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1 Introduction

The agreed recordf fisheries consultations between the United Kingdahe European Union, the Faroe
Islands, Greenland, Iceland and Norway onrtenagment of mackerel in the Nortkast Atlantic for 2023
(London, 6 December 20p&tates:
Whe delegations welcomed the outcomes of the 2022 Working Group on the distribation
mackerel in the NorthEast Atlantic and expressed their thanks to thosedlved. They agreed
that the Working Group should continue; that it should be-cbaired in 2023 by scientists from
the UK and the Faroe Islands; and that it should updateréport on a regular and timely basi®

A first meeting osome members athe scientific working group was hetdthe margins of the ICES WGWIDE
meetingat ICES H@ Copenhageonn Monday 28" August 2023During that meetinghe UK stated that most
of the data necessary for the repatthat would be made available had been reaa orwas in the process of
being submitted to UK scientistShe same terms of reference as presented in 2021 for the 2022 rapert
adopted for this 2023 update of the WGpat. As for the pevious reporfthe catch dataannual by month
and rectangt), which is currenthheld by the ICES Working Group W(REWIDEaNnd can be used by this
WGwas usedTheworking group also issued a data call where it was kindly requestedPtréies provided
information on their respective catche$ mackerel for he period 2021 and 2022 (see more details in section
1.2).The UK agreed to update the Tables, Figures artlarel make this available for the rest of the WG to
edit and comment orbefore submissionin October2023to the Goastal States Chafior the Mackerel
Consultations.

1.1 Terms of Reference

A. Present available fishery independent datatbe geographical distribution on an annual, quarterly
and/or monthly/survey basis for all life stages of Northeast Atlantic mackemi@ss and abundance
or their appropriate proxies) by the respective zones of fisheries jurisdiction and in international
waters since 1977. Assess the utility of available datan®purposes of assessing the distribution of
the stock in time and space.

B. For each Coastal State/Fishing Party, present total annual catch data by month and ICES statistical
rectangle from19772022 and by the respective zones of fisheries jurisdictiod amernational
waters. In the event the data offers lower precision, datan be presented by quarter and/or ICES
subdivision. Describe the quality and utility of the catch data for theppses of assessing the
distribution of the stock in time and space

The Working Group should present a reponttime for the consultations October 2023

1.2 Approach of the present group

The present WG relies on standardised information inftren of output from nationally and internationally
coordinated surveysThe primary data sources are considered to be thagleich are internationdy
coordinated with common databasesnd where data arereported to ICESSecondary data sources are
consideed to bedata that are collected nationallwith well documented and appved data collection
protocolsbut are often limited in spatial or tempal extent Many of the secondary data sources have a
relatively short timeseries are discontinuous and/orat currently undertakenThe group also considered



whether surveys werepecifically designed for estimating mackerel distributions and abundaneéhether
the mackerel was incidental in the survey i.e., the principal target was a different specietemfsyiecies.

For temporal distribution mongzones the present Working Group followed a direct observation approach.
Surveys provide snapshots of distribution of biomass/abundance of the different life skageeto the imited
number of primary survey data sourcebetWGchose toprovidea ddailed report onthe following stages:
juveniles age Ospawningdistributions, andadults age 3+ on the summer feeding ground3he juvenile
distribution constitutessurveys which w&re not specifically targeted on mackerel whereas the spawning and
summerdistributions weresurveys targeted on mackeralisualisation of the data argiven in the form of
maps andvhen the data allowed, tables showing proportions by zones.sline2ys aly provide information
about biomass or abundance at specific pointsinme and space, but the integrated nature of their analysis
will give distribtion maps within the surveperiod. Due to the lack of systematic information the WG chose
to avoid intepolation between surveyperiods or combiningsurveys with different surveylesigns or
strategies The maps and tables provid®me guidance as to theithin year rate of change in distribution
among zones.

Catch distributiondor the period 20062020 were based onthe data held by the ICES Working Group on
Widely Distributed Stcks (WGWIDEhich emanates from an annual data calllost of these data are by
ICES statistical rectangle and momtith no designated EEZhis information wagleaned from a praess of
apportioning catches as a proportion of the statistical rectarmgtsa in each EE&ee more details ivnon,
2022.ICES also hold @it data for the period 19982005 by rectangle and quarter, but it was decidgcthe
working group last yeamot to update ths historical dataFor the period 20212022 the working gup sent
out a data call wherg¢he Parties were requested to providatch data by month, ICES rectangled EEZ®r
2021 and 2024see Annex A4Notwithstanding regulation effds, national agreements on zonal access,
misreporting et¢ the distributon of the mackerelfishery by month may provide some guidance ashe t
within year rate of change in distribution among zones.

Much of the data reported to dateith respect to Zong and/or EEZs refers to the EU and this includasy
reports relating tothe distribution and catches dflortheast Atlantic HerringClupea heengug (Norwegian
Spring SpawningNSSH Atlanto-Scandian ASH) and Northeast AtlanticBlue whiting Micromesitius
poutassoy. In this report the datare reported for the UK and thdEseparately and to ensure there is no
confusion with any previouslgublished reports, the EU without the UK is referredatibhin this reportas
EUZ.

2 Background

There has been eonsiderable amount of research underéakon mackerel in the Northeastlantic and the
fisheries have been reasonably well described since the early 1900s. Much of the information on mackerel
biology, ecology (including migrations), and the fisherighisarea from 1905 to 1984 is documedta the

book byLockwood(1988).Prior tothe beginning of the 1960s the fishing and landings were dominated by
herring with relatively low catches of mackerel. However, in the early tc18&0s there were substaiat
increases of mackerel catches, primhaby the Norwegian fleeflversen 2002; Tagsdal 2021).

A comprehensive, more recent summanyttod available data and ecologytbie Northeast Atlantic mackerel
stock is documented in an ICES report examining iggiloution and migration (ICE3139. An annual
assessment of the stoctatus and abundance is carried out by ICES Working Group on Widely Distributed
Stocks (WGWIDE). The current assessment method utilises data from sampling of the commerciateatch, th
internationally ceordinated surveysand the Norwegian cordinated tayging study (see ICES 2021a). The
distribution of spawning and an estimate of the spawning stock size is available from the tridanciarel

and Horse Mackerel Egg Sun{egporting to the ICES WGMEGS). The summer stock (feeding) distribution is
estimated by the Internaibnal Ecosystem Summer Survey in the Nordic Seas (IESSNSpetidated by the

ICES Working Group for International Pelagic Surveys (WGIPS). Thetidistrdb juvenile mackerel is



estimated by members of WGWIDE (see Jaretesi. 2015 utilising data from a number of bottom trawl
surveys on the north European western shelf in the fourth and first quarters of adjacent years. These surveys
are ccordinated and repated on through IC&in the International Bottom TrawSurvey Working Grau
(IBTSWE

In the ICESNorkshop on the Evaluation of NEA Mackerel stock components (WKEVALMA@p et

between 12thand17th June 202in London (NEAFC Headquartd# Baker eet, London W1U 7AL, United
Kingdom)it wasconcluded that the NE Atlaistmackerel stock can be considered as one stock and there was

no necessity to considerthat@2 Yy 8 G A G dzi SR | O2 YO(UCERWEAR Y 2F WO2Y LR Y

2.1 Main characteristis of themigration patterns of the stock

In general terms the life history and thuhe spatial distribution of the mackerel stock can be considered
within the framework of the various life history stages/phases and seasonal distributionshe purposes of

a brief summary of the current information available on the spatial distirutof the stock, four phases in
the annual cycle and life history are considefad documented in ICES 2@}:3

1 Spawning (adults)

1  Summer (adults)

1 Overwinterng (adults)
9 Juveniles

2.1.1 Adults

The overall annual migration patterns of northeast Atlantic maekare reasonably well known (Lockwood
1988 Godget al.2004 Uriarte and Lucio 20QUriarte et al. 2001). Changes ithe migration patterns over

the years have been also reportdti’ersen 2002)however, the drivers of the timing of migration or the
interannual variability in locations are less known. This lack of information and/or understanding results in a
large uncertainty with respect to predicinany future shifts in spatigbattern or interpolating past
distributions of the stock.

In general terns much of the Northeast Atlantic stock owginters in the vicinity of the shelf edge around the
northern part of the North Sea (ICES Division 4a) and the shelf in the North Se@riarte and Lucio 2001;
Uriarteet al.2001; Jansest al.2012). The exent of adult fish overwintering along the eastern portion of the
Norwegian Trench (along the Norwegian coastline) and to the west of the BritislilGESubAress 6 and

7) has ot been thoroughly investigated.

In February/March part of the stochggreyates and then starts to migrate southward toward spawning
grounds in the Cantabrian Sea and Bay of Biscay. Spawning generally progresses from the south to the
northern grounds, stding in around February/March and culminating in June/JsgelLockvood 1988 and

ICES MEGS reportSpawning does occur in the North Sea and this tends to be later in the season, around
June/July(ICE2021h. The cues for where a fish may spawn are alsknown and since the centres of
spawning are changing over timeettle muwst be interannual variability in the location of optimal spawning
habitats(Hughest al.2014)

Adult mackerel migrate northward from the spawning areas to the feeding grodrusprincipal feeding
migration is north and west intdlordic Seas, Iceland &a and Irminger Sean some years as far west into
Greenland waters and also as far north itibe@ vicinity of Svalbardsée Figres4.1.1 and 41.2). Some fish
from the furthest ®uth spawning grounds might move into the North Sea for feeding rather thigrating
northward into the Nordic Se@Jriarteet al.2001).The drivers of the interannuabviations in the location of

the feeding grounds are still not properly understo@tbttestadet al. 2016a; ICES 2020)owever, therds
researchsuggesting lat this may be partially due to thermal regimes, prey availability and stock size
(Nikolioudakiset al.2019; Olafsdéttiet al.2019).



In the period September/October the majoritf the stock departs from the feeding grounds, migrating back
to the overwintering grounds. The timing and details of this migration have not been a focus of any scientific
studies and as such any quantitative assessment cannot be undertaken.

2.1.2 Early lié stages

The spawning locations of mackerel and the nursgigunds arerelatively well known and documented
(Jansen et al. 2015CES, 202)bHowever, there does not appear to have been any detailed studies on the
dynamics of the eggs and/or larvae ribie connectivity between the spawning locations and the poys
grounds.Likewisethere is little or no available detailed information on the locations (abundances) of age 1
and 2 mackerel prior to them joining the adult feedimggrations. It is knownhat juveniles occur in the North
Sea Hebridean Shelgasten Celtic Sealestern Channdbut what proportion of the juveniles in the stock
that theseconstitute is unknown.

2.2 Mixing and interactions with other stocks

There is patial and temporal overlapetweenNortheast Atlantianackerel and Norwegian sprirgpawning
herring, especiallyat the periphery ofthe mackerel distribution (northern Faroese, Icelandic and Jan Mayen
waters)in the summer feeding monthsrhismay result incompetition between makerel and herring for
preferred food such a€alanus finmarchicu®ebeset al. 2012; Huset al.2012; Langagt al.2012; Oskarsson

et al.2012). Mackerel may outcompete herring during summer because mackerel are generally larger, faster,
more enduring viaen migrating and more eftdive plankton eaters, including a wider foottime (wider diet
breadth) than herring (Ngttestadt al. 2012).In a correlative study undertaken the survey data from the
IESSNS\likolioudakiset al. (2019) indicated thatherring abundancewas one of the mairfactors which
influencedboth the mackereloccurrenceandits density in thesurvey

There is evidence of mackerel predation on other species suchthe North Sea on-@roup herring as well
as Ggroup Norway poutand allages of sandeel (ICES 2008). Mackerel hashalen noted to preyon
Norwegian springspawning herring larvae along the continental shelf coast of Norway (Sétett2015;
Allanet al.202]). Tte full extent of this predation herring, along with aninter-annual variabilityis as yet
unknown.

3 Methods

3.1 Zonal database

Forthe purpose of tis report, the definitions ofnational EEZs wetaken fromthe MarineRegionsvebsite
(https://www.marineregions.org). We used the versionntersect EEZ_IHO_v4 2020 that presents the
intersections betweerthe EEZs and International wat€Fsgire 3.1.1). Note that the MarineRegiorgatabase
does not contain the special arrangement between Norway and Russia étusn access to the southern
part of the international watersAnon. 2010. This will be remedied in a future version.

The method to allocate the aregaroportion of a pne within each rectangle wasrried outwith Rsoftware.
The resuls were included in asimilardatabase as was prepared at tBéue whitingmeetingin 2013 Anon.
2013. The databasholds estimates of:

1 The area of sea in each ICES rectangle ilNtdréheast Atlantic
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1 The proportion of the sea area of each ICES rectangle that lies withiEhef each tiie contracting
parties as well as in international wateputside national jurisdiction.

The database covers the area fr@®.25 to 84.75N and 43.5W to 68.8Hgire 3.1.1) Some examples of how
the area of the ICES rectangles was dididetween adjacent EEZs are shown in Figures-3.1.2.

The codesised i this report for each of th&EZs or jurisdictional zones are as follows:

Economic Exclusive Zone (EEZ) Code

European Union EU27
Faroe Islands FO
Greenland GR
Iceland IC
International waters INT
Norway NO
Russia RU
Jan Mayen SIM
Svalbard SVA
United Kingdom UK
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Figure3.1.1 Overview map oExclusive Economic Zones (E&R#)e Northeast Atlantic used in the report.

61.0°N

60.5°N

zone2

>60.0°N
[ ukro

58.5°N

59.0°N A

122w 10w 8°W 6oW 4= 220

Figure3.1.2 Proportions ofExclusive Economic ZanéEEAyithin the FOUKSpecial Aredetween theUK
and Faroe Islands.
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3.2 Surveys

There are a number cfurveys and data sources that provide information on the distribution of mackerel in
the Northeast AtlanticTable 3.2.1)However, currently no single methodology or survey strategy is capable
of providing data on all life stages (i,&com eggs to adus$), over a complete annual cycle and the entire spatial
distribution of the stock.
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Table 3.2.1. Overview of surveys in the northeast Atlantic where mackerel occur. The survey listing and summaries include those used to quantitatively
estimate the proportion of the mackerel stock in each of the Exclusive Economic Zones (EEZ) and additional surveys which contain information on the
distribution of mackerel. While this list is comprehensive, it is not an exhaustive list. The electronic version of this table contains links to each section which
contains more complete details and descriptions of the surveys.

Survey Name Time of year Life stage Frequency Area Year Survey type Section
acronym range report
IESSNS International Ecosystem  Julyi August Adults Annual 2, 5ai b, 201071 Swept area 3.2.1.1
Summer Survey of the (Q3) 14b pelagic trawl
Nordic Sea survey
IESSNS (North  International Ecosystem  July (Q3) Adults Annual 4ai b 2018i Swept area 3.2.1.1
Sea) Summer Survey of the pelagic trawl
Nordic Sea survey
MEGS Mackerel and Horse Marchi July Adults Triennial 5i 8, 12 1992i Gulf and 3.2.1.2
Mackerel Egg Survey (Q1i Q2) bongo
g sampling
2 MEGS (North Mackerel and Horse Mayi June Adults Annual 3a,4 1999i Gulf sampling 3.2.1.2
" Sea) Mackerel Egg Survey (Q2)
= EVHOE French Southern Atlantic Q4 Adults/juveniles  Annual 7eih,8aib 1997i Bottom trawl 3.2.1.3
- Bottom Trawl Survey
5 FRCGFS French Channel Ground Q4 Adults/juveniles  Annual 7d 1988i Bottom trawl 3.2.1.3
g Fish Survey
= SWC-IBTS Scottish West Coast Novemberi Adults/juveniles  Annual 6a 199071 Bottom trawl 3.2.1.3
IS .
= International Bottom December 2009
p Trawl Survey (Q4)
& SCOWCGFS Scottish West Coast Q1 Adults/juveniles Annual 6a,7b 2011  Bottom trawl 3.2.1.3
Z Groundfish Survey
» SCOWCGFS Scottish West Coast Q4 Adults/juveniles  Annual 6a, 7b 20117 Bottom trawl 3.2.1.3
Ground Fish Survey
NS-IBTS North Sea International Q1 Adults/juveniles  Annual 4 1965i Bottom trawl 3.2.1.3
Bottom Trawl Survey
SWC-IBTS Scottish West Coast Februaryi Adults/juveniles  Annual 6a 19861 Bottom trawl 3.2.1.3
International Bottom March (Q1) 2010
Trawl Survey
WCGFS Western Celtic Sea Q1 Adults/juveniles  Annual Tfi 1998i Bottom trawl 3.2.1.3
Ground Fish Survey 2013
FO-GFS-Q1 Faroese Bottom Trawl February- Adults/juveniles  Annual 5bl 19961 Swept area A1.10
Survey March (Q1) trawl survey
IS-GFS-Q1 Icelandic Bottom Trawl March (Q1) Juveniles Annual ba 20017 Bottom trawl Al1.11
Survey (SMB)
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Additional surveys

PELACUS Pelagic Acoustic in Marchi April Adults/juveniles  Annual 8c, 9aN 1984i Acoustic Al.7
North-western Spanish (Q1-Q2)
Waters
PELAGO Pelagic Acoustic Survey  Marchi April Adults/juveniles  Annual 9asS,w 199571  Acoustic
in Portuguese waters (Q1-Q2)
IBWSS International Blue Marchi April Adults Annual 617,12 1998i Acoustic
Whiting Spawning Stock  (Q1-Q2)
Survey
PELGAS Pélagiques Gascogne Q2 Adults/juveniles  Annual 8ai b,8d 20001 Acoustic
IESNS International Ecosystem  May (Q2) Adults Annual 2,4a,5aib 19951 Acoustic Al4
Survey in the Nordic Sea
IMR Tagging Mackerel tagging survey  Mayi June Adults Annual Northeast 20117 Tagging and A2
(NOR) RFID (Q2) Atlantic recapture
HERAS Herring Acoustic Survey  June-July Adults/juveniles  Annual 3i7 1989i Acoustic Al9
(Q2i Q3)
WESPAS Western European Shelf  June-July Adults/juveniles  Annual 617 20167 Acoustic Al5
Pelagic Acoustic Survey  (Q2i Q3)
IBTSQ3 North Sea International Q3 Adults/juveniles  Annual 4 20077 Bottom trawl Al9
Bottom Trawl Survey and acoustic
FO-GFS-Q3 Faroese Bottom Trawl August (Q3) Adults/juveniles  Annual 5bl 1983i Swept area Al1.10
Survey trawl survey
Lidar PINRO Aerial Lidar Julyi August Adults Annual Norwegian 19971 Aerial Al.2
survey (Q3) Sea 2005
IMR trawling Mackerel Survey Julyi August Adults Annual Norwegian  1995i Swept area Al.1
survey (NOR) (Q3) Sea 2007 pelagic trawl
survey
PT-GFS-Q4 Portuguese Groundfish Q4 Adults/juveniles  Annual 9a 19907 bottom trawl Al.6
WIBTS Survey
IS-GFS-Q3 Icelandic Bottom Trawl October (Q4) Adults/juveniles  Annual 5a 20011 Bottom trawl Al1.11
Survey (SMH)
CSHAS Celtic Sea Herring October (Q4) Adults/juveniles  Annual 7 200471 Acoustic Al.8
Acoustic Survey
PELTIC Pelagic Ecosystem October (Q4) Adults/juveniles  Annual 7 2012i  Acoustic Al1.8
Survey in the Western
Channel and the Celtic
Sea
NSAMS North Sea Acoustic Octoberi Adults Annual 4 1999i Acoustic Al.3
Mackerel Survey November 2007
(Q4)
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Highlights of many of the survey methodologies that are currently used are given below.
Acoustic Surveys

- Widely used in thassessment of pelagic stocks such as herring and blue whitigdsuvel developed
for mackerel which does not have a swim bladder and weakly reflects acoustic energy

- The development of a target strength modetf the estimation of mackerel biomas®i acoustic data
especially in relation to the horizontal orieatton ofthe fish and behavioun shoalss stillongoing

- The most appropriate frequency for the acoustic mackerel detection is 200 kHz which may not be
available on all vessels.

- Acousics are a potentially rich source of information, with broad aaggethroughout the distribution
area although usual issues with synoptic coveragst given the extremely wide stock distribution

Bottom trawl Surveys

- Bottom contacting gear primarilgamples demersal species but will also capture pelagic(égh
recruits) close to the seabed/ackerel at age 0 school near the bottom during winter, especially in high
density areas (Janseet al.2015).

- Currently used to provide an index of reitsu(age 0) for the mackerel assessment

- The North Sea™8Quarter BT§summer) is not considered informative of age 0 abundance because a
significantproportion of the fish are too small to be sampled.

Egg and Larval Surveys
- Uses the egg abundanes a proxy for the adult spawning distribution.

- Thespawning period is mtracted (FebJul) so estimations of spawning distribution by month are not
feasible.

- The survey coverage has changed over time to try and reflect the observed perceived chatiges i
timing and locations of spawning

LIDAR (Light &ection and Ranginy

- Airborne LIDAR surveys have the advantage of potentially covering large areas in a short time and an
absence of vessel avoidance.

- However, there are deptihange limitations (mgimum 50m depth) and they are dependent on good
weather (no fog or cloudbelow the flight altitude).

- Present LIDAR indices for mackerel have limited temporal coverage (are underdeveloped).

Swept Area Trawl Surveys

- Primarily useful in summer when sHsaisperse during feedirand the majority of the fis are dispersed
andin the upper 30m of the water column

- The svept area estimation(which samples a very large are& an accepted methodologfpr the
estimation of abundance and distribution of nkacelin the summer north 06(°Nin the Nordic Seas

14



Tagging Studies

- A very large potential data source which encompasses scientific survey protocol in the location and timing
of the tagging andhen is fishery dependent in relation to timing and ltoa for the capture of tagged
fish.

- Many of the earlier studiesvere targeted at identifying the migration routes, stock size estimadts
(Hamre 1978lversen 2002Tenningeret al.2011).

3.2.1 Methods used when calculating abundance/bionsass proxies

This report analyses in detail the biomass or biomass proxies obtainedlES8®NS, MEGS, and IBTS surveys.
These surveys are used in the assessment of NEA mackerel and are considered to acouveat&ltime and
space the distribution of at least one thie life stages of mackerel.

There are additional relevant surveys whidn potentially provide spatial information on mackerel and they
are listed inTable3.2.1 However mainly due to time thitation, the working group did not woréin the data

(or provided methodologies to quantify the distributions per zone) of these sivand thus only a qualitative
description is provided (Annex Adnd Annex AR Further work would be needed to infer quitative
distributions and due to the current data formatétime available it was not possible to present these results
in the curent report. Nevertheless, these surveys can provide valuable information too, and if requested,
additional analysis coullde made to translate the survey data into zonal distribusidnformation regarding
these surveys was not updated in 2023 and refeseito them will be removed in the next report update
(2024). Surveys will be+added to the report in future updates wherequired.

3.2.1.1 International Ecosystem Summer Survey of trditlSealESSNS

Thelnternational Ecosystem Survey in the Nordic SJHESSNS3 a swept area trawl survey which provides

age segregated abundance index for mackerel age 3+ as measured during the summer feeding season in
Nordic Seas, Icelar8asinand Irminger, annually since 20XBigure 3.2.1. TheNorth Seahas been incided

into the survey areaince 2018The precursor to this survey is documented in AnAek1.IESSNS coverage
varies between years as the survey tracks the variable distribugioger of the stockDue to these changes in

the survey arearesults are pesented br the original survey aredCES divisions 5a, 5b, 14b andcBei 2)

and the North Sea (ICES DivisiondoYlaeparately and only for the whole survey area for 2018083 ICES
WorkingGroup of InternationalPelagicQurveys(WGIPS§oordinatesthe survey.

IESSN8ses a specially designed pelagic trasellled Multpelt832, to catch mackerel in the surface, trawl
headline visible in surface and foot rope at approximat&yr8depth(ICER013h Valdemarseret al.2014;
Ngttestad et a. 2016y ICES 2017, 2020). This trawl is a product of cooperation between participating
institutes in designing and constructing a standardized sampling trawl! for the IES&NShe years the

have been many discussions and refinement®aftpelt832 trawl, standadized trawling operationsurvey
design [CES 20134CES 2013bhCES 205} ICES 2017These were allonsidered and implementeidito the
IESSNS survey in Jalygust 2017 andemain in place(Ngttestadet al. 2017, 2019, 2020; Olafsdéttit al.
2018).The current survey protocol is detailed in ICHEA4b).

Calculations of mackerel age segregated IESSNS index for EEZ's was done using StoX software package fi
years 2017 2023 EEZ boundaries are implemented within StoX and index is calculated pek B&Stription

of StoX can be found in Johnsem al. (2019) and here:www.imr.no/forskning/prosjekter/stox EEZ
calculations for IESSNS in 2010 to 2016 were doneafft®areusing dgree rectangles calculations allocated

to EEZs, see annual IESSNS cruise reports for details.
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Figure3.2.1. Survey coverage for IESSRnning in WGIPS 2022, survey manual 20E5. Red lines
indicate survey strata. Numbers indicate trawl statiamgach stratung 2022 survey plan.

Evaluation and caveats

The southern extent of the stock is not covered by the survey due to the bieadlarvey resourcesn addition,

the suney protocol depends on the majority of the mackerel being in the uppe331 of the water column.

The survey does not capture the southern extent of the stock distribution as there are other surveys e.g.
WESPAGee section Al.5) that indicate mackeeetleeper in the water column which would not be sampled
with an extensiorof this surveyusing the current methodology and protocols.

At present the northern extent of the stock distribution is generally withia gurvey area, however, as
environmental coaditions change, this may not be the case in the future unless the samnezyis adaptive
and moves with the stock.

The southern extent of the stock in the North Sea is also not well represented. The soaniderasternlimit
is imposed by the water deptsince the trawls have too large a mouth opening for the southern Nadh S

3.2.1.2 Triennial Makerel and Horse Mackerel Egg SurviyG$

The working group on mackerel and horse mackerel egg surveys (WGMEGS)atesttie Mackerel and
Horse Mackerel Egg &y in the Northeast Atlantic and the Mackerel Egg Survey in the Noathviie the
purpose of estimating the spawning stock biomass (SSB) of mackerel since 1977 (Latkavd2B1). The
Annual Egg Productiodethod (AEPM) has been used for the estimat(Lockwoodet al. 1981; Lockwood
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1988), under the assumption that macké has a determinate fecundity. These surveys are carried out
triennially, although the survey in the North Sea is usually carried ouyeaieafter the surveys in the western
andsouthern areas.

Estimation of NEA mackerel SSBhaNortheast Atlantids used agan SSB index in the NEA mackerel
assessment procesghe North Sea component is currently not incorporated in theiG&B. The main
reason is that the North Sea egg sey\vs carried out one year after the egg survey of the Western and
Southen components. Given the relatively small size of the North Sea component, the exclusion of the
North Sea in the survey @®nsideed not to have a great impact on the assessment.

The spatial and temporal distribution of sampling is designed to ensure auuate coverage of both
mackerel §comber scombrus) and horse mackerelfachurus trachuruk.) spawning areas. The aim of the
triennial egg survey is to determine the annual @ggduction (AEP). This is calculated using the mean daily
egg production ates per predefined sampling period for the complete spawning area of the Northeast
Atlantic mackerel and horse mackerel stocks.achieve this, one plankton haul is completed paif ICES
rectangle with surveys conducted on transects covering the cet@gpawning area. Sampling effort aims to
produce estimates of stage 1 egg production. The entire mackerel spawning seasdded fito different
sampling periods. The amount ship time available and the size of the area to be covefeigrminethe
gpacing and omission of sampling transects within the sampling periods.

Western and southersurveyareas

The NEA mackerel egg survey (MEGS) has been running triennially sincedlSinéet992 has incorporated
both the southern and western areas of th&A mackerel stock. The core area for the western and southern
surveyareasare presented ifrigure3.2.2 TheWoutherrtarea is regarded as being from 36° N to 44° N in the
east and45° N in the west. It extends from Cape Trafalgar in the Gulf of Cadimdthe coast of Portugal to
11° W, the Cantabrian Sea and southern Biscay. Sampling often beginsiamyJin this area and continues
until June in the Cantabrian Sea.

The 'wesern' area for mackerel is from 44° N (45%MNthe west) to 63° N. It inaldes Biscay, the Celtic Sea
and the shelf edge to the northwest of Scotland. Sampling is focussed &lergipelf edge (200m isobaths)
but also occurs from the French and Irish ceamit to Rockall and Hatton Bank. Sampling in this area usually
begins inFebruary and continues to the end of July.

In most of the western area plankton samplers are deployethatcentre of half standard ICES rectangles,
which are 0.5° latitude, by 0.9®ngitude. To the north of Spain (Cantabrian Sea) in general three sample
deployments are undertaken (in an eagest direction) in each 0.25° latitude by 1.0° longitude rectiang
because of the proximity of the shelf edge to the coast.

Sincethesurvegy 6 S3AlLYy Ay mMpTtTI O2yaARSNIoOfS OKplingasaandKl @S
a2YS 2F GKSAS 6SNB RSAONAOSR Ay L/ 9{ Cmapi®ifidvas I & SF
FINBSR 6L/ 9{ZX HnanHO {KI (uldBekSain&ioilydas & glife tdtheicorg/RiveMR |
area for cruise leadersind that the extent of coverage should be decided based on finding the edges of the
egg distribution oty (adaptative sampling

In 1992 and 1995 the standard sampling area wasl tisr the calculation of the survey index. During the 2017
benchmark (WKWDE) a comprehensive-enalysis of the survey tirageries was carried out utilising all the
station data available going beyond the boundaries of the old standard area. Due txgheston of the
spawning area which has been observed since 2007 the esigpivas even more focused on full area coverage
and delineation of the spawning boundaries.
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The standard plankton samplers for use on these surveys are mainly national variants gf8o 2 NJ WD dzf ¥
highd LISSRQ & Yetal, $998). Pdrthgal IRV Aontinues to use a vertically deployed CalMET

All of the samplers and the sampling ools are detailed in ICES (2019). The primary data available from
each survey consistf the abundance of Stage 1 mackerel eggs per square metre of sea satfdoe

sampling location.

50°N 4

I I I P

20°W 15°W 10°W sW

Figure3.2.2. Survey area for the mackerel egg survey in thetiNeest Atlantic for 1992 2022. The western
area is shown in yellow and the southern aie shown in green. Bold rectangles show the core survey area

North Sessurveyarea

The North Sea Mackerel Egg Survey is designed to estimate the SSB of mackerel of the North Sea spawning
component of the NEA mackerel stock on a triennial basis. Tleeatea for the North Sea survey is presented

in Figure3.2.3. Until 2017 his survey wa done utilizing the AEPM, but it was agreed to switch to the Daily Egg
Production Method (DEPM) for the Noriea mackerel survey in 2021 (ICES 2018). Survey desimnilés to

northwest Atlantic area: one plankton haul per each half I@E&mgle is anducted on transects covering
spawning area 53° 59°N into different sampling periods. In 20ahd 2022a singleperiod (peak spawning

time) and bigger area (53°N62°N) was sampled to adapt the survey to the DEPM.
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Figure3.2.3. Surveyarea for the mackerel egg survey in the North Sea. The core area for the sli®8%ys
2017is shown in yellow. The survey afeam 2021 {ellow plusgrey)is currently used fothe North Sea

For the 2023 report the egg productiam the western and sotiern areashave been switched from a single
annual estimation for each survey year terbbnthly estimates by each survey yedaps of mackeredlaily
egg productiongtage | eggsn?2. Day?) by half ICES statistical rectangheeachtwo months of asuney year
has been estimated as follow:

1. Dailyeggproduction of half ICES rectangle in each sumewnth: Daily egg production (stage | eggs.
m2. Day') of ICES half rectangle in eathiveymonth

2. Mean dailyEgg production of half ICES rectangliireachbi-monthly period during the survey year
is then estimated by averaging the egg production of each half rectangle during those two months.

The mearegg production for a bimonthlygsiod includes both sampled and interpolated rectangBstails
of Dailyegg production estimation and survey design can be fountthiéenManual for mackerel and horse
mackerel egg surveys, sampling at sea (ICES 2019).

Similar methodology was applied tbe North Sea region to determine the average daily egg production. In
this scenario, the daily egg production for each half of an ICES rectangle was computed for each survey period.
The average egg production for eacHfH&ES rectangle for each survewnryeias then calculated by taking

the mean of the egg production from eabhlf rectangle across all survey periods.

The egg production by EEZ was estimated using the same methodology as for the maps. Tdhgty,¢bg
production of half ICES rectanglesssummed at rectangle level, and then at EEZ level. Estimates for cdtisti
rectangles straddling two or more EEZ were split in proportion to the area of each EEZ falling in that rectangle.
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Evaluation and caveats

The triennial egg survey is currently thwely indicator of the distribution of thetock at spawmigtime. Firstly

the triennial nature of the survey means that the distitional information is not annual so shesrm
variability in spawning locatiorsannot be followedin regard to the spaal coverage, primarily for logfical
reasons, the North Sea spawning arkas generally been sampled one year later than the western and
southern area. This results@am incomplete coverage of the whole spawnarga in one survey period.

The survey procol for the two areas has been similar, using the Annual Egg Produdetmd (AEPM) up

until the 2021 North Seausvey. Currently the North Sea uses the Daily Egduetion Methodology(DEPM)

which involves aisgle survey coverage at peak spawninmé (rather han multiple coveragesver the
spawning perioll The consequece of this is that the resulténside and outside of the North Seae not

directly comparable with respect toguantitative comparison oproportions of the spawning in each ofah
areas.To make a direct comparison of the North Sea DEPM methodologytht AEPM the spawning
frequency must be known and assumptions on how to relate a peak spawning estimate (DEPM) to an annual
spawning estimge (AEPM) must be taken.

To the west of e British Idsand south into the Cantabrian Selgtspawning areaoves a very large area
and spawning occurs over time both mglatively small ranges of latitude and over the full extent of the
latitudinal extent. The surveynormally takes place ovea sixmonth period with the coverage generally
progressing from south tmorth. For various reasons the data are not conducive to presenting spawning
distributions by month or even by quarter.

It is apparent from the time series of the survey that theee been interannual variations in the locations
and centres of spawningver the years. The survey has tried to daaptive,and the coverage has varied
somewhat over the years to try and ensaulate thespawning distribution in the area. The consequeig
that the spatial coverage has varied. There has been criticism ftent the zero eggs boundaries are not
reached in all the surveys and that the spawniggot fully represented in the suvey. Cursory studies have
indicated that these very low eggbundance&lensitiesdo not contribute very much with respect to the
overdl annual egg production of the stock amtbuld not make any significant contribution to the perception
of the stock bionass.

In this report thedailyS 33 LINE RdzO i A 2y 808 FaxadN$ R KISa alLJTéedMbftihe égg 2 O1
production toa fish biomass requires an understanding of the relationship betweerbithmass of a female

fish and the number of eggs eaploduces (fecundity dynamics and relationshipsfortunatdy, there is a

large amount of debatesurrounding the fecundity relationgh and the spawning ythamics of individual
mackerel which has not been resolvadd as such the decision was made noutitise any relationship to
convert egg productionnto fish biomass.

It is assumed that the annual egg productigna proxy for biomss of females that spawn, the sex ratio
approximates to 50:50 and thmales an equivalent biomass to the females.

3.2.1.3 Intermational Bottom Trawl Survey8T$

The dataset consists observations from a number of IBTS (bottom trawl) surysgeTable 3.2.Jconducted
between October and March from 1998 to present (Fighig4). Trawl operations during the IBTS have largely
been standardized through the ICES IBTS Working Group.|& g&ag design, known as the GOV (Grande
Ouverture Verticale) is used wigbme modifications (e.ggroundgear, overall gear dimensions) to sthie
conditions in the respective survey areas. Modifications are either not considered to result in significa
changes to catchability or have been accounted for in the analysisliigaspeed is generally 3:3 knots
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with fishing operations undertakeduring the hours of daylight. The majority of trawl stations are in depths
of less thark20m (Figure3.2.4).

IBTS data are stored in the ICES trawl survey reposimg in somecases supplemented by data from
national databases.

A geostatistical Ig Gaussian Cox (LGC) process model which includes spatiotemporal correlations is fit to the
survey observationsach year by WGWIDE and used to describe the catch rates of mackeuvésréage 0)
over space and time. The model formulation is fully désctiin Jansert al. (2015).

The recruitment index estimated from the model is used in the annual stock assesbgnICES and in this

report as an indicator of relative biomass of maik at age 0. For the purposes of estimating relative
proportions by EZ, model estimates were assigned to ICES rectangles and then summed for each EEZ to
calculate the proportion bageO biomass resident in the area. Estimates for statistical rectarsgjladdling

two or more EEZ were split in proportion to the area offeB&Z falling in that rectangle.
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Figure3.2.4. Demersal trawl survey data used to derive the abundance indeage0 mackerel. (a) Trawl
sample locations in the fourth quarter (QQ@ctober¢ November); (b) trawl sample locations in the first quarter
(Q1, Januarg March); (c) number of samples by yeard quarter; and (d) by depth.

Evaluation and caveats

L https://www.ices.dk/data/dataportals/Pages/DATRAS.aspx
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The aailable surveys doot provide complete coverage of the stock distributid’ he quarter 4 surveys cover

the north and west of Scotland, west of Ireland and the Bay of Biscay and quarter 1 the North Sea, north and
west of Scotlandigure3.2.4a-b). Howeverthelrish Sea and therestern part of the Channel and the adjacent
Celtc Sea is not covered. In addition, the shelf area southward along the southern Spanish and Portuguese
coast (Cantabrian Sea and Iberian Coast) is also not included. There are hauewey data from IBTS
Quarter 4 and Quarter 1 in this area (see secAdng).

There are also additional shelf areas where juvenile mackerel do occur, often periodically and are present in
ongoing national surveys. These include the Norwegian Coasta| tire Faroese Plateaand the Icelandic
Shelf. Some of these are docunted in sections A1.10 and A1.1

4 Results derived from Surveys

4.1 International Ecosystem Summer Survey of the Nordid S8&KS

Nordic Seas have been the most important feedingigcbfor millions otonnes of predominantly adult (> 3
years) mackerel isummer (Joe - August), particularly during the lagtn years from 2010 to 2020 (Figure
4.1.1and4.1.2) (Ngttestadet al. 2016a; 2020; ICES 2020).

The mackerefrapidly expandedtheir geographical rang&rom 2007 onwards, into northern parts of the
Norwedan Sea as well as north along the Norwegian coast (Ngttestald2007; 20162017), and westward

into East Icelandic waters in 2007 (Astthorssbml., 2012). Furthermore, #nmackerel expanded westward
into Southeast Greenlandic waters and north t@lBard (78°N) from aroung013(Figure4.1.1and4.1.2).

There have been rapid and large changes in mackerel abundance, distribution, and migration patterns in the
Nordic seas in sumers 20072014 (Ngttestadet al. 2016a). Quantitative results from the &rhational
Ecosystem Summer Survey in the Nordic Sed3SH{E) demonstrate that the NEA mackerel stock has
experienced a largecale northward and westward expansion in the Nordiassearticularly from 2010 to

2019 (Ngttestadet al. 2016a; Ngttestad et.a2016, 2020; Olafsdottiet al. 2018 ICES, 2023. From 2018
onward there has been substantial and rapideduction in abundancend distributionof mackerel in the
western area(Figure 4.1.2fompared to the years from 2010 to 20(ICES2023b, Ngttegad et al. 2010

2017; Olafsdottiet al. 2018).This major shift in distribution of mackerel consisted of a substantial decline of
mackerel inGreenlandic waters from 2@land in Icéandic waters from 202(Figure4.1.2, Table 41.1). The

central and nortlern part d the Norwegian Sea, on the other hand, experienced increased distribution and
abundance of mackerel from 20182022(ICES2023b). In 2023, the distribution and abundee of mackerel

in the central and northern parts of the Norwegian Sea wa@kedly reduced, even though the highest
abundances and densities were found in the eastern and northeastern part of the Norwegian Sea in July 2023.

Both increased biomass and ertied distribution based on a more northward extension of the mackerel egg
survey in Norwegian offshore and coastal waters in 2Q88on, 2022) and poleward spawning of NEA
mackerel, up to 75°N (dos Santos Schmidt et al. pOR&rly document that mackerskem to be spawning

in increasing numbers in recent years in the Norwe&aa An ongoing extension of spawning activities into
the Norwegian Sea feeding area {b2°N), reached stable levels around 2012 onwards. This poleward
expansion of spawning ireased as more fish entered the area, whilst the maximum proportions oirsgs
concurrently dropped from about 75 to 15% from May to Jdiys(Santos Schmidt et al. 2023).
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The North Sedas been covereduring IESSNBom 2018 onwards. The results froEBESSNS 2018 to 202
(Figured4.1.1 and4.1.2) quantify mackerel caught &l areas covered, deeper than about 50 m depth, within
the North Sea. Predominantly juvenile mackerel, dominated-and 2yearolds was caught in the North Sea
from 2018 to 203 (ICES, 202§. Most of the mackereh thesurvey area of th&lorth Sea reigle in Norwegian
and UK waters, with a lower proportion in the EU waters (Taldle}.

The proportions of mackerel biomass by EEZ estimated from the entire survey.ard€ES (area 2, and
divisions 5a, 5b, 14la and 4pare shown iTable4.1.3. Only the proportions for the lasixyears have been
estimated because the North Sea has not been surveyed before ZBE8proportion ofthe survey area
(approximatel\2.9million km?) encompassedyothe North Sed0.27 million k) is8.5% Within the sirveyed
areain 2023 the highest abundances are found in Norwegian waters, followed by international waters in the
Norwegian Seahe United Kingdom waterand Icelandiowaters (Table 4.1.3, Hgure4.1.1 and4.1.2).

Figure4.1.1. Annual distribution ® mackerel proxied by the absolute distribution of mean mackerel catch
rates per standardized rectangles (2° lat. x 4° lon.), from MultB8R pelagic trawl hauls at predetermined
surface trawl stations in Nordic Seas in Jueigust 2010 2023. Colouscale goes from white (= 0) to red (=
maximum value for the highest yeai)he distribution of mackerel from the 2011 is not included dae t
incomplete spatial coverage in northeranp of the Norwegian Sea, and it is not included in the assessment.
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Figure 4.1.2. Annual distribution of mackerel proxied by the relative distribution of mean mackerel catch rates
per standardized rectangles (2° lat. x 4° lon.), from Multpelt 832 peteaivl hauls at predetermineglurface

trawl stations in Nordic Seas im#u August 20162023. Colour scale goes from white (¥dded (= maximum
value for the given yearThe distribution of mackerel from th2011 is not included due to incompletpagial
coverage in northern part of the Norwegian Saad it is not inclded in the assessment

Table 41.1. Percentages of Northeast Atlantic (NEA) mackereBxglusive Economic Zone (EEZ) from
International Ecosystem Summer Survey in the Nordic 8E&SNS) in Jugugust 2010, 2012 2023 Only
data from the originalsurvey were used in the estimations (ICES &el 2, and Divisions 5.a, 5.b, and 14.1
IESSNS 2011 is not included due to incomplete spatial coverage in northern part of the Namv8gieand
it is not included in the assessment.Indicates when a zone as unsampled during a surveiote that Jan
Mayen is included in the Norwegian EEZ.

Survey year FO GR INT IC NO SVA UK
2010 15.8 * 11.6 22.9 40.8 0.5 8.4
2012 14.7 * 13.0 29.5 40.9 * 2.0
2013 17.2 5.7 111 17.2 43.5 1.6 3.7
2014 6.1 13.0 20.5 17.7 33.4 6.8 2.5
2015 10.3 4.2 10.4 37.3 30.6 1.3 5.8
2016 9.3 10.0 20.4 30.6 24.5 1.2 3.9
2017 8.8 5.0 20.7 37.4 25.4 1.0 1.8
2018 12.4 4.7 12.0 18.1 47.6 4.0 1.2
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2019 13.6 0.1 114 16.9 49.4 3.1 5.5

2020 12.5 0 22.2 4.4 47.2 10.5 3.3
2021 13.3 0 31.7 8.5 34.4 8.7 3.4
2022 3.2 0.7 14.7 20.1 47.2 12.8 13
2023 4.7 0 135 10.3 65.1 0.7 5.7

Table 41.2. Annual proportion of Northeast Atlantic
(NEA) mackerel by Exclusive Bomic Zone from
the swept area survey (IESSNS) undertaken in
part of the North Seadeeper than 50 meterdor

2018¢ 2023.

Survey year EU27 NO UK
2018 9.1 47.9 43.0
2019 8.8 29.2 62.0
2020 6.1 55.6 38.3
2021 54 25.8 68.8
2022 5.3 43.7 51.0
2023 15.3 34.1 50.6

Table 41.3. Percentages of Northeast Atlantic (NE#Agckerel biomass by Exclusive Economic Zone (E
from the International Ecosystem Summer Survey in the Nordic Sea (IESSNS) nAugest 2018, 2023.
Data from theoriginal surveyarea and North Sea was used in the estimatiohbte that both Jan Mayen
and Svalbard are included in the Norwegian EEZ.

Survey year EU27 FO GR INT IC NO UK
2018 0.9 11.7 4.4 11.3 17 51.6 3.2
2019 0.8 13.6 0.1 11.4 16.9 494 4.7
2020 0.5 12.5 0 22.2 44 57.5 2.8
2021 0.5 12.0 0 28.6 7.7 41.4 9.8
2022 0.3 3.0 0.6 13.8 18.9 58.9 4.3
2023 1.9 4.1 0 11.8 9.0 61.8 11.4

4.2 Triennial Mackerel and Horse Mackerel Egg SUMNE®B G

4.2.1 Western and southern

In this 2023updateof the Coastal States Working GrougpBe, MEGSesultsare showrbroken downinto bi
month blocks {anuary, Reruary-March, ApritMay, Juneluly. In the survey years when sampling was
conducted in January, ery small amount of egg production was estimated, and the sampled area was
confinad to the waters of Portugalsee small numbers of eggs in tagiftipanel d figure 4.2.1) Previously
MEGS results have been reportesl an annuallistribution, however it was decided due to the survey taking
place across a large area aapproximately hdlthe yearit is more appropriatéo show in this wayln 2022

the most saitherly distributedeggswere found during theFebruary- Marchperiod of the surveyn the south

of Portugal(36° N). The most northlyaround the Faroes iApril -May, the most Weserly in April- May (20°
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W) and most EasterlJater in the year off the Navegian coas{(5° E). The highest densities of eggs were
distributed along the shelf edge arouhibrthwestandNorth of Scotland, Ireland, Celtic Sea, and into the Bay
of Biscay andhe Cantabrian Sed.hereare also significantensities of mackerel eggerthward to Hatton
Bankin Apri - May. Unfortunately, there isa lack of data north of 55°N in Jurthie to problems related to
survey vessel availabilityhe result is thator the period June Julythere is probablysome biaglue to missing
data. Whencomparing the time seriesf Figure 4.2.1 anBigure A3.1.3@s wellas table 4.2.1the shelf edge
has remained the area with highest densities of eggs. However, the distribdtnadkerel eggs haxpanded
north and west since 2007 where eggs haverbfrind up to 65N.

Thegreatest poportion of eggs have been found in the Apk- May period since 201¢Figure4.2.2 where
estimates by EEZ shows that eggs are mostly founddarEUwaters inFebMar and then split between EU
and UK waters in Apr May (Table 4.2.1). Thiell temporal patterns in the distribution ahackerel eggsan
be seen by comparingigire 4.2.1and annexrigure A3.1.30alongside Table 4.2.1.
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Figure 4.2.1. Distribution ofmeandaily egg production (stage 1 egg®s2. Day?) by half ICES rectangle and
survey yeaper bimonthly period in 2022The EEZ boundaries are shown
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Figure4.2.2 Proportion of mean daily egg productidéor February to Julyhy bimonthly period

Table 42.1. Proportion of Northeast Atlantic (NEAackerel eggs by Exclusive Economic Zone {
from the triennial Mackerel and Horse Mackerel Egg Survey (MEGS) underitakie® southern
and wesern survey areasl he abundance ahackerel eggs for #awhole spawningperiod (January
¢ early July) isplit into JanuaryFebruary- March, April - May and June Julyand presented aa
proxy for biomass of spawners. * Indicates when a zone was unsampled during a survey.

Survey Suvey

Year
1992

1992

EU27
Period
Apr-May 67.3
JunrJul 22.6

UK INT UK FO FO
57 1.4 * *
0.1 * *

IC

*

*

FOC NOR
* *
* *
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1995
1995
1995
1998
1998
1998
1998
2001
2001
2001
2001
2004
2004
2004
2004
2007
2007
2007
2010
2010
2010
2010
2013
2013
2013
2016
2016
2016
2019
2019
2019
2019
2022
2022
2022
2022

FebMar
Apr-May
JunJdul
Jan
FebMar
Apr-May
Jundul
Jan
FebMar
Apr-May
JunJul
Jan
FebMar
Apr-May
Jundul
FebMar
Apr-May
JunJul
Jan
FebMar
Apr-May
JunJul
FebMar
Apr-May
Junrdul
Feb-Mar
Apr-May
JunJul
Jan
FebMar
Apr-May
JurrJul
Jan
FebMar
Apr-May
JunJul

8.5
74.5
10.2
<0.5
36.5
38.1
12.9
<0.5
13.9
47.1
25.7
<0.5
12
41.5
25.1
41.9
19.2
20.7
<0.5
59.7
11.2
8.7
58.9
28.2
1.9
17.7
24.4
34
<0.5
34.7
27.3
2.4
<0.5
29.8
16.6
3.2

0.1
2.6
1.9

5.7
2.5
3.9

6.7
3.9

0.2
53
14.9
24

5.8

4.6
3.9

0.9
4.3

0.1
30
4.4

0.4
19.9
3.2

1.9
194
4.5

0.1
0.4

0.7
0.3

0.8
0.9

2.8
21
0.5
0.3
0.3
1.2

7.3

0.7

4.7
0.9

8.4
0

* * O O O *

* O O

*

*

* O

* O 0o oo * 0 o
= e

*O!A

* 0 O O

* O O *

*

* O O *

*

0.4
0.6

0.8
0.8

9.7

1.6
14

9.2
1.2

15
0.2

4.9

*

0.3

29



4.2.2 North Sea

In 2021 there was a change in survey design to a single period (peak spawning time)gandhidg (see
section 3.2.1.2). In this new survey design mackerel eggs feand distributed in the North S€&83.562N°)

with the highest densities of eggs found off thertheastcoast of Englandyhichis consistent with the pattern
seen throughout tle time series presented-{gure4.2.2 and table4.2.2[1999-2021]). The cangesince2021
survey design may have resulted in some differences indtkgibution of eggs when compared with the
previous years presente@rucially the larger survey area ip021 survey revealed high densities of eggs off
the coast of Norway in aees which lave previously not been included in the survey. The newly designed 2021
and 202urveysfound a more sporadic distribution of the highest densities of mackerel eggs #oedssrth

Sea that differed from the more concentratbigh-densityareasseen in pevious years surveygigure 42.2).

The estimates by EEZ shows that eggs are mostly fousiorwegianwaters followed bythe UKand then the
EU(Table4.2.2). The tempaoal patterns in the distribution of Mackerel egdddure 42.2) explain he changes
observed across years in the proportions by EEZ.

| 1998 2002

Mackerel Mean DEP
{st.im2/day)
1000
62°N-

2008 201 2015

i kd
4°W 2°W 0° 2°E 4°E 6°E 8°E

¢ - 1 T
4W W 0 2E 4E 6E &E 4W W 00 2E 4E 6E 8F

lon

Figure 42.2. Distribution ofmean dailyegg production (stage 1 eggs? Day?) by half ICES rectangle and
survey yearThe EEZ boundaries are shown. Note that egg production was estimate@dns rof AEPM
between 1999 and 2017, and by means of DEPRO#1and 2022
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Table 42.2. Proportionof Northeast Atlantic (NEA) mackeeglgs by Exclusive Economic Zone (t
from thetriennial Mackerel and Horse Mackerel Egg Survey (MEGS) undeiitakem North Sea.
The abundance of mackerel eggs for the whole spawning pedasicduly) is a proxy for biomas
of spawnersin this area *In 2021 and 2022 thesurvey utilised the &ily Egg Productior
Methodology and as such only constitutes one survayogk differing from previous surveys.

Survey year EU27 NO UK
1999 14.6 18.8 66.6
2002 10.3 10.9 78.8
2005 5.7 13.9 80.5
2008 7.9 15.9 76.2
2011 11.1 12.5 76.4
2015 29.5 20.1 50.3
2017 17.5 21.2 61.4
2021* 20.2 35.6 44.2
2022* 25.8 454 28.8

4.3 International Bottom Trawl Survey8T$

Age 0 nackerel are distributed in band that runs from the southern Bay Biscay, west of the British Isles,

north of Scotland, and into #h northern North SeaHgure 43.1). Overall, the shelf around Ireland and
Scotland and the northern North Sea are the most important nursery areas, although some changes have been
observed oer the years. At the beginning of the timeseries, the highesisidies ofage 0 mackerelvere

found to the northwest of Ireland and theonthern North Sea. However, since 2005 the nursery area has
expanded and covered from the northwest of Ireland to #eest of Orkney Islands. Between 2011 and 2018

the indexfor age0 mackereln the North Sea decreased while increasing west of Irelartbigieltic Sea and

the Bay of Biscafrigure A3.1.31.)Theage 0 abundance @exin the North Sea increased agairrétent years

2019 2020and 2022Figure4.3.1).

The estimatedy EEZ indicate thaige Omackerel reside in botEUand UK waters, antb a lower extent in
Norwegian waters (Tablé.3.1). The temporal patternén the distribution of age 0 mackereéxplain the
changes observed across years in the proportions by EEZ.

d
5A°W 0  5A°E 10A°E

Figure4.3.1. Spatial distribution of mackerel juveniles at age 0 froatdDer to Marchfor yearclasse018,
2019 2020and2022 (2021 was not included due to incomplete survéytackerel squared catch rates by trawl
haul (circle areas represent catciites in kg/km) overlaid on modelled squared catch rates per 10 x 10 km
rectangle. Each rectangle is coloured according to the &rpesquared catch rate in percent of the highest
value for that year (white=0%, red=100%). See Jaesah(2015) for dedils.Yearsl998- 2020 are showin
annex Figure A3.1.31.
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Table 43.1. Annual proportion of agé Northeast Atlantic (NEA) mackerel abundance by Excl
Economic Zone (EEZ) from International Bottom Trawl Surveys (IBTS) undertaken on the
Europan continental shelf. Data are taken from surveys undertaken in Qudr{€4) and the
following Quarter 1 (Q1) and are identified as the year class (the year in which eggs were sp
* Indicates negligible percentages in all ye§?€21 was not inclded due to incomplete survey).

Year class EU27 FO INT* NO NO_EU27* UK UK FO
1998 42.93 0.1 0 14.37 0 42.46 0.12
1999 47.79 0.1 0 12.06 0 39.93 0.12
2000 44.82 0.08 0 13.07 0 41.93 0.1
2001 46.49 0.08 0 11.9 0 41.43 0.1
2002 53.63 0.07 0 8.15 0 38.05 0.09
2003 52.33 0.09 0 9.47 0 37.99 0.12
2004 40.65 0.18 0 8.38 0 50.54 0.25
2005 28.65 0.21 0 8.75 0 62.07 0.31
2006 33.49 0.22 0 7.26 0 58.7 0.32
2007 38.63 0.13 0 8.97 0 52.08 0.18
2008 38.58 0.12 0 5.84 0 55.27 0.19
2009 39.01 0.09 0 13.48 0 47.29 0.12
2010 38.83 0.10 0 13.48 0 47.46 0.13
2011 46.61 0.09 0 11.39 0 41.81 0.1
2012 61.18 0.05 0 6.69 0 32.01 0.06
2013 56.66 0.09 0 6.74 0 36.39 0.12
2014 47.89 0.11 0 8.58 0 43.25 0.16
2015 62.34 0.06 0 5.75 0 31.77 0.08
2016 45.68 0.12 0 16.16 0 37.89 0.15
2017 51.89 0.06 0 13.82 0 34.16 0.07
2018 55.18 0.1 0 9.87 0 34.71 0.13
2019 37.01 0.16 0 17.43 0 45.18 0.22
2020 37.11 0.13 0 12.88 0 49.71 0.16
2022 38.69 0.10 0 16.14 0 44.95 0.11
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5 Results derived from cateb

5.1 Overview of submitted datand methodology for partitioning catcheszones

The catch data held by ICES WGWIDE was used to cover the period2P206 The data consisted of catch
by nation state, ICES statistical rectangle and by monthcaioéd zme was not identified, so for the purposes
of this report, the zonal apptipnment outlined in sectior8.1was used, using the proportion of rectangle in
each zondsee more details of the procedure in Anon, 2022).

A data call was sent out to request datdata per ICES statistical rectangle and month, and information on
catchzone (EEZ) for 2021 and 2022 (Annex AHg. deadline for submission of tlcatch datawvasset to T

July 2023Most of thecountriesdelivered their catchiatain time and with therequestedlevel of detall, i.e.,

catches reported by year, month, zoneg)dalCES rectangl@&@here were only 23 incidents where catch data

was not submitted with associated EEZ, and in these cases the catch was allocated to zones considering the
proportion of the zone in each ICE&tangle Spanish catch datior 2021 and 2022vas not submitted on

time for this report, and the ICES catch data by ICES rectangle was used to fill the gap.

A final csv (comma separated) file was produced for the years 20082 containing catches by country by
rectangle by month by zone. This filas then used to plot maps and create tables of catchesmdiyth and

by zonein the report.Note that Russian catches in 2021 and 2022 have not been reported to this working
groupand therefore catch tables and figures presented here are missing these data

5.2 Description of Fishery

As a widely distributed and migratory species, NE#ckerel is exploited over a wide geographic range
throughout the year. Significant fisheries extendnfr the Gulf of Cadiz, along the western and northern
Iberian costs, throug the Bay of Biscay, S, W and N of the United Kingdom and Ireland, into ttmemort
North Sea and th&lorwegian Sea and, in more recent years as far north as 72°N and west iatalicelind
east Greenland waters (Figure 3)3.

The fishery is internaticd and, as sucght is exploited by several nations using a variety of techrsque
determined by both the national fleet structure and the behaviour of the mackerel. At the onsdteof t
spawning migration, large mackerel shoals move out of the northerniN®ea initially to the west before
moving south down the west coast of Scotlaadd Ireland. The timing of this migration is variable but
generally occurs around the end of quarteadd the start of quarter 1. During this time, they are targeted
primarily by Scottish and Irish pelagic trawlers with RSW tanks and also by freezerny(faeissels (primarily
Dutch and German). Prior to the onset of this migration the mackerel are avenng, relatively static and
are targeted by a large Norwegian puis@ne fleet. During summer, the mackerel are more widely dispersed
as they feed iNorthern waters. At this time Russian pelagic freezer trawlers and, in more recent times,
IcelandicfFaroese and Greenlandic pelagic vessels are active. The southern fetesyplace at the start of
the spawningseason uporcompletion of the spawning mgration. The Spanish fleet is comprised of both
bottom and pelagic trawlers and also a large artiddleset. There are other smaller scale fisheries such as a
Norwegian gillet fleet and an English handline fleet that operates in the otherwise restriated known as

the Cornwalbr Mackerelbox.

There are a number of national and international agreetae¢a control the exploitation of the NEA Mackerel
stock.A full descripton of the regulations that were in force for the mackerel fishery in each ygaabh of
the Coastal States, including access rights, are outlined in a separate fpslinformaéion can beobtained
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on request from the Rair of the Coastal States MacgkéGroupand will be useful for interpreting both annual
and interannual spaal patterns in the commercial catch data.

5.3 Seasonal and interannual patterns

Interannually, relatie catches of mackerel fluctuate by year for all zones (FigLtd, Figue 5.33, Table

5.3.7). More than 30% of the total catchaveannuallybeentaken from UK waterfor the studied period
(20062022) and this proportion increased up 5% in 2018020 Catches from international waters have
increased since 2014 (tablas A3.3), and in the lasfive years around1% of the catches came from this
zone.Catches fronNorwegianEEZre much highein 2021 and 202ghan have been seen in recent years
whereas catches from Icelandic waters have recently decre@@ethe other side, relative catches from

the EEDf the ELR7 and Faroe Islargihavevaried with no trendin the last six yearsSeasonally, catch
patterns show two peaks: in January and fromed@etober (Figuré.3.2) which appears the case for all
assessed years. Wever, when pooled into fivgear averages, larger portions of catches in the autumn
period appear to be taken in years after 2011, whereas in years-20Q6e relative catch forma trough
between JulyOctober. Yet, the period 200610 had a greater raltive catch during the January peak than

the remaining time periods. On a spatial scale, when considering the months exhibiting greater relative
catch, mackerel are present in morenthern waters (Figur®&.34) during their feeding migt#n. It must

be roted that the relative catches by zone in the last two years are biased because of the missing catch data
from Russia. In the past, Russia mainly fishddternational watersthe Faroeseand Norwegianwaters

(79% 12%and 7% oftheir catch for theperiod 2016- 2020, respectively)lf catches from Russia have
continued being significant 4% of the total catch in 20162020), the inclusion of Russian datauld
modify the proportons by zone presented here.

Additional figures and tables showing thpatial and temporal distribution of mackerel catches can be found
in annex A.

Table 5.31 Proportion of catches of Northeast Atlantic (NEA) mackerel by Exclusive Economic E&zg
from 2006¢ 2022. Catch proportions of O were present for certain zanéNOR_EU27, RUS) across the
time series and were thus removed from the tabl® Note that Russian catches in 2021 and 2022 are |

included

Year EU27 FO FOlIC GR IC INT NO SIM SVA UK UK _FO
2006 24.72 1.86 0 0.38 454 36.30 0.01 32.16 0.03
2007 25.26 2.83 0 5.20 437 30.53 0.05 31.65 0.10

0

0
2008 25.88 8.53 0.01 10.91 472 18.19 0.06 0 31.66 0.04
2009 29.31 2.83 0.18 14.60 4.13 9.73 0.08 0 39.03 0.11
0
0
0

o O O o o

2010 27.62 7.82 0 14.73 520 13.64 0.09 30.89 0.01
2011 10.48 13.93 0.19 0.01 17.4 5.15 10.94 0.01 41.78 0.05
2012 14.07 11.64 0.13 0.61 18.45 565 1545 0.15 33.83 0.02
2013 9.06 15.62 0.15 6.35 16.20 6.66 10.26 0.19 0.03 35.46 0.01
2014 12.75 7.42 0.06 591 12.08 9.48 1221 0.12 0.03 39.63 0.32

2015 13.95 7.42 0.02 192 11.71 11.88 18.10 0.08 0 34.84 0.08
2016 7.87 13.70 0 287 7.56 10.30 19.40 0.09 0 38.13 0.08
2017 5.68 6.44 0.01 2.16 9.93 1858 13.92 0.03 0 43.13 0.12
2018 6.91 5.27 0 481 8.09 19.58 405 042 0 50.79 0.09
2019 9.42 4.78 0.01 0.67 7.66 2254 4.69 0.17 0 50.02 0.03
2020 10.48 4.24 0 0 443 20.93 6.54 0.20 0 53.09 0.07
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2021 5.84 3.80 0 0 1.01 21.66 30.95 0 0 36.74 0
2022 7.06 5.74 0 0 3.12 19.95 31.79 0 0 3233 0
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Figure5.3.1. Relative catch (%) dfortheast Atlantic (NEAhackerel by exclusive eaomic zoneNote that
Russian catches in 2021 and 2022 are not included
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Figure 5.3.2Relative catches by month, disaggregated in blocksyafars. Black lines represent indival
years, whereas the blue line is the average trend of catches forltio&.bThe grey area shows the confidence
intervals of the average trendNote that Russiacatches in 2021 and 2022 are not included
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Figue 5.33. Annual aggregated catches of Mfeeast Atlantic (NEA) mackerel for individual years between
2006¢ 2022. Note that Russian catches in 2021 and 2022 are not included
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Figure 5.3.4Cumulative catches of mackerel for individual months for all years between-2Z00#. Note
that Russiarcatches in 2021 and 2022 are not included.

6 Discussion and conclusions

TheW ¢ SN a 2 Fsetwh&tims iBg @ Sdshery independent and fishery dependent datastesting
in 1977.The originaleason forstarting in 1977 wabecausethe first fishery independent survey occed in
that year (the firstmackerel and hae mackerel egg surveyh subsequent examination of thguality
controlled available data indicated that theadily available time series was shortstarted in1992) In regard
to the other two surveys here quantitative distributional data were ailable the start of the time seriesere
later, 1998 for the IBTS and 2010 for the summer survey (IE&BN&)gh largescale distributional mackerel
data are alsavailable from 199 in the Norwegian Sed he last set of data readily available were thechat
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datawhich were only available from 2006 at the level of catch per ICES statistical rectangle, per month in each
year.Whilst this report gives the complete tarseries for eacata sefthe core data seturrently available

where there are quantitatie distributional data on the spawning, summer feeding, juleeand catch
distributions are ér 2006 to 202. An extensiorof a quantitativetime series of the distribution of maekel

to earlier years will entail further analyses sifirveyand catch dataand a consideration of the additional
survey data not analysed hefsee Annexl).

¢ KS Q¢ SN)a aBdfequir& H&Ga\dhé Pré&s@ad on an annual, quarterly and/or mohly/survey
basis.Unfortunately, the fishery independent datdid not fit into just one of these categorider a variety of
reasons. Thelata from thespawning surveYyMEGS) wage-analysedtio presentthe spawning ditribution

with a 2month temporal restution, covering a period of approximately 6 months (Quarterant 2) The

adult summer distribution (IESSNS), from late June to August, could be considered as representative of the
distribution in Quarter 3The juenile (age 0) distributiorcan be consiered asndicative of the distribution

over the periods Quarter 4 and. 2l the distributions fromsuivey data, thereforeare noteasily lined up

within the framework or eithe a monthlyor a quarterlydistribution. On the other handthe catch data fron

2006to 2022 is compatible withinvestigationsat the monthly, quartes or annuallevel of resolution.

¢tKS Q¢SN¥a& 2F wSTSNBy WiEstages. it & @ppavethi e avBlabiSNEeydadSon G 2 |
the quantitative distribution of thestock is currently not able to provide information on at least two ages in

the life history (age 1 and 2) nor tlspatial distribution of the stock during the winter period (Quarter 4 and

period before ocurring on the spawning grounds in QuarterThereport is able to provide both the currently
availablesurvey and catclata by zones (EEZ) and thus provide the proportiothefsurveyed or captured

stock in each of the Coastal State EEZs.

As stated abve, there are othersurveydata sources that coultbe explored The catch data caalsobe
extended,but possibly not at thesame level of resolution presented here (by ICES statistical rectangle and
month). During the analyses of the catch daitacame to light thatsince the catch data held by ICES ribd
identify the zonebut the ICES rectangl¢here was potential for biagrom the allocationmethodology used.

The reason ithat the licence of the vessel determines in which zd@rieallowed to fish.The majority of the
catchesare not an issue siec80.3% occur in a single rectangle which can be ifiethtto a zone. Howeer,
17.4%of the catches occur in rectangles covering two zones and 2.3% in rectangles covering thredgzones.
an illustration of the probleman investigation of the2015 the cathes from one party could have been
misrepresented byone using the apprad used on the WGWIDE data. The perceived change was probably
less than 5%This was not further investigated for all years &istremains as simply an illustration of a
potential biasfor the catch data by zone for the period 2008020 On the other had, some bias is also
expectedn the relative catch by zone or month for the period 202022 due to the missing data from Russia

The surveys cover much of the stoover the spwning period, the summer feeding period and the age 0
nurseries Unfortunaely, as is to be expected of the survelfsey do not, and mostly probably never will,
encompass the whole distributional area of a particular stage in the life kistbe Workig Groupis of the
opinion that each of the surveymovides a representate; overall view ofthe stock distributiorat the time

of the surveyThe principal caveat is that there will be an unknowapartion of the stock which is elsewhere
and this mustbe considered wheantilising the results presented in this report.

The datapresented here also indicate that trastribution of the mackerel stock is dynamic with change
occurring at short (inteannual) and longeterm (decadalfemporal s@les. Unfortunately, thedrivers of the
change are largely not fully understood.

In sumnary: The working group has compiled and systematized the available data from different surveys on
the distribution of the mackerel stock and the catch statistics frown fishery. Ahough much of the survey
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data is not designed to cover the total stoclydathe catch data often are results of quota and access
agreement, the working group is of the opinion that overall the report gives a relevant general picture of the
temporal and patial (zonal) distribution of the mackerel stock in the recent periodnateugh it camot be
guantified in proportiors of biomasser life-stage andoer zone.
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Annexes

Al Addtional surveys which provide incomplete spatial or temporal coverage

Al.1l Precursor survey to the current IESSNS
This targeted mackerel survey during summer was initiated in 1995 and conducted by the Institute of Marine
Researb (IMR) in Norway with two vesselnd since its inception was gradually expanded in geographical
coverage due to the expansion of the mackesteck (lversen & Holst 1998; Ngttestetchl. 2007, 20112014,
Utne et al. 2012; ICES 2013a, b). Annual dedidascientific surveys by Norwayitiv targeted focus on
abundance and spatial distribution of NEA mackerel have been conducted almost evarytieaNorwegian
Sea and surrounding waters in Jygust (3rd Quarter) from 199%007. This mackerel surveynsa prior to
the later extended iternational cooperation of IESSNS 2010 onward ¢se&on 3.2.1.1).

The distribution of mackerel between 99 and 2007 are shown FigureA11. As with the IESSNS this survey
used swept area calculations from pelagiatraatches (kg/nmi) of NEA mackéto estimate total swept area
biomass index in tonnes.
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FigureAl.1 Mackerel distribution and abundancerfthe years 1992007. Mackerel catches from annual
scientific surveys conducted by the Institute of Marine Resedn Norway in the Norwegian &eand
surrounding waters in Julugust (3rd Quarter). Catch rates are illustrated by grey circles whefdigineter
represents catches (kg/nmi) of mackerel from thandardizedpelagic trawling close to the surface. The
national EEZs (including intetranal waters) are shown on all of the maps.
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Al.2 Russian aerial survelgg PINRO on feeding mackerel in the Norwegian Sea
(discontinued)

PINRO carried out annual aerial surveys on feeding mackerel in the Norwegian Sea in July in the years 1997 to
2005. All these surveys were carried out in ftreanework of ecosystem surveytsa collecting oceanographic

data, which describe current conditions and phenomenon at the sea surface and subsurface layers. Data on
marine mammals and seabird distributiondaabundance were collected as well to assessrtpotential
predation pressur@n fishes, specifically on mackerel.

For all surveys the aircraft ARG # Arktika # was used with the following equipment onboardRERliometer

and Scanner, Lidar systenynghetic aperture Radar, digital and analog pivand video equipment. All
measued and observed data, effects and parameters were stored on a computer in real time together with
their geographical GPS positions.

Calibration and confirmation of fish contteations were carried out by Russian and Nogies research and
commercial vesss. Mackerel spatial distribution in the Norwegian Sea in from 1997 to 2005 is presented in
figuresAl.2.1 & A1.2.2.
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Mackerel biomass was calculated using LIDAR for 4888.999.

Boundary of air surveys
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mackeral recarding
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FigureAl.21 & A1.22. Spatial dstribution of mackerel in the Naregian Sea 199Z005.

46



Al.3 Winter acoustic surveys on distribution and abundance of NEA mackerel in the
northern North Sea (Quarter 4)

Thelnstitute of Marine Research (IMR)Nworway initiated acoustic estimates of abundanece anapping of
NEA mackerel with oitifrequency echosounder combined with pelagic trawling on acoustic registrations in
the northern parts of the North Sea annually during the overwintering period in Octdbeember from 1999

to 2007 (Korneliussen and Or2004 ICES 2003006 2007, 2013; Gorskaet al. 2007; Slotteet al. 2007,
Korneliussen 2010; Ngttestad al.2014), as well as in with two chartered Norwegian vessels in OcRflier
(Pefnaet al. 2012). DuringOctoberNovember (4th Quarterjor the yeas 2000- 2007 the acoustic survey
were conducted as a scientific collaboration between Norway and United ¢m@dK).

Methodology

Over the years the overwintering distribution of NEA mackerel both in Norwegian and UK waters to a variable
extent was coveed during the acoustic surveysoi OctoberNovember in 200€2007. The overwintering
distribution of NEA mackel was only covered in Norwegian waters in OcteNervember 1999. The methods

used are described and documented in detaikmyneliussen and @n(2004), ICES (20@D06 2007, 2013),
Gorskeet al. (2007),andKorneliusser{2010). The scrutinized acoustilata were validated by biological data
from repeated trawl samples of NEA mackerel.

Discussion

Maps of the mackerel distribution and abundariz®sed on acoustic NASG) (gles (38 kHz) for each 5 nmi

from dedicated acoustic scientific surveys in thertN Sea in OctoberNovember (4 Quarter) from 1999

2007 are shown ifrigureAl.3.1t should be noted here that normally mackerel are assdsscoustically using

200 kHz rdter than the 38kHz used here and there are still some unresolved issues with respect to the acoustic
guantification of the signal, especially when large schools arewriered (Paul Fernandes, University of
AberdeenPers.comm).

The main commercial fighy was concentrated in this general geographic area during the late autumn season
(ICES 2013), indicating the spatial coverage of the acoustic surveys on NEA mackerel between 2000 and 2007
covered the area where the fishinfleet was concentrating their forts. These studies show that multi
frequency acoustic surveys combined with pelagic trawl sampling are applicable for collecting data on the
distribution of mackerel in the overwintering/prgpawning phase (ICES 2013)e Tuncerginties in the
conversim of acoustic data into biomass estimates have resulted in these data not being considered as
guantitative as yet.
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Al.4 International Ecosystem Surveythie Nordic SeaESNS)

The IESNS is aimed at observing the pelagic ecosystem, focusing on (iargegspes) blue whiting,
zooplankton ad hydrography. The survey, carried out in late April and May since 1995, is coordinated by ICES
survey planningmpups (PGNAPES and currently WGIPS) and is a cooperative effort by Faroes, Iceland, Norway,
Russia, and sind®98 the EU (Denmark, Germamgldnd, The Netherlands, Sweden and UK). Sanfriydev
stationssince 2004re shown irFigureAl.4.1.

Although the survey is targeted on herring adult pspawning mackerel are intercepted in the trawl samples
in the souhern and eastern fringe areastbfe survey area.

Since mackerelere only caughtin a few trawl hauls in the southastern arealuring the May survey, the
IESNS survey cannot be used for any zonal attachment (areal) analysis, but rather to indicatestthat p
spawning mackerel are on theivay northwards already in May (i,e&ntering the Faroese, the UK and the
Norwegian zones in BY). Further that since around 2008 also spawning mackerel is intercepted in the south
eastern survey areas (kg A1.4.2).
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FigureA14.2. Longterm distribution ofspawning and partially spent females and males in Nordic waters
during May. N denotes the total number ofdividuals and percentage the frequency males and females in
each maturity stageombined. Spent fish are also present but not accounted in the percentage (paise
comm. Thassya C. dos Santos Schmidt, IMR, Bergemaor

Al.5 The Western European Sheélagic Acoustic Survey (WESPAS)

WESPAS is an annual survey conducted by the Merine Institute. It is an amalgamation of the Irish
component of the Malin Shelf herring acoustic survey which has been carried outllgrsinae 2008 in ICES
Sulareas & and 7bc and the boarfish acoustic survey which was first conducted in 201k andhthe north

of 8¢ on a commercial vessel. In 2016, these surveys were combined into the WESPAS survey and have been
conducted by theRVCeltic Exploresince this timeThe survey is conducted over 6 weeks in June and July,
covering the shelfwatersfY nteonQ b (2 pyeconQ bofighkAl5dnHm & dzND

In 2017, the survey design was changed and since this time it has started in the south in north Biscay and
worked in a northerly direction in a series of parallel transects spaced36m apart. The western extent of

the transects coincides with the shelf break and depths of approximatelynB@dth the exception of the
Porcupine bank (40fn). The easterly extent of the transects generally coincides with the land mass (min.
depth 50m) with the exception of Celtic Sea transects. Transects may extend further east or west than planned
as they are usually only ended once a number of miles have been completed with no acoustic detections. The
survey design consists of a number of stragpeies specific) with a total transect length of approximately
5000nm (9250 km) and area coverage of 65,00F (225,000 kr).

Acoustic data is collected by a Simrad EK6@oon frequencies (1838, 120 and 200kHz). Echograms are
scrutinised and indivigal schools are identified to species level where possible.

50



Transest spacing: 15 nmi
Track langth = 4,038

Figure A1.5.1WESPAS 2021 survey track with CTD stations.

Biological sampling is carried out using a single midwater pelagic tramlifength with a fishing circle of
420m. The mesh siz@ the wings is 2.4n, reducing to 1@m in the cod end. The net is fished with a vertical
opening of approximately 2 and monitored via a headline transducer and door sensors.

The complete catch fra each haul is separated by species and sampled fgtheand weight with further
subsampling for age, sex, maturity for the primary survey target species (herring, boarfish and horse
mackerel). Also recorded during fishing operations are a number oficsedssociated with the fishing tow
including tow sped, door spread, tow duration, warp length, headline depth and temperature at the headline.
Tow depth varies according to the position of the target, duration is generally between 30 and 60 minutes but
occasionally shorter if the headline transducer indésa potentially large catch.

Hauls are primarily undertaken to obtain samples from acoustic registrations from the survey target species
and are therefore not conducted at predetermined locations opttis. However, no#target species, most
commonly mackeel, are often caught either in a mix (usually with herring) or assthglespecies.

FigureAl.5.2shows the location of the hauls from each of the surveys between 2016 and 2021. Hauls with no
mackerd, those withmackerel present and those with Zg ormore ofmackerel are indicated.
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WESPAS Hauls 2015021
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FigureA1.52. WESPAS survey hauls indicating those with no mackerel, those with mackerel (filled circles) and
those with greater than 2@g of mackerel (red).
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Since 2017, mackeréls been caught in over 60% of the survey hauls in each year. In 2016, 43% of hauls
contained mackerel. Surface temperatures in 2016 were the highest in the time series, in exce$SsiUth

of 50aN although it should also be noted that the survey wasducted from north to south in this year such

that the sampling in southern waters wile several weeks later than that in surveys since 2017. The highest
proportion of hauls containing mackerel was recorded in 2020, a relatively cool year. The mopditauls

with more than 2kg of mackerel has increased in the most recent years.

Asice from the distribution noted for 2016, there appears to be little geographical variation in the distribution
of hauls containing or devoid of mackerel. Hauls comaimver 2(kg of Mackerel are also widely distributed
over the survey area.

Al.6 Portugueseayroundfish surveys (ICES Division183)S Western Quarter 4 Survey)

Portuguese groundfish surveys are conducted along the whole Portuguese continental watei3iyISi&s

9a) since June 1979, onboard RMdruega annually in Autumn angartially in Summer (until 2001) and
Winter (until 2008). The main objectives of these surveys are to monitor the abundance and distribution of
hake and horse mackerel recruitmertutumn), monitor the abundance and distribution of hake in spawning
season(Winter) and, for all surveys: (i) estimate abundance indices and biomass of the most important
commercial species; (ii) biological parameters (amaturity, ages, seratio, weidht, food habits); and (iii)
biodiversity on the sampling area. The primapecies were hake, horse mackerel, blue whiting, mackerel,
chub mackerel, anglerfish, megrim and Norway lobster (ICES, 2017).

Methodology (relevant for mackerel)

The Portuguese Autan groundfish/or demersal survey (PIGFS4) plan, comprises 96 fishingasbns, 66

at fixed (grid) positions and 30 at random, spread over 12 sectors, subdivided into 3 depth ragd€&aq,
101¢200 m and 201¢ 500 m (FigureAl1.61). Details of thewvey design can be found in ICES (2017) and
references therein.

Due to miseporting or irregular sampling (before 1990) and due to disruption of the series (Summer and
Winter series), the available data are from 1990 onwards and limited to Autumn sy®838@- 2021, except
2012, 2019 and 2020). Since the survey design doesovetr depths below 500 m since 2005 and as mackerel
was poorly caught in this depth range before, those depths were excluded from the analyses.

Abundance (number per hour) and bhiass (kg per hour) estimation and their standard deviations were
computed br the whole surveyed area and based on the methodology presented by Cochran (1977) for
calculation of estimators for the stratified random sampling. As the species can form hig,dfaiches in the
survey were higher than 900 kg in 10 hauls in the wiselges and were reduced to the 99% quantile of the
remaining observations in the same survey. Data was corrected for maximum catches in 10 hauls in 1997,
2006, 2007, 2009, 2010, 28 and 2017.
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FigureAl.6.1 Stratification (a) and hauls performed (b) during Portuguese groundfish Survey 2017.

Potential data contribution
The abundance in weight per hour tow of mackerel in thd?BF$)4 time series are shown in Figus.6.12.
Some high values of mackerel ledyeen recorded in the time series (6.997, 2006, 2009 and 2018).

A maximum length of 23 cm is used for this survey as a proxy of recruitment. The recruitment index is usually
highly related with the abundance index.

The spatial distribution of mackekrén the demersal surveys is shown in Figukés6.2and A1.6.3as weight
per hour tow and recruits (<28n) per hour tow. The presence of mackerel in the Northern region of Portugal
is constant butis starting to expanda the Southern regions.
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Figue A1.6.2 Mackerel abundance and spatial distribution as weight (Kg) per hour tow in the period from
2010 to 2021 Portuguese Autumn groundfish surveys.
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FigureAl1.6.3.Mackerel recruits (<28m) abundance and spatial digtution as number per hour tow in the
period from 2010 to 2021 Portuguese Autumn groundfish surveys.
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Al.7 Spanish acoustic survey PELACUS in southern Biscay (northern Spain)

The Spanish acoustic survey PELACUS is carried out by InstjtafmEsg Oceanografia to monitor pelagic

fishery resources in the north and north western shelf of Iberian Peninsula (ICES division 8c and 9a North).
PELACUS survey takes place annually in spring (March to April). PELACUS survey started in 1984 and initie
objective was to estimate the spring biomass of sardine. The list of fish species targeted for stock assessment
purposes has expanded over time.

The most important species in terms of both frequency of occurrence and standardized mass in hauls were
mackeel Scomber scombrushake Merluccius merlucciyshorse mackerelTrachurus trachurysSardina
pilchardusand bogueBoops boopsDuring the surveyshe acoustic energy reflected by marine organisms is
measured continuously and pelagic trawls are carrietitouhelp identify the species that are reflecting the
acoustic energy. Both length and biological samples (weight, age, sex, and maturity stagmjHf target
species are collected at fishing stations.

The survey design consisted of a grid with syst@ngarallel transects with random start, separated by 8
nautical miles, perpendicular to the coastline, and is surveyed during daylight houra peeod of 30 days.
This survey covers the continental shelf from 40 to 1000 m depth and from Portug8paaish border to the
Spanish French border (see Figufel.71).

The PELACUS survey provides a good indicator of the mackerel populations evihilap in time and space

for the start of spawning season of mackerel in the western part of CantabrianTBeamajority of the
distribution, is located just in the middle of the Cantabrian Sea (Cape Pefas), extending throughout the
surveyed area in lasyears.Biomass estimation of mackerel is done for each survey stratum using the
arithmetic mean of the badcattering energy attributed to each fish species and the surface expressed in
square nautical miles and summed over the whole area (Fi§Lre2).

40N

FigureAl.71. survey design of PELACUS acoustic survey
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FigureAl.72. Mackerel biomass and abundanestimates from PELACUS acoustic survey

Al.8 Acoustic surveys in the western English Channel and the Celtic Sea during Quarter 4

There are two acoustic surveys in the area encompassing the western English Channel and the Celtic Sea (south
of Ireland) in thdourth quarter that record data from the 200 kHz echosounders. The western English Channel
survey (Pelagic Ecosystem Surveytlud Celtic Sea and Western Channel PELTIC) is undertaken in
October/November each year and covers the years 2012 to the preBRistsurvey is primarily targeting the

sprat and sardine stocks in the area. The survey coverage has varied over the yessd|ygextending to the

present coverage in recent years (deigure A1.8l). Whilst the acoustic and trawl catch data existther

have been analysed to provide relative biomass distributional data.
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FigureA1.81. Survey coverage for the PELTIC suivelge western English Channel and the eastern Celtic
Sea.
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The second acoustic survey (Celtic Sea Herring Acoustic Survey GBihisSarea is targeted at the
autumn/winter spawning herring stock (Celtic SeakY@long the southern coast of Ireland amaddertaken

in October each year. The time series currently used in the Celtic Sea herring assessment encompasses the
years 20020 the present (2004 and 2007 are excluded primarily due to the timing and coverage in relation

to the targeted herring stock)lhe coverage and survey design has changed over the years with the current
coverage shown ifrigureA1.8.2.As with the PELTKirvey, the acoustic and trawl catch data are stored but

the acoustic data have not been processed.
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FigureA1.82. The acoust coverage of the CSHAS off the southern coast of Ireland.

Al.9 Acoustic surveys and acoustic data from other surveys in the Seatluring
Quarter 3

The Herring Acoustic survey, primarily covering herring and sprat (HERAS) covers the majority of the North
Sea (Sudrea 4) and the Skagerrak (Division 3a). Two of the survey vessels have the capability to and routinely
collect 200 kHacoustic data which could provide distributional data for the northern North Sea in the early
part of Quarter 3 each year. Tl acoustic coverage for the HERAS as shovigimreA1.9.1and the area

where acoustic data at 200 kHz is likely to be aWéel is indicated on the map.
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around the northern North Sea are shown by the purple outline.

Additional acoustic data are also potentially availatie the North Sea from the Quarter 3 International
Bottom Trawl Survey (IBTS). 200 kHz acoustic data have been collectagtdarivk England portion of this
survey since 2007. The acoustic data from 2007 to 2013 have been analysed and are reporiatkindaoij
et al.(2016). The acoustic distribution of mackerel over this time period are shofiglmneA1.92.

FigureA1.9.2. The daytime acoustic densities of schooling mackerel at 200 kHz per ICES statistical rectangle
(legend: log meanssn m? nautical mile?) during the Q3 International Bottom Trawl Surveys (2@02.3).
Data are log transformed so as to highlight thatsgd patterns
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Al1.10 Faroe Plateau demersal surveys during Quarter 1 and 3

On the Faroe plateau two annual demersal bottom trawl sunaeg<arried out by the Faroe Marine Research
Institute (FAMRI), one during spring (BBSQ1) from March 1996 to present and enduring late
summer/early autumn (F@GFSQ3) from August 1994 to present. The surveys are aimed at cod, haddock and
saithe, butvarying amounts of mackerel are caught aschych on the shelf. The size of the mackerel ranges
from 15-50 cm. Thenackerel is caught on most of the Faroe Plateau from 50 to 400 m deigiréA1.10.1).

The timeseries of mackerel bygatches (number parawl hour) on the Faroe Plateau summer (August) survey
since 1996 is shown Figure A1.10.2This shows that bgaches were very low from 1996 to 2006, but from
2007 and onwards an increasing number of mackerel were caught during the survey, withumakiy
catches in 2011 and 2013. In the most recent years from 2018 tivatiohes dropped again to low pg007
levek Figure A1.102

In some years 0 anddroup juvenile mackerel are found on the shelf regions and are caught in the demersal
surveys, specially since 2007 however in very small quantifiegure A1.10)8

r
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FigureA1.10.1. Map showing standardised awkerel CPUE (number per trawl hour) caught during the two
Faroese demersal trawls surveys (spring and summer) on the Faroes Plateali98iscdhe 200, 500 and
1000 m depth contours are showNote that many circles sit on top of each other due to preseof mackerel

at the same station during multiple annual surveys.
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FigureA1.10.2. Average number of mackerel caught per trawl houbgsgatch in the demersal trawl surveys
in August on the Faroe Plateau since 1996.
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FigureA110.3. Average number ojuvenile (< 25 cm) mackerel caught per trawl hour asdigh in the
demersal trawl surveys on the Faroe Plateau since 1994 (springysureel bars and summer surveys, blue
bars).

Al.11 Icelandic bottom trawl surveys in spring and autumn
Marine andFreshwater Research Institute (MFRI) has conducted annual bottom trawl survey in March (SMB)
(So6lmundsssost al, 2021) and October (SMi)akobsdttir et al., 2021) respectively since 1985 and 1995.
The surveys target demersal fish species on and iwittieity of the continental shelf around Iceland within
the national exclusive economic zone. Location of trawl stations is fixed. Approximatelgt&ibns are
samplal during SMB and approximately 360 during SMH.

Mackerel are caught as bycatch during bth surveys (Figure AIl1). Distribution and frequency vary
between surveys and is higher during SMH. In SMB, mackegslttly is limited to thesouth coast with the
highest frequency southeast of Iceland. In SMH, mackerel is caught around the idlamigivest frequency
southwest and west of Iceland.
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Figure Al.11.1Mackerel bycatch (open black circles) during SMB (a) and SMH (b) from @20R1. Bottom
trawl stations with no mackerel caught are also displayed (red dot). Number of mackerel apgrgented
by size of black open circle. Maximum catch per tow was 96 specimens for SMB and 985 specimens for SMH.

For the period 2001 to 202Inackerel wre not caught every year during either survey (Figure AR) For

SMB, mackerel was caughtlift of 21 years and often one specimen at one station. The years 2011 and 2015
were an exception with total of 285 and 31 specimens caught at 26 Ehdtations, respectively. For SMH,
mackerel was caught every year from 2005 to 2021 excluding 2008. Peilemmlafrequency was during
period 2010- 2014 when total of 482 2065 specimens were caught at 487 stations per year.
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Figure A1.1.2. Numbe of stations with mackerel caught and total number of specimens caught during SMB
and SHM from 2001 to 2021. There was no SMH in 2011.

The two surveys appear to catch different life history stages with SMB mostly catching juveniles (Figure
Al.11.3)and SMH mostly mature specimen from 2012 onward but juveniles prior to 2012 (Figuré.AlL.1
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Figure A1.1.3. For SMB, mackerel length frequency distribution for years with > 5 specimens caught in total.
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Figure A111.4. For SMH, mackerel length frequendidribution for years with > 10 specimens caught in total.
Relevance of SMB and SMH time series for mackerel

By-catch trends in SMH temporally coincide with expansion of mackerel feeding range into Icelandic EEZ in
the early 2000's and declinelate 2010 sas displayed in IESSNS data and the catch data time series. Hence,
SMH can be considered to provide a qualitative index for Qigiedium¢ low index of mackerel in Icelandic

EEZ. Mackerel byatch in SMB does not show similar temporal trendlBSSNS butrovides qualitative
information about mackerel presence in Icelandic EEZ during winter.
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A2 Norwegian Taggingecapture Programs for NEA mackerel 18G50

Methods and analyses of tagging and recapture data for NEA mackerel cagepgoiantitative ad valuable
data on distribution and migration patterns (Uriarte and Lucio, 2001; Tenniegah2011), estimate natural
mortality (Simmondet al.2010) and for abundance estimation (Simmoetlal.2010; Tenningeet al.2011).

Norway has conducted anral dedicated tagging surveys on mackerel for several decades, as far back as 1966,
for estimation of biomass, natural mortality, and distribution (Tenningeal.2011). The Institute of Marine
Research (IMR) in Bergen, Norway has usttnal steel tag for tagging mackerel since 1966 arskd to
guantify mackerel in the North SeRévheim 1966; Hamre, 197@CES 2013).

Tenningeret al. (2011) recommended switching from the conventional tagging system to automatic systems
using Radio Frequency ldentiton (RFID)echnology, thereby increasing the screening, and removing
uncertainties inherent in manual handling. ICES WGWIDE alsomesrohed that IMR continued the tagging
programme with RFID, with the aim of including the data in future assessments.
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The RFID data were a new time series with a different scaling factor (survival) than the steel tags and have
been used in assessments feliog the ICES WKWIDE2017 benchmark (ICES, 2017). Steel tag data covering
ages 2 11 and all recapture years are usedthe assessment. Regarding the assessment of mackerel, only
the RFID data from release years 2013 onwards, agekl5and recapture ygal and 2 after release are
utilised.

The Norwegian tagging and recapture program on NEA mackerel was accepted tedbasuan index of
abundance after a mackerel benchmark in 2019 (ICES, 2019). Ages 5 and older (age of release) are presently
used in themackerel assessment (ICES, 2021).

Methodology

The tagging has been carried out in the spawning area west of Ireldredevan average of 2000 fish have

been tagged each year up until 2012 (ICES, 2013). Since 1986 commercial catches of mackerel have been
screened through metal detectors connected to conveyor belt systems located in from four factories in
Norway up untiP012, and then increasing to eight factories in Norway and several factories in other countries

in Europe. Each year up until 2012 a totd 10000 - 45000 tons of mackerel were screened, and the
recaptured fish identified and sent to IMR for data cdilee. (ICES, 2013).

Information from steel tagging experiments conducted by IMR on mackerel at spawning grounds west of
Ireland and Brish Isles in Mayjune and the respective recaptures at Norwegian factories with metal detectors
(Tenningeret al., 2011, was introduced to the mackerel assessment during ICES WKPELA 2014 (ICES, 2014).
Data from release years 19802004, and recapture yea 1986- 2006 have been used in the update
assessments following this benchmark. From 2011 onwards IMR changed taggimgdology to radie
frequency identification (RFID), more specifically passive integrated transponder tatgmsg@® | This allowed

for more automatic data processes with recaptures from scanned landings at factories in Norway, Scotland
and Iceland now &ing updated real time in an IMR database oWerinternet.

Data availability
Recaptured mackerel from commercial catches had an extensive distribution over largeFageasA2.1).

A full overview and update of the RFID tagging experiments of NEAerah@011- 2021, as well as the
recaptures and scanned fish 2012020 are gign in Slotte and Hglleland (2021). Distribution (summed per
ICES rectangle) of recaptures of RFID tagged mackerel during@®Q2re shown in Figure A2.2.

Distribution (summd per ICES rectangle) of recaptures of RFID tagged mackerel related to relamss20i 1
- 2015 and years after release (O=same year as tagging, 1= year after tagyng esfcown in Figura2.3.

64



B Lrr B i
i 45 m WM

100 k= 2300
e v i e ]
SF k= TEE

-
.
&
& 10005 1= 300m
F Y

Harnbad nimashasel
LI -

& 5% 10
& mm:m
P Nk
i =
i 100 = 250

i
i

FigureA2.1.Numbers and geographical position efeased NEA mackerel (red) and recaptured NEA mackerel
(blue). Reproduction frorfienningeret al.2011.
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Tagging data potential, evaluation, and caveats

Mackerel catches scanned for RFID tagged during 28020 were not taken randomly in space and time (see
Figures A2-A2.3). The location of the mackerel catches is not necessarily representhtve drue zonal
distribution of mackerel, when comparing with fishéndependent mackerel data on biomass and
distribution in space and time. This is to a large extent due to national and international regulations and
agreements on mackerel between Caalsbtates from 2014 to 2020. This can be clearly seen on the maps
from 2014 to 2020, for example, where thereeigery year a large area in Norwegian EEZ were there are no
tag returns, because the Norwegian fishermen to a large extent did not fish maakéderwegian waters

even when it was present and abundant. This area with very few mackerel catches takelyarmlaage
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areas of Norwegian waters from 2014 to 202@e($-igures A2.2, A2.3), is in sharp contrast to recaptured
mackerel from commercialatches from large areas, including a large amount taken in the Norwegian EEZ
between 1986 and 2006 (see Figur2 1.

This illustrates some of the important limitations when using these tagging data which are partially dependent
on the fisherydependent céch data on mackerel when using these data to partition the stock to the different
EER over all years. To fulunderstand these data there is a necessity to investigate the fishing regulations,
access limitations and market forces that were in placéhaaar.

However, what the recent tagecapture data (Figures A2:A2.3) clearly do demonstrate, is that maoie
tagged off Ireland andhe British Isles during the May spawning season, show a very consistent migration
pattern repeated over time. Recapies from a release year is spread over large areas off Iceland and
Norwegian Sea during summer Jul$eptembey aggregating in wintering areas off Shetland in October
December, followed by spawning migration during Janudgbruary along west of Bsti Isles and Ireland,

and this pattern is repeated over subsequent years. The data support the notion thad thtie population

with specific migration patterns spreading over several@&Hdring annual migration cycles. Some of the
mackerel tagged alanlrelandand theBritish Isles are likely to be fish returning from spawning further south
e.g, the Bay of Bizay, supporting the earlier studies by Uriarte and Lucio (2001) and Tenrehge2011).
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A3.Additional figures and tables
A3.1Figures
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Figure A3.1.1Aggregated catches of Northeast Atlantic (NEA) mackerel for all years betweer?2006
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Figure A3.1.2Annual catches of Northeast Atlantic (NEA) mackerel for January betweerg 20Q2@ Note
that Russian catches in 2021 and 2022 are not included.
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