the Celtic Sea. Ongoing re-
search initiatives (MATO and ACOST, as detailed in the stock-related section of this report) are
anticipated to furnish updated data and published findings pertaining to the sexual maturity of
this species, along with reference fleet CPUE, by 2024. Armed with these inputs, an analytical
assessment framework could be subjected to intersessional testing and subsequently presented
to WGWIDE. This endeavor aims to bolster the potential for a benchmark request in the near
future, pertaining to the assessment of this stock.
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Blue whiting in Northeast Atlantic and adjacent wa-
ters

Blue whiting (Micromesistius poutassou) is a small pelagic gadoid that is widely distributed in the
eastern part of the North Atlantic. The highest concentrations are found along the edge of the
continental shelf in areas west of the British Isles and on the Rockall Bank plateau, where it occurs
in large schools at depths ranging between 300 and 600 metres and is also present in almost all
other management areas between the Barents Sea and the Strait of Gibraltar and west to the
Irminger Sea. Blue whiting reaches maturity at 2-7 years of age. Adults undertake long annual
migrations between the feeding and spawning grounds. Most of the spawning takes place be-
tween March and April, along the shelf edge and banks west of the British Isles. Juveniles are
abundant in many areas, with the main nursery area believed to be the Norwegian Sea. See the
Stock Annex for further details on stock biology.

2.1 ICES advice in 2022

Fishing mortality (F) is estimated to be above Fusy since 2014. Spawning-stock biomass (55B) has
been decreasing since 2018, but increased again in 2022. SSB is still estimated to remain above
MSY Burigger. Recruitment (R) from 2017 to 2019 is estimated to be low, followed by a large increase
in 2021 and another strong recruitment in 2022. ICES advises that when the long-term manage-
ment strategy, agreed by the European Union, the Faroe Islands, Iceland, and Norway, is ap-
plied, catches in 2023 should be no more than 1 359 629 tonnes.

2.2 The fishery in 2022

As in previous years, the main fisheries on blue whiting were targeting spawning and post-
spawning fish (Figures 2.2.1-2). Most of the catches (89.2%) were taken in the first two quarters
of the year and the largest part of this was taken along the slopes of the Western European shelf
and around the Faroes. Smaller quantities were taken in the Norwegian Sea, in the Norwegian
Trench, in the Rockall Trough and along the coast of Spain and Portugal as well as in the Bay of
Biscay.

The fishery in the second half of the year was mainly east of the Faroes and in the central Nor-
wegian Sea, with smaller amounts in the Norwegian Trench and along the coast of Portugal and
Spain.

The multinational fleet targeting blue whiting in 2022 consisted of several types of vessels from

16 countries. The bulk of the catch is caught by large pelagic trawlers, some with capacity to
process or freeze on board. The remainder is caught by RSW vessels.

2.3 Input to the assessment

At the Inter-Benchmark Protocol on Blue Whiting, IBPBLW (ICES, 2016a), it was decided to use
preliminary within year, quarter 1 and quarter 2, catch-at-age data in the assessment to get ad-
ditional information to the within year IBWSS survey estimates. In recent years, 85-90% of the
total annual catches of the age 3+ fish have been taken in the first half of the year, which makes



46

ICES SCIENTIFIC REPORTS 5:82

it reasonable to estimate the total annual catch-at-age from reported first semester (Q1 & Q2)
data and expected total catches for the remainder of the year. The catch data sections in this
report contain a comprehensive description of the 2022 data as reported to ICES and a brief de-
scription of the 2023 preliminary catch data.

2.3.1 Officially reported catch data

Official catches in 2022 were estimated as 1 038 736 tonnes based on data provided by WGWIDE
members (Table 2.3.1.1). Data provided as catch by rectangle represented 99.5% of the total WG
catch in 2022.

In 2022, the majority of catches were caught on the spawning grounds with largest contribution
from ICES divisions 27.5.b, 27.6.a, 27.7.c, 27.7 .k, 27.2.a and 27.4.a (Figure 2.3.1.1; Tables 2.3.1.2,
2.3.1.3), caught respectively in quarter 1 and quarter 2 (Figure 2.3.1.3). In the first two quarters,
catches are taken over a broad area, with the highest catches in 27.6.a, 27.5.b, 27.7.c and 27.7 .k,
while later in the year catches are mainly taken further north in division 27.2.a and in the North
Sea (27.4.a) (Figures 2.3.1.6 and 2.3.1.7 and Table 2.3.1.3). The spatial and temporal distribution
of catches in 2021 are similar to previous years (Figures 2.3.1.2, 2.3.1.3, 2.3.1.4; and Table 2.3.1.4
and Figure 1.10.7 in Section 1). The majority of the blue whiting catch was caught by four nations
- Faroe Islands, Norway, Iceland, and Russia, respectively (Figure 2.3.1.5).

Discards of blue whiting are small. Most of the blue whiting caught in directed fisheries are used
for reduction to fish meal and fish oil. However, some discarding occurs in the fisheries for hu-
man consumption and as bycatch in fisheries targeting other species.

Reports on discarding from fisheries which catch blue whiting were available from the Nether-
lands for the years 2002 —2007 and 2012 —2014. A study carried out to examine discarding in the
Dutch fleet found that blue whiting made a minor contribution to the total pelagic discards.

The blue whiting discards data provided by Portuguese vessels operating with bottom otter
trawl within the Portuguese portions of ICES Division 27.9.a are available since 2004. The dis-
cards data are from two fisheries: the crustacean fishery and the demersal fishery. The blue whit-
ing estimates of discards in the crustacean fishery for the period of 2004-2011 ranged between
23% and 40% (in weight). For the same period the frequency of occurrence in the demersal fishery
was around zero for the most of the years, in the years where it was significant (2004, 2006, 2010)
discards ranged between 43% and 38% (in weight). In 2022, discards were 29.7% of the total
catches for blue whiting along the Portuguese coast (Table 2.3.1.5). The total catch from Portugal
is less than of one percent the total international catches.

Information on discards was available for Spanish fleets since 2006. Blue whiting is a bycatch in
several bottom-trawl mixed fisheries. The estimates of discards in these mixed fisheries in 2006
ranged between 23% and 99% (in weight) as most of the catch is discarded and only the catch of
the last day may be retained for marketing fresh. The catch rates of blue whiting in these fisheries
are, however, low. In the directed fishery for blue whiting for human consumption with pair
trawls, discards were estimated to be 7.8% (in weight) in 2022 (Table 2.3.1.5). Spanish catches are
around 3% of the international catches.

In general, discards are assumed to be small in the blue whiting directed fishery. Discards data
contributed to final catches of the following countries: Denmark, Ireland, Portugal, Spain,
Sweeden, UK (England and Wales) and UK (Scotland). The total discards constituted 0.4% of the
total catches, 3 641 tonnes. The largest fishing nations, , Faroe Islands, Norway, Iceland and Rus-
sia do not have discards on blue whiting.
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The total estimated catches (tonnes) inside and outside the NEAFC regulatory area by country
were reported on Table 2.3.1.6. The catches inside the NEAFC RA represent 8% of the total
catches of blue whiting in 2022.

2.3.1.1 Sampling intensity

In 2022, 77% of catches were covered by the sampling program. In 2022, 1 868 length samples
and 1 927 age samples were collected from the fisheries with 167 650 fish measured and 15 636
aged (Table 2.3.1.1.1 and Table 2.3.1.1.2). Sampling intensity for blue whiting with detailed in-
formation on catch, proportion of catch covered by the sampling program, the number of sam-
ples, number of fish measured, and number of fish aged per year from 2000 to 2022 is given in
Table 2.3.1.1.1. Sampling intensity per country, quarter and ICES division for 2021 is listed in
Tables 2.3.1.1.2,2.3.1.1.3 and 2.3.1.1.4. The most intensive sampling, considering the age samples
and the number of aged fish, took place in areas 27.2.a, 27.5.b, 27.6.b, 27.7.b, 27.7.c, 27.7 k, 27.8.c
and 27.9.a (Figure 2.3.1.1.1). No sampling was carried out by Greenland, Poland and Sweden,
which together represent 4% of the total catches. The sampled and estimated catch-at-age data
are shown on Figure 2.3.1.1.1.

Sampling intensity for age and weight of blue whiting are made in proportion to landings ac-
cording to CR 1639/2001 and apply to EU member states. The Fisheries Regulation 1639/2001,
requires EU Member States to take a minimum of one sample for every 1000 tonnes landed in
their country. Various national sampling programs are in force.

2.3.1.2 Age compositions

As an example of an age-length key from sampled catches in 2022, data from ICES area 27.6.a is
presented by quarter and country (Figure 2.3.1.2.1). The mean length (mm) by age reveals that
age classifications do present some differences between countries. A difference in mean length-
at-age was observed in ages 0 and 1. Although, the differences in mean length-at-age increase in
older ages, higher than age 9.

The catch-at-age numbers reveal a higher proportion of age 2 individuals on quarters 1 and 2,
which corresponds to the 2020 annual cohort, when a higher recruitment was observed (Figure
2.3.1.2.2).

The ICES InterCatch program was used to calculate the total international catch-at-age, and to
document how it was done.

2.3.2 Preliminary 2022 catch data (Quarters 1 and 2)

The preliminary catches for 2023 as reported by the WGWIDE members are presented in Table
23.2.1.

The spatial distribution of these 2022 preliminary catches is similar to the distribution in 2022
with majority of catches taken in division 27.5.b, 27.6.a, 27.7.c and 27.7.k (Figure 2.3.2.1 and Table
2.3.2.2).

Sampling intensity for blue whiting from the preliminary catches by area with detailed infor-
mation on the number of samples, number of fish measured, and number of fish aged is pre-
sented in Table 2.3.2.2.

WGWIDE estimated the expected total catch for 2022 from the sum of declared national quotas,
corrected for expected national uptake and transfer of these quotas (Table 2.3.2.3).

For the period 2016 to 2022, preliminary and final catch estimates are similar with maximum
deviation in 2021 when the final catch was 8.3% higher than the preliminary catch (Table 2.3.2.4).
Age compositions (Figure 2.3.2.2) are also similar between preliminary and final catch data with
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the exception of an increase in age 1 in the final data from 2022 compared to the preliminary
data. There is no clear pattern in the deviations; it is both the catch at age for young and older
fish that change between preliminary and final data.

The estimation of catch at age and mean weight at age followed the method described in the
Stock Annex.

233 Catch-at-age

The catch in numbers-at-age from 1981 to 2023 are presented in Table 2.3.3.1 and catch propor-
tions at age shown in Figure 2.3.3.1. Strong year classes that dominated the catches can be clearly
seen in the early 1980s, 1990, the late 1990s and early 2000’s. More recently, the propagation of
the large 2014 year class is also evident and the newly emerged strong year class of 2020. There
is also an indication of the year class of 2021 in the catch data.

Catch curves for the international catch-at-age dataset (Figure 2.3.3.2) indicate a consistent de-
cline in catch number by cohort in years with rather high landings (and probably similar high
effort). The catch curves for year classes 2010-2015 show a consistent decline in the stock numbers
with an estimated total mortality (Z=F+M) around 0.6-0.7 for the ages fully recruited to the fish-
eries. With an assumed natural mortality (M=0.2), the assessment F around 0.4-0.5 fits well to the
Z values estimated from the catch curves.

234 Weight at age

Table 2.3.4.1 and Figure 2.3.4.1 show the mean weight-at-age for the total catch during 1981-2023
used in the stock assessment. Mean weight at ages 3-9 has generally decreased in the period 2010-
2018, followed by an increase in the most recent years, for the most abundant ages in the catches.
In 2021 and 2022, a decrease in mean weight in almost all ages was observed, which continued
in 2023 for the younger ages (1-5 year) but increased again for the older ages (5-10+ year).

The weight-at-age for the stock is assumed the same as the weight-at-age for the catch.

2.3.5 Maturity and natural mortality

Blue whiting natural mortality and proportion of maturation-at-age are shown in Table 2.3.5.1.
See the Stock Annex for further details.

2.3.6 Fisheries independent data

Data from the International Blue Whiting spawning stock survey are used by the stock as-sess-
ment model, while recruitment indices from several other surveys are used to qualita-tively ad-
just the most recent recruitment estimate by the assessment model and to guide the recruitments
used in the forecast.

2.3.6.1 International Blue Whiting spawning stock survey

The Stock Annex gives an overview of the surveys available for the blue whiting. The Inter-
national Blue Whiting Spawning Stock Survey (IBWSS) is the only survey used as input to the
assessment model.

The full time series of IBWSS was recalculated in summer 2020, using the same software (StoX;
Johnsen et al., 2019) and method as previously applied. The values are presented in Table
2.3.6.1.1 and Figure 2.3.6.1.1 A.
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The survey time-series (2004-2023) show variable internal consistency ranging from 0.26 to 0.81
(Figure 2.3.6.1.1 B) The overall internal consistency for age-disaggregated year classes was
slightly reduced compared to last year. There is a high internal consistency for the younger ages
(1-5 years) and older ages (7-9 years) with correlation between 0.72 and 0.81, but poor (0.2 <r <
0.3) between ages 5 to 7. This may indicate age readings problems for this group of ages.

The distribution of acoustic backscattering densities for blue whiting for the period 2019-2023 is
shown in Figure 2.3.6.1.2. The abundance estimate of blue whiting for IBWSS are presented in
Table 2.3.6.1.1.

Length and age distributions for the period 2018 to 2023 are given in Figure 2.3.6.1.3.

Survey indices, (ages 1-8 years 2004-2023) as applied in the stock assessment are shown in Table
2.3.6.1.1.

2.3.6.2  Other surveys
The Stock Annex provides information and time-series from surveys covering parts of the stock
area. A brief survey description and survey results are provided below.

The International ecosystem survey in the Nordic Seas (IESNS) in May which is aimed at observ-
ing the pelagic ecosystem with particular focus on Norwegian spring-spawning her-ring and
blue whiting (mainly immature fish) in the Norwegian Sea (Table 2.3.6.2.1).

Norwegian bottom-trawl survey in the Barents Sea (BS-NoRu-Q1(Btr)) in February-March where
blue whiting are regularly caught as a bycatch species. This survey gives the first reli-able indi-
cation of year class strength of blue whiting. The 1-group in this survey is defined as less than 19
cm (Table 2.3.6.2.2).

Icelandic bottom-trawl surveys on the shelf and slope area around Iceland. Blue whiting is
caught as bycatch species and 1-group is defined as less than 22 cm in March (Table 2.3.6.2.3).

Faroese bottom-trawl survey on the Faroe plateau in spring where blue whiting is caught as
bycatch species. The 1-group in this survey is defined as equal or less than 23 cm in March (Table
2.3.6.2.4).

The International Survey in Nordic Seas and adjacent waters in July-August (IESSNS). Blue whit-
ing has been considered as a main target species in this survey since 2016 and as such methods
were changed to ensure there was sampling for blue whiting. This was a recom-mendation from
WGWIDE 2015 to try to have one more time-series for blue whiting. The estimate for 2023 was
not completed before WGWIDE. Data for the survey are not used yet, due to the short time series.

2.4 Stock assessment

The IBWSS survey is the only survey used by the SAM assessment. The survey was cancelled in
2020 due to the COVID-19 pandemic, but conducted in 2021-2023.

The presented assessment in this report follows the recommendations from the Inter-Benchmark
Protocol of Blue (ICES, 2016a) to use the SAM model. The configuration of the SAM model was
kept unchanged in this year’s assessment.

At WGWIDE in 2021 the time period for estimating recruitment for the short term forecast was
changed from the full time series (minus terminal year) to the more recent period since 1996
(minus terminal year). This approach was again followed by WGWIDE 2023.
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2.4.1 2023 stock assessment

For a model such as SAM, Berg and Nielsen (2016) pointed out that the so-called “One Step
Ahead” (OSA) residuals should be used for diagnostic purposes. The OSA residuals (Figure
2.4.1.1) show a quite random distribution of residuals. There seems to be a year class effect show-
ing in the catch residuals starting in the early 2000s. Similarly, there may be an indication of a
“year effect” (too low index values) for the IBWSS 2015 observations which has also be seen in
previous assessments. Moreover, a similar but weaker year effect of low index values is seen for
the IBWSS 2023 observations.

The estimated parameters from the SAM model from this year’s assessment and those from as-
sessments conducted since 2019 are shown in Table 2.4.1.1. There are no abrupt changes in the
estimated parameters over the time-series presented. The lowest observation noises, and there-
fore the largest weight in the assessment model, have in all years been from catches at ages 3-8,
which constitute the largest proportion of the catch. The observation noise of age 1 (i.e. recruit-
ment) in the IBWSS has decreased over the years, likely due to the increase in length of the time
series. The observation noise of ages 4-6 and 7-8 is slightly higher compare to last year’s assess-
ment, indicating that the model slightly lowered the weight of these age groups in the survey in
this year’s assessment.

The process error residuals (“Joint sample residuals”) (Figure 2.4.1.2) are reasonably well ran-
domly distributed. Process noise within SAM is implemented as a “process mortality, Z”; these
deviations in mortalities are shown in Figure 2.4.1.3. The deviations in mortality (plus or minus
mortality) seems fairly randomly distributed without very pronounced clusters (as also seen in
Figure 2.4.1.2).

The correlation matrix between ages for the catches and survey indices (Figure 2.4.1.4) shows a
modest observation correlation for the younger ages and a stronger correlation for the older ages.
This difference is more distinct for catches, probably because it includes older ages (1-10+) than
the survey data (ages 1-8). The correlation of older ages (4-8 year) in the survey is stronger this
year compared to last year’s assessment (Figure 2.4.1.4). This may be a result of a potential year
effect in this year’s survey data for the older ages. An indication for this may be found in the low
index values of ages 5-8 for 2023, being at their historical lowest or close to their historical lowest
value (Table 2.3.6.1.1).

Figure 2.4.1.5 presents the exploitation pattern for the whole time-series. There are no abrupt
changes in the exploitation pattern from 2010 to 2023, even though the landings in 2011 were just
19% of the landings in 2010, which might have given a change in exploitation pattern. The plat-
eau in selection at age 6 and older seen since mid-2000s seems more realistic than the more linear
selection estimated for the beginning of the time series. The estimated stable exploitation pattern
might be influenced by the use of correlated random walks for F at age with a high estimated
correlation coefficient (Rho = 0.93, Table 2.4.1.1).

The retrospective analysis (Figure 2.4.1.6) shows a reasonably stable assessment for the last 5
years, with the previous years within the 95% confidence interval for the current assessment.
Mohn’s rho by year and as the average value over the last five years are presented in (Table
2.4.1.2). The annual values are rather high (and negative) for recruitment such that the average
Mohn's rho for recruitment becomes -0.188. The average Mohn’s rho for F and SSB indicates no
bias. Yet, the most recent value for F is relatively high (-0.188) compared to earlier years. This is
because the removal of the first peel in the retrospective analysis leads to a quite lower F value
for 2022 (from 0.41 to 0.37).

Stock summary results with added 95% confidence limits (Figure 2.4.1.7 and Table 2.4.1.5) show
a decrease in fishing mortality in the period 2004 —2011, followed by a steep increase in F up to
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2015 after which F has decreased to around 0.40-0.45 (above Fwmsy at 0.32). In 2023, F is estimated
to increase again to 0.515. In Recruitment (age 1) was high in 2015, followed by a series of lower
recruitment in 2017-2020. The recruitment in both 2021 and 2022 is estimated to be historically
high. After a period of descrease since 2016, SSB has been increasing again since 2022. A further
increase in SSB is expected from 2023 to 2024, with both strong year classes being largely re-
cruited to the fishery.

2.4.2 Alternative model runs

During WGWIDE 2023 an alternative configuraton of the Blue Whiting SAM assessment was
prepared (available at stockassessment.org; BW2023_freeFRW). In this assessment, the number
of parameters to estimate for the F-random walks was increased to allow estimation of these
random walks for age 1-3 seperatly from ages 4-10. At the same time, the imposed correlation
structure in the catch-at-age data was turned off. The results are very similar to the final accepted
model and show only minor differences when it comes to fitting catch-at-age. The overall nega-
tive log-likelihood was larger under the alternative configuration. The alternative configuration
had no impact on the retrospective pattern either. Figure 2.4.2.1 shows the retrospective pattern
as well as the final estimates of SSB for the alternative run.

2.5 Final assessment

Following the recommendations from Inter-Benchmark Protocol on Blue Whiting (ICES, 2016a)
the SAM model is used for the final assessment. The model settings can be found in the Stock
Annex.

Input data are catch numbers-at-age (Table 2.3.3.1), mean weight-at-age in the stock and in the
catch (Table 2.3.4.1) and natural mortality and proportion mature in Table 2.3.5.1. Applied sur-
vey data are presented in Table 2.3.6.1.1.

The model was run for the period 1981 —2023, with catch data up to 2022 and preliminary catch
data for the first half-year (Q1 and Q2) of 2023 raised to expected annual catches, and survey
data from March-April, 2004-2023. SSB 1+t January in 2023 is estimated from survivors and esti-
mated recruits (for 2023 estimated outside the model, see short-term forecast section). 11% of age
group 1 is assumed mature, thus recruitment influences the size of SSB. The key results are pre-
sented in Tables 2.4.1.3 and 2.4.1.4 and summarized in Table 2.4.1.5 and Figure 2.4.1.7. Residuals
of the model fit are shown in Figures 2.4.1.1 and 2.4.1.2.

2.6 State of the Stock

Fishing pressure (2023) on the stock is above Fumsy and between Fpa and Fiim; spawning-stock size
(2023) is above MSY Btrigger, Bpa and Biim.

After a small dip in F in 2019 (0.40), F is estimated to be 0.52 in 2023. F has been above Fumsy and
Fpa 0.32 since 2014. SSB has increased from 2021 (4.0 million tonnes) to a close to historical high
in 2023 (6.2 million tonnes). In 2024, SSB is estimated to reach 6.8 million tonnes under geometric
recruitment (1996-2022) in 2024. SSB has been above MSY Buigger since 1998.

Recruitment (age 1) in 2022 is estimated to be almost at the same level as the historical high of
2021. Recruitment in 2023 (16.7 billion) is estimated to be below the 1996-2022 geometric mean
(23.0 billion).
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2.7 Biological reference points

In spring of 2016, the Inter-Benchmark Protocol on Blue Whiting (IBPBLW) (ICES, 2016a) dele-
gated the task of re-evaluating biological reference points of the stock to the ICES Workshop on
Blue Whiting Long Term Management Strategy Evaluation (WKBWMSE) (ICES 2016b). During
the WGWIDE meeting 2017, WKBWMSE concluded to keep Bim and Bpa unchanged but revised
Fiim, Fpa, and Fwmsy.

ICES made in 2021 the decision to use Fpos as the value for Fpa. Fpos was estimated by WKBWMSE
(ICES 2016b), where it was concluded that the EQSIM simulations showed that Fpoos (0.32) is less
than the Fmsy in the constant F simulations, so Fmsy was set to this lower value.

The table below summarises the currently used reference points.

Framework Reference Value Technical basis Source
point
MSY approach MSY Btrigger 2.25 mil- Bpa ICES (2013a,
liont 2013b, 2016b)
Fmsy 0.32 Stochastic simulations with segmented regression  ICES (2016b)

stock—recruitment relationship

Precautionary ap- Biim 1.50 mil- Approximately Bjoss ICES (2013a,
proach liont 2013b, 2016b)
Bpa 2.25 mil- Bim exp(1.645 x ), with 6 =0.246 ICES (20133,
liont 2013b, 2016b)
Fiim 0.88 Equilibrium scenarios with stochastic recruitment:  ICES (2016b)
F value corresponding to 50% probability of
(SSB< Biim)
Foa 0.32 FpO5; the F that leads to SSB > Blim with 95% ICES (2016b)
probability and WGWIDE
2021
2.8 Short-term forecast

2.8.1 Recruitment estimates

The benchmark WKPELA in February 2012 concluded that the available survey indices should
be used in a qualitative way to estimate recruitment, rather than using them in a strict quantita-
tive model framework. The WGWIDE has followed this recommendation and investigated sev-
eral survey time-series indices with the potential to give quantitative or semi-quantitative infor-
mation of blue whiting recruitment. The investigated survey series were standardized by divid-
ing with their mean and are shown in Figure 2.8.1.1.

The International Ecosystem Survey in the Nordic Seas (IESNS) only partially covers the known
distribution of recruitment from this stock. The 1-group (2022 year class) is around the median
and the 2—-group (2021 year class) index from the survey in 2023 was above the median of the
historical range.

The 1-group (2022 year class) from The International Blue Whiting Spawning Stock Survey (IB-
WSS) was below the median in the time series and the 2—group (2021 year class) was the second
highest in the time series (Table 2.3.6.1.1).
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The Norwegian bottom-trawl survey in the Barents Sea (BS-NoRu-Q1(Btr)) in February-March
2023, showed that 1-group blue whiting was below the median in the time series (Ta-ble
2.3.6.2.2). This index should be used as a presence/absence index, in the way that when blue
whiting is present in the Barents Sea, this is usually a sign of a strong year class, as all known
strong year classes have been strong also in the Barents Sea.

The 1-group estimate in 2023 (2022 year class) from the Icelandic bottom-trawl survey showed a
strong decrease compared to 2022 and was below the median in the time-series.

The 1-group estimate in 2023 (2022 year class) from the Faroese Plateau spring bottom-trawl
survey showed a slight increase compared to 2022 but was below the median in the time-series.
This is the only survey which doesn’t pick up a strong signal from the 2020 and 2021 year classes.

In conclusion, the indices from available survey time-series indicate that the 2021 year class is
among the strongest in the time series, which corresponds to the SAM assessment results. The
2022 year class estimated from surveys are much weaker and below the median, also seen in the
SAM assessment. It was therefore decided not to change the SAM estimates of the 2021 and 2022
year classes for the purposes of the short term forecast.

No information is available for the 2023 and 2024 year classes and the geometric mean of the
time-series from 1996-2022) was used for these year classes (23 billion at age 1 in 2023) (Table
2.8.2.1.2).

As described in the Stock Annex, WGWIDE decided in 2021 to change from using the geo-metric
mean of the full time-series (since 1981) to use a shorter time-series (since 1996) for the calcula-
tions recruitment.

2.8.2 Short-term forecast

As decided at WGWIDE 2014, a deterministic version of the SAM forecast was applied. Details
about specific implementation can be found in the Stock Annex.

2.8.2.1 Input

Table 2.8.2.1.1 lists the input data for the short-term predictions. Mean weight at age in the stock
and mean weight in the catch are the same, and are calculated as three year averages (2021 —
2023) in accordance with the 2019 updated Stock Annex. Selection (exploitation pattern) is based
on F in the most recent year. The proportion mature for this stock is assumed constant over the
years and values are as used by the assessment.

Recruitment (age 1) in 2022 and 2023 are assumed as estimated by the SAM model, as additional
survey information was not conflicting this result. Recruitment in 2024 and 2025 are assumed as
the long-term average from the period with both high and low recruitments (geometric mean of
the time-series since 1996, minus the terminal year, 1996-2022).

As the assessment uses preliminary catches for 2023 an estimate of stock size is available for the
1st of January 2024. The normal use of an “intermediate year” calculation is not relevant in this
case and F in the “intermediate year” (2023) is as calculated by the assessment model. Catches in
2023 are based on the preliminary catches based on declared national quotas and expected na-
tional uptake for 2023. Intermediate year assumptions are summarised in Table 2.8.2.1.2.

2.8.2.2 Output
A range of predicted catch and SSB options from the deterministic short-term forecast used for
advice are presented in Table 2.8.2.2.1.
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Following the ICES MSY framework for the target F from the LTMS implies fishing mortality to
be at Fumsy = 0.32 which will give a TAC in 2024 at 1 529 754 tonnes. This corresponds to a 12.5%
increase compared to the ICES advice last year, and a 8.5% decrease compared to the preliminary
estimate of catches in 2023 (1 672 378 tonnes).

SSB in 2025 is predicted to increase by 6.7% to 7 258 384 tonnes, if the advised catches are taken.
The high recruitment estimated for 2021 and 2022 contributes to this increase in SSB.

2.8.2.3  Comparison of input with last year’s forecast

Tables 2.8.2.3.1 and 2.8.2.3.2 compare the estimated catch numbers at age and catch times weight
at age between WGWIDE 2023 and WGWIDE 2022 as they are estimated by both assessment for
the last five year (2019-2023). For both the catch numbers and the catch numbers times weight,
WGWIDE 2023 estimated lower values than WGWIDE 2022, except for the recruitment in 2022
and age 2 in 2023, which are from the same strong year class in 2021. Recruitment for 2023 (age
1) is estimated much lower in WGWIDE 2023 than WGWIDE 2022, as WGWIDE 2022 took the
long-term geometric mean in the forecast (22.5 billion), while WGWIDE 2023 took the estimated
value from SAM based on the in year survey and catch data (16.7 billion). A large difference is
therefore to be expected for recruitment in the terminal year when catch and survey data point
towards a much lower or higher recruitment than the geometric mean.

The mean weight-at-age in the forecast in this year’s assessment (average of weight at age from
2021-2023) is slightly lower for age 1-4 compared to last year’s assessment (average weight from
2020-2022; Figure 2.8.2.3.1). Vice versa, the weight at age 6 and 7 is slightly lower last year com-
pared to this year. All other ages (8-10) are very similar between the two assessments. Selectivity
at age are also very similar between this year’s and previous year’s assessment (Figure 2.4.1.5).

Table 2.8.2.3.2 shows the intermediate year assumptions and recruitments for the current and
previous assessment.

2.8.2.4 Medium term projections

Preliminary medium term projections were undertaken at the working group, progressing the
stock another 3 years in time up to 2028. These analyses were undertaken to illustrate how stock
biomass and catch would develop under expected exploitation regimes, being Fmsy, F status
quo (2023) and F equal to that to realise the 2023 catches while assuming that recruitment would
be in line with recent estimates of average recruitment. The results show (Figure 2.8.2.4.1) that
SSB is likely to go down from 2024 onwards for the F2023 scenario and from 2025 onwards for
the other scenarios. Catches are expected to increase up to 2025 and decline from 2026 onwards
under all three scenarios. The stock is expected to remain well above MSY Btrigger under all
scenarios up to 2028.

2.9 Comparison with previous assessment and forecast

Comparison of the assessments made in 2022 and 2023 (Figure 2.9.1) shows a revision of the
historical values of F, SSB and recruitments. The 2022 recruitment is now estimated to be 68.9
billion, while last year’s estimate was 43.2 billion. The 2021 recruitment is adjusted slightly
downwards: from 71.56 billion to 69.63. F for 2022 is now estimated to be 0.41 while the same
value in last year’s assessment was 0.37. SSB for 2022 is now estimated to 4.58 million tonnes
while last year’s value was 4.96 million tonnes, whereas SSB for 2023 is now estimated to be 6.24
million tonnes compared to 6.62 million tonnes last year.

The effect on SSB and F of the final vs. preliminary catch data from 2022 used in the WGWIDE
2022 assessment are limited (Figure 2.9.2). Hence, the slight downscaling of SSB and upscaling
of F in recent years as observed in this year’s assessment (Figure 2.9.3) is likely due to the addition
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of a new year of data rather than of having the final 2022 catch data included in the WGWIDE
2023 assessment. The revision in F and SSB may be resulting from the different weighting of the
catch and survey data compared to WGWIDE 2022, with a lower weighting of the survey data
for the older age classes in particular (see also discussion in Section 2.4.1).

The reasons for the revision of recruitment is linked to the high survey index for age 2 in 2023
(i.e. the 2021 year class and 2022 recruitment; Table 2.3.6.1.1) corroborated by high commercial
catch at age of the same year class in 2022 and 2023 (Table 2.4.1.4), and 2) the use of (uncertain)
preliminary catch data for 2022 in the 2022 assessment.

With respect to point 1, while the IBWSS index for age 1 in 2022 is historically high, the catch
numbers at age 1 for 2022 in last year’s assessment were not that high compared to earlier years
in the time series (Table 2.4.1.4). This has likely led to a lower estimate of the 2022 recruitment
last year compared to this year, where both catches and survey data indicated a strong year class.

With respect to point 2, catch numbers ‘in year’ are based on Q1 and Q2, whereas young blue
whiting are caught at highest numbers in Q3 and Q4 (2.3.1.2.2). Hence, the final numbers at age
in the catch are higher than the preliminary catch for age 1, while the final catch data are lower
than the preliminary data for age 2-10+ (Figure 2.3.2.2). The final total catch weight is 6.2% lower
than the preliminary values for 2022 (Table 2.3.2.4). Including the final catch data for 2022 in the
WGWIDE 2022 assessment leads indeed to a much higher 2022 recruitment estimate (similar to
that of WGWIDE 2023) than with the preliminary catch data for 2022 (Figure 2.9.2).

2.10 Quality considerations

Based on the confidence interval produced by the assessment model SAM there is a moderate to
high uncertainty of the absolute estimate of F and SSB and the recruiting year classes (Figure
2.4.1.7). The retrospective analysis (Figure 2.4.1.6) shows a tendency to underestimate recruit-
ment, but unbiased estimates of F and SSB.

There are several sources of uncertainty: age reading, stock identity, survey indices and the use
of preliminary catch data. As there is only one survey (IBWSS) that covers the spawning stock,
the quality of the survey influences the assessment result considerably. The Inter-Benchmark
Protocol on Blue Whiting (IBPBLW 2016) introduced a configuration of the SAM model that in-
cludes the use of estimated correlation for catch and survey observations. This handles the “year
effects” in the survey observation in a better way than assuming an uncorrelated variance struc-
ture as usually applied in assessment models. However, biased survey indices will still give a
biased stock estimate with the new SAM configuration. The estimated correlation for catch at
age observations might correspond to the age reading discrepancy as also estimated from inter-
calibration exercise. The use of additional survey data may be beneficial, especially in years with-
out IBWSS data.

Utilization of preliminary catch data provides the assessment with information for the most re-
cent year in addition to the survey information. This should give a less biased assessment, as
potentially biased survey data in the final year are supplemented by additional catch data. The
preliminary catch weight was 6.2% higher than the final data for 2022, although the differences
are smaller for most years between 2016-2022 (Table 2.3.2.4).

2.11 Management considerations

The assessment this year estimates a lower F(2022), a higher SSB(2023) and a considerably larger
2021 year class size than estimated last year. The 2021 year class will be fully recruited to the
fishery in 2023 and contribute considerably to the SSB (82% mature at age 3). Estimated catch
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proportions of the year classes 2020 and 2021 in 2024 are 44 and 31%, respectively. SSB in 2024 is
estimated to be well above MSY Buigger, but F remains above Fuwmsy.

The SSB is above 6 million tonnes, which is more than twice the Bmsy and Biim (2 250 000 tonnes
and 1 500 000 tonnes respectively). Blue whiting was by IUCN in 2014 evaluated as a species of
least concern (https://www.iucnredlist.org/) and it is neither found on OSPAR's list of threatened
and declining species nor on the HELCOM Red List. Thus ICES has not identified any conserva-
tion aspects.

2.12 Ecosystem considerations

Blue whiting is one of the most abundant pelagic and mesopelagic fish stocks in the Northeast
Atlantic, SSB estimated from 1.4 - 6.9 million tonnes during the period from 1981 to 2020 (ICES,
2020). The stock is widely distributed and highly migratory. Its distribution range is approxi-
mately from 30 °N to 80 °N latitude and from the coast of Europe to Greenland, into the Barents
Sea and Mediterranean Sea (Trenkel et al., 2014). Spawning is in the spring and mostly occurs on
the shelf and banks west of Ireland and Scotland. The major summer feeding area is in the Nor-
wegian Sea. Blue whiting is most frequently observed at 100-600 m depth (Heino and Godo,
2002). Their most important prey are euphausiids, amphipods and copepods (Pinnegar et al.,
2015, Bachiller et al., 2016) and they are prey for piscivorous fish (Dolgov et al., 2010) and ceta-
ceans (Hattn et al., 2009a). Blue whiting is an important species in the NE Atlantic and it’s best
documented ecosystem interactions are listed belowr:

(a) Stock productivity - recruitment: blue whiting population dynamic is driven by large annual
variability in recruitment (at age 1 in the assessment model) which is not linked to spawning
stock size (ICES, 2020). Changes in recruitment have been correlated to changes in the North
Atlantic subpolar gyre between strong and weak states (Hatun ef al., 2009a,b). Two hypotheses
have been suggested to explain a causal relationship between low gyre index and high recruit-
ment (Payne et al., 2012). One suggests changes in marine climate where weak gyre results in
increased flow of warm subtropical waters and increased abundance of important prey for juve-
nile blue whiting on their nursing grounds west of Ireland and Scotland. The other suggests
increasing predation of mackerel on blue whiting larvae during years of weak index, but neither
has been proven right (Payne et al., 2012).

(b) Changes in distribution: blue whiting spawning distribution varies between years. It has
been linked to the North Atlantic subpolar gyre as a strong gyre (cold and fresh water masses on
the Rockall Plateau) shrinks the spawning area compared to a weak gyre (increasing saline and
warm waters at Rockall) which expands the spawning area northward and westward into Rock-
all Plateau (Hatun et al., 2009a,b; Miesner and Payne, 2018). Salinity appears specifically to im-
pact spawning location of blue whiting (Miesner and Payne, 2018).

(c) It is still disputed whether there are one or two blue whiting populations in the Northeast
Atlantic (Keating ef al., 2014; Pointin and Payne, 2014; ICES, 2016c; Mahé et al., 2016). Currently
blue whiting is considered a single population for management purposes.

(d) Trophic interactions in the Norwegian Sea: there appears to be limited prey competition be-
tween blue whiting and the two other abundant pelagic species, Norwegian spring-spawning
herring and Atlantic mackerel, as studies show limited dietary overlap between blue whiting
and the two other species (Bachiller et al., 2016; Pinnegar et al., 2015). Limited prey competition
between blue whiting and mackerel can be explained by limited vertical spatial overlap, macke-
rel mostly feed in the surface layer and blue whiting deeper in the water column (Utne et al.,
2012). Where distribution of blue whiting and herring overlap (Utne et al., 2012) they appear to
feed on different species, herring mainly feed on copepods and blue whiting mainly on
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euphausiids and amphipods, although juvenile blue whiting feed on copepods (Bachiller et al.,
2016; Pinnegar et al., 2015).

An extensive overview of ecosystem considerations relevant for blue whiting can be found in the
Stock Annex.

2.13  Regulations and their effects

There is a long-term management strategy agreed by the European Union, the Faroe Islands,
Iceland and Norway. However there is no agreement between the Coastal States, i.e. EU, Nor-
way, Iceland and the Faroe Islands on the share of the blue whiting TAC. The catch advice does
not take into account consistent deviations from the long-term management strategy as evident
from the sum of unilateral quotas since 2018. During the evaluation of the management strategy
(ICES, 2016b), the implementation error in the form of a consistent overshoot of the TAC was not
included. Therefore, the current implementation of the long-term management strategy may no
longer be precautionary. See section 1.8 for a comparison of historic advice, TAC and catch.

WGWIDE estimates the total expected catch for 2023 to be 1 672 378 tonnes (Table 2.3.2.3),
whereas ICES advised that when the long-term management strategy agreed by the European
Union, the Faroe Islands, Iceland, and Norway is applied, catches in 2023 should be no more
than 1 359 629 tonnes. This advice was followed by the Coastal States by setting a TAC at the
ICES advice, however there was no agreement on the split of TAC between nations. The sum of
unilateral quotas for 2023 exceeds the agreed TAC by 23%.

2.13.1 Management plans and evaluations

A response to a NEAFC request to ICES to evaluate a long-term management strategy for the
fisheries on the blue whiting ICES WKBWMSE was established in the fall of 2015. The ICES Ad-
vice September 2016, “NEAFC request to ICES to evaluate a long-term management strategy for
the fisheries on the blue whiting (Micromesistius poutassou) stock” concluded:

J That the harvest control rule (HCR) proposed for the Long-Term Management Strategy
(LTMS) for blue whiting, as described in the request, is precautionary given the ICES
estimates of Bim (1.5 million t), Bpa (2.25 million t), and Fwmsy (0.32).

. The HCR was found to be precautionary both with and without the 20% TAC change
limits above Bpa. However, the 20% TAC change limits can lead to the TAC being lowered
significantly if the stock is estimated to be below Bpa, while also limiting how quickly the
TAC can increase once the stock is estimated to have recovered above Bpa.

. The evaluation found that including a 10% interannual quota flexibility ("banking and
borrowing’) in the LTMS had an insignificant effect on the performance of the HCR.

The managers subsequently agreed a long-term management plan for the blue whiting stock that
included a new clause (6.b.) that stated that the 25% restriction in the increase of catch advice
(TAC change limit) is not applied when the catch advice deviates more than 40% from the catch
advice of the preceding year (see Annex 1 in Anon, 2021). This clause was then evaluated by
ICES and found precautionary in 2017 (Working Document in ICES, 2017).

The management strategy evaluation did not take into account consistent deviations from the
long-term management strategy as evident from the sum of unilateral quotas in recent years.
During the evaluation of the management strategy (ICES, 2016b), the implementation error in
the form of a consistent overshoot of the TAC was not included. Therefore, the current imple-
mentation of the long-term management strategy may no longer be precautionary.
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Table 2.3.1.1. Blue whiting. ICES estimated catches (tonnes) by country for the period 1988-2022.

Country 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 2003 2004 2005 2006 2007 2008
Denmark 18941 26630 27052 15538 34356 41053 20456 12439 52101 26270 61523 82935 89 500 41450 54 663 48659 18134
Estonia 6156 1033 4342 7754 10982 5678 6320 *x
Faroe Islands 79831 75083 48686 10563 13436 16506 24342 26009 24671 28546 71218 329895 322322 266799 321013 317859 225003
France 2191 1195 720 6442 12446 7984 14 149 8046 18 009 16 638 11723
Germany 5546 5417 1699 349 1332 100 2 6313 6876 4724 17 969 22803 15293 223823 36 437 34404 25259
Iceland 4977 369 302 10 464 68 681 501493 379643 265516 309508 236538 159 307
Ireland 4646 2014 781 3 222 1709 25785 45635 22580 75393 73488 54910 31132 22852
Japan 918 1742 2574
Latvia 10 742 10626 2582
Lithuania 2046 4635 9812 5338
Netherlands 800 2078 7750 17369 11036 18482 21076 26775 17669 24469 27957 48303 95311 147783 102711 79875 78 684
Norway 233314 301342 310938 137610 181622 211489 229643 339837 394950 347311 560568 834 540 957 684 738490 642451 539587 418 289
Poland 10
Portugal 5979 3557 2864 2813 4928 1236 1350 2285 3561 2439 1900 2651 3937 5190 5323 3897 4220
Spain 24847 30108 29490 29180 23794 31020 28118 25379 21538 27683 27490 13825 15612 17643 15173 13557 14342
Sweden ** 1229 3062 1503 1000 2058 2867 3675 13000 4000 4568 9299 65 532 19083 2960 101 467
UK (England + Wales)*** 2593 7 356 10035 12926 14 147
UK (Northern Ireland)
UK (Scotland) 5183 8056 6019 3876 6867 2284 4470 10583 14326 33398 92383 27382 57028 104539 72106 43 540 38150
USSR / Russia * 177521 162932 125609 151226 177000 139000 116781 107220 86855 118656 130042 355319 346 762 332226 329100 236369 225163
Greenland**
Unallocated

TOTAL| 557847 l 627 447 ’ 561610 ‘ 369 524 | 475 026 ’ 480 679 | 459414 | 578 905 | 645 982 | 672437 l 1128969 | 2321406 | 2380161 rz 034309 (1 976 176 T 1625 259 r 1260615

* From 1992 only Russia.

** Estimates from Sweden and Greenland: are not included in the Catch at Age Number.
** Estonia (2004): Reported to the EU but not to the ICES WGNPBW. (Landings of 19,467 tonnes).

*** From 2012.
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Table 2.3.1.1. (continued). Blue whiting. ICES estimated catches (tonnes) by country for the period 1988-2022.

Country 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Denmark 248 140 165 340 2167 35256 45178 39395 60868 87348 68716 58997 40321 45644
Estonia 0
Faroe Islands 58354 49979 16405 43290 85768 224700 282502 282416 356501 349838 336569 343372 202415 217401
France 8831 7839 4337 9799 8978 10410 9659 10345 13369 16784 16095 13769 14612 14202
Germany 5044 9108 278 6239 11418 24487 24107 20025 45555 47708 38244 42362 35327 21667
Iceland 120202 87942 5887 63056 104918 182879 214870 186914 228934 292944 268356 243725 190146 191813
Ireland 8776 8324 1195 7557 13205 21466 24785 27657 43238 49903 38836 40135 39514 28972
Lithuania 4717 1129 5300 9543 21183 13149
Netherlands 35686 33762 4595 26526 51635 38524 56397 58148 81156 121864 75020 62309 62017 63249
Norway 225995 194317 20539 118832 196246 399520 489439 310412 399363 438426 351429 354033 233968 194973
Poland 15889 12152 27185 47616 26077 20948
Portugal 2043 1482 603 1955 2056 2150 2547 2586 2046 2497 3481 2819 2522 2784
Spain 20637 12891 2416 6726 15274 32065 29206 31952 28920 24718 22782 23676 25509 26310
Sweden 3 50 1 4 199 2 32 42 90 16** 54 25 40 20
UK (England + Wales) 6176 2475 27 1590 4100 11 131 1374+ 3447 1864 4062 7458 8783 7482
UK (Northern Ireland) 1232 2205 1119 4508 2899 2958
UK (Scotland) 173 5496 1331 6305 8166 24630 30508 37173 64724 66682 54040 41344 65085 42903
Russia 149650 112553 45841 88303 120674 152256 185763 173655 188449 170892 188006 181496 1336057 128002
Greenland 2133 20212 23333 19753 19611 20190 19218
Unallocated 3499 22137

TOTAL 641818| 526357| 103620| 384021| 628169| 1155279 1396244| 1181850 1558061 1711461 1515527 1495248 1143450 1038736
only landings (2018).
+ data updated in 2018.

A Russia 2021 preliminary data (Q1+Q2) submitted to WGWIDE 2021.

* ¥
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Table 2.3.1.2. Blue whiting. ICES estimated catches (tonnes) by country and ICES division for 2022

ICES Division Denmark Faroe France Germany Greenland Iceland Ireland Lithuania Netherlands Norway Poland Portugal Russia Spain Sweden UK (England UK(Scotland)  Total
Islands and Wales)

27.2.a 17 17599 4 2294 10624 0.837 244.83 12326 33256 2 76368
27.3.a 103 0 7.192 110

27.4 201 201
27.4.a 96 11142 0 1750 20869 0.79 20300 4770 2 26 58956
27.4.b 13 80 11 104
27.5.a 1288 28094 29382
27.5.b 161657 1170 5106 13774 116955 44 5475.36 11722 1743 62721 380366
27.6.a 19808 22029 4581 583 1400 15269 12104.32 8555 16640.39 60427 5006 3943 21 7478 12063 189909
27.6.b 1998 102 830 1875 6490 4 2139 13437
27.7.a 31 31
27.7.b 18 6.192 3.33 1365 8 268 1667
27.7.c 16403 3686 2026 8957 12822.21 2895 7731.16 53612 1170 11822 35 17517 138676
27.7.e 38 1 39
27.7.f 0 0.38 0 1
27.7.8 0.55 9 2 12
27.7.h 132 111 235.24 20 2 501
27.7. 5 1319 269 18.71 2047.23 1857 143 5659
27.7.k 7186 252 6619 3189.748 16547.78 34632 7108 5000 1 10686 91221
27.8.a 15 834 18 623.49 58 1549
27.8.b 5 516 521
27.8.c 0 5 14953 14958
27.8.d 3693 1655 13698.07 2700 9 21756
27.9.a 2779 10531 13310
27.9.b 0 0
27.14.a 1 1
27.14.b 1 1
Total 45644 217401 14202 21667 19218 191813 28972 13149 63249 194973 20948 2784 128002 26310 20 7482 42903 1038736
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Table 2.3.1.3. Blue whiting. ICES estimated catches (tonnes) by quarter and ICES division for 2022.

IC_E.S X Quarterl Quarter2 Quarter3 Quarter4 2022* Total
Division

27.2.a 2132 50488 13752 9997 76368
27.3.a 0 40 60 9 110

27.4 201 201
27.4.a 6215 35454 6133 11154 58956
27.4.b 0 80 20 3 104
27.5.a 16 1267 28099 29382
27.5.b 55090 306682 11 18583 380366
27.6.a 36714 149333 1 3824 37 189909
27.6.b 12367 1064 4 0 2 13437
27.7.a 31 31
27.7.b 1647 19 1 0 1667
27.7.c 136741 1872 21 42 138676
27.7.e 12 1 26 39
27.7.f 0 0 1
27.7.8 3 4 3 2 12
27.7.h 241 8 9 243 501
27.7.j 3247 55 219 2138 5659
27.7 .k 90816 252 153 91221
27.8.a 411 40 2 1097 1549
27.8.b 119 133 99 172 521
27.8.c 3441 4417 4772 2327 14958
27.8.d 21372 2 5 377 21756
27.9.a 2123 3264 4800 3122 13310
27.9.b 0 0
27.14.a 1 1
27.14.b 1 1
Total 372691 553255 31180 81370 240 1038736

*Discards data from UK(Scotland) were provided by year, due to sampling intensity.
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Table 2.3.1.4. Blue whiting. ICES estimated catches (tonnes) from the main fisheries 1988-2022 by area.

Directed-

Norwegian Sea FisherY in the and mixed Total
: spawning : .. southern
Year fishery . area (SA 12.; fisheries in Total northern areas Grand total

(:/-:\1541;|ZJ;)D|VS.5 Divs. 5.b, 6.a- ;r: ’(\lsc:‘t‘h areas (SAs8+9;Divs.

g b, 7.a-c) Div.3.2) ! 7.d-k)
1988 55829 426037 45143 527009 30838 557847
1989 42615 475179 75958 593752 33695 627447
1990 2106 463495 63192 528793 32817 561610
1991 78703 218946 39872 337521 32003 369524
1992 62312 318018 65974 446367 28722 475026
1993 43240 347101 58082 448423 32256 480679
1994 22674 378704 28563 429941 29473 459414
1995 23733 423504 104004 551241 27664 578905
1996 23447 478077 119359 620883 25099 645982
1997 62570 514654 65091 642315 30122 672437
1998 177494 827194 94881 1099569 29400 1128969
1999 179639 943578 106609 1229826 26402 1256228
2000 284666 989131 114477 1388274 24654 1412928
2001 591583 1045100 118523 1755206 24964 1780170
2002 541467 846602 145652 1533721 23071 1556792
2003 931508 1211621 158180 2301309 20097 2321406
2004 921349 1232534 138593 2292476 85093 2377569
2005 405577 1465735 128033 1999345 27608 2026953
2006 404362 1428208 105239 1937809 28331 1966140
2007 172709 1360882 61105 1594695 17634 1612330
2008 68352 1111292 36061 1215704 30761 1246465
2009 46629 533996 22387 603012 32627 635639
2010 36214 441521 17545 495280 28552 523832
2011 20599 72279 7524 100401 3191 103592
2012 24391 324545 5678 354614 29402 384016*
2013 31759 481356 8749 521864 103973 625837**
2014 45580 885483 28596 959659 195620 1155279
2015 150828 895684 44661 1091173 305071 1396244
2016 59744 905087 55774 1020604 162583 1183187***
2017 136565 1284105 45474 1466144 91917 1558061
2018 143204 1445957 43484 1632646 78831 1711477
2019 68593 1271883 44856 1385333 130194 1515527
2020 92084 1059197 64327 1215608 279640 1495248
2021 112082 801768 39509 953359 190091 1143450
2022 105752 724086 59371 889209 149527 1038736

* Official catches by area from Sweden are not included (2012);
** Official catches by area from Sweden and Greenland are not included (2013);

*** Grand total includes only 1336 tonnes from UK(England + Wales) (2016 total catch from UK(England + Wales) = 1374 ton).
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Table 2.3.1.5. Blue whiting. ICES estimates (tonnes) of catches, landings and discards by country for 2022.

Country BMS landing Discards Landings Catches % discards
Denmark 127 45517 45644 0.3
Faroe Islands 217401 217401 0.0
France 14202 14202 0.0
Germany 21667 21667 0.0
Greenland 19218 19218 0.0
Iceland 191813 191813 0.0
Ireland 390 28582 28972 1.3
Lithuania 13149 13149 0.0
Netherlands 0 63249 63249 0.0
Norway 194973 194973 0.0
Poland 20948 20948 0.0
Portugal 828 1956 2784 29.7
Russia 128002 128002 0.0
Spain 0 2047 24263 26310 7.8
Sweden 7 13 20 35.6
UK (England & Wales) 0 2 7480 7482 0.0
UK(Scotland) 0 240 42662 42903 0.6
Total 1 3641 1035094 1038736 0.4

Table 2.3.1.6. Blue whiting. ICES estimated catches (tonnes) inside and outside NEAFC regulatory area for 2022 by coun-

try.

Country Outside NEAFC Inside NEAFC Total

Denmark 45644 45644
Faroe Islands 210876 6525 217401
France* 14165 37 14202
Germany 16562 5106 21667
Greenland 13803 5415 19218
Iceland 191405 408 191813
Ireland 28972 28972
Lithuania 13149 13149
Netherlands 57529 5719 63249
Norway* 174401 20572 194973
Poland 19205 1743 20948
Portugal 2784 2784
Russia 87909 40093 128002
Spain 26310 26310
Sweden 20 20
UK (England and Wales) 7482 7482
UK(Scotland) 42903 42903
Total 953119 85618 1038736

* the values of catches inside/outside NEAFC RA have been estimated based on the ICES Preliminary Catch Statistics.
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Table 2.3.1.1.1. Blue whiting. ICES estimated catches (tonnes), the percentage of catch covered by the sampling pro-

gramme, No. of age samples, No. of fish measured and No. of fish aged for 2000-2022.

Year Catch (tonnes) % catch covered  No. Length Sam-  No. Length meas- No. Fish Aged
by the sampling  ples urements
programme
2000 1412928 - 1136 125162 13685
2001 1780170 - 985 173553 17995
2002 1556792 - 1037 116895 19202
2003 2321406 - 1596 188770 26207
2004 2377569 - 1774 181235 27835
2005 2026953 - 1833 217937 32184
2006 1966140 - 1715 190533 27014
2007 1610090 87 1399 167652 23495
2008 1246465 90 927 113749 21844
2009 635639 88 705 79500 18142
2010 524751 87 584 82851 16323
2011 103591 85 697 84651 12614
2012 373937 80 1143 173206 15745
2013 625837 96 915 111079 14633
2014 1155279 89 912 111316 39738
2015 1396244 94 1570 102367 29821
2016 1183187 89 1092 120329 13793
2017 1558061 91 1779 147297 15828
2018 1711078 87 1565 131779 16426
2019 1515527 84 1537 136604 17869
2020 1495248 81 672 89110 16641
2021 1143450 81 1676 129317 15215
2022 1038736 77 1868 167650 15636
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Table 2.3.1.1.2. Blue whiting. ICES estimated catches (tonnes), the percentage of catch covered by the sampling pro-
gramme (catch-at-age numbers), No. of length samples, No. of age samples, No. of fish measured, No. of fish aged, No.
of fish aged by 1000 tonnes and No. of fish measured by 1000 tonnes by country for 2022.

Country Catch (tonnes) % catch No. of No. of Length  No. of Age No. Age
covered by the I:Ie:sgth Sam- Measured Samples Readings
sampling pro-
gramme

Denmark 45644.006 95 18 810 18 807

Faroe Islands 217401 95 16 1644 16 1526

France 14201.75117 0 56 3850 0 0

Germany 21667.404 2 9 2236 9 366

Greenland 19218 0 0 0 0 0

Iceland 191813 99 59 4734 59 1432

Ireland 28972.01355 93 45 11383 25 1400

Lithuania 13149.01716 0 0 0 0 0

Netherlands 63248.6 85 51 10362 51 1229

Norway 194973.044 94 75 2213 75 2213

Poland 20948.14 0 0 0 0 0

Portugal 2783.7031 100 29 2679 29 898

Russia 128002 14 224 66932 224 2980

Spain 26309.59696 99 1155 52028 1155 1830

Sweden 20.192 0 0 0 0 0

UK (England) 7482.381 100 21 3102 246 246

UK(Scotland) 42902.586 99 110 5677 20 709

Total 1038736 77 1868 167650 1927 15636
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Table 2.3.1.1.3. Blue whiting. ICES estimated catches (tonnes), No. of Age samples, No. of fish measured and No. of fish

aged by country and quarter for 2022 (cont.).

Country Catches (ton) No. of Length Samples  No. of Length Measured No. Age Readings
Denmark
Quarter 1 25640 10 487 485
Quarter 2 19818 8 323 322
Quarter 3 71 0 0 0
Quarter 4 116 0 0 0
Total 45644 18 810 807
Faroe Islands
Quarter 1 65336 4 441 400
Quarter 2 139663 10 1036 1000
Quarter 3 1836 0 0 0
Quarter 4 10566 2 167 126
Total 217401 16 1644 1526
France
Quarter 1 4773 31 2103 0
Quarter 2 5778 0 0 0
Quarter 3 2 0 0 0
Quarter 4 3649 25 1747 0
Total 14202 56 3850 0
Germany
Quarter 1 15594 0 0 0
Quarter 2 601 0 0 0
Quarter 3 28 1 324 84
Quarter 4 5445 8 1912 282
Total 21667 9 2236 366
Greenland
Quarter 2 19184 0 0 0
Quarter 3 5 0 0 0
Quarter 4 29 0 0 0
Total 19218 0 0 0
Iceland
Quarter 2 157563 49 3993 1185
Quarter 3 2627 1 75 25
Quarter 4 31623 9 666 222
Total 191813 59 4734 1432
Ireland
Quarter 1 17427 25 6332 1000
Quarter 2 11350 10 3137 400
Quarter 4 195 10 1914 0
Total 28972 45 11383 1400
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Table 2.3.1.1.3. (continued) Blue whiting. ICES estimated catches (tonnes), No. of Age samples, No. of fish measured and
No. of fish aged by country and quarter for 2022 (cont.).

Country Catches (ton) No. of Length Samples  No. of Length Measured  No. Age Readings

Lithuania

Quarter 1 9534 0 0 0

Quarter 4 3615 0 0 0
Total 13149 0 0 0

Netherlands

Quarter 1 41359 31 6934 739
Quarter 2 14815 20 3428 490
Quarter 3 143 0 0 0
Quarter 4 6932 0 0 0
Total 63249 51 10362 1229
Norway
Quarter 1 111166 43 1264 1264
Quarter 2 67106 25 739 739
Quarter 3 10119 0 0 0
Quarter 4 6582 7 210 210
Total 194973 75 2213 2213
Poland
Quarter 1 18024 0 0 0
Quarter 4 2924 0 0 0
Total 20948 0 0 0
Portugal
Quarter 1 382 5 366 121
Quarter 2 647 10 980 340
Quarter 3 761 8 817 136
Quarter 4 993 6 516 301

Total 2784 29 2679 898




70 | ICES SCIENTIFIC REPORTS 5:82 | ICES

Table 2.3.1.1.3. (continued) Blue whiting. ICES estimated catches (tonnes), No. of Age samples, No. of fish measured and
No. of fish aged by country and quarter for 2022 (cont.).

Country Catches (ton) No. of Length Samples  No. of Length Measured No. Age Readings
Russia
Quarter 1 24906 46 11930 558
Quarter 2 89610 158 49025 1879
Quarter 3 6555 20 5977 543
Quarter 4 6931 0 0 0
Total 128002 224 66932 2980
Spain
Quarter 1 5363 295 18110 349
Quarter 2 7262 315 11506 675
Quarter 3 9006 350 14755 489
Quarter 4 4679 195 7657 317
Total 26310 1155 52028 1830
Sweden
Quarter 1 0 0 0 0
Quarter 2 0 0 0 0
Quarter 3 17 0 0 0
Quarter 4 3 0 0 0
Total 20 0 0 0

UK (England and Wales)

Quarter 2 7480 21 3102 246
Quarter 4 2 0 0 0
Total 7482 21 3102 246
UK(Scotland)
Quarter 1 33187 13 1841 484
Quarter 2 9454 7 805 225
Quarter 3 11 0 0 0
Quarter 4 10 0 0 0
2022* 240 90 3031 0
Total 42903 110 5677 709
Total Geral 1038736 1868 167650 15636

* discards data provided for the whole year, not raised by quarter due to sampling intensity.
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Table 2.3.1.1.4. Blue whiting. ICES estimated catches (tonnes), the percentage of catch covered by the sampling pro-
gramme, No. of length samples, No. of age samples, No. of fish measured, No. of fish aged, No. of fish aged by 1000
tonnes and No. of fish measured by 1000 tonnes by ICES division for 2022.

No No Meas-
No. Length No. Age Aged/ ured/

ICES Division  Catch (tonnes) No. Fish Measured No. Aged

samples samples 1000 1000
tonnes tonnes
27.4 201 62 0 2038 0 0 10150
27.2.a 76368 78 78 21425 1551 20 281
27.3.a 110 0 0 0 0 0 0
27.4.a 58956 17 17 921 542 9 16
27.4.b 104 0 0 0 0 0 0
27.5.a 29382 7 7 515 174 6 18
27.5.b 380366 164 157 37932 2988 8 100
27.6.a 189909 123 333 14689 3239 17 77
27.6.b 13437 12 10 2760 117 9 205
27.7.a 31 0 0 0 0 0 0
27.7.b 1667 5 5 591 50 30 354
27.7.c 138676 133 127 9424 2182 16 68
27.7.e 39 0 0 0 0 0 0
27.7.f 1 0 0 0 0 0 0
27.7.8 12 1 1 0 0 0 0
27.7.h 501 89 76 2399 134 268 4790
27.7.j 5659 83 75 3158 325 57 558
27.7.k 91221 75 61 14383 1429 16 158
27.8.a 1549 49 27 1579 0 0 1019
27.8.b 521 117 117 4839 0 0 9280
27.8.c 14958 449 449 31324 877 59 2094
27.8.d 21756 28 11 3433 257 12 158
27.9.a 13310 376 376 16240 1771 133 1220
27.9.b 0 0 0 0 0 0 0
27.14.a 1 0 0 0 0 0 0
27.14b 1 0 0 0 0 0 0

TOTAL (2022) 1038736 1868 1927 167650 15636 15 161
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Table 2.3.2.1. Blue whiting. ICES estimated preliminary landings (tonnes) in 2023 by quarter and ICES division. Data sub-

mitted to InterCatch.

Landings
ICES Div. Quarter 1 Quarter 2 Total
27.2.a 13018 22651 35668
27.3.a 4 4
27.4.a 20983 49951 70935
27.4.b 1 1
27.5.a 0 0
27.5.b 205409 361019 566428
27.6.a 90371 70702 161072
27.6.b 13366 3891 17257
27.7.b 1532 1532
27.7.c 174451 28653 203104
27.7.8 0 0
27.7.j 8933 4 8938
27.7.k 375968 11 375979
27.8.a 1414 2 1416
27.8.b 42 5 47
27.8.c 3615 4843 8458
27.8.d 696 696
279.a 2270 3234 5504
27.12 10670 10670
27.14.b 3 0 3
Total 922741 544972 1467714
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Table 2.3.2.2. Blue whiting. ICES estimated preliminary catches (tonnes), the percentage of catch covered by the sampling
programme, No. of samples, No. of fish measured, No. of fish aged, No. of fish aged by 1000 tonnes and No. of fish
measured by 1000 tonnes by ICES division for 2023 preliminary data (quarters 1 and 2). Data submitted to InterCatch.

ICES Division Catch (ton) No. samples No. Measured No. Aged
27.2.a 35668 4 388 320
27.3.a 4 0 0 0
27.4.a 70935 0 0 0
27.4.b 1 0 0 0
27.5.a 0 0 0 0
27.5.b 566428 36 4760 1662
27.6.a 161072 39 9650 1200
27.6.b 17257 9 2211 251
27.7.b 1532 0 0 0
27.7.c 203104 30 4751 1215
27.7.8 0 0 0 0
27.7.j 8938 1 36 36
27.7.k 375979 95 14008 2241
27.8.a 1416 0 0 0
27.8.b 47 0 0 0
27.8.c 8458 0 0 0
27.8d 696 0 0 0
279.a 5504 10 1577 461
27.12 10670 13 4036 142
27.14.b 3 0 0 0
Total 1467714 237 41417 7528
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Table 2.3.2.3. Blue whiting. ICES estimates of catches (tonnes) in 2023, based on (initial) declared quotas and expected

uptake estimated by WGWIDE.

Country 2023 Q1 2023 Q2 2023 Q3 2023 Total Expected re- 2023 Total
Catch (Q1+Q2) mained catch  Catch
Denmark 55666 20680 7 76353 1330 77683
Faroe Islands 171434 194673 366107 26435 392542
France* 10237 2547 12784 4261 17045
Germany 28916 5684 0 34600 0 34600
Greenland 4200 11222 15422 10378 25800
Iceland 78173 148260 226433 47009 273442
Ireland 38275 15363 53638 53638
Lithuania** 10065 4836 14901 5511 20412
Netherlands 51853 19766 652 72271 79500
Norway 283778 70478 354256 378000
Poland 19713 5934 25647 25647
Portugal 639 607 1246 2000 3246
Russia*** 58321 74710 133031 16442 149473
Spain 8869 8773 17643 35285
Sweden 0 0 0 30
UK(England & 3719 3802 7521 895 8416
Wales)
UK(Scotland) 61047 26284 87331 10287 97618
Total 884905 613619 659 1499183 124549 1672378

*Provisional 2023 data from the national landing information system for Q1 and Q2. Assumed this is 75% of the total catch

(based on final 2022 catches), so estimated 25% still to be caught.

** Assumed this is 73% of the total catch (based on final 2022 catches), so estimated 23% still to be caught.
*** Assumed this is 89% of the total catch (based on final 2022 catches), so estimated 11% still to be caught.

Table 2.3.2.4. Blue whiting. Comparison of preliminary and final catches (in tonnes) calculated from sum of product of

catch number and mean weight at age used in the assessment).

Final Preliminary Change in % *
2016 1180786 1147000 2.9
2017 1555069 1559437 -0.3
2018 1709856 1712874 -0.2
2019 1512026 1444301 4.7
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2020 1460507 1478358 -1.2
2021 1139531 1242727 -8.3
2022 1038736 1107529 6.2

* (final-preliminary)/preliminary*100

Table 2.3.3.1. Blue whiting. Catch-at-age numbers (thousands) by year. Discards included since 2014. Values for 2023 are

preliminary.

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

1981 258000 348000 681000 334000 548000 559000 466000 634000 578000 1460000
1982 148000 274000 326000 548000 264000 276000 266000 272000 284000 673000
1983 2283000 567000 270000 286000 299000 304000 287000 286000 225000 334000
1984 2291000 2331000 455000 260000 285000 445000 262000 193000 154000 255000
1985 1305000 2044000 1933000 303000 188000 321000 257000 174000 93000 259000
1986 650000 816000 1862000 1717000 393000 187000 201000 198000 174000 398000
1987 838000 578000 728000 1897000 726000 137000 105000 123000 103000 195000
1988 425000 721000 614000 683000 1303000 618000 84000 53000 33000 50000
1989 865000 718000 1340000 791000 837000 708000 139000 50000 25000 38000
1990 1611000 703000 672000 753000 520000 577000 299000 78000 27000 95000
1991 266686 1024468 513959 301627 363204 258038 159153 49431 5060 9570
1992 407730 653838 1641714 569094 217386 154044 109580 79663 31987 11706
1993 263184 305180 621085 1571236 411367 191241 107005 64769 38118 17476
1994 306951 107935 367962 389264 1221919 281120 174256 90429 79014 30614
1995 296100 353949 421560 465358 615994 800201 253818 159797 59670 41811
1996 1893453 534221 632361 537280 323324 497458 663133 232420 98415 82521
1997 2131494 1519327 904074 577676 295671 251642 282056 406910 104320 169235
1998 1656926 4181175 3541231 1044897 383658 322777 303058 264105 212452 85513
1999 788200 1549100 5820800 3460600 412800 207200 151200 153100 68800 140500
2000 1814851 1192657 3465739 5014862 1550063 513663 213057 151429 58277 139791
2001 4363690 4486315 2962163 3806520 2592933 585666 170020 97032 76624 66410
2002 1821053 3232244 3291844 2242722 1824047 1647122 344403 168848 102576 142743
2003 3742841 4073497 8378955 4824590 2035096 1117179 400022 121280 19701 27493
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Year 1 2 3 4 5 6 7 8 9 10+
Age
2004 2156261 4426323 6723748 6697923 3044943 1276412 649885 249097 75415 36805
2005 1427277 1518938 5083550 5871414 4450171 1419089 518304 249443 100374 55226
2006 412961 939865 4206005 6150696 3833536 1718775 506198 181181 67573 36688
2007 167027 306898 1795021 4210891 3867367 2353478 935541 320529 130202 88573
2008 408790 179211 545429 2917190 3262956 1919264 736051 315671 113086 126637
2009 61125 156156 231958 594624 1596095 1156999 592090 251529 88615 48908
2010 349637 222975 160101 208279 646380 992214 702569 256604 70487 43693
2011 162997 101810 63954 53863 69717 116396 120359 55470 25943 12542
2012 239667 351845 663155 141854 106883 203419 363779 356785 212492 157947
2013 228175 508122 848597 896966 462714 224066 321310 397536 344285 383601
2014 588717 584084 2312953 2019373 1272862 416523 386396 462339 526141 662747
2015 2944849 2852384 2427329 2465286 1518235 707533 329882 258743 239164 450046
2016 1239331 3518677 2933271 1874011 1367844 756824 339851 185368 131039 288635
2017 401947 1999011 7864694 4063916 1509651 777185 263007 110351 63945 149369
2018 418781 541041 3572357 7340084 2983975 1022883 424206 150753 90387 163289
2019 249923 433573 1288871 3778379 5037323 1645999 431925 145916 50622 81357
2020 1135859 834162 1106838 1797157 3072708 3041983 923392 235330 80440 64535
2021 2069387 830692 1266077 1214790 1438769 1404443 1360104 304891 100993 59441
2022 1927303 3265756 1640425 1370794 924112 746761 670201 616695 123772 85610
2023 391151 3847086 8551171 3024159 1356485 529259 527277 395306 376977 162922
Table 2.3.4.1. Blue whiting. Individual mean weight (kg) at age in the catch. Preliminary values for 2023.
Year Age 1 2 3 4 5 6 7 8 9 10+
1981 0.052 0.065 0.103 0.125 0.141 0.155 0.170 0.178 0.187 0.213
1982 0.045 0.072 0.111 0.143 0.156 0.177 0.195 0.200 0.204 0.231
1983 0.046 0.074 0.118 0.140 0.153 0.176 0.195 0.200 0.204 0.228
1984 0.035 0.078 0.089 0.132 0.153 0.161 0.175 0.189 0.186 0.206
1985 0.038 0.074 0.097 0.114 0.157 0.177 0.199 0.208 0.218 0.237
1986 0.040 0.073 0.108 0.130 0.165 0.199 0.209 0.243 0.246 0.257
1987 0.048 0.086 0.106 0.124 0.147 0.177 0.208 0.221 0.222 0.254

ICES



ICES

WGWIDE 2023

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

1988 0.053 0.076 0.097 0.128 0.142 0.157 0.179 0.199 0.222 0.260
1989 0.059 0.079 0.103 0.126 0.148 0.158 0.171 0.203 0.224 0.253
1990 0.045 0.070 0.106 0.123 0.147 0.168 0.175 0.214 0.217 0.256
1991 0.055 0.091 0.107 0.136 0.174 0.190 0.206 0.230 0.232 0.266
1992 0.057 0.083 0.119 0.140 0.167 0.193 0.226 0.235 0.284 0.294
1993 0.066 0.082 0.109 0.137 0.163 0.177 0.200 0.217 0.225 0.281
1994 0.061 0.087 0.108 0.137 0.164 0.189 0.207 0.217 0.247 0.254
1995 0.064 0.091 0.118 0.143 0.154 0.167 0.203 0.206 0.236 0.256
1996 0.041 0.080 0.102 0.116 0.147 0.170 0.214 0.230 0.238 0.279
1997 0.047 0.072 0.102 0.121 0.140 0.166 0.177 0.183 0.203 0.232
1998 0.048 0.072 0.094 0.125 0.149 0.178 0.183 0.188 0.221 0.248
1999 0.063 0.078 0.088 0.109 0.142 0.170 0.199 0.193 0.192 0.245
2000 0.057 0.075 0.086 0.104 0.133 0.156 0.179 0.187 0.232 0.241
2001 0.050 0.078 0.094 0.108 0.129 0.163 0.186 0.193 0.231 0.243
2002 0.054 0.074 0.093 0.115 0.132 0.155 0.173 0.233 0.224 0.262
2003 0.049 0.075 0.098 0.108 0.131 0.148 0.168 0.193 0.232 0.258
2004 0.042 0.066 0.089 0.102 0.123 0.146 0.160 0.173 0.209 0.347
2005 0.039 0.068 0.084 0.099 0.113 0.137 0.156 0.166 0.195 0.217
2006 0.049 0.072 0.089 0.105 0.122 0.138 0.163 0.190 0.212 0.328
2007 0.050 0.064 0.091 0.103 0.115 0.130 0.146 0.169 0.182 0.249
2008 0.055 0.075 0.100 0.106 0.120 0.133 0.146 0.160 0.193 0.209
2009 0.056 0.085 0.105 0.119 0.124 0.138 0.149 0.179 0.214 0.251
2010 0.052 0.064 0.110 0.154 0.154 0.163 0.175 0.187 0.200 0.272
2011 0.055 0.079 0.107 0.136 0.169 0.169 0.179 0.189 0.214 0.270
2012 0.041 0.072 0.098 0.141 0.158 0.172 0.180 0.185 0.189 0.203
2013 0.051 0.077 0.094 0.117 0.139 0.162 0.185 0.188 0.198 0.197
2014 0.049 0.078 0.093 0.112 0.128 0.155 0.178 0.190 0.202 0.217
2015 0.039 0.070 0.094 0.117 0.137 0.155 0.174 0.183 0.193 0.201
2016 0.047 0.066 0.084 0.107 0.125 0.142 0.152 0.167 0.184 0.206
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Year Age 1 2 3 4 5 6 7 8 9 10+
2017 0.056 0.072 0.080 0.094 0.113 0.131 0.148 0.172 0.190 0.212
2018 0.055 0.080 0.091 0.098 0.111 0.129 0.142 0.165 0.175 0.216
2019 0.068 0.085 0.099 0.109 0.118 0.130 0.144 0.167 0.167 0.228
2020 0.063 0.084 0.099 0.115 0.127 0.135 0.144 0.161 0.176 0.207
2021 0.058 0.086 0.099 0.119 0.133 0.143 0.150 0.166 0.181 0.209
2022 0.048 0.067 0.086 0.106 0.122 0.136 0.141 0.152 0.155 0.189
2023 0.045 0.061 0.076 0.092 0.120 0.144 0.155 0.169 0.182 0.207
Table 2.3.5.1. Blue whiting. Natural mortality and proportion mature.

AGE 0 1 2 3 4 5 6 7-10+
Proportion mature 0.00 0.11 0.40 0.82 0.86 0.91 0.94 1.00
Natural mortality 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20

Table 2.3.6.1.1. Blue whiting. Time-series of StoX abundance estimates of blue whiting (millions) by age in the IBWSS.
Total biomass in last column (1000 t). Shaded values (ages 1-8; years 2004-2023) are used as input to the assessment

Age

Year 1 2 3 4 5 6 7 8 9 10+ TSB
2004 1097 5538 13062 15134 5119 1086 994 593 164 0 3505
2005 2129 1413 5601 7780 8500 2925 632 280 129 23 2513
2006 2512 2224 10881 11695 4717 2719 923 352 198 39 3517
2007 468 706 5241 11244 8437 3155 1110 456 123 65 3274
2008 337 524 1455 6661 6747 3882 1719 1029 269 296 2647
2009 275 329 360 1292 3739 3458 1636 587 250 194 1599
2010*

2011 312 1361 1135 930 1043 1713 2171 2423 1298 272 1827
2012 1140 1816 6454 1021 595 1415 2220 1777 1249 1085 2347
2013 582 1337 6175 7211 2938 1282 1308 1398 929 1807 3110
2014 4183 1491 5239 8420 10202 2754 772 577 899 2251 3761
2015 3255 4570 1891 3641 1797 466 174 108 206 365 1405
2016 2745 7893 10164 6274 4687 1539 413 133 235 361 2873
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Age
Year 1 2 3 4 5 6 7 8 9 10+ TSB
2017 262 2248 15682 10176 3762 1793 921 76 84 173 3135
2018 836 628 6615 21490 7692 2187 755 188 72 138 4035
2019 1129 1169 3468 9590 16979 3434 484 513 99 43 4198
2020**
2021 1948 2095 2545 2275 3914 3197 3379 463 189 114 2357
2022 4461 9313 4830 5460 2587 1880 898 1764 71 178 2707
2023 873 8135 14771 2744 1352 711 520 202 508 67 2501

*Survey discarded. **No survey
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Table 2.3.6.2.1. Blue whiting. Estimated abundance of 1 and 2-year old blue whiting from the International Ecosystem

Survey in Nordic Seas (IESNS), 2003-2023.

Year\Age Age 1 Age 2
2003* 16127 9317
2004* 17792 11020
2005* 19933 7908
2006* 2512 5504
2007* 592 213
2008 25 17
2009 7 8
2010 0 280
2011 1613 0
2012 9476 3265
2013 454 6544
2014 3937 2030
2015 8563 2796
2016 4223 8089
2017 1236 2087
2018 441 1491
2019 3157 215
2020 2822 481
2021 10264 1500
2022 17169 10575
2023 3873 4792

*Using the old TS-value. To compare the results all values were divided by approximately 3.1.
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Table 2.3.6.2.2. Estimated abundance of 1-group of blue whiting from the Norwegian winter survey (late January-early
March) in the Barents Sea. Blue whiting < 19 cm in total body length which most likely belong to 1-group. (Time series

revised in 2023)

Year All <19cm
1994 65.43 0.04
1995 29.24 0.79
1996 1502.53 1461.18
1997 1671.57 1360.46
1998 85.99 17.28
1999 75.50 5.96
2000 644.59 554.44
2001 2365.41 1567.94
2002 1157.96 149.59
2003 826.79 192.15
2004 1834.75 676.71
2005 2072.79 722.10
2006 2322.05 26.96
2007 960.64 0.75
2008 162.36 0.17
2009 75.73 0.02
2010 29.63 0.44
2011 10.71 0.05
2012 768.68 752.68
2013 510.46 21.67
2014 227.63 172.10
2015 1227.69 1012.16
2016 701.67 95.35
2017 1299.24 6.36
2018 106.96 0.62
2019 110.02 55.22
2020 209.66 150.22
2021 964.32 828.96
2022 599.84 293.71
2023 343.02 23.59
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Table 2.3.6.2.3. Blue whiting. 1-group indices of blue whiting from the Icelandic bottom-trawl surveys, 1-group (< 22 cm

in March).
Catch Rate
Year <22cm
1996 6.5
1997 3.4
1998 11
1999 6.3
2000 9
2001 5.2
2002 14.2
2003 15.4
2004 8.9
2005 8.3
2006 30.4
2007 3.9
2008 0.1
2009 1.6
2010 0.2
2011 10.8
2012 29.9
2013 11.7
2014 66.3
2015 43.8
2016 6.3
2017 1.8
2018 0.4
2019 0.1
2020 9.8
2021 79.6
2022 91.2

ICES
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Catch Rate
Year <22cm
2023 6.8

Table 2.3.6.2.4. Blue whiting. 1-group indices of blue whiting from Faroese bottom-trawl surveys, 1-group (<= 23 cm in

March).
Catch Rate
Year <=23cm
1994 1401
1995 1162
1996 4821
1997 2307
1998 463
1999 1717
2000 863
2001 4424
2002 4480
2003 1038
2004 15749
2005 35159
2006 23105
2007 11568
2008 1268
2009 4362
2010 855
2011 23323
2012 8366
2013 13254
2014 70139
2015 34806
2016 21316
2017 4446
2018 1890

2019 286
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Catch Rate

Year <=23cm
2020 141
2021 2224
2022 1781
2023 3075

Table 2.4.1.1. Blue whiting. Parameter estimates, from final assessment (2023) and previous assessments (2019-
2022).

Parameter Year 2019 2020 2021 2022 2023

Random walk variance

-F Age 1-10 0.37 0.37 0.36 0.36 0.36

Process error

-log(N) Age 1 0.61 0.61 0.60 0.62 0.66

--- Age 2-10 0.18 0.18 0.18 0.18 0.18

Observation variance

-Catch Age 1 0.45 0.43 0.43 0.43 0.42
---Age 2 0.31 0.27 0.28 0.27 0.27
--- Age 3-8 0.19 0.19 0.19 0.18 0.18
- Age 9-10 0.39 0.38 0.38 0.37 0.37
-IBWSS Age 1 0.81 0.75 0.71 0.74 0.69
---Age 2 0.38 0.34 0.32 0.33 0.32
---Age 3 0.41 0.41 0.39 0.39 0.36
--- Age 4-6 0.37 0.37 0.37 0.35 0.37
--- Age 7-8 0.54 0.55 0.53 0.53 0.56

Survey catchability

-IBWSS Age 1 0.07 0.06 0.06 0.06 0.06
--- Age 2 0.11 0.11 0.11 0.11 0.12
---Age 3 0.36 0.36 0.37 0.36 0.37
---Age 4 0.67 0.67 0.67 0.67 0.67

--- Age 5-8 0.86 0.86 0.89 0.88 0.88
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Parameter Year 2019 2020 2021 2022 2023
Rho
-- 0.93 0.94 0.93 0.93 0.93

Table 2.4.1.2. Blue whiting. Mohn’s rho by year and average over the last five years (n=5).
Last data year R(age 1) SSB Fbar(3-7)
2018 -0.165 -0.075 0.051
2019 -0.260 0.048 -0.073
2020 -0.124 -0.004 -0.013
2021 -0.391 -0.073 0.027
2022 0.003 0.110 -0.188
Rho mean -0.188 0.001 -0.039

Table 2.4.1.3. Blue whiting. Estimated fishing mortalities. Catch data for 2022 are preliminary.
Year Age 1 2 3 4 5 6 7 8 9 10+
1981 0.078 0.119 0.172 0.212 0.244 0.317 0.346 0.444 0.488 0.488
1982 0.068 0.103 0.149 0.183 0.208 0.270 0.293 0.372 0.406 0.406
1983 0.079 0.119 0.171 0.211 0.239 0.313 0.337 0.419 0.447 0.447
1984 0.096 0.144 0.212 0.265 0.304 0.397 0.418 0.508 0.530 0.530
1985 0.101 0.151 0.230 0.294 0.346 0.447 0.464 0.560 0.575 0.575
1986 0.113 0.169 0.268 0.357 0.431 0.552 0.572 0.690 0.704 0.704
1987 0.100 0.150 0.247 0.337 0.415 0.538 0.560 0.674 0.676 0.676
1988 0.098 0.148 0.253 0.349 0.440 0.578 0.590 0.695 0.678 0.678
1989 0.113 0.171 0.304 0.419 0.527 0.688 0.714 0.843 0.805 0.805
1990 0.105 0.159 0.291 0.407 0.511 0.666 0.714 0.852 0.817 0.817
1991 0.059 0.089 0.167 0.234 0.290 0.368 0.396 0.467 0.451 0.451
1992 0.049 0.073 0.140 0.195 0.233 0.286 0.311 0.370 0.363 0.363
1993 0.042 0.063 0.126 0.176 0.206 0.246 0.268 0.319 0.315 0.315
1994 0.036 0.054 0.113 0.160 0.186 0.219 0.242 0.292 0.287 0.287
1995 0.046 0.070 0.150 0.216 0.243 0.284 0.314 0.384 0.369 0.369
1996 0.056 0.085 0.186 0.272 0.297 0.347 0.383 0.474 0.451 0.451
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Year Age 1 2 3 4 5 6 7 8 9 10+

1997 0.054 0.084 0.188 0.280 0.300 0.348 0.381 0.475 0.453 0.453
1998 0.070 0.110 0.252 0.382 0.407 0.471 0.509 0.630 0.592 0.592
1999 0.064 0.101 0.238 0.371 0.397 0.457 0.482 0.594 0.558 0.558
2000 0.073 0.118 0.280 0.447 0.498 0.575 0.588 0.705 0.665 0.665
2001 0.069 0.111 0.265 0.431 0.494 0.571 0.572 0.679 0.643 0.643
2002 0.065 0.104 0.250 0.417 0.503 0.594 0.596 0.701 0.666 0.666
2003 0.067 0.107 0.262 0.441 0.545 0.634 0.628 0.709 0.668 0.668
2004 0.068 0.109 0.269 0.462 0.592 0.690 0.687 0.751 0.708 0.708
2005 0.059 0.095 0.238 0.420 0.557 0.650 0.655 0.702 0.665 0.665
2006 0.051 0.082 0.209 0.373 0.510 0.597 0.606 0.639 0.604 0.604
2007 0.048 0.078 0.198 0.359 0.508 0.606 0.631 0.663 0.630 0.630
2008 0.042 0.068 0.172 0.310 0.447 0.532 0.566 0.593 0.571 0.571
2009 0.027 0.046 0.113 0.200 0.290 0.343 0.373 0.388 0.376 0.376
2010 0.019 0.033 0.081 0.139 0.202 0.237 0.261 0.265 0.258 0.258
2011 0.006 0.010 0.024 0.041 0.058 0.067 0.074 0.075 0.075 0.075
2012 0.012 0.021 0.052 0.086 0.122 0.141 0.160 0.166 0.166 0.166
2013 0.020 0.035 0.091 0.152 0.216 0.244 0.278 0.292 0.291 0.291
2014 0.036 0.067 0.177 0.298 0.417 0.469 0.535 0.564 0.560 0.560
2015 0.047 0.087 0.233 0.394 0.550 0.621 0.695 0.727 0.718 0.718
2016 0.040 0.075 0.202 0.347 0.486 0.555 0.619 0.642 0.633 0.633
2017 0.038 0.071 0.194 0.337 0.468 0.532 0.583 0.595 0.587 0.587
2018 0.037 0.071 0.195 0.344 0.480 0.544 0.598 0.603 0.596 0.596
2019 0.033 0.064 0.179 0.320 0.447 0.502 0.551 0.546 0.539 0.539
2020 0.037 0.072 0.200 0.364 0.510 0.567 0.627 0.616 0.603 0.603
2021 0.033 0.063 0.179 0.330 0.463 0.510 0.565 0.556 0.542 0.542
2022 0.032 0.062 0.176 0.329 0.464 0.508 0.567 0.561 0.546 0.546
2023 0.040 0.077 0.220 0.416 0.586 0.638 0.717 0.713 0.693 0.693
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Table 2.4.1.4. Blue whiting. Estimated stock numbers-at-age (thousands). Preliminary catch data for 2023 have been used

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

198 3911082 3473729 4859801 2075296 2621128 214370 164493 174031 122185 296825
1 1 4 2 7 8

198 4602198 2939240 2515331 3291472 1589148 150152 129631 101374 888114 193421
2 8 7 0 7

198 18511944 3761895 1872354 1821369 1908069 122067 101582 855508 628089 125287
3 3 3 7

198 18224999 1457623 2440767 1233350 1264099 139766 816298 550749 481952 923189
4 6 7

198 9520388 1356464 9789557 1453592 750368 912939 747354 459156 265773 722300
5 7

198 7170043 6368528 9420810 5547910 944508 452369 469754 376252 231482 498829

198 9163882 5031312 4083433 6862350 2566088 394787 253865 238012 156838 293624

198 6359063 6871581 3521100 2878767 3716632 126887 199230 125672 99213 170511
8 8

198 8473071 4607143 4989464 2427638 2127429 168161 350615 102871 60696 115254
9 2

199 19205066 5991549 3097413 2733558 1480861 118408 558890 120491 33069 85396
0 5

199 8990754 1575946 4278979 1794080 1491151 872836 561284 188263 32130 45347
1 4

199 6672861 7415442 1251514 3314015 1262584 790578 485704 287142 101344 39028
2 2

199 4894647 5104629 5279739 9719706 2262524 978030 516984 282018 156785 74111

199 8099362 3374421 4055472 3396332 6924951 143949 764484 327790 207003 115772
4 9

199 9198605 5850926 3119216 2563069 2852882 374514 103944 543512 220484 184528
5 4 9

199 28266556 7067871 4060656 2387530 1550469 186282 223597 643804 306019 248576
6 7 3

199 45544571 2139386 5480012 2562529 1418202 106806 106081 121031 287448 335331
7 2 2 5 3

199 26605119 3801126 1642076 3491627 1375162 927292 782227 603656 615324 291704
8 8 2

199 20058745 2045833 2760341 1053484 1709849 774185 520421 410492 236055 427025
9 9 1 0
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Year 1 2 3 4 5 6 7 8 9 10+
Age

200 39473578 1520756 1652709 1576909 4333565 110960 472780 323599 153264 313137
0 5 8 0 8

200 56306875 3170288 1204835 1070345 7436363 169332 489373 227283 163176 177924
1 1 5 4 2

200 48903240 4541472 2045210 8301987 5446779 338789 688508 255107 102940 154399
2 4 4 4

200 52805994 3905564 3501275 1357364 5072028 296933 120454 345754 88733 106793
3 7 5 3 4 4

200 28725410 4160331 3002806 2084339 7251492 246609 131334 500605 151357 80302
4 0 0 8 8 1

200 22392243 2175353 2828792 1809670 1073500 322431 111004 513923 191656 98590
5 5 5 0 2 8 3

200 8996712 1546680 2225552 1929181 9477173 445716 135547 482997 217912 119959
6 9 2 5 6 5

200 4795411 5934075 1311100 1589823 1028752 469070 183264 607844 228608 162811
7 9 1 4 8 2

200 5770397 3374375 4312576 1101624 9133410 489786 184847 750221 233866 199331
8 1 2 4

200 5610707 3935760 2371835 3683213 6911864 469433 218302 851727 322225 187523
9 5 4

201 15216679 4959540 2332092 1837257 3344578 432193 282361 119386 409841 263848
0 2 5 6

201 19324947 1312054 3292693 1650381 1605558 260092 268103 134117 806710 388065
1 3 5 7 6

201 19332266 1532573 1243344 2295475 1185709 161329 232615 211141 107109 891741
2 9 5 8 3 4 0

201 15784350 1598911 1160320 7330439 2218277 109261 137599 163711 134072 137247
3 4 0 0 2 7 7 7

201 36984108 1250942 1384294 7962259 4344040 134320 936231 100704 101930 148600
4 5 8 5 6 8 5

201 64187156 3215032 1069213 8438945 4190162 173860 740021 525537 488437 105980
5 3 9 3 2

201 34652405 5649762 2124528 7590563 4288098 180179 707388 355953 225142 598518
6 8 9 6

201 11587354 2765076 4494335 1492751 4486338 213721 733011 285910 163047 378334
7 0 9 4 3

201 12227217 8989382 2196133 2890624 8628995 244784 935525 314034 143534 266617
8 7 2 2

201 13717621 9033416 8505214 1458845 1604701 451827 112041 403736 138260 197105
9 6 1 0 5
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Year 1 2 3 4 5 6 7 8 9 10+
Age

202 23895318 1127174 6621636 6480692 8349859 777349 212907 559040 194769 159464
0 1 7 5

202 69630575 1722605 8478662 4466807 4174926 386502 358203 809847 269137 161491
1 2 3 4

202 68911606 6171130 1216460 5753449 2678693 217778 176057 167461 368745 223031
2 3 1 9 8 7

202 16657741 6126895 4712376 8654318 3192184 126877 111591 802669 750286 298302
3 9 8 9 1

202 22997749 1310944 4643722 3095019 4676343 145502 548909 446069 322198 429264
4 * 8 9 0 7

*assuming GM(1996-2022) recruitment in 2024.

Table 2.4.1.5. Blue whiting. Estimated recruitment (R) in thousands, spawning-stock biomass (SSB) in tonnes, average
fishing mortality for ages 3 to 7 (Fbar 3-7) and total-stock biomass (TSB) in tonnes. Preliminary catch data for 2022 are
included. Low and High refer to the 95% confidence limits

Yea R(agel) Low High SSB Low High Fba Low Hig TSB Low High
r r h

(3-

7)

198 3911082 254255 6016225 284503 22510 35958 0.25 0.18 0.35 334113 26914 414761
1 2 6 18 09 8 9 2 3 67 6

198 4602198 295428 7169319 230009 18400 28751 0.22 0.16 0.29 276579 22501 339962
2 7 1 37 69 0 4 6 3 33 7

198 1851194 121469 2821223 185606 15167 22713 0.25 0.19 0.33 289560 23659 354384
3 4 33 0 6 23 32 4 2 6 5 42 4

198 1822499 120576 2754697 175736 14590 21167 0.31 0.24 0.41 310004 25134 382349
4 9 09 1 9 01 55 9 5 6 7 87 1

198 9520388 631688 1434850 209493 17355 25286 0.35 0.27 0.46 323360 26513 394373
5 0 7 2 90 72 6 6 0 5 42 7

198 7170043 478833 1073639 227326 18867 27390 0.43 0.33 0.56 311099 25877 373998
6 9 7 2 03 21 6 9 1 7 94 1

198 9163882 610537 1375456 193194 16058 23242 0.41 0.32 0.54 281823 23471 338380
7 1 7 9 69 41 9 5 1 0 89 0

198 6359063 423532 9547720 163748 13722 19539 0.44 034 0.56 242330 20265 289774
8 3 6 85 38 2 3 9 4 41 8

198 8473071 562028 1277390 154491 12987 18377 0.53 0.41 0.68 238782 19872 286906
9 1 4 3 03 99 0 4 0 0 96 7

199 1920506 125774 2932498 135892 11324 16306 0.51 0.39 0.67 251743 20188 313919
0 6 84 7 5 65 70 8 7 5 1 15 8

199 8990754 580797 1391768 178375 14380 22124 0.29 0.21 0.39 323418 25447 411037
1 9 9 1 91 93 1 6 3 9 73 8
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Yea R(agel) Low High SSB Low High Fba Low Hig TSB Low High
r r h

(3-

7)
199 6672861 436724 1019569 246107 19583 30927 0.23 0.17 0.31 353003 28118 443168
2 3 4 1 96 71 3 3 4 5 33 1
199 4894647 316831 7561606 253906 20295 31765 0.20 0.15 0.27 341131 27452 423898
3 8 7 21 45 4 2 5 7 55 1
199 8099362 528944 1240199 253022 20441 31319 0.18 0.13 0.24 340859 27787 418120
4 5 4 1 10 34 4 6 8 6 48 9
199 9198605 607212 1393489 230471 19033 27907 0.24 0.18 0.31 334275 27621 404536
5 0 1 4 50 15 1 3 9 9 81 9
199 2826655 186901 4274968 220531 18386 26451 0.29 0.22 0.38 372885 30436 456832
6 6 53 8 2 29 23 7 6 9 7 50 2
199 4554457 301967 6869297 246935 20543 29682 0.29 0.22 0.39 547122 43172 693366
7 1 97 9 3 31 20 9 9 1 7 44 5
199 2660511 177287 3992561 368283 30223 44876 0.40 0.31 0.52 682878 54828 850510
8 9 79 5 8 28 99 4 3 2 3 56 7
199 2005874 133175 3021229 443409 36265 54214 0.38 0.30 0.50 714399 58329 874964
9 5 35 2 9 79 28 9 1 3 2 94 2
200 3947357 261148 5966578 422297 35201 50660 0.47 0.37 0.61 745750 60995 911775
0 8 54 7 3 88 65 8 3 2 4 69 4
200 5630687 375812 8436301 456986 38241 54610 046 0.36 0.59 902780 73084 111516
1 5 10 4 5 37 15 7 4 9 7 40 69
200 4890324 326299 7329232 540545 45164 64694 0.47 0.36 0.60 103444 84093 127247
2 0 77 5 1 18 87 2 7 7 00 24 58
200 5280599 357381 7802513 686560 57206 82396 0.50 0.39 0.63 118350 97486 143678
3 4 39 1 1 99 37 2 6 7 00 35 81
200 2872541 194269 4247452 675721 56980 80132 0.54 0.42 0.68 103590 86947 123418
4 0 22 0 4 44 65 0 8 1 31 42 88
200 2239224 151684 3305622 601333 50811 71164 0.50 0.39 0.64 849232 71652 100651
5 3 75 6 7 92 85 4 7 0 9 56 88
200 8996712 602916 1342487 588879 49606 69905 045 0.35 0.58 773039 65183 916776
6 8 4 0 96 22 9 9 7 1 75 7
200 4795411 321072 7162245 466584 39191 55547 0.46 0.35 0.59 569443 47949 676258
7 0 3 53 95 0 6 4 1 95 1
200 5770397 381186 8735220 357864 29660 43178 0.40 0.30 0.53 438884 36548 527019
8 5 3 20 02 5 6 7 9 92 5
200 5610707 359888 8747165 273582 22130 33820 0.26 0.19 0.35 343932 28037 421903
9 4 2 93 19 4 4 9 4 07 9
201 1521667 999626 2316337 266579 21167 33572 0.18 0.13 0.25 372947 29896 465235
0 9 9 5 7 73 19 4 2 6 5 65 6
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Yea R(agel) Low High SSB Low High Fba Low Hig TSB Low High
r r h

(3-

7)

201 1932494 128171 2913710 268713 21494 33592 0.05 0.03 0.07 440752 35291 550450
1 7 12 9 0 71 77 3 6 6 2 58 1

201 1933226 130514 2863568 342813 28131 41776 0.11 0.08 0.14 510017 41827 621886
2 6 26 3 8 03 40 2 4 9 9 29 6

201 1578435 106952 2329497 375426 31411 44871 0.19 0.15 0.25 555946 46355 666746
3 0 54 8 1 04 09 6 0 6 3 90 3

201 3698410 248588 5502354 399114 33792 47138 0.37 0.29 0.49 660456 54885 794751
4 8 89 6 6 63 23 9 3 0 2 38 5

201 6418715 434808 9475421 415757 35173 49144 0.49 0.39 0.63 813452 66298 998071
5 6 22 0 8 03 05 9 1 6 8 40 4

201 3465240 235374 5101614 488626 40709 58649 0.44 0.34 0.56 906462 73908 111174
6 5 36 1 3 05 30 2 4 7 8 61 42

201 1158735 779095 1723367 603018 49921 72840 0.42 0.33 0.54 871243 72057 105341
7 4 5 5 6 40 78 3 0 2 2 61 36

201 1222721 823991 1814398 587096 48851 70557 0.43 0.33 0.55 776412 64830 929829
8 7 1 6 3 16 62 2 6 6 7 86 9

201 1371762 899182 2092713 502857 41936 60296 0.40 0.30 0.52 689043 57519 825422
9 1 5 4 3 76 85 0 7 0 0 63 9

202 2389531 152882 3734800 414696 34365 50042 0.45 0.34 0.59 644057 52271 793570
0 8 65 5 4 47 41 4 5 6 0 27 7

202 6963057 427265 1134754 396372 31666 49614 0.40 0.30 0.55 877310 64308 119684
1 5 73 44 6 61 17 9 1 7 0 44 58

202 6891160 391446 1213144 457998 33595 62436 0.40 0.27 0.60 103333 70916 150567
2 6 19 89 3 98 78 9 8 1 19 84 17

202 1665774 725164 3826447 623619 41623 93431 0.51 0.30 0.86 995475 64707 153146

3 1 3 6 1 99 88 5 7 5 9 27 98
202 2299774 679998
4 9* 5A

*assuming GM(1996-2022) recruitment in 2024.
A SSB calculated from the survivors age 2-10 and GM(1996-2022) recruitment in 2024
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Table 2.4.6. Blue whiting. Model estimate of total catch weight (in tonnes) and Sum of Product of catch number and

mean weight at age for ages 1-10+ (Observed catch). Preliminary catch data for 2022 are included.

Year Estimate Low High SOP
catch

1981 788159 568629 1092442 922980
1982 544325 415970 712287 550643
1983 513140 398675 660470 553344
1984 564938 438740 727436 615569
1985 639830 504897 810823 678214
1986 759908 599871 962641 847145
1987 638144 504074 807873 654718
1988 569734 450658 720273 552264
1989 618654 492608 776953 630316
1990 554539 438604 701117 558128
1991 408698 319299 523127 364008
1992 438842 347459 554257 474592
1993 439924 346651 558294 475198
1994 424170 332565 541008 457696
1995 507570 404279 637251 505176
1996 597406 475912 749915 621104
1997 641969 507116 812682 639681
1998 1080685 849227 1375226 1131955
1999 1247277 975503 1594767 1261033
2000 1502683 1183719 1907595 1412449
2001 1560764 1229375 1981480 1771805
2002 1710847 1348172 2171086 1556955
2003 2203545 1744202 2783857 2365319
2004 2317253 1841339 2916173 2400795
2005 1996202 1588667 2508281 2018344
2006 1856505 1477663 2332475 1956239
2007 1560030 1239967 1962708 1612269
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Year Estimate Low High SOP
catch

2008 1168540 921892 1481176 1251851
2009 656960 517335 834270 634978
2010 477260 370094 615457 539539
2011 136359 101155 183814 103771
2012 325859 259332 409452 375692
2013 588691 467970 740553 613863
2014 1102584 872097 1393988 1147650
2015 1342585 1070110 1684438 1390656
2016 1243089 987995 1564046 1180786
2017 1479682 1174544 1864094 1555069
2018 1705935 1347983 2158940 1709856
2019 1538458 1214042 1949564 1512026
2020 1427786 1131907 1801008 1460507
2021 1148634 916696 1439255 1139531
2022 1085570 861688 1367621 1035891
2023 1641728 1276219 2111918 1672378

Table 2.8.2.1.1. Blue whiting. Input to short-term projection (median values for exploitation pattern and stock numbers).

Mean weight in 2024+ is the average weight for 2021-2023.

Age Mean weight in Mean weight in the Proportion Natural mor- Exploitation Stock number
the stock and catch stock and catch (kg) mature tality pattern S
(kg) in 2023 in 2024+ (2024)

(thousands)

1 0.045 0.050 0.11 0.20 0.077 22997749

2 0.061 0.072 0.40 0.20 0.150 13109448

3 0.076 0.087 0.82 0.20 0.428 46437229

4 0.092 0.106 0.86 0.20 0.806 30950190

5 0.120 0.125 0.91 0.20 1.137 4676343

6 0.144 0.141 0.94 0.20 1.238 1455027

7 0.155 0.149 1.00 0.20 1.391 548909

8 0.169 0.162 1.00 0.20 1.383 446069
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Age Mean weight in Mean weight in the Proportion Natural mor- Exploitation Stock number
the stock and catch stock and catch (kg) mature tality pattern 2024
(kg) in 2023 in 2024+ (2024)
(thousands)
9 0.182 0.173 1.00 0.20 1.345 322198
10+ 0.207 0.201 1.00 0.20 1.345 429264

Table 2.8.2.1.2. Blue whiting. Deterministic forecast, intermediate year assumptions and recruitments.

Variable Value Notes

Fages3-7 (2023) 0.515 From the assessment (based on assumed 2023 catches)
SSB (2024) 6 799 985 From the forecast; in tonnes

Rage1 (2023) 16 657 741 From the assessment; in thousands

Rage1(2024-2025) 22997 749

GM (1996-2022); in thousands

Total catch (2023) 1672378

As estimated by ICES, based on declared national quotas and expected up-
take; in tonnes (see also Table 2.3.2.3)

Table 2.8.2.2.1. Blue whiting. Deterministic forecast (weights in tonnes).

Basis

Catch(2024) F(2024) SSB(2025) % SSB % Catch % Advice
change* change** change***

Long-term management strategy 1529754 0.320 7258384 6.7 -8.5 125
(F=FMSY)

MSY approach: FMSY 1529754 0.320 7258384 6.7 -8.5 12.5
F=0 5 0.000 8709263 28 -100 -100
Fpa 1529754 0.320 7258384 6.7 -8.5 12.5
Flim 3507334 0.880 5411744 -20 110 158
SSB (2025) = Blim 7997215 4.455 1500006 -78 378 488
SSB (2025 = Bpa 7066101 3.043 2250000 -67 323 420
SSB (2025) = MSY Btrigger 7066101 3.043 2250000 -67 323 420
F=F (2023) 2306302 0.515 6528681 -4.0 38 70
SSB (2025) = SSB (2024) 2016931 0.439 6799982 0 21 48
Catch (2024) = Catch (2023) 1672363 0.354 7123994 4.8 0 23
Catch (2024) = Catch (2023) -20 % 1337926 0.276 7439411 9.4 -20 -1.6
Catch (2024) = Catch (2023) +25% 2090423 0.458 6731007 -1.0 25 54
Catch (2024) = Advice (2023) -20 % 1087653 0.220 7676013 12.9 -35 -20
Catch (2024) = Advice (2023) +25% 1699525 0.360 7098416 4.4 1.6 25
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Basis Catch(2024)  F(2024) SSB(2025) % SSB % Catch % Advice
change* change** change***

F=0.05 263038 0.050 8458687 24 -84 -81
F=0.10 516613 0.100 8217528 21 -69 -62
F=0.15 761129 0.150 7985381 17.4 -55 -44
F=0.16 808979 0.160 7939998 16.8 -52 -41
F=0.17 856485 0.170 7894957 16.1 -49 -37
F=0.18 903651 0.180 7850255 15.4 -46 -34
F=0.19 950478 0.190 7805889 14.8 -43 -30
F=0.20 996970 0.200 7761855 141 -40 -27
F=0.21 1043130 0.210 7718152 13.5 -38 -23
F=0.22 1088960 0.220 7674775 129 -35 -19.9
F=0.23 1134464 0.230 7631723 12.2 -32 -16.6
F=0.24 1179644 0.240 7588992 11.6 -30 -13.2
F=0.25 1224503 0.250 7546580 11 -27 -9.9
F=0.26 1269044 0.260 7504483 10.4 -24 -6.7
F=0.27 1313269 0.270 7462700 9.7 -22 -34
F=0.28 1357181 0.280 7421227 9.1 -18.8 -0.2
F=0.29 1400783 0.290 7380061 8.5 -16.2 3.0
F=0.30 1444078 0.300 7339201 7.9 -13.7 6.2
F=0.31 1487067 0.310 7298643 7.3 -11.1 9.4
F=0.32 1529754 0.320 7258384 6.7 -8.5 12.5
F=0.33 1572141 0.330 7218423 6.2 -6.0 15.6
F=0.34 1614231 0.340 7178756 5.6 -3.5 18.7
F=0.35 1656026 0.350 7139381 5 -1.0 22
F=0.45 2058300 0.450 6761149 -0.6 23 51
F=0.50 2249216 0.500 6582141 -3.2 35 65

* SSB 2025 relative to SSB 2024.

** Catch 2024 relative to expected catch in 2023 (1 672 378 tonnes).

**#* Catch 2024 relative to advice for 2023 (1 359 629 tonnes).
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Table 2.8.2.3.1. Blue whiting. Catch numbers at age estimated by WGWIDE 2023 as a ratio of catch numbers at age esti-
mated by WGWIDE 2023.

ICES SCIENTIFIC REPORTS 5:82

Age 2019 2020 2021 2022 2023
1 0.90 0.89 0.97

2 0.93 0.88 0.89

3 0.94 0.91 0.85 0.88 0.93
4 0.95 0.92 0.87 0.76 0.89
5 0.96 0.93 0.90 0.80 0.69
6 0.97 0.94 0.90 0.88 0.70
7 0.97 0.95 0.89 0.85 0.88
8 0.98 0.96 0.92 0.76 0.79
9 0.99 0.97 0.93 0.93 0.70
10 0.99 0.97 0.94 0.90 0.94

Table 2.8.2.3.2. Blue whiting. Catch numbers * weight at age estimated by WGWIDE 2023 as a ratio of catch numbers *
weight at age estimated by WGWIDE 2023. Weight at age in the forecast in WGWIDE 2023 is the average weight at age
of 2021-2023, whereas for WGWIDE 2022 this is 2020-2022.

Age 2019 2020 2021 2022 2023
1 0.90 0.89 0.97

2 0.93 0.88 0.89

3 0.94 0.91 0.85 0.90 0.86
4 0.95 0.92 0.87 0.78 0.84
5 0.96 0.93 0.90 0.82 0.68
6 0.97 0.94 0.90 0.88 0.72
7 0.97 0.95 0.89 0.86 0.91
8 0.98 0.96 0.92 0.73 0.79
9 0.99 0.97 0.93 0.94 0.71
10 0.99 0.97 0.94 0.85 0.92
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Table 2.8.2.3.2. Blue whiting. Deterministic forecast, intermediate year assumptions and recruitments used in current
and previous assessment.

WGWIDE 2023 WGWIDE 2022
Year Value Year Value
F 2023 0.515 2022 0.371
SSB 2024 6799 985 2023 6 621 207
Assumed recruitment | 2023 16 657 741 2022 43 220 294
2024-2025 22997 749 2023-2024 22 537 250
Catch 2023 1672378 2022 1107 529
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Figure 2.2.1. Blue whiting catches in 2022. The catches on the map constitute 99.5 % of the ICES estimated catches. The

200 m and 1000 m depth contours are indicated in blue.
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Figure 2.2.2. Blue whiting catches per quarter 2022. The catches on the map constitute 99.5 % of the ICES estimated

catches. The 200 m and 1000 m depth contours are indicated in blue.
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Figure 2.3.1.1. Blue whiting. ICES estimated catches (‘1000 tonnes) in 2022 by ICES division and country.

Denmark
Faroe Islands
France
Germany
Greenland
lceland
Ireland
Lithuania
MNetherlands
Morway
Poland
Paortugal
Russia

Spain
Sweden

UK (England)
UK {Scotland)

ICES



ICES

WGWIDE 2023

A
2500000
2000000 Total southern areas
(SAs8+9;Divs.7.d-k)
1500000 M Directed- and mixed fisheries
in the North Sea (SA4; Div.3.a)
1000000
M Fishery in the spawning area
500000 (SA 12.; Divs. 5.b, 6.a-b, 7.a-c)
m B Norwegian Sea fishery
0 (SAs1+2;Divs.5.a,14a-b)
[e0] i < ~ o o (o} [e)] o n [ole] —
(o)) (o)) o o o o — — — o~
o)) ()] [e)} ()] o o o o o o o o
— — — — (o] (o] (q\] N (g\] (o] o~ o~
B
100%
90%
80%
0 Total southern areas
70% (SAs8+9;Divs.7.d-k)
0,
60% M Directed- and mixed fisheries in
50% the North Sea (SA4; Div.3.a)
40% H Fishery in the spawning area (SA
30% 12.; Divs. 5.b, 6.a-b, 7.a-c)
20% M Norwegian Sea fishery
10% (SAs1+2;Divs.5.a,14a-b)
0%
00 O N < O 0 O AN & W0 O NS © 0 O N
00 OO OO O O O) O O O O O i =« =+ =+ = N
A OO O OO0 OO0 OO0 OO0 O O
Y AN AN AN AN AN AN AN AN NN NN

Figure 2.3.1.2. Blue whiting.(A) ICES estimated catches (tonnes) of blue whiting by fishery subareas from 1988-2022 and

(B) the percentage contribution to the overall catch by fishery subarea over the same period.
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Figure 2.3.1.3. Blue whiting. Distribution of 2022 ICES estimated catches (in percentage) by quarter.
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Figure 2.3.1.4. Blue whiting. Distribution of 2022 ICES estimated catches (in percentage) by ICES division area.
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Figure 2.3.1.5. Blue whiting. ICES estimated catches (‘1000 tonnes) in 2022 by country.
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Figure 2.3.1.1.1. Blue whiting. 2022 ICES catches (‘1000 tonnes) based on sampled or estimated distribution by ICES divi-

sion.
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Figure 2.3.1.2.1. Blue whiting. Mean length (mm) by age (0-10 year), by quarter (1,2), by country for ICES division area
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Figure 2.3.1.2.2. Blue whiting. Catch-at-age numbers (CANUM) distribution by quarter and ICES division for 2022.
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Figure 2.3.2.1. Blue whiting. 2023 ICES preliminary catches (‘1000 tonnes) (Quarter 1 + Quarter 2) based on sampled or

estimated distribution by ICES division.
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Figure 2.3.3.1. Blue whiting. Catch proportion at age, 1981-2023. Preliminary values for 2023 have been used.
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Figure 2.3.4.1. Blue whiting. Mean catch (and stock) weight (kg) at age by year. Preliminary values for 2023 have been
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Figure 2.3.6.1.1. Blue whiting. (A) Estimate of total biomass from the International blue whiting spawning stock survey.

The black dots and error bands are StoX estimates with 90 % confidence intervals. (B) Internal consistency within the
International blue whiting spawning stock survey. The upper left part of the plots shows the relationship between log
index-at-age within a cohort. Linear regression line shows the best fit to the log-transformed indices. The lower-right
part of the plots shows the correlation coefficient (r) for the two ages plotted in that panel. The background colour of

each panel is determined by the r value, where red equates to r=1 and white to r<0.
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Figure 2.4.1.1. Blue Whiting. OSA (One Step Ahead) residuals (see Berg and Nielsen, 2016) from catch-at-age and the
IBWSS survey 2004-2023 (no survey in 2010 and 2020). Red (lighter) bubbles show that the observed value is less than
the expected value. Preliminary catch data for 2023 have been used.
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show that the observed value is less than the expected value. Preliminary catch data for 2023 have been used.
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Figure 2.4.1.3. Blue whiting. Process errors expressed as deviation in instantaneous mortality at age by age and year.
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Figure 2.4.1.4. Blue whiting. The correlation matrix between ages for the catches and survey index of this year’s assess-
ment (WGWIDE 2023; left) and last year’s assessment (WGWIDE 2022; right). Each ellipse represents the level curve of a
bivariate normal distribution with the corresponding correlation. Hence, the sign of a correlation corresponds to the sign
of the slope of the major ellipse axis. Increasingly darker shading is used for increasingly larger absolute correlations,
while uncorrelated pairs of ages are depicted as circles with no shading. Preliminary catch data for 2023 have been used
in this year’s assessment and preliminary catch data for 2022 in last year’s assessment.
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Figure 2.4.1.5. Blue whiting. Exploitation pattern by 5-years’ time blocks. Preliminary catch data for 2023 have been used.
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Figure 2.4.1.6. Blue whiting. Retrospective analysis of recruitment (age 1), F, SSB (tonnes) and total catch using the SAM
model. The 95% confidence interval is shown for the most recent assessment.
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Figure 2.8.2.3.1. Blue whiting. Mean weight at age used in the forecast of current and last year’s assessment. The mean
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ICES



|  WGWIDE 2023

catch foar 55D
05
20000001
Be+06
04
1500000
03
Scenario
48+06
E F Cateh 2023
< — F2023
10000001 Fmsy
02
26+06 1
5000001
0.1
0 00 De+00+
2026 2027 2028 2024 2025 2026 2027 2028 2024 2025 2026 2027 2028
Years

Figure 2.8.2.4.1 Blue whiting. Medium term projection under three F scenarios: Fmsy, F=F2023 and F=catches in 2023.
Left-hand panel shows the catch (in tonnes), the middle panel shows the F (per year) and the right-hand panel shows the

trajectory of SSB up to 2028 (in tonnes).



122 | ICES SCIENTIFIC REPORTS 5:82

Recruits (age 1)

Fag

SSB

Figure 2.9.1. Blue whiting. SAM final run: Comparison of the 2022 (light blue line) and 2023 (black line) stock assessments,
shown with 95% confidence intervals. Preliminary catch data for 2023 have been used.

4.0e+07 8.0e+07 1.2e+08

0.0e+00

0.2 04 0.6 08

0.0

2e+08 4e+06 Ge+08 Be+06

Oe+00

2010

2020

2000

2010

2020

N

1980

1990

2000

2010

2020

ICES



ICES |  WGWIDE 2023 | 123

1.2e+08

1.0e+08

Bpe+07
o

6he+07
]

O
L7
Me+07

2.0e+07 / B

- WGWIDE2022 Final2022

0.0e+00

1980 1990 2000 2010 2020

0.7

0.6

0.5 e

0.4 \ = ; = \;,4\\\‘—

0.2 iR e

0.1
Final2022

0.0 T WGWIDE2022

1980 1990 2000 2010 2020

8e+06

Ge+06

m
(he+06 : =

2e+06

0e+00

- WGWIDE2022

Final2022

1980

1990

2000

2010

2020

Figure 2.9.2. Blue whiting. Comparison of assessment runs with the configuration from WGWIDE 2022 with preliminary
data for 2022 (black line) and the WGWIDE 2022 assessment with final data for 2022 (blue line).

SSB (million t) F (ages 3-7)
it a1 4_20 1 1526 a1 4_202 1 1 1520 91 q_20 1 1520
6| /
2
R P
4] T T T T T T 0 T T T T T T o : : ] : : :
2009 2012 2015 2018 2021 2024 zooa 2011 2014 2017 2020 2023 2008 2011 2014 2017 2020 2023
MSY Byigge = Bin "B Fiase ™ " Foa

Figure 2.9.3. Blue whiting. Comparison of the 2019 - 2023 assessments (historical retrospective).



124

ICES SCIENTIFIC REPORTS 5:82

Boarfish in Celtic Seas, English Channel, and Bay of
Biscay)

3.1 Biological features and population parameters

The boarfish (Capros aper, Linnaeus) is a deep bodied, laterally compressed, pelagic shoaling spe-
cies distributed from Norway to Senegal, including the Mediterranean, Azores, Canaries, Ma-
deira and Great Meteor Seamount (Blanchard & Vandermeirsch 2005).

Mean weight-at-age was obtained from the ageing studies of Hiissy et al. (2012b). These mean
weights are presented in the text table below. The variation in weight-at-age is due to the small
sample size and the seasonal variation in weight and maturity stage.

Age 0 1 2 3 4 5 6 7 8 9
Mean 0.84 6.65 14.6 19.5 23.7 26.8 333 37.7 40 47.1
Weight (g)

Age 10 11 12 13 14 15 16 17 18 19
Mean 50.2 51.2 62.8 56.4 62.2 68.9 50.5 86.7 77.9 64.6
Weight (g)

Age 20 21 22 23 24 25 26 27 28 29
Mean Weight 63.5 75 86 71 77 84.4 79.4 - 67.6 52.8
(g)

Maturity-at-age was obtained from the ageing studies of Hiissy et al. (2012a; b) and the reproductive study by Far-
rell et al. (2012).

Age 0 1 2 3 4 5 6+

Prop mature 0 0 0.07 0.25 0.81 0.97 1

Natural mortality (M) was estimated over the life span of the stock using the method described
by King (1995). This method assumed that M was the mortality that would reduce a population
to 1% of its initial size over the lifespan of the stock. Based on a maximum age of 31, M was
calculated as follows

M = —In(0.01)/31

Following this procedure, M = 0.16 year'was considered a good estimate of natural mortality
over the life span of the boarfish stock, as it was similar to the total mortality estimate from 2007,
(Z = 0.18). Given that catches in 2007 were relatively low, this estimate of total mortality was
considered a good estimate of natural mortality, assuming negligible fishing mortality in
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previous years. Similarly, total mortality was estimated from age-structured IBTS data from 2003
to 2006 (years from which data was available for all areas). The total mortality was considered a
good estimate of natural mortality as fishing mortality was assumed to be negligible during this
period. Total mortality ranged from 0.09-0.2 with a mean of 0.16.

The special review in 2012 questioned the validity of a single estimate of M across the entire age
range. If an age based assessment is possible in the future, age specific estimates of natural mor-
tality will be required. However, the current estimate of M, which covers the whole age range,
is considered appropriate in the context of the current situation where age data are used as an
indicator approach, rather than as a full assessment method. Given that Z and F are also calcu-
lated over the entire (fully selected) range, a single value of M was considered appropriate.

3.1.1 Stock Identity

An analysis of bottom trawl survey data suggests a continuity of distribution spanning ICES
Subareas 27.4, 6, 7, 8 and 9 (Figure 3.1.1.1). Isolated occurrences appear in the North Sea (ICES
Subarea 27.4) in some years indicating spill-over into this region. A hiatus in distribution was
suggested between ICES Divisions 27.8.c and 9.a as boarfish were considered very rare in north-
ern Portuguese waters but abundant further south (Cardador & Chaves 2010). Results from a
dedicated genetic study on the stock structure of boarfish within the Northeast Atlantic and
Mediterranean Sea suggests that this hiatus represents a true stock separation (Farrell et al.
(2016); see Figure 3.1.1.2). Based on these data, a single stock is considered to exist in ICES Sub-
areas 27.4, 6, 7, 8 and the northern part of 9.a. This distribution is slightly broader than the current
EC TAC area (27.6, 7 and 8) and for the purposes of this year’s assessment only data from these
areas were utilized.

3.2 The fishery

Boarfish is targeted in a pelagic trawl fishery for fish meal, to the south and southwest of Ireland
and Northern Biscay. The boarfish fishery is conducted in shelf waters with the first landings
reported in 2001. Landings were at very low levels from 2001-2005. The main expansion period
of the fishery took place between 2006 and 2010 when unrestricted landings increased from 2 772
t to 137 503 t. A restrictive TAC of 33 000 t was implemented in 2011. In 2011, ICES was asked by
the European Commission to provide catch advice for 2012 for the first time.

3.2.1 Advice and management

In 2010, an interim management plan was proposed by Ireland, which included a number of
measures to mitigate potential bycatch of other TAC species in the boarfish fishery. The plan was
enacted in legislation by Ireland but not in other countries. The details of the measures can be
found in the Annex. In August 2012 the Pelagic RAC proposed a long term management plan
for boarfish. The management plan was not fully evaluated by ICES; however, in 2013 ICES ad-
vised that Tier 1 of the plan could be considered precautionary if a Category 1 assessment was
available. For 2014, ICES advised that, based on Fwmsy (0.23), catches of boarfish should not be
more than 133 957 t, or 127 509 t when the average discard rate of the previous ten years (6 448
t) is taken into account. For 2014 the TAC was set at 133 957 t by the Council of the European
Union. This advice was based on a Schaefer state space surplus production model (see section
3.4 for further details). There was also concern about the use of the production model (see stock
annex). ICES considered that the model was no longer suitable for providing category 1 advice
and further model development was required. The model is still considered suitable for category
3 advice.

125



126

ICES SCIENTIFIC REPORTS 5:82

A revised draft management strategy was proposed by the Pelagic AC in July 2015. This man-
agement strategy aimed to achieve exploitation of boarfish in line with the precautionary ap-
proach to fisheries management, FAO guidelines for new and developing fisheries, and the ICES
form of advice. ICES evaluated the plan and considered it to be precautionary, in that it followed
the rationale for TAC setting enshrined in the ICES advice, but with additional caution (ICES,
2015a).

The advised catch for 2015 of 53 296 t was based on the data limited stock HCR and an index
calculated (method 3.1; ICES, 2012) using the total stock biomass trends from the model. Further
work has been undertaken in 2015 to address the issues with the surplus production model and
this work has continued since.

For 2017, ICES advised based on the precautionary approach that catches should be no more
than 27 288 t. For the first time, the precautionary buffer was applied resulting in a 36% reduction
compared to the year before. The acoustic survey suggested that the stock abundance was at an
historic low. The Advice Drafting Group decided the advice of 21 830 proposed (20% reduction)
would stand for 2 years. The update assessments in 2018 and 2019 confirmed that the biomass
was rather stable and at a low level.

In 2021, with the stock showing a strong recruitment signal, advice of 22 791 t was given for 2022
and 2023 based on the precautionary approach.

Since 2011, there has been a provision for bycatch of boarfish (also whiting, haddock and macke-
rel) to be taken from the Western and North Sea horse mackerel EC quotas. These provisions are
shown in the table below. The effect of this is that a quantity not exceeding the value of these 4
species combined may be landed legally and subtracted from quotas for horse mackerel.

Year North Sea (t) Western (t)
2011 2031 7779
2012 2148 7 829
2013 1702 7799
2014 1392 5736
2015 583 4202
2016 760 5443
2017 912 4191
2018 759 5053
2019 759 5956
2020 688 3531
2021 701 3513
2022 173 2459

2023 448 658
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3.2.2 The fishery in recent years (2019 - 2021)

A total of 11 312 t of boarfish was caught in 2019. This represents 52% of the 2019 quota of 21 830
t (Table 3.2.2.1). The main participant in the fishery, Ireland, landed 9 910 t (75% of its national
quota). The Irish catch represents 88% of the total boarfish catch in 2019. Other countries report-
ing boarfish catches in 2019 were Denmark (757 t), the Netherlands (317 t), England (19 t) and
Spain (2.5 t). Discards accounted for 306 t overall (Table 3.2.2.2). Tables 3.2.2.5 and 3.2.2.7 shows
that about 87% of Irish landings were taken in ICES divisions 7.h and 8.a respectively.

In 2020, the total catch was 15 649 t which represented 82% of the quota (19 152 t). Ireland was
the main partaker in the fishery (14 666 t) and landed more than its national quota (13 234 t) for
the first time since TAC and quota regulations were established. The Irish landings accounted
for 94% of the total catch. The other countries reporting catches are Denmark (196 t), the Neth-
erlands (416 t), England (62 t), Poland (109 t) and Spain (1 t). The total discards for this year were
198 t. The majority of landings were taken in ICES divisions 7.b and 7.h (Tables 3.2.2.4 and
3.2.2.5).

In 2021, 17 693 t of boarfish was caught, representing 92% of the total allowable catch (19 152 t)
for the year (Table 3.2.2.1). Ireland was the main contributor to the fishery landing 11 830 t, 89%
of their quota (13 234 t). Other countries reporting landings for 2021 were Denmark (4 322 t), the
Netherlands (781 t), England (45 t), Poland (45 t), Spain (11 t) and Scotland (9 t). Total discards
were 651 t. ICES divisions 7.j and 7.b had the highest landings of 10 466 t and 3984 t respectively
(Tables 3.2.2.5 and 3.2.2.4).

3.2.3 Catch distribution

The fishery operates during the first and fourth quarters of the year. In recent years (2019 — 2021)
a larger proportion of the total catch has been taken in the fourth quarter. In 2022, the majority
of the total catch was in the first quarter. The bulk of the catches were taken in ICES divisions 7.
and 7.b (Tables 3.2.2.5 and 3.2.2.4). Historically, the largest catches have been taken in 7 alt-
hough between 2016 and 2019, an increased proportion of the catch was taken in Northern Biscay
(8.a).

Results from a questionnaire with Irish fishers found that the majority observed good marks of
boarfish along the Irish west coast even up to 57°N which is a change from 2009/2010 when fish-
able marks were mainly found south from the Pistola Bank. In 2022, some decent catches were
taken west of Aran and west of the Blasket islands. The fishers also remarked that since 2020,
they have noticed a return of boarfish to the banks of the southern Celtic sea region where they
had been absent in previous years. Also, the schools of boarfish are more dispersed than they
were in high catch period of the fishery (2009/2010) but they are larger than in previous few
years. Some behavioural changes observed are that boarfish are often encountered close to the
sea bed instead of dense shoals in the water column. Also, they commented that they can fish
both day and night for boarfish in the west of Ireland.

3.24 Discards

It is to be expected that discarding occurred before 2003, particularly in demersal fisheries, how-
ever it is difficult to predict what the levels may have been. Since 2003, the major sources of
discard estimates are the Dutch pelagic freezer trawlers (Borges et al. 2008) and both the Irish
and Spanish demersal fleets. Sporadic discards were observed in German pelagic freezer trawl-
ers before 2015 and the UK demersal fleet beginning in 2015. In 2016, Lithuania declared discards
for the first time but hasn’t since then. Discard estimates are not obtained from French freezer
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trawlers, though discard patterns in these fleets are likely to be similar to the Dutch fleet. Discard
data from the Portuguese bottom otter trawl fleet in ICES Division 9.a are also available but are
not included in the assessment as they are outside the TAC area. Discard sampling data have
improved in recent years with Ireland, Spain, England and Scotland providing sampling data in
2022. Table 3.2.2.2 show the total annual discards and estimates from the demersal and non-
target fisheries respectively.

3.25 Sampling data

Length-frequencies of the international commercial landings by year are presented in Table
3.2.5.1. Sampling in the early years of the fishery (2006-2009) was sparse as there was no dedi-
cated sampling programme in place. The sampling programme was initiated in 2010 and good
coverage of the landings has been achieved since then. Full details of the sampling programme
in the earlier years are presented in the stock annex. Before 2017, boarfish was not included in
the list of species to be sampled by the Data Collection Multi Annual Programme (DCMAP). In
2022, 21 samples, comprising of 4 756 fish, were collected and measured for length from Ireland
and Denmark (Tables 3.2.5.2 and 3.2.5.3). These samples covered the most heavily fished areas
of 7j and 7.b as well as 7.h. and 6.a and in quarters 1,3 and 4.

Following standard protocols, 9 samples from the Irish catch were randomly selected for biolog-
ical data collection i.e. otolith extraction, sex and maturity determination. Samples are collected
on-board during fishing operations and are frozen until the vessel returns to port, which ensures
high quality samples. The established sampling target is one sample per 1 000 t of landings per
ICES Division, which is also standard in other pelagic fisheries such as mackerel. Since 2017, all
fish in each sample are be measured to the 0.5 cm below for length frequency.

3.3 Input data

3.3.1 Catch data

In 2022, 16 860 t of boarfish was caught, representing 74% of the total allowable catch (22 791 t)
for the year (Table 3.2.2.1). Ireland was the main contributor to the fishery landing 14 055 t, 89%
of their quota (15 749t). Other countries reporting landings for 2022 were Denmark (1 859 t), the
Netherlands (858 t), England (73 t), Spain (10 t) and Portugal (5t). Total discards were 1 037 t
(Table 3.2.2.2). ICES divisions 7.j and 7.b had the highest landings of 13 242 t and 3 279 t respec-
tively (Tables 3.2.2.5 and 3.2.2.4). Landings from Denmark were revised from 1 859 t to 4 305 t;
however, the revision was made after the assessment was completed and the new figure will be
included in next year’s assessment.

A general ALK was constructed based on 814 aged fish from Irish, Danish and Scottish caught
samples from 2012 (Table 3.3.1.1). A description of the ALKs prior to 2012 can be found in the
stock annex. The results of the application of the ALK to commercial length-frequency data
(available for the years 2007-2022) produced proxy catch numbers-at-age values which are avail-
able in Table 3.3.1.2. In the last couple of years, there has been the appearance of strong year
classes in the catch numbers (Figure 3.3.1.1). A high number of 2-5 year olds were present in the
2022 data. The modal age from 2007-2011 was 6, 7 in 2012-2018, 2 in 2019-2020 and 4 in 2021. It
should be noted that in WGWIDE 2011 and 2012 the plus group for boarfish was 20+. This was
reduced to 15+ in WGWIDE 2013 due to potential inaccuracy of the age readings of older fish.
Ageing was based on the method that has been validated for ages 0-7 by Hiissy et al. (2012a; b).
The age range is similar to the published growth information presented by White et al. (2011).
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3.3.2 Acoustic Survey

The Boarfish Acoustic Survey (BFAS) series was initiated in 2011 in partnership with industry.
The 2011 survey collected data over 24 hours. In 2012, the protocol was changed to exclude the
hours between 00:00 and 04:00 as aggregations break up during the hours of darkness. The 2011
data was reworked in 2015 to exclude the data between 00:00 and 04:00. An acoustic target
strength model of (-66.2dB) was developed in 2013 (Fassler ef al. (2013)) and is applied to all
surveys in the time series. Over the time series of the survey total biomass has been estimated in
the range 863 kt (in 2012) to 70 kt (2016) with CV estimates ranging 0.11 to 0.31. Total biomass
estimates declined sharply between 2012 and 2016 after which an increasing trend is seen (Figure
3.3.2.1).

An annual index of biomass and abundance has been reported for boarfish since 2011. The 2023
survey was carried out onboard the RV Celtic Explorer during the WESPAS survey (Western Eu-
ropean Shelf Pelagic Acoustic Survey). The survey was carried out over a 42-day period begin-
ning on the 10 June in the south (47°30N) and working northwards to 59°30N ending on 20 July.

Calculation of acoustic abundance

The StoX software package (Johnsen et. al., 2019) was used to calculate acoustic abundance from
survey data (5toX V3.6.1 and R-5toX V3.6.1). Aggregated survey data are available for download
from the ICES Trawl Acoustic database. Survey design and analysis procedures adhere to guide-
lines laid out in the Manual for International Pelagic Surveys (ICES, 2015b).

Survey results 2023

The estimate of boarfish biomass is presented in Table 3.3.2.1 and the spatial distribution of the
echotraces attributed to boarfish in 2023 are presented in Figure 3.3.2.2. Overall, the WESPAS
survey provided continuous synoptic coverage from south to north over 42 days, relating to an
area coverage of over 59,632 nmi? (boarfish strata) and transect mileage of over 4,597 nmi. In
total, 53 trawl stations were undertaken with 29 hauls containing boarfish providing 4,377 indi-
vidual lengths, 1,800 length and weight measurements and 876 otoliths for use during the anal-
ysis.

Survey effort was comparable to 2022, with a 2% increase in both acoustic sampling effort (sur-
vey miles) and area coverage. Boarfish TSB (total stock biomass) and abundance (TSN) estimates
were 525,701 t and 15,938,301,000 individuals (CV 0.11) respectively. The 2023 estimate saw an
increase of 16% in TSB compared to 2022, while TSN saw a reduction of 14%. Spawning stock
biomass (SSB) increased by 18% as compared to 2022. The reported increase in biomass (TSB &
SSB) and reduction in abundance (TSN) is largely driven by the reduced numbers of immature
fish observed during the survey.

The geographical distribution of boarfish was comparable to earlier years in the time series in
terms of latitudinal range. Within this range, clusters of individual schools were most frequently
found towards the shelf margin in the northern and western strata and more widespread across
the shelf in the Celtic Sea. The centre of gravity of schools during this year’s survey in the Celtic
Sea stratum was more towards the shelf edge than in recent years. It is possible this more west-
ward distribution was linked to the hydrographic conditions encountered this year compared to
recent years; with a cool pool of water extending across the seafloor in the Celtic Sea.

Over 65% of the standing stock biomass was observed in the Celtic Sea stratum (50% TSN), fol-
lowed by the Irish west coast (28% TSB & 22% TSN), the southern Hebrides stratum (13% TSB &
9% TSN), the western Hebrides stratum (8% TSB & 5% TSN) and the Porcupine Bank stratum
(2% TSB & 1% TSN) (Figure 3.3.2.3).
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The 4-year age class dominated the 2023 estimate contributing 25% of TSB and 29.4% of TSN.
Ranked second and third were the 3-year old (16% TSB & 24.9% TSN) and 7-year old fish (14.1%
TSB & 11.5% TSN) respectively. Ranked fourth is the 6-year old fish (12.2% TSB & 11.4% TSN).
Combined, these four age classes represented 67% of TSB and 77% of TSN. The survey has suc-
cessfully tracked these four cohorts from recruitment. The 15+ age class represented 10.4% of
TSB and 4.3% of TSN (Figure 3.3.2.4).

Maturity analysis indicated over 99.6% of TSB and 99% of TSN was represented by mature fish.
The proportion of immature fish in the stock estimate has decreased from a high in 2021 (41%
TSN) over recent years (2022; 5% and 2023; 1%). This differs with observations from the PELGAS
survey where the overall abundance of boarfish, notably immature fish, has increased over the
same period.

3.3.3 International bottom trawl survey (IBTS) Indices

An index of abundance was constructed from the following surveys:

. EVHOE, French Celtic Sea and Biscay Survey, (Q4) 1997 to 2022

. IGFS, Irish Groundfish Survey, (Q4) 2003 to 2022

. WCSGFS, West of Scotland, (Q1 and Q4) 1986 to 2009 (survey design changed in 2010)
. SPPGFS, Spanish Porcupine Bank Survey, (Q3) 2001 to 2022

. SPNGEFS, Spanish North Coast Survey, (Q3/Q4) 1991 to 2022

) ECSGEFS, CEFAS English Celtic Sea Groundfish Survey, (Q4) 1982 to 2003

The spatial extent and haul positions of each survey is shown in Figure 3.3.3.1 and the length
frequencies are presented in Table 3.3.3.1 for each survey. These surveys cover the majority of
the observed range of boarfish in the ICES area (Figure 3.3.3.2). The index of abundance, CPUE,
was computed as the number of boarfish per 30 min haul. The abundance of boarfish per year
per ICES statistical rectangle (used for visualisation only) was then calculated by summing the
boarfish in a given rectangle and dividing by the total number of hauls in that rectangle. The
West of Scotland survey index had been increasing between 2000 and 2009 but is uncertain and
was stopped soon after. The English Celtic Sea survey showed an upward trend in the last couple
of years before the survey ended in 2003. Of the four current bottom trawl surveys, the French,
Irish and Spanish Porcupine groundfish surveys experienced an increase in CPUE, particularly
the French survey.

Some of the IBTS CPUE indices displayed marked variability with a large proportion of zero
tows and occasionally very large tows (e.g. West of Scotland survey, Figure B.4.7 stock annex).
More southern surveys displayed a consistently higher proportion of positive tows. The varia-
bility of the data is reflected in the estimated mean CPUE indices (Figure 3.3.3.3).

A detailed analysis of the IBTS data was carried out in 2012 to investigate the main areas of
abundance of boarfish in these surveys. This analysis included GAM modelling based on the
probability of occurrence of boarfish. The full details of this work are presented in the stock an-
nex. The IBTS appears to give a relative index of abundance, with good resolution between pe-
riods of high and low abundance. The main centres of abundance in the survey correspond to
main fishing grounds. Figures 3.3.3.4a and b shows the signal in abundance and biomass, in-
creasing gradually in the 1990s, slowly declining in the early 2000s, before increasing again with
a strong increase in the most recent period. Much of this increase which is stronger in terms of
abundance is due to increased recruitment since 2017. The low estimates for the 2017 survey are
partly explained by issues with the execution of the EVHOE survey. Due to mechanical break-
down, the majority of the survey stations could not be completed. The missed stations would
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have covered the area in North Biscay typically associated with the highest catch rates of boar-
fish.

For subsequent surplus production modelling (see Section 3.4), biomass indices were extracted
from each of the IBTS surveys using a delta-lognormal model (Stefansson 1996); details of which
can be found in the annex.

When the indices were recalculated in 2021, (following a refresh of the input data from DATRAS
and national data submitters), the following issues were encountered

. An error with the coding of the EVHOE 2018 data in DATRAS was corrected, revising
upwards the estimates from 2018 for this survey
o The truncated EVHOE 2017 dataset was removed from the analysis. In previous years,

this data was retained but, because the available data only corresponds to a small fraction
of the total survey area (where boarfish are not usually encountered in significant quan-
tities) a very low survey estimate resulted. It was considered appropriate to remove this
data from the analysis. In future, explicit modelling of spatial and temporal correlations
may permit this data to be considered again.

. An error in the analysis was discovered whereby hauls with more than one catch cate-
gory were underrepresented as only a single catch category was included during the
model fitting. Multiple catch categories are usually the result of splitting the catch into
adult and juvenile portions and using an appropriate subsampling strategy for each. This
issue is particularly relevant for the IGFS which, over the most recent 4 years has 2 catch
categories for boarfish recorded for approximately 20% of hauls. The outcome is an in-
crease in CPUE for these hauls and a subsequent increase in the survey index for the IGFS
in recent years (2016 onwards).

3.4 Biomass dynamic model

In 2012 an exploratory biomass dynamic model was developed for the assessment of boarfish.
The model is a Bayesian state space surplus production model (Meyer & Millar 1999), incorpo-
rating the catch data, delta-lognormal estimated IBTS survey indices and acoustic biomass esti-
mates. Following the initial development of the model, the assessment was peer-reviewed by
two independent experts on behalf of ICES. In 2013 a new assessment was provided, which was
based on the previous year’s work and the reviewers’ comments and formed the basis of a cate-
gory 1 assessment. Details of the review and the associated changes can be found in the stock
annex.

In 2014 the Bayesian state space surplus production model was fit using the catch data, delta-
lognormal estimated IBTS survey indices, and the acoustic survey estimates. However, the in-
clusion of the low 2014 acoustic biomass estimate changed the perception on the stock, which
raised concerns over the sensitivity and process error of the model and the stock assessment was
moved from ICES category 1 to category 3 with the results of the surplus production model being
used to calculate an index for the data limited stock approach.

Since 2014, the procedure used to run the model has not changed with annual updates to the
input data only. The details of the progression of the production model can be found in the An-
nex.

In the Bayesian state space surplus production model the biomass dynamics are given by a dif-
ference form of a Schaefer biomass dynamic model:

B,
By =By 1+71B_1(1— K )~ Cr-q
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where B: is the biomass at time t, r is the intrinsic rate of population growth, K is the carrying
capacity, and C: is the catch, assumed known exactly. To assist estimation, the biomass is scaled
by the carrying capacity, denoting the scaled biomass P: = Bt / K. A lognormal error structure is
assumed giving the scaled biomass dynamics (process) model:

Ct—l
He
K ¢

where the logarithm of process deviations are assumed normal u, = N(0, o3 ) with g} the process

Po =Py +1P1(1—P_1) +

error variance.

The starting year biomass is given by aK, where a is the proportion of the carrying capacity in
the first year. The biomass dynamics process is related to the observations on the indices through
the measurement error equation:

Ij,f = qut-KeEj’t
where Ij: is the value of abundance index j in year ¢, gj is survey-specific catchability, B:= P:K, and
the measurement errors are assumed log-normally distributed with u, = N(0,¢;,) where &,
is the index-specific measurement error variance. Var(l;:) is obtained from the delta-lognormal
survey fits. That is, the variance of the mean annual estimate per survey is inputted directly from
the delta-lognormal fits (Figure 3.3.3.3) as opposed to estimating a measurement error within the
assessment. The measurement error is obtained from:
Var(;,)

U e)?

For the acoustic survey, the CV of the survey was transformed into a lognormal variance via

0z =In(1+

)

2 _ 2
o-s,acoustic,t - ln(CVacoustic,t + 1)

Prior assumptions on the parameter distributions were:

. Intrinsic rate of population growth: r ~ U(0.001, 2)

. Natural logarithm of the carrying capacity: In(K) ~ U(ln(max(C), In(10.sum(C)) =
U(In(144047), In(4450407))

J Proportion of carrying capacity in first year of assessment: a ~ U[0.001, 1.0]

. Natural logarithm of the survey-specific catchabilities In(gi) ~ U(-16, 0) (for IBTS only).

The acoustic survey prior is discussed below.
. Process error precision % ~ gamma(0.001,0.001)
u

34.1 Specification

The specifications for the final boarfish assessment model runs are:
Acoustic survey
Years: 20112023

No substantial evidence exists for removing any of the survey points from the time series alt-
hough 2016 may be considered an outlier (Table 3.3.2.1).

In the index value from 2011 — 2015 is calculated using a bespoke protocol as outlined below

Index value (lacousticy): “total” in tonnes (i.e. Definitely Boarfish + Probably Boarfish + Boarfish in a
Mix)

For the years 2016 — present, the StoX software package (Johnsen et. al., 2019) was used to calcu-
late the acoustic abundance index.
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Catchability (gacoustic): A free, but strong prior (i.e. the acoustic survey is treated as a relative index
but is strongly informed, this allows the survey to cover <100% of the stock).

IBTS surveys
6 delta log normal indices (WCSGEFS, SPPGEFS, IGFS, ECSGFS, SPNGFS, EVHOE)

The final run is based on a run that includes all surveys with the omission of the first 5 years of
the WCSGEFS and first 9 years of the ECSGFS as it was unclear whether boarfish were consistently
recorded in the early part of the ECSGFS. The WCSGES is thought to be at the northern extreme
of the distribution and may not be an appropriate index for the whole stock. The initial data year
was set at 1991 when 3 groundfish survey indices are available (SPNGFS, ECSGFS and
WCSGES). The survey indices are weighted such that highly uncertain values receive lower
weight in the fitting.

Catches
2003-2022 time-series
Priors

The final run assumes a strong prior for the acoustic survey catchability with [11(gacoustic) ~ N (1,
1/4) (mean 1, standard deviation 0.25), which has 95% of the density between 0.5 and 2. Given
the relatively short acoustic series it is not possible to estimate this parameter freely (i.e. using an
uninformative prior). The prescription of a strong prior removes the assumption of an absolute
index from the acoustic survey. This assumption will be continually updated as additional data
accrue.

3.4.2 Results

Run convergence

Parameters for the 2023 model run converged with good mixing of the chains and Rhat values
lower than 1.1 indicating convergence and acceptable autocorrelation (Figures 3.4.2.1-3).

Diagnostic plots are provided in Figure 3.4.2.4 showing residuals about the model fit. A fairly
balanced residual pattern is evident. In some cases, outliers are apparent, for instance in the later
years of WCSGEFS survey. Large residuals tend to be observed where the model has ignored data
points that had high uncertainties. However, these points are down weighted according to the
inverse of their variance and hence do not contribute much to the model fit. The acoustic survey
(WESPAS) overestimates the stock in the first 3 years, then underestimates it for the next 4 years
before again overestimating it slightly until the present survey. This suggests that this index is
perhaps not representative of the whole stock. Figure 3.4.2.5 shows the prior and posterior dis-
tributions of the parameters of the biomass dynamic model. The estimate of q for the acoustic
survey is 0.79, leading to a higher estimate of final stock biomass than the acoustic survey result.

Trajectories of observed and expected indices are shown in Figure 3.4.2.6, along with the stock
size over time and a harvest ratio (total catch divided by estimated biomass). Parameter estimates
from the model run are summarized in Table 3.4.2.1. Biomass in 2023 is estimated to be 734 kt,
continuing the increasing trend in stock size since 2016. The extremely low biomass estimate
from the 2016 acoustic survey appears to be largely considered as an outlier by the model. This
is also the case for the high survey estimate in 2012 although the drop in biomass between these
points is seen in a number of the input data series. Retrospective plots of TSB and F, presented
in Figure 3.4.2.6, show that the perception of the stock is stable over the most recent 5 years.

IBTS
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Diagnostics from the positive component of the delta-lognormal fits indicate relatively good
agreement with a normal distribution on the natural logarithmic scale (Figure 3.4.2.8). There is
an indication of longer tails in some of the surveys (e.g. WCSGFS, SPPGFS).

Pair-wise correlation between the annual mean survey indices varied. The updates described in
section 3.3.3 with respect to data and analysis code corrections have resulted in increased corre-
lation between the surveys most affected i.e. IGFS and EVHOE (Figure 3.4.2.9). The WCSGFS
displayed positive correlations with all five surveys except the Spanish north coast survey
(SPNGEFS). The SPPGFS displayed a small negative correlation with EVHOE. Weighting the cor-
relations by the sum of the pair-wise variances resulted in a largely similar correlation structure
(Figure 3.4.2.9). Note that though some surveys displayed weak or no correlation, no surveys
were excluded a-priori from the assessment.

3.4.3 State of the stock

This year’s assessment indicates that total stock biomass increased from a low to average level
from the early to mid-1990s (Figure 3.4.2.7). The stock fluctuated around this level until 2009,
before increasing until 2012. A sharp decline is seen between 2013 and 2014. Since 2014, the abun-
dance has increased and is close to the historic maximum from the assessment (2012) in 2023.
There was concern in 2014 that this decline was exaggerated by an unusually low acoustic bio-
mass estimate that led to a downward revision in stock trajectory. However, the 2014 survey is
considered satisfactory in terms of containment. The comparably low 2014 biomass estimate was
supported by results of the 2015 survey. The 2016 biomass estimate, the lowest of the time series
is considered likely an outlier and has little influence on stock abundance estimates. The assess-
ment is characterised by relatively high uncertainty reflecting the uncertainty in the survey indi-
ces, and short exploitation history of the stock and the treatment of the acoustic survey as a rel-
ative biomass index.

Catch data are available from 2001, the first year of commercial landings, and reasonably com-
prehensive discard data are available from 2003. Peak catches were recorded in 2010, when over
140 000 t were taken. Elevated fishing mortality was observed, associated with the highest rec-
orded catch in 2010. Fishing mortality, expressed as a harvest ratio (catch divided by total bio-
mass), was first recorded in 2003. Before that time, it is to be expected that some discarding took
place, and there were some commercial landings. Fishing mortality increased measurably from
2006, reaching a peak in 2009-2010. F declined in 2011 as catches became regulated by the pre-
cautionary TAC but increased year on year until 2015 when reduced catches resulted in a reduc-
tion.

MSY reference points can be estimated from the production model assessment parameter values.
In 2023, Fwmsy (r/2) is estimated to be 0.16, similar to estimates from previous assessments and
MSY Burigger (K/4) 173kt. Throughout the history of the fishery, estimates of total biomass have
remained above MSY Buigger. Fishing mortality (F) was briefly larger than the estimate of Fusy
between 2009 and 2010 and again in 2014, but has decreased since. In 2023, the stock is in the
green area of the Kobe plot (Figure 3.4.3.1).

Recruitment

Estimates of recruitment are not available from the stock assessment. However, all available data
sources (catch, acoustic survey and IBTS surveys) indicate above average recruitment over the
period 2019-2021. The common ALK (Table 3.3.1.1.) was applied to the IBTS number-at-length
data. The length-frequency is presented in Table 3.3.3.1. and the age-structured index in Table
3.3.3.2. and Figure 3.3.3.5.

The EVHOE, IGFS and SPNGFS surveys provide the best indices of recruitment as this is where
the juveniles appear to be most abundant (Table 3.3.3.1). It appears that recruitment was high in
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the late 1990s in the EVHOE survey with 2010 and 2015 also indicating above average recruit-
ment. Particularly strong recruitment has been noted in each of 2018-2020, especially for the
EVHOE survey but also the IGFS in 2020.

The PELGAS survey is conducted annually in waters to the south of the boarfish (WESPAS) sur-
vey. In 2021, PELGAS recorded a significant increase in biomass on its most northerly transects
(immediately south of the WESPAS southern limit) compared to 2019 (no survey was conducted
in 2020), in broad agreement with increases noted on WESPAS. In 2022 and 2023, boarfish was
encountered as far south as 45°N, primarily on the western extent of the survey transects. Esti-
mates of biomass in 2022 and 2023 were approximately 70kt. The PELGAS survey takes place
approximately 1 month prior to the boarfish survey.

3.5 Short Term Projections

As the assessment is exploratory, no short term projections were conducted.

3.6 Long term simulations

No long term simulations were conducted.

3.7 Candidate precautionary and yield based reference
points

3.7.1 Yield per Recruit

A yield per recruit analysis was conducted in 2011 (Minto et al. 2011) and F0.1 was estimated to
be 0.13 whilst Fmax was estimated in the range 0.23 to 0.33 (Figure 3.7.1.1). F0.1 was considered
to be well estimated (Figure 3.7.1.2). No new yield per recruit analyses were performed in sub-
sequent years.

3.7.2 Precautionary reference points

No reference points have been defined for boarfish.

3.73 Other yield based reference points

Yield per recruit analysis, following the method of Beverton & Holt (1957), found F0.1 to be ro-
bustly estimated at 0.13 (ICES 2011; Minto et al. 2011).

3.8 Quality of the assessment

ICES considers the current basis for the advice on this stock to be an interim measure. Extensive
sampling of the commercial catch and information from surveys will permit assessment devel-
opment as the available data improves. The acoustic survey has undergone several develop-
ments to improve its suitability with updates to methodology in 2012, a change in direction in
2017 and extension of transects at the boundaries to improve containment. The current assess-
ment was downgraded from Category 1 to Category 3 in 2014, and it has remained in this cate-
gory since. The model is still considered suitable for category 3 advice, because it provides the
best means of combining the available survey series. The assessment is sensitive to the acoustic
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series. In addition, a substantial part of the year to year variations in the stock abundance is
linked to the process error. The use of some priors (like ratio to virgin biomass in the first year
of the assessment) and survey (e.g. WCSGEFS for instance) may require revision.

The bottom trawl survey data are considered to be a good index of abundance given that boarfish
aggregate near the bottom at this time of year. The trawl surveys record high abundances of the
species, but with many zero hauls. The delta-lognormal error structure used in the analyses is
considered to be an appropriate means of dealing with such data. The biomass dynamic model
used in the stock assessment is based on the assessment of megrim in Sub-divisions 4 and 6 with
the model further developed by including acoustic survey biomass estimates. A drawback of the
current assessment model is that it does not provide estimates of recruitment although estimates
of recruitment strength are available from the Spanish and French bottom trawl surveys.

3.9 Basis for 2024 and 2025 advice

Advice for boarfish in 6-8 has been issued biennially since 2018 and is based on the trend in the
relative TSB from the assessment. Advice for 2024 and 2025 is based on the updated assessment
presented in this report and the application of the updated ICES guidance for stocks in category
3, based on the work of the ICES WKLIFE series of workshops (ICES 2022).

Although considered by the SPiCT benchmark workshop (WKBMSYSPiCT2) in 2023, an ac-
cepted SPiCT assessment could not be achieved for this stock. However, with an index of abun-
dance available from the current assessment model, comprehensive length sampling of the com-
mercial catch and available estimates of the von Bertalanffy growth parameter (k), method 2.1,
an rfb rule with m=0.95 can be used to derive category 3 MSY advice for this stock.

Estimates of k are available from White et al (2011) (0.186 year') and the more comprehensive
study of Hiissy et al (2012b) (0.145 year™ for females, 0.181 year for males).

The calculations for the individual rfb components are described below:
Biomass ratio (r)

r is based on the relative TSB from the 2023 update assessment over the most recent 5 years.
Index A, the mean for the most recent 2 years (2022,2023) is 1.82. Index B, the mean over the 3
years prior to this (2019-2021) is 1.23 such that the resultant r parameter value is 1.48.

Fishing pressure proxy (f)

Based on the analyses carried out during WKBMSYSPiCT2, Lix is estimated as 153.5mm the av-
erage of the individual male (160mm) and female (147mm) estimates.

Extensive length sampling of the commercial catch of boarfish has been carried out by Ireland
since 2007. Irish catches account for by far the greatest proportion of the total catch and the sam-
pling programme covers the entire fleet exploiting boarfish.

For the purposes of calculating the target reference length (Lr-m), length at first capture (L) is
based on the most recent 4-year period, following strong recent recruitment to the stock and is
estimated at 70mm, the smallest length class for which the estimate of total catch in numbers
exceeds half of the estimate at the modal length. Identical estimates of L result when extending
the historic period to include the most recent 10 years of length sampling information. When
combined with the above estimate of Lint, Le=m = 0.75Lc + 0.25Lint = 91mm. The mean length in the
catch for the most recent year (2022) is estimated as 103mm resulting in a fishing pressure proxy
of 1.13.
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Biomass safeguard (b)

The minimum relative biomass occurred in the first year of the assessment (0.52) although simi-
lar levels were reached in 2003 (0.63) and 2016 (0.62), leading to an luigger of 1.4%0.52 = 0.73. With
the most recent estimate of relative biomass in 2023 of 1.88, the b parameter value for application
of the rfb rule is set to 1.

The selected rfb rule specifies an additional precautionary multiplier (m) of 0.95 which, when
applied in conjunction with the most recent advice (22,791t), the r, f and b values outlined above
leads to an advice for 2024 and 2025 more than 20% above that for 2022-23. As such, the stability
rule is invoked and the increase limited to 20% (27, 349t).

3.10 Management considerations

This stock is placed in category 3 with advice is based on the harvest control rules developed by
ICES WKLIFE (ICES 2022). The biomass estimate from the Bayesian model is considered reliable
for trends and is used as an index of stock development. Advice is based on rfb method 2.1 (as
the von Bertalanffy k parameter for boarfish is estimated to be less than 0.2). The advice is calcu-
lated based on a comparison of the average of the two most recent index values with the average
of the three preceding values multiplied by the most recent catch, a biomass safeguard, a length-
based fishing mortality proxy, a precautionary multiplier and the most recent advice. Table
3.9.1.1 shows the biomass estimates from the model from which the index was calculated. Alt-
hough not currently accepted as the basis for an analytic assessment, the surplus production
model still provides the best unified view of this stock (Figure 3.4.2.5).

3.11 Stock structure

A dedicated study on the stock structure of boarfish within the Northeast Atlantic and Mediter-
ranean Sea was carried out in 2013. Details can be found in the stock annex. Ecosystem consid-
erations

3.12  Ecosystem considerations

The main ecosystem aspects for boarfish in the NE Atlantic are outlined in the stock annex. Man-
agement plan.

3.13  Proposed management plan

In 2012 and 2015 the Pelagic Advisory Council submitted a proposed management strategy for
Northeast Atlantic boarfish. Details of the plans and their evaluations can be found in the stock
annex.
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3.15 Tables

Table 3.2.2.1. Boarfish in ICES Subareas 27.6, 7, 8. Landings by country, total discards and TAC by year (t), 2001-2021.
(Data provided by Working Group members)

Den- Ger- Ire- Neth- Eng- Po- Scot- Spain  Por- Dis- Total TAC
mark many land er- land land  land tugal cards
2001 120 120
2002 91 91
2003 458 10929 11387
2004 675 4476 5151
2005 165 5795 5960
2006 2772 4365 7137
2007 17615 772 3189 21576
2008 3098 21585 0 10068 34751
2009 15059 68629 6682 90370
2010 39805 88457 9241 6544 144047
2011 7797 20685 2813 5802 37097 33000
2012 19888 55949 4884 6634 87354 82000
2013 13182 52250 4380 5598 75410 82000
2014 8758 34622 38 1813 45231 133957
2015 29 4 16325 375 104 929 17766 53296
2016 337 7 1749 171 21 1283 19315 47637
2017 548 15485 182 0 1173 17388 27288
2018 94 9513 172 0 0 148 1359 11286 21830
2019 757 9910 318 19 3 306 11312 21830
2020 196 14666 416 62 109 1 198 15649 19152
2021 4322 11830 781 45 45 9 11 651 17693 19152
2022 1859 14055 858 73 10 5 1037 17898 22791

0=<0.5t
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Table 3.2.2.2. Boarfish in ICES Subareas 27.6, 7, 8. Discards in demersal and non-target pelagic fisheries by year (data

provided by Working Group members)

Year Denmark Germany Ireland Nether- Spain UK Lithuania Portugal
lands

2003 119 1998 8812

2004 60 837 3579

2005 55 733 5007

2006 22 411 3933

2007 549 23 2617

2008 920 738 8410

2009 377 1258 5047

2010 85 512 5947

2011 49 107 185 5461

2012 181 88 6365

2013 22 47 11 5518

2014 117 50 477 1119 50

2015 7 921 1

2016 869 20 41 348 4 1

2017 386 640 146 1

2018 744 525 89 1

2019 57 240 8

2020 64 133 1

2021 11 594 46

2022 0 5 0 1017 15 0

0=<0.5t
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Table 3.2.2.3 Boarfish in ICES Subareas 27.6

Country 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Denmark 37 67 172 10 23 0
England 9 9 7 9
Ireland 65 292 10 21 99* 28 45 1356 26 125 538 182 116 377 907 269 568 1214 378 114
Netherlands 128 45 34 78 79 108 52 1
Scotland 10 15 30 6 2

*6t in 5b, 0=0-0.5t

Table 3.2.2.4 Boarfish in ICES Subareas 27.7bc

Country 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Denmark 80 12 8 21 85 13 1002
England 85 1 0 32 10 3
Germany 4 5

Ireland 214 224 105 15 1259 3 74 2293 283 4609 10405 3262 2829 1198 124 163 241 6818 3732 2262
Nether- 33* 35 138 10 150 212 228 12
lands

Scotland 4 1745 100 2

*Division 7, 0=0-0.5t
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Table 3.2.2.5 Boarfish in ICES Subareas 27.7h-k

Country 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Denmark 39132 7779 18203 11828 8747 5 330 239 6 268 101 4151 775
England 10 16 0 0 3 23 23 47
Ireland 179 122 12 2360 16131 21370 63597 81160 19565 50507 38358 30925 12152 8623 2994 3745 6222 6365 6956 11680
Nether- 90 9 68 80 79 325 809
lands

Poland 109 12

Scotland 772 9227 2813 3139 3381 8 0

Spain 0 0

0=0-0.5t

Table 3.2.2.6 Boarfish in ICES Divisions 7e-g

Country 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Denmark 674 1 1 0 23 2
England 0 6 12 14
Ireland 375 120 184 4912 3649 811 616 1808 135 547 1 2 1 764
Netherlands 0 0 3 7 1 126 2
Scotland 883

0=0-0.5t
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Table 3.2.2.7 Boarfish in ICES Subarea 8

Country 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Denmark 18 1354 6 7 271 315 111 81
England 5

Germany 1 1

Ireland 38 38 1 5 93 1140 119 682 7297 11458 5336 2876 269

Netherlands 2014 14 0 17 48 33
Spain 148* 2 1 11 11
Portugal 5

*94t in 9a, 0=0-0.5t
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Table 3.2.5.1. Boarfish in ICES Subareas 27.6, 7, 8. Length-frequency distributions of the international catches (raised numbers in ‘000s) for the years 2007-2022

ICES SCIENTIFIC REPORTS 5:52

Length 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
4.5 14
5.0 878 1
5.5 515 2746
6.0 156 810 765 15868 37073 537 5058
6.5 439 14 4607 203 70362 150810 2147 1453
7.0 1090 522 56 52 513 417 5250 405 80160 233347 13936 26532
7.5 1354 1574 551 10598 1684 12616 2635 85420 147915 25740 21853
8.0 677 375 1345 185 1419 80716 8685 11473 4703 115154 38949 30699 30617
8.5 1082 555 3592 1064 49508 6412 10115 3559 67471 43556 45234 16174
9.0 677 5382 851 555 7263 327 10219 7104 3874 6554 16504 101918 107121 50374
9.5 7473 17367 7883 7012 641 47509 4916 213 23065 14047 6196 3147 115103 191656 121067
10.0 9609 11209 54130 29410 33243 2791 94702 31649 1211 46010 32346 5559 9173 100550 177751 173811
10.5 52308 174796 130889 15848 6132 59833 71344 3865 39071 36242 4450 10144 55049 98863 135187
11.0 84555 63517 343283 361774 70615 24571 18359 108261 12226 14181 32445 17658 5796 9475 72207 104658
11.5 59781 321637 655875 93487 81928 20938 82470 28142 18249 31589 22826 22722 3172 44227 64098
12.0 44199 119561 297737 739025 189434 264888 98564 84288 41613 30975 33618 24070 22353 2396 14710 29920
12.5 70990 207739 564347 114904 398772 204868 112826 42461 51110 41650 24514 17521 3251 5711 8411
13.0 82633 52308 147965 353484 133539 419060 315063 172416 59990 57000 46495 30665 28815 9494 6738 4477
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Length 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
135 29890 149314 246146 51235 307533 285688 153742 52625 58696 43121 38698 16688 13707 8599 6754
14.0 117224 22418 105782 224611 50857 176710 210137 138549 50139 76872 45353 34080 20053 16381 8468 9886
14.5 14945 71273 127711 25309 89726 105571 74059 28771 37755 39524 29908 13809 14913 7389 8555
15.0 65338 33627 47816 125463 25569 52791 62175 43347 16087 23137 21854 15561 5710 12563 7222 18872
15.5 11209 13082 81386 5473 25065 31122 22629 8572 7841 4932 5778 1513 4304 2880

16.0 13452 11209 19397 24256 4181 13149 14990 7672 4331 625 1020 1948 143 1041 633

16.5 3736 4061 6209 2280 2738 4918 2134 2081 128 54 143 353 457

17.0 3736 677 1913 456 827 1109 1361 289

17.5 407 23 353

18.0 283 296

18.5 592

145



146 | ICES SCIENTIFIC REPORTS 5:82 | ICES

Table 3.2.5.2 Boarfish in ICES Subareas 27.6, 7, 8. Number of samples collected from the catch per year

Year Landings Percent landings covered by sampling No. samples No. measured No. aged
2001 120 0 0 0 0
2002 91 0 0 0 0
2003 458 0 0 0 0
2004 675 0 0 0 0
2005 165 0 0 0 0
2006 2772 0 0 0 0
2007 18387 NA 3 217 0
2008 24683 NA 1 152 0
2009 83688 NA 9 1475 0
2010 137503 NA 95 10675 403*
2011 31295 NA 27 4066 704
2012 80720 NA 80(68)*** 9656(8565)*** 814**
2013 69812 NA 76 9392 Q****
2014 43418 NA 54 7008 Q****
2015 16837 NA 32 3356 Q****
2016 18031 NA 27 3861 Q****
2017 16215 NA 18 1140 Q****
2018 9927 NA 12 556 Q*x**
2019 11006 NA 8 371 Q*x**
2020 15451 NA 10 534 Q*x**
2021 17042 NA 12 564 Q*x**
2022 16860 NA 21 4756 Q¥ Hx*

* A common ALK was developed from fish collected from both commercial and survey samples. This comprehensive ALK was
used to produce catch numbers at age data for pseudo-cohort analyses.

** A common ALK was developed from fish collected from Danish, Irish and Scottish commercial landings. This comprehensive
ALK was used for all métiers to produce catch numbers-at-age for the pseudo-cohort analysis.
Only aged fish measured to the 0.5cm were included in the ALK.

*** Only Irish collected samples were used for the length frequency, see stock annex.

*#%% 2012 ALK was used.
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Table 3.2.5.3. Boarfish in ICES Subareas 27.6, 7, 8. Catch per country and corresponding number of samples collected in

2021
Official catch Country No. samples  No. measured No. aged
1859 DK 1 263 0
10 ES 0 0 0
14055 IE 20 4493 0
858 NL 0 0 0
5 PT 0 0 0

73 UKE 0 0 0
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Table 3.3.1.1. Boarfish in ICES Subareas 27.6, 7, 8. General boarfish age length key produced from 2012 commercial sam-
ples. Figures highlighted in grey are estimated

4 5 6 7 8 9 10 11 12 13 14 15+
7.25
7.75
8.25
8.75
9.25
9.75
10.25
10.75 10 3
11.25 29 14 2 2
11.75 9 21 21 18 2 2 1
12.25 4 17 22 38 12 8 1
12.75 5 9 42 37 14 6 2 1 1 1
13.25 2 4 31 28 24 12 6 2 3 1 5
13.75 1 3 25 22 21 14 6 5 4 2 11
14.25 6 8 18 22 8 3 7 1 20
14.75 1 1 2 3 8 1 6 6 6 30
15.25 1 1 2 2 2 5 2 19
15.75 2 2 19
16.25 8
16.75 1
17.25 1
17.75 1
18.25 1
18.75 1
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Table 3.3.1.2. Boarfish in ICES Subareas 27.6, 7, 8. Proxy catch numbers-at-age of the international catches (raised numbers in ‘000s) for the years 2007-2022

Age 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
1 0 0 1575 2415 0 28 301 0 5556 218 1862 314 17427 40397 4147 16995
2 352 5488 15043 11229 2894 893 7148 695 116135 2385 4387 1736 37620 57719 21195 71996
3 2114 21140 65744 72709 41913 5467 156680 49503 32248 10737 8830 2628 9737 37192 56256 359182
4 40851 105575 338931 294382 28148 41278 58522 127520 16588 25114 34448 13610 9944 26433 78892 170175
5 48915 141300 475619 567689 30116 110272 59797 93705 24564 20263 27266 15570 12682 10162 41988 85079
6 62713 195339 543707 878363 175696 146582 68949 67275 26566 18025 21103 14731 12716 2583 16995 31560
7 26132 104031 307333 522703 143967 492078 302967 193061 74115 61229 55189 38686 29513 9113 22437 39024
8 29766 66570 172783 293719 107126 365840 250341 139124 52052 47573 38229 26821 18819 7487 8077 11792
9 56075 53159 155477 276672 77861 271916 212318 121042 44615 42478 32258 23670 15875 7897 7021 9566
10 44875 46893 130148 232122 60022 173486 160137 94225 34264 35150 25716 19395 11359 8164 5266 7206
11 14019 15289 42521 78588 46079 69396 63025 36078 12999 13297 9560 7148 4272 3049 1818 2218
12 32359 21178 61350 114600 40468 40968 41490 24895 9114 9132 7564 5846 2937 2786 1532 2085
13 4848 11854 39609 59932 24352 58888 59380 36309 13362 13774 10922 8183 4256 4152 2316 3359
14 16837 13570 31569 59060 19724 30277 30355 19064 7152 6682 5924 4554 2156 2333 1314 2379

15+ 109481 112947 196967 349320 157707 217260 239366 150688 59139 49589 40797 32130 14864 17663 10006 20904
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Table 3.3.2.1. Boarfish in ICES Subareas 27.6. 7, 8. Acoustic survey abundance and biomass estimates

Ag 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
e

0 1084 259

1 5 22 199 5 111 77 782 897 9523 587 14

2 12 11 78 319 36 127 31 389 1157 3392 3234 299

3 58 174 1843 15 17 46 345 115 97 967 2955 7537 4011
4 187 65 696 98 34 44 367 68 93 113 1315 4259 4737
5 437 95 382 102 80 6 156 107 88 157 463 619 1143
6 1166 736 254 105 112 10 209 166 106 183 150 509 1834
7 1184 974 1057 415 437 169 493 321 446 913 953 752 1857
8 704 759 879 344 363 113 463 198 183 885 207 266 554

9 1095 849 801 342 354 118 397 293 288 721 378 302 470
10 1032 956 704 332 360 97 286 625 290 331 249 122 191
11 333 651 264 130 132 17 121 339 50 81 151 41 19

12 653 1100 203 105 113 32 82 264 192 195 188 23 14

13 336 857 297 166 174 49 74 198 79 299 81 127 161
14 385 656 170 89 108 18 220 117 57 267 327 90 100
15 3519 6354 1464 855 1195 400 931 302 759 1641 1213 148 685

+

TS 11104 14257 9091 3098 3996 1157 4387 3221 3899 9888 21805 18614 16091
N

TS 67017 86344 43989 18777 23263 6969 23006 18625 17915 39987 44377 45141 52570
B 6 6 0 9 4 0 2 2 6 2 7 5 1

SS 66939 86154 42315 18765 22665 6910 21881 18462 16921 35787 35195 42272 52358
B 2 4 8 4 9 3 0 4 3 1 5 2 8

Ccv 212 10.6 17.5 15.1 17.0 19 21.9 19.9 25.4 34.8 31.0 24.0 11.0
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3.3.3.1. Boarfish in ICES Subareas 27.6, 7, 8. IBTS length-frequency data

EVHOE
Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1997 0 5 12 7 17 195 2645 5006 3691 3570 4422 12054 16633 7200 3472 503 18 1 0 0
1998 0o 1 4 25 70 2083 18263 8566 6117 5961 7082 11828 14363 9600 5261 971 8 0 0 1
1999 0 O 13 52 33 245 10949 25911 23235 6484 2818 4632 7780 6151 1357 268 8 0 0 0
2000 0o 17 79 120 8 1508 26901 17725 9864 22076 16424 29584 36849 16508 5399 988 76 0 0 0
2001 0o 1 45 687 490 916 21328 37173 13322 28492 31640 18378 12315 6507 3193 1272 81 4 0 0
2002 0o 2 18 23 11 547 9634 29844 17728 13175 9280 9513 9615 6185 2458 642 37 1 1 0
2003 0 O 17 47 17 57 426 1663 7155 20073 24977 21358 21939 15004 7355 1599 35 0 0 0
2004 0 o 33 534 397 123 1248 1420 1308 1083 3102 7308 7224 6353 7866 3630 241 5 0 0
2005 0o 2 94 964 1264 146 1097 2302 1225 1551 3182 13394 15782 9879 6012 1658 117 70 0 0
2006 1 26 111 77 74 15506 37545 10729 3611 2128 1518 1960 4165 4024 2601 940 93 2 12 0
2007 0o 7 188 473 234 1511 22812 127331 65589 6442 6823 5477 6110 6003 4268 1411 118 11 0 0
2008 0 3 432 2795 823 5487 54355 256210 169633 163128 69199 38406 18310 17213 9157 3486 745 6 1 0
2009 0 6 128 194 69 1482 19663 35649 5260 3906 9562 12271 9402 10835 6722 775 39 1 0 0
2010 0 21 529 116 154 5774 46490 74999 27177 12168 37971 59369 38501 37683 15699 1555 248 8 1 0
2011 0 61 95 214 5 536 2232 8210 14905 32671 29788 50316 56963 36588 11723 3058 572 159 47 0
2012 0 9 146 594 142 2913 28823 26800 6124 11739 13607 22370 37138 44084 19963 4893 127 1 0 0
2013 0 3 48 92 10 305 2187 2141 2558 13769 9938 15006 37563 40266 20130 6888 686 O 3 0
2014 0 2 693 1386 508 84 1440 885 3074 8732 28586 39397 74122 69736 26871 3908 59 433 0 0
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Year 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2015 5 183 5898 4143 607 19075 179269 119004 15765 18014 61575 62024 59904 21525 5487 541 429 8 0
2016 31 379 846 115 733 10284 14280 17251 42132 25304 68583 130633 131220 48538 11611 1358 26 0 0
2018 14 4957 193861 173779 210 10910 76288 48343 29096 45773 85164 132174 157883 48603 14951 592 18 0 0
2019 997 6467 589 10688 531908 561517 329850 59733 4505 3418 8451 32547 61582 30031 7468 962 204 0 0
2020 283 1280 657 21381 408706 595107 142947 218153 421028 220190 54726 70612 97364 74415 30606 4736 1 0 0
2021 35 166 27 32861 954046 852223 313053 640456 208802 106995 57674 96633 65504 12047 3416 387 53 0 0
2022 25 78 66 15 6041 88521 309670 433131 585482 250402 80362 41907 18504 4317 885 68 0 0 0
IGFS
Year 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2003 1 33 22 7 22 129 172 879 2942 2322 1325 3823 4629 2898 896 163 38 0 0
2004 23 63 34 8 117 628 1444 423 397 464 2276 4325 4709 3972 1019 90 5 1 0
2005 8 59 52 20 203 1024 585 288 636 341 3463 11457 11348 7955 1744 382 2 1 0
2006 60 68 48 35 212 969 621 2046 4190 8044 7946 24208 42119 32168 12296 2454 532 0 0
2007 6 44 18 31 501 923 1251 1638 1166 2510 3581 8275 10740 7093 1934 92 0 0 0
2008 0 26 18 23 127 672 531 2095 13780 17664 19268 16980 19484 15953 8789 1747 76 1 0
2009 3 80 76 25 94 228 486 1000 1139 9081 7749 5138 6921 5592 1084 68 1 0 0
2010 6 42 3 18 199 272 463 920 393 7914 34236 28611 16063 8161 1974 433 0 0 0
2011 7 17 5 4 189 772 592 556 669 2600 20246 22121 10851 5319 2218 269 9 6 0
2012 7 36 20 10 130 271 378 702 2143 1183 11104 34005 22731 10905 3901 525 4 0 0
2013 3 9 9 20 127 352 340 1320 2833 3971 15572 51637 52868 20485 6560 492 20 0 0

ICES
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Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2014 O 10 68 54 4 18 13 25 60 130 1127 3251 19125 23016 10355 2988 284 18 0 0
2015 O 3 11 16 24 193 1008 3708 848 105 713 6315 29727 48220 33024 17350 1885 531 0 0
2016 4 31 121 63 7 67 187 1515 4057 2891 1349 4111 32753 57753 40907 15527 3670 85 0 0
2017 O 0 37 131 48 132 460 652 11411 20321 5909 5520 16426 33117 29972 15815 3194 369 0 0
2018 4 51 247 139 32 45 286 585 1194 6107 17005 15168 48895 61833 36519 10722 2030 63 0 0
2019 4 19 117 47 52 262 583 173 106 487 2677 4967 6863 12080 10480 5125 772 71 4 0
2020 9 388 233 21 16 1772 2052 13941 65121 24505 7709 17859 12157 17223 9125 2499 110 2 0 0
2021 2 7 98 36 293 16275 125036 87742 210710 171970 67893 20086 16044 22040 23112 4589 816 7 1 0
2022 O 8 43 133 59 611 2778 26375 45984 58006 106343 51790 21705 25100 20712 7111 2614 318 70 0
SPNGFS
Year 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1990 0 8 0 16 317 1817 2496 260 141 154 314 632 613 689 97 0 0 0 0
1991 1 0 0 31 690 1311 313 49 9 6 7 7 4 0 0 0 6 0 0
1992 57 38 9 178 3290 2743 282 48 10 8 69 162 390 779 246 95 0 0 0
1993 57 1206 488 97 3730 3753 421 105 54 7 4 8 3 2 0 0 0 0 0
1994 40 33 0 342 4789 10162 8920 3195 53 106 20 9 12 1 0 0 0 0 0
1995 84 108 4 342 3063 2157 220 84 65 58 105 105 90 20 4 0 0 0 0
1996 218 537 143 245 4457 4449 267 820 722 82 145 126 219 96 39 2 0 0 0
1997 102 809 441 235 3458 6824 2189 1923 534 156 353 161 88 3 0 0 0 0 0
1998 2 7 4 49 1920 4685 2217 337 153 125 88 147 135 86 13 2 3 0 0
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Year 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1999 6 59 13 134 2736 3010 193 106 83 109 143 390 645 402 69 0 0 0 0
2000 7 3729 2046 17 554 1947 489 277 486 756 1252 999 1021 199 34 13 0 0 0
2001 68 4 1 153 3241 5085 659 225 206 205 236 692 407 120 22 9 0 0 0
2002 4 20 0 133 2333 2013 284 50 58 54 60 231 314 72 9 0 0 0 0
2003 4 950 567 4 77 221 57 39 28 16 22 17 23 16 5 1 0 0 0
2004 6 22 4 43 2289 3808 443 110 83 58 219 931 776 303 2 1 0 0 0
2005 16 451 25 9 754 1007 207 85 102 30 54 257 218 90 44 2 0 0 0
2006 14 156 160 50 2238 8913 4507 175 94 9 36 229 419 169 9 2 0 0 0
2007 49 40 1 111 3025 6620 1099 129 260 81 7 93 215 89 21 3 0 0 0
2008 4 92 247 1 936 1561 1326 234 1483 304 537 11 833 201 186 11 0 0 0
2009 17 62 119 11 2587 3893 4070 119 250 45 142 59 819 120 17 1 1 0 0
2010 55 102 5 232 13090 22032 3169 1160 1056 89 82 179 1007 1981 518 9 0 0 0
2011 29 260 105 46 2805 5511 1278 148 340 145 100 144 591 724 134 3 1 0 0
2012 29 132 35 556 7550 7844 1364 88 53 59 170 1051 2394 1553 432 21 0 0 0
2013 0 2 11 126 2163 4664 854 302 609 251 61 113 134 156 81 8 0 0 0
2014 75 117 6 12 263 465 79 1083 1175 1174 1266 998 2444 3623 817 31 1 0 0
2015 13 67 3 58 1889 4248 534 75 465 750 970 695 1173 1473 453 70 1 0 0
2016 17 99 5 41 922 2423 473 925 746 346 548 452 561 169 22 4 0 0 0
2017 23 20 1 16 641 1947 755 134 165 285 405 579 967 936 177 13 3 0 0
2018 0 2 0 45 708 1635 258 43 99 230 605 1370 3324 3865 949 3 0 0 2
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Year 2 3 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

2019 12 2 259 4128 3887 379 18 83 273 329 717 4200 8402 2215 202 0 0 0

2020 8 33 33 1218 2123 525 387 314 75 225 705 2518 4751 1603 10 0 0 0

2021 10 11 42 803 2654 562 127 1367 3149 1102 2200 4773 6485 1175 118 1 0 0

2022 12 38 35 1640 3395 550 220 465 1945 3197 3705 9321 7926 3200 39 0 0 0

SPPGFS

Year 1 2 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2001 0 1 2 0 44 5 52 133 162 667 1129 230 40 0 0 0 0
2002 0 0 0 0 0 1 4 90 212 791 843 313 60 0 0 0 0
2003 0 0 1 0 3 15 22 21 62 268 426 249 51 2 1 0 0
2004 0 1 6 3 0 5 6 23 124 385 592 390 52 1 0 0 0
2005 0 1 1 20 11 10 16 8 118 628 1118 833 272 23 0 0 0
2006 0 0 120 118 26 43 95 34 58 431 863 716 252 13 1 0 0
2007 0 0 5 12 20 16 12 37 34 96 202 191 34 5 0 0 0
2008 0 1 1 17 10 23 19 79 156 349 666 442 113 7 0 0 0
2009 0 8 10 11 1 0 2 220 457 1333 1746 1698 474 11 0 0 0
2010 2 0 17 4 1 6 3 43 390 710 976 620 164 13 0 0 0
2011 0 0 0 0 4 20 22 6 180 815 960 522 151 17 0 2 0
2012 0 0 0 0 2 2 1 10 87 456 570 267 79 4 0 0 0
2013 0 0 8 24 7 10 0 1 48 500 1032 564 163 15 1 0 0
2014 0 10 0 3 17 62 11 6 85 2453 6703 3168 2115 162 82 0 0
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Year 2 3 6 7 9 10 11 12 13 14 15 16 17 18 19 20
2015 0 0 0 0 1 0 0 32 300 471 316 151 43 0 0 0
2016 0 3 0 1 13 7 0 9 157 336 220 84 19 0 0 0
2017 67 19 0 10 0 1 18 26 148 498 529 268 17 0 0 0
2018 2 1 0 1 0 0 0 37 1159 3574 2449 1131 159 0 0 0
2019 36 4 0 0 3 4 0 15 426 952 796 192 15 0 0 0
2020 5 1 4 1 2 4 0 26 250 616 851 661 111 0 0 1
2021 20 0 12 0 34 38 24 39 129 916 768 357 147 3 0 0
2022 0 3 6 3 16 79 102 45 74 395 409 222 42 3 0 0
WCSGFS
Year 2 3 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1986 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1987 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0
1988 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1989 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1990 0 3 3 24 42 62 172 210 1286 856 450 52 17 0 0 0 0
1991 0 0 31 138 80 183 644 683 848 226 89 12 1 2 4 0 0
1992 0 0 8 12 14 44 478 1160 4028 1674 502 5 0 0 0 0 0
1993 0 0 1 109 2 670 2078 1074 4904 2753 2882 28 2 0 0 0 0
1994 0 2 0 15 30 30 205 283 312 454 388 147 0 0 0 0 0
1995 12 18 10 40 30 94 162 640 1485 1770 1139 318 14 2 4 6 0
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Year 1 3 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1996 0 0 0 10 48 27 49 48 64 188 920 1888 416 18 1 0 0 0
1997 0 4 0 1 17 42 120 64 116 249 436 301 91 8 4 0 0 0
1998 0 0 0 1 7 6 7 16 47 69 105 171 78 8 2 0 0 0
1999 0 1 0 2 6 8 189 221 312 458 346 221 69 0 0 0 0 0
2000 0 0 0 0 3 3 42 118 230 303 206 108 54 8 0 0 0 0
2001 0 0 0 0 0 1 12 27 54 90 233 414 242 80 15 1 0 0
2002 0 0 0 1 8 2 1 82 759 3243 5711 5896 1558 189 1 0 0 0
2003 0 1 0 0 3 52 9 107 326 1536 3294 5409 3553 413 37 0 0 0
2004 0 0 0 0 6 2 45 83 744 4576 8611 9526 5698 954 84 0 0 0
2005 0 0 0 9 38 15 30 31 113 442 1115 1747 818 141 9 3 2 0
2006 0 2 0 2 9 4 22 256 311 508 1524 2964 2104 449 73 2 0 0
2007 0 3 0 8 14 65 118 182 795 2938 5220 6953 5332 1538 116 0 0 0
2008 0 3 0 16 37 38 200 482 1406 3218 9904 22777 18407 6293 575 71 0 0
2009 0 1 1 4 6 64 2460 2246 694 505 416 338 136 12 0 0 0
2010 0 0 0 0 0 0 0 0 530 1443 1384 1357 828 149 29 0 0 0

Table 3.3.3.2 Boarfish in ICES Subareas 27.6, 7, 8. IBTS length-frequency data converted to age-structured indices by application of the 2012 common ALK rounded down to 1cm length classes

EVHOE
Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15+
1997 1323 5891 4835 3829 3369 3053 9614 6955 5556 3779 1521 973 1456 828 6235
1998 9132 16881 8109 6147 4527 3452 9545 6632 5452 4058 1597 1312 1733 1022 8419
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Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15+
1999 5474 30494 25366 5015 2592 1427 4373 3215 2887 2276 855 564 888 491 3675
2000 13450 28555 16758 19454 12310 8420 23424 16159 12783 8538 3354 1885 3099 1722 12485
2001 10664 39887 26874 27998 16428 8946 15285 7816 5688 3538 1301 863 1271 750 6396
2002 4817 30622 24313 11299 6215 3393 7688 4838 3852 2716 1035 726 1060 611 4928
2003 213 3707 9293 20716 13365 8409 18107 11109 8937 6448 2467 1932 2635 1547 12700
2004 624 2006 1574 1777 1923 1842 5376 3816 3078 2541 1075 1423 1434 932 11369
2005 549 2492 1901 2205 2758 2983 9853 7261 5865 4310 1727 1437 1869 1110 995