Working Document to

ICES Working Group on Widely Distributed Stocks (WGWIDE, No. 1)
ICES HQ, Copenhagen, Denmark, (hybrid meeting) 2 3.t 29. August 2023

Preliminary cruise report from the International Ecosystem
Summer Survey in the Nordic Seas (IESSNS)
1st July T 3" August 2023

Leif Nottestad, Hector Pefia, Age Hgines, Kjell Rong Utne, Susanne Tonheim, Stine Karlson, Are Salthaug
Institute of Marine Research, Bergen, Norway

Anna Heida Olafsdéttir , Thassya Christina dos Santos Schmidf James Kennedy
Mari ne and Freshwater Research Institute, Hafnarfjérour , Iceland

Eydna i Homrum , Leon Smith
Faroe Marine Research Institute, Térshavn, Faroe Islands

Teunis Jansen,
Greenland Institute of Natural Resources, Nuuk, Greenland

Kai Wieland
National Institut e of Aquatic Resources, Denmark

1



Contents

(70} 01 1= o 1 T PP PP PP 2
1 EXECULIVE SUMMANY ..eeeeeiiiieiieiiiiiiiieiieees s s s s sssnnsnenttasseesesseensssssnnsesssssneeeeeeeeesennnsees 3
P2 111 (o Lo (U o3 T o PO PRPPRO 4
3 Material and MEthOUS ........cuviiiiiiiiiii e 4
3.1 Hydrography and Zooplankton ...........cccccceeeeeiiiiicceiiiiiieerreeeeeee e e e e v 5
3.2 Trawl SAMPIING ..eeeeiiiiiiii e 5
3.3 Maring MAMMALS ......cuiiiiiiiiiiiiiiie et 9
3.4 LUMPFISh tAgQiNg .evvveeeeiiiiiieieeee e 9
3.5 ACOUSLICS ...ttt e e ettt eeaeat bbbttt e e et et e e e e e e s eeerereeeeeees 9
GG ) (0 ) G PSSP EPPR 14
3.7 Swept area index and biomass estimation...............cccoevvvvvvivieemreeeeeriiiinnn, 14
4 ReSUltS and AISCUSSION ......uuuiiiiiiiiiiiiiiiie i ceeeeiee ittt et e e e e e e e e s eeeereeeeeeraeaaeaaaaeeeeaeeas 17
A1 Hydrography oottt ee e 17
4.2 ZOOPIANKEOMN ...eeiiiiiiiiiiiiee ettt 19
4.3 MACKETE! ..ttt 21
4.4 Norwegian spring -spawning Nerring ..........ccooviviiiiien e 36
T = 118 1=V o 1 1] o 36
G © 11 =T ] 1= o =N 36
4.7  Marine MamMAIS .........uuuiiiiiiiiiiiiii it ee e e e e e e e e e e e e e e 42
5  ReCOMMENALIONS ... oottt e ettt eeaeaeaebbbbeeee et eeeeeeeeeeeeaarees 43
6  Action points for survey partiCipants ...........cocieiiiiiiiii e 44
7 SUIVEY PAITICIPANTS ....eeiiiiiiiiiiiiiee et e ettt e st e et e e e e s bbb e e e e e s aabbeeeas 44
8  ACKNOWIE AOEMENTS ...oiiiiiiiiiiie et 45
S T B (T (= (=7 g ot =P 45
O Y o] o 1=T o To [Tt T PP TPRPPPPPPN: a7



1 Executive summary

The International Ecosystem Summer Survey in the Nordic Seas (IESSNS) was performed within
approximately 5 weeks from July 1stto August 37 in 2023 using five vessels from Norway (2), Iceland (1),
Faroe Islands (1) and Denmark (1). The main objective is to provide annual agesegregated abundance
index, with an uncertainty estimate, for northeast Atlantic mackerel ( Scomber scombrjusThe index is used as
a tuning series in stock assessment according to conclusions from the 2017 and 2019 ICES mackerel
benchmarks. A standardised pelagic swept area trawl method is used to obtain the abundance index and to
study the spatial distribution of mackerel in relation to other abundant pelagic fish stocks and to
environmental factors in the Nordic Seas, as has been done annually since 2010. Anothr aim is to construct
a new time series for blue whiting ( Micromesistius poutassguabundance index and for Norwegian spring -
spawning herring (NSSH) (Clupea harengysabundance index. This is obtained by utilizing standardized
acoustic methods to estimate their abundance in combination with biological trawling on acoustic
registrations. The time series for blue whiting and NSSH now consists of eight years (20162023).

The total swept-area mackerel index in 2023 was 4.30 million tonnes in biomass and 10.67 billion in
numbers, a decline by 42% for biomass and 39% for abundance compared to 2022 In 2023, the most
abundant year classes were2020, 2019respectively. The cohort internal consistency improved compared to
last year, particularly for ages 4-7 years. The catch curves showed clear year effects, and that mackerel of
ages 1, 2 and to some extat also age 3 are not completely recruited to the survey. Most of the surveyed
mackerel are still distributed in the Norwegian Sea. However, they were more easterly and north easterly
distri buted compared to 2022.The distribution of mackerel in the Norwegian Sea retracted compared to the
last decade particu larly with drawal from the northernmost part was observed. The zero-line was reached
for the whole survey area, north of latitude 60°N.

Other fish specieswere also monitored such aslumpfish ( Cyclopterus lumpuf capein (Mallotus villosus),
polar cod (Boreogadus saijlaand Atlantic salmon ( Salmo salgr Lumpfish w ere caught at 76% of surface
trawl stations distributed across the surveyed area from southwestern part of Iceland, central part of North
Sea tosouthwestern-western part of the Svalbard. Both size and abundance were greater north of latitude
72°N compared to southern areas. Capelin were caught in the surface trawl on 29 stations along the cold
fronts: north of Iceland, north - and northwest of Jan Mayen, northwest of Bear Island and west of Svalbard.
There were more trawl stations with catches ofcapelin in the west and north of Jan Mayen than previous
years The polar cod were caught in larger areas in the north and northeast of Iceland compared to the time-
series A total of 62 North Atlantic salmon were caught in 24 stations both in coastal and offshore areas
from 62°N to 74°N in the upper 30 m of the water column. The salmon ranged from 0.084 kg to 2.7 kg in
weight, dominated by post -smolt and 1 seawinter individuals. We caught from 1 to 12 salmon during
individual surface trawl h auls. The length of the salmon ranged from 21 cm to 82 cm, with the highest
fraction between 21 cm and 29cm.

Satellite measurements of sea surface temperature (SST) in the Northeast Atlantic in July 2023 showvthat the
northern regions of the Nordic Seas were slightly warmer than the average, while the East Greenland
Current was cooler than the long-term average. The SST in the Irminger Sea and Iceland Basin were slightly
warmer than the average.

The average zooplankton biomass increased in the Norwegian Sea and in Icelandic waters compared to
2022. Zooplankton showed patchy distri bution throughout the area

In the present preliminary report, no results of herring and blue whiting measurements are presented. A
final survey report including these two species will be published in the fall of 2023.



2 Introduction

During approximately five weeks of survey in 2023 (1st of July to 3 of August), five vessels; tH w, ¥Eos?w

and, *5ue@B OE> wi UOOludvert amER DOl wi UOOWWEUO! w( HOBOBUODGOR ww 1
from Iceland E OE w , €donP?operating in the North Sea by Danish scientists, participated in the

International Ecosystem Summer Survey in the Nordic Seas (ESSNS)

The major aim of the coordinated IESSNS was to collect data on abundance, distribution, migration , and
ecology of Northeast Atlantic ( NEA) mackerel (Scomberscombus) during its summer feeding migration
phase in the Nordic Seasand surrounding coastal and offshore waters. The resulting abund ance index will
be used in the stock assessment of NEAmackerel at the annual meeting of ICES working group of widely
distributed stocks WGWIDE). The IESSNS mackerel index time series goes backo 2010. Since Q16,
systematic acougic abundance estimation of both Norwegian spring -spawning herring ( Clupea hanagus)
and blue whiting ( Micromesisius poutassoy have also beenconducted. This is considered as potential input
for stock assessmentsince the time series are sufficiently long. Furthermore, the IESNS is a pelagic
ecosystem survey collecting data on physical oceanography, plankton, and other fish species such as
lump fish, polar cod, and Atlantic salmon. Opportunistic whale observations were also recorded from
Norway and Faroe Islands. The wide geographical coverage, standardization of methods, sampling on
many trophic levels and internationa | cooperation around this survey facilitates research on the pelagic
ecosystem in the Nordic Seas, seee.g. Ngttestad & al. (2016), Jansen etal. (2016), Bachiller et al. (2018),
Olafsdottir et al. (2019), Nikolioudakis e t al. (2019), dos Santos Schmidt et al. (2023)

The methods have ewvolved over time since the survey was initiated by Norway in the Norwe gian Sea in the
beginning of the 1990s. The main eements of international standardizatio n were conducted in 2010. Smaller
improvements have been implemented since 201Q Faroe Islands and Iceland have participated in the joint
mackerel-ecosystem survey sirce 2009. Greenland since 2013 and Denmark from 20185reenland did not

The North Seawas included in the survey area for the sixth tim e in 2023, following t he recommendations of

WGWIDE. This was done by scientists from DTU Aqua, Denmark. The commercial fishinT wY1 UUT OUw?" 1 U¢
S20% was used. No problems applying the IESSNS methods wereencountered. Area coverage, however,

was restricted to the northern part of the North Sea at water depths deeper than 50 m (see Appendix 1 for

comparison with the 2018- 2023 results).

3 Material and methods

Coordination of the IESSNS 2023 was done during he WGIPS 2023 virtualmeeting in January 2023, and by
correspondence in December 2022 and during spring and summer 2023. The participating vessels together
with their e ffective survey periods are listed in Table 1.

Overall, the weather conditions were calmer and less windy than usual for the two Norwegian vessels
during the enti re survey, thus providing very good survey progress as well as favourable conditions for the
acoustic recordings and pelagic trawling . The Icelandic vessel, operating in Icelandic waters, experienced in
general calm weather for duration of the survey with no survey delay, however three WP2-net sampling
were skipped due to high winds . For the Faroese vessel,tie survey was not hampered by weather; however
technical issues with the trawl (a repair on land was needed) reduced the survey time with approximately
two days in addition to skipped trawl stations in southwestern survey area. The chartered vessel Cetonhad
good weather conditions throughout the survey .

During the IESSNS, the special designed pelagic trawl, Multpelt 832, has been applied by all partici pating
vessels since 2012. This trawl is a product of coopertion between participating institutes in de signing and
constructing a standardized sampling trawl! for the IESSNS. The work was led by trawl g ear scientist John
Willy Valdemarsen, Institute of Mar ine Research (IMR), Bergen, Norway (Valdemarsen et al. 2014).The
design of the trawl was finalized duri ng meetings of fishing gear experts and skippers at meetings in
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January and May 2011. Further discussions on modifications in standardization between th e rigging and
operation of Multpelt 832 was done during a tra wl expert meeting in Copenhagen 1718 August 2012, in
parallel with the post -cruise meeting for the joint ecosystem survey, and then at the WKNA MMM
workshop and tank experiments on a prototype (1:32) of the Multpelt 832 pelagic trawl, conducted as a
sequerce of trials in Hirtshals, Denmark from 26 to 28 February 2013 (ICES 2013a). The swept area
methodology was presented and discussed during the WGISDAA workshop in Dublin, Ireland in May 2013
(ICES 2013b). The standardization and quantification of catchability f rom the Multpelt 832 pelagic tra wl
was further discussed during the mackerel benchmark in Copenhagen in February 2014. Recommendations
and requests coming out of the mackerel benchmark in February 2014, were considered and implemented
during the |IESSNS surey in July-August 2014 and in the surveys thereafter. Furthermore,
recommendations and requests resulting from the mackerel benchmark in January-February 2017 (ICES
2017), were carefdly considered and implemented during the IESSNS survey in July-August 2017. In 2018,
the Faroese and lelandic vessels employed new, redesigned cod-ends with the capacity to hold 50 tonnes.
This was done to avoid the cod-end from bursting during hauling o f large catches as occurred at three
stations in the 2017 IESSNS.

Table 1. Survey effort by each of the five vessels during the IESSNS 203. The number of predetermined
("fixed") trawl s tations being part of the swept-area stations for mackerel in the IESSNS are shown after the
total number of trawl! stations .

Vessd Effective survey Length of cruise Total trawl stations/ CTD stations Plankton stations
period track (nmi) Fixed stations

Ar ni Fridriksson 3-217 3250 43/38 38 35
Jakup Sverri 1-16/7 2825 3127 27 27
Ceton 4-13/7 1987 36/39 36 -

Vendla 4/7-3/8 4077 66/57 57 57
Eros 4/7-3/8 3349 64/57 57 57
Total 1/7-3/8 15488 240218 215 176

3.1 Hydrography and Zooplankton

The hydrographical and plankton stations by all vessels combined are shown in Figure 1. Eros, Vendla,
Arni Fridriksson and Jakup Sverri were all equipped with a SEABIRD CTD sensor and Arni Fridriksson and

Jakup Sverri moreover also had a water rosette. Ceton used a Seabird &Catoffline CTD. The CTD-sensors
were used for recording temperature, salinity, and pressure (depth) from the surface down to 500 m, or to
the bottom when at shall ower depths.

Zooplankton was sampled with a WP2 -net on 4 vessels, excluding Ceton which operatesin the North Sea.
Mesh sizes were 180 um (Eros and Veunlla) and 200 pm (Arni Fridriksson and Jakup Sverri). The net was
hauled vertically from a de pth of 200 m (or bottom depth at shallower stations) to the surface at a speed of
0.5 m/s. All samples were split in two, on e half preserved for species identification and enumeration, and
the other half dried and weighed. T he zooplankton was sorted into three size categories (um), > 2000, 1060
2000, 180/2001000, on the Norwegian and Faroese vessels; andwo size fractions (um), > 1000 and 200
1000, on the Icelandicvessel. Detailed description of the zooplankton and CTD sampling is provided in the
survey manual (ICES 2014a).

Three planned WP2-plankton sampleswere not taken due to bad weather. The number of stations taken by
the different vessels is provided in Table 1.

3.2 Trawl sampling

All vessels used the standardized Mu ltpelt 832 pelagic trawl (ICES 2013a; Valdemarsen et al. 2014,
Ngttestad et al. 2016) for trawling, both for fixed surface stations and for trawling at greater depths to
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confirm acoustic registrations and to target blue whiting registrations i dentified by echograms
Standardization of trawl deployment was emphasised during the survey as in previous years (ICES 2013a;
ICES 2014b; ICES 200). Sensors on the trawl doors, headrope and ground rope of the Multpelt 832 trawl
recorded data, and allowed live monitoring, of effective trawl width (actually door spread) and trawl

depth. The properties of the Multpelt 832 trawl and rigging on each ves sel isreported in Table 2.

Trawl catch was sorted to the highest taxonomical level possible, usually to species for fish, and total
weight per species recorded. The processing of trawl catch varied between nations. TheNorwegian vessels
sorted the whole catch to species but the Faroese vessel suisampled the catch before sorting if catches were
more than 500 kg. Sub-sample size ranged from 90 kg (if it was clean catch of either herring or mackerel) to
200 kg (if it was a mixture of herring a nd mackerel); however, other specieswere mostly sorted out of the
full catch. On the Icelandic vesse| the whole catch was sorted to species forall speciesexcept mackerel and
herring when the catch is large (> 1000 kg) and mostly a mix of the two before mentioned species Then
approximately 10% of the mixed herring and mackerel catch is sated to species.

The biological sampling protocol fo r trawl catch varied between nations in number of specimens sampled
per station (Table 3).

Results from the survey expansion southward into the North Sea are analyzed separately from the
traditional surv ey grounds north of latitude 60°N as per stipulations from the 2017 mackerel benchmak
meeting (ICES 2017). However, data collected with the IESSNS methodology from the Skagerrak and the
northern and western part of the North Sea are now available for six years (20182023)

Table 2. Trawl settings and operation details during the internati onal mackerel survey in the Nordic Seas
from 1st July to 3 August 2023. The column for influence indicat es doserved differences between vessels
likely to influence perfo rmance. Influence is categorized as 0 (no influence)and + (some influence).

Properti es Arni Fridriksson Vendla Ceton Jakup Sverri Eros Influence
isfell trawl i E Trawl A

Trawl producer 23033 newtrawtin gersund Trawl AS Egersund Trawl AS | Vénin (2018) Egersund Trawl AS| 0
\é\éirrz in front of Dynex-34 mm Dynex -34 mm Dynex Dynex ¢+ 38 mm Dynex34 mm +
Warp | h

arp lengt 350 350 270-320 350 (350360) 350 0
during towing
Difference in
warp length 16 2-10 10 0-10 5-10 0
port/starb. (m)
Weight at the
lower wing ends | 2x400kg 2x400 2x400 2x400 2x400 0
(kg)
Setback (m) 14 6 6 6 6 +
Type of traw! . Sedlex 7.5 n? . Seaflex 7.5
door Jupiter adjustable hatches Thybron type 15 Twister adjustable hatches 0
Weight of traw || 00 1700 1970 1650 1700 +
door (kg)
Area trawl door 75 with 25% 7 with 50% latches

. ()
(m?) 6 hatches (effective 7 45 (effective 6.5) +
6.5)

Towing speed
(knots) mean 5.1 (4.65.6) 4.6 (4.15.5) 5.1 (4.55.8) 4.7 (45.4) 4.7 (4.15.725) +
(min-max)




Trawl h eight (m)

) 25-32 . 2532
mean (min-max) 31 (2337) 30 (24-38) 32.1 (2851)
Door distance
(m)  mean 107 (110- 130) 121.8 (118126) 125(118-133) 114 (102122) 135 (113140)
(min-max)
Trawl width (m)* | 68.4 63.8 69.7 64.1 67.5
Turn radiu s
5-10 5-12SB tum 5-10 5 BBJ/SB turn 5-8 SB turn
(degrees
Fish lock front of Yes Yes Yes Yes Yes
cod-end
Trawl door
depth (port,
7-25,7-21 6-22, 823 6-26, 6-26 5-17, 517 6-18, 820
starboard, m)
(min-max)
Headline depth 0 0 0 0 0
(m)
Float . Kit e with fender Kite with fender Kite with + 1 buoys .
Kite + 1 buoy on . Kite + 2 buoy on
arrangements on - buoy +2 buoys on buoy + 2 buoys on | and kite on each L
) each wingtip o N - each wingtips
the headline each wingtip each wingtip wingtip
Weighi f . ) . .
ca‘féi g 0 All weighed All weighted All w eighed All weighed All weighted

* calculated from door distance (Table 6)




Table 3. Protocol of biological sampling during the IESSNS2023. Numbers denote the maximum number of
individuals sampled for each species for the dif ferent determinations.

Spedes Faroes Iceland Norway Denmark
Length measurements Mackerel 200/100* 150 100 a whl k
Herring 200/100* 200 100 75
Blue whiting 200/100* 100 100 75
Lumpfish all all all all
Salmon All (1) all all -
Capelin - 50 25-30
Other fish sp. 20-50 50 25 As appropriate
Weight, sex and Mackerel 15-25 50 25 bl
maturity determi nation Herring 25-50 50 25 0
Blue whiting 1550 50 25 0
Lumpfish 0-6 n 25 0
Salmon All 0 25 0
Capelin - 50
Other fish sp. 0-20 0 0 0
Otoliths/scales collected Mackerel 1525 25 25 ik
Herring 2550 25 25 0
Blue whiting 1550 50 25 0
Lum pfish 0 n 0 0
Salmon - 0 0 0
Capelin 50
Other fish sp. 0 0 0 0
Fat content Mackerel 0 10 0 0
Herring 0 10** 0 0
Blue whiting 0 10 0 0
Stomach sampling Mackerel 5 10 10 0
Herring 5 10** 10 0
Blue whiting 5 10 10 0
Other fish sp. 0 0 10 0
Tissue for genotyping Mackerel 0 0 0 0
Herring 0 0 25 0

*Length measurements / weighed individuals

*Sampled at every third station
*** p to one fish per cm-group < 25 cm, two fish 25¢ 30 cm and three ish >30cm from each station was weighed and aged.
MAll liv e lumpfish were tagged and released, only otoliths taken from fish which were dead when brought aboard .

This yeE Uz U w U U Wite walll yechrami zed in time and was conducted over a relatively short period
(33 days) given the large spatial coverage of around 2.4 million km 2 (Figure 1). This was in line with
recommendations put forward in 2018 that the survey period should be around four weeks with mid -point
around 20t of July. The main argument for this time-period was to make the IESSNSsurvey as synoptic as
possible in space and time, and at the same time be able to finalize data and eport for inclusion in t he
assessment for the same year.



Und erwater camera observations during trawling

M/5w? WRDEwWR? 51 OEOE? wi Gdevéter Videa Eadend (GoPro HD Hero 5 Black Edition,
www.gopro.com ) to observe mackerel aggregdion, swimming behaviour and poss ible escapement from
the cod end and through meshes. The camea was put in a waterpro of box which toler ated pressure down
to approximately 100 m depth. No light source was employed with cameras; henc e, recordings were limit ed
to day light hours. Some recordings were also taken during night -time when ther e was midnig ht sun and
good underwat er visibility. Vid eo recordings were collected at 74 trawl stations. The camera was attached
on the trawl in the t ransition between 200 mm and 400 mm meshes

3.3 Marine mammal s

Opportunistic observations of marine mammals we re conducted by scientific personnel and crew members

from the bridge between 4t Julyand 2 UT UUUwl Y1 + uOOEOEUE W, v5 w? $ UbthdwEOE W, ¥
Jakup Sverri (30" of Junet 17 of July) opportun istic observations were done from the bridge by crew

members.

3.4 Lumpfish tagging

Lumpfi sh caught during tT T wUOUUYT awEawYl UUTI OUwily5w?2: UOPwnUPOUDPOUUODA
tagged with Peterson disc tags and released.When the catch was brought aboard, any lumpfish caught

were transferred to a tank with flow -through sea water. After the catch of otherspecies had been processed,

all live lumpfish larger than ~15 -20 cm were tagged. The tags consised of a plastic disc secured with a

titanium pin which w as inserted through the rear of the dorsal hump. Contact details of Biopol

(www.biopo l.is) were printed on the tag. The fish were returned to the tank until all fish were tagged. The

fish were then released, and the time ofrelease was noted which was usedto determine the latitude and

longitude of the r elease locaion.

3.5 Acoustics

Multifreq uency echosounder

The acoustic equipment onboard Vendla and Eros were calibrated 3 July 2023 for 18, 38, 70, 120 and 200
kHz. Arni Fridri ksson was calibrated 4t of May 2023 for frequencies 18, 38, 70, 120 and 200 kHzJakup
Sverri was calibrated on 23d March 2023 for 18, 38, 120, 200 and 333 kHzCeton did not conduct any
acoustic data collection because no calibrated equipment was available, and acoustics are done in the same
area and period of the year during the ICES coadinated North Sea herrng acoustic survey (HERAS). All
the other vessels used standard hydro-acoustic calibration procedure for e ach operating frequency (Foote
1987). CTD measurements were taken in order to get the correct sound velocity as input to the echosounder
calibration settings.

Acoustic recordings were scrutinized to herring and blue whitin g on daily basis using the post-processing
software (LSSS see Table 4for details of the acoustic settings by vesse). Species were identified and

partitioned using catch information , characteristic of the recordings, and frequency between integration on
38 kHz and on other frequencies by a scientist experienced in viewing echograms.

To estimate the abundance from the allocated NASGCvalues the following target strengths (TS)
relationship s were used.

Blue whiting: TS =20 log(L) ¢ 65.2 dB (rev. acclCES CM 2012/SS&SS:01)
Herring: TS = 20log(L) ¢ 71.9 dB(Foote, 1987)


http://www.gopro.com/

Table 4. Acoustic instruments and settings for the primary frequency (38 kHz) during IESSNS2023.

Ilj:i\égr’;:l\(rsnsion M/V Vendla R/V Jékup Sverri M/V Eros
Echo sounder Simrad EK80 Simrad EK60 Simrad EK80 Simrad EK80
Frequency (kHz) 18, 38, 70, 120, 200 18,38, 70, R0, 200 ;2,338, 70, 120200, ;213387 70, 120, 200,
Primary tr ansducer ES387 ES38B ES387 ES38B
Transducer installation Drop keel Drop keel Drop keel Drop keel
Transducer depth (m) 9.6 8 6-9 6
Upper integration limit (m) 15 15 12 15
Absorptio n coeff. (dB/km) 9.8 9.9 10.3 9.3
Pulse length (ms) 1.024 1.024 1.024 1.024
Band width (kHz) 2.425 2.43 3.06 2.43
Transmitter power (W) 2000 2000 2000 2000
Angle sensitivity (d B) 18 21.90 21.9 21.9
2-way beam angle (dB) -20.30 -20.70 -20.4 -20.7
TS Transducer gain (dB) 27.@@ 25.22 26.94 25.22
sa correction (dB) 0.02 -0.73 -0.13 072
3 dB beam width alongship: 6.43 6.88 6.47 6.85
3 dB beam width athw. ship: 6.43 6.76 6.54 6.79
Maximum range (m) 500 500 500 500
Post processing software LSSSv.2.14 LSSS 2.12.0 LSSS 2.14 LSSS 2.12.0

M/V Ceton: No acoustic data collection because other survey in the same area in Juneluy (HERAS).

Multibeam sonar

Both M/V Eros and M/V Vendla were equipped with the Simrad fish eries sonar. Medium freque ncy CS90
sonar (frequency range: 70-90 kHz) on M/V Eros and low frequency ST90sonar (frequency range: 14-24
kHz) on M/V Vendla with a scientific output incorporated which allow the storing of the beam data for
post-processng. A coustic multibeam sonar data was siored continuously onboard Eros and Vendla for the
entire survey.

Cruise tracks

The five participating vessels followed predete rmined survey lines with predetermined surface trawl

stations (Figure 1). Calculations of the mackerel index are based onswept area approach with the survey
area split into 10 strata, of which 6 are permanent (1, 2, 3, 7, 10 and 13) and four dynamic (4, 56 and 9)
(Figure 2). Distance between predetermined surface trawl stations is mnstant within stratum b ut variable
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between strata and ranged from 40to 70 nmi. The survey design using different strata is done to allow the
calculation of abundance indices with uncerta inty estimates, both overall and from each stratum in the
software program StoX (see Salthaug et al. 2017). Temporal survey progression by v essel along thecruise
tracks in July-August 2023is shown in Figure 3. The cruising speed was between10-11 knots if the weather
permitted , otherwise the cruising speed was adapted to the weather situation.

IESSNS
78°NIE July - Aug. 2023

A Surface hauls
m Deep hauls

76°N
— DK

— FO

IS
74°Nf —— NO (Eros)
— NO (Vendla)

72°N
70°N
68°N
66°N
64°N
62°N
60°N

58°N

56°N

54°N S”j g;) s o

45°W  40°W  35°W  30°W  25°W  20°W 15°W  10°W = 5°W 0° 5%k 10°E  15°E  20°E  25°E  30°E

Figure 1 a. Fixed predetermined trawl stations and additional deep haulsincluded in the IESSNSfrom July
1stto August 3d 2023 At each station a30 min surface trawl haul was performed.
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IESSNS
78N July - Aug. 2023

z CTD
O wWP2

76°N
— DK

— FO

IS
74°N|8 — NO (Eros)
— NO (Vendla)

72°N
70°N

68°N

66°N

64°N )
Ga0
e
62°N @
60°N
58°N

56°N

54°N

45°W  40°W  35°W  30°W  25°W  20°W  15°W  10°W = 5°W 0° 5°E 10°E  15°E  20°E  25°E  30°E

Figure 1 b. Fixed predetermined hydrographic st ations (CTD and WP2) included in the IESSNS from July
Istto August 3d 2023. CTD station (0-500 m) and WP2plankton net samples (0-200 m depth).
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IESSNS
78°NI July - Aug. 2023

— DK

— FO

— NO (Eros)
— NO (Vendla)

74°N
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70°N

68°N

66°N

64°N
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58°N
56°N

54°N

45°W  40°W  35°W  30°W  25°W  20°W  15°W  10°W = 5°W 0° 5°E 10°E: 15°%E 20°E 25°E 30°E

Figure 2. Pemanent and dynamic strata used in StoX for IESSNS2023 The survey area is split into 10
strata, of which 6 are permanent (1, 2, 3, 7, 10 and 1Band four dynamic (4, 5, 6 and 9). The former stratum 8
(along the Norwegian coast) was merged into adjacent strata 1 and 7. Stratum 10 (northern Greenland
waters) and 11 (southern Greenland waters) were not surveyed in 2023 and are not displayed. The former
stratum 12 (offshore south of Iceland) is not used any longer, since the southern boundaries of strata 5 and 6
have been converted to dynamic boundaries. For original strata boundaries see WGIPS manual (ICES
2014a).In 2023 stratum 2 was split in two strata, 2 and 14 as two predetermined surface trawl stations were
not sampled on the western end of the 2 transed from the south, see Figure 1a. Dueto large variability in
mackerel density within in stratum 2 , the area around the skipped predetermined stations was defined as a
separated stratum to reflect the mackerel density in the area. This was done to prevent inflation on
mackerel abundance in the stratum 2 due to under sampling in a low -density part of stratum 2.
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IESSNS 2023
Temporal Progression

W 'stofAugust

[ 26th of Juty
O 19thofJuty
B 13thofluly
O 7thofJuly

1°st of July

Figure 3. Temporal survey progression by vessel along the cruise tracks during IESSNS 2023: Blue
represents effective survey start (uz U U w drogrés$ing &o red representing a five-week span (survey
ended 3 of August). As Ceton did not submit acoustics, they have been repesented by station positions.

3.6 StoX

The recorded acoustic and biological data were analysed using the StoX software packagewhich has been
used for some years row for WGIP S coordinated surveys. A description of StoX can be found in Johnsen et
al. (2019) ad here: www.imr.no/forsknin g/prosjekter/stox. Mackerel swept-area abundance index,
excluding the Nor th Sea, was calculated using StoX version 3.6.1 The herring and blue whiting acoustic
abundance indices were calculated using StoX version 3.6.2.

3.7 Swept area i ndex and biomas s estimation

This year the input data for th e swept area calalations were taken from the ICES database Up until 2020
the input data were extracted from the PGNAPES database.

The swept area age segrgated index is calculated separately for each stratum (see stratum definition in
Figure 2). Individu al stratum estimates are added together to get the total estimate for the whole survey
area which is approximately defined by the ar ea between 60°N and 77°Nand 40°W and 20°E in 2023. An
additional run is made, including the North Sea. The density of mackerel on a trawl station is calculated by
dividing the total number caught by the assumed area swept by the trawl. The area swept is calculated by
multiplying the towed distance by the horizontal opening of the trawl. The horiz ontal opening of the trawl
is vessel specific, and the average valueacross all hauls is calculated based on door spread (Table 5 and
Table 6). An estimate of total number of mackerel in a stratum is obtained by taking the average density
based on the trawl stations in the stratum and multiplying this with the area of the stratum.
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Table 5. Descriptive statistics for trawl door spread, vertical trawl opening and tow speed for each vessel
during | ESSNS 203 at predetermined surface trawl stations. Number of trawl stations used in calculations
is also reported. Horizontal traw | opening was calculated using average vessel values for trawl door spread
and tow speed (details in Table 6).

RV Armni

JakupSverri Hidrikson Eros Vendla Ceton
Trawl doors horizontakpread (n)
Number of stati ons 27 29 57 57 36
Mean 113 122 12 112 125.2
max 120 130 136 120 132.7
min 102 110 115 100 117.7
st. dev. 4.2 4.6 4.8 4.0 3.8
Vertical t rawl op ening (m)
Number of stations 27 36 57 57 36
Mean 32 30.8 28 29 30.4
max 49 23.2 33 32.0 37.7
min 25 37.2 25 24 23.6
st. dev. 5.9 2.9 2.9 4.3 3.2
Horizontal trawl opening (m)
Mean 63.7 68.4 717 65.1 69.7
Speed (over ground, n mi)
Number of statio ns 27 38 57 57 36
Mean 47 5.1 45 46 5.1
max 55 5.6 5.2 53 5.8
min 34 4.6 42 42 45
st. dev. 0.5 0.2 0.5 0.3 03

Horizontal trawl opening was calculated using average vessel values for trawl door s pread and tow sp eed
(Table 6). The estimags in the formulae were based on flume tank simulations in 2013 (Hirtshals, Denmark)
where formulas were developed from the horizontal trawl opening as a function of door spread, for two
towing speeds, 4.5 and 5 krots:

Towing speed 4.5 knots: Horizontal op ening (m) = 0.441 * Doorspread (m) + 13.094
Towing speed 5.0 knots: Horizontal opening (m) = 0.3959* Door spread (m) + 20.094
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Table 6. Horizontal trawl opening as a function of trawl door spread and towing speed. Relatonship based
on simulations of hor izontal opening of the Mult pelt 832 trawl towed at 4.5 and 5 knots, representing the
speed rangein the 2014 survey, for various door spread. See text for details. In 2017, the towing speedange
was extended from 5.0 t05.2, in 2020 thedoor spread was extended to 122 m and in 2022the towing speed
range was extended down to 4.3 knots and up to 5.5 knotsThe door spread was furthermore extended to
135 m in 2023.See also Appendix 4.

Towingspeed(knot9
Door sprad(m) 4.3 4.4 45 4.6 4.7 4.8 4.9 5 5.1 5.2 5.3 5.4 5.5
100 56.5 56.9 57.2 577 582 587 59.2 597 602 607 612 617 622
101 569 573 576 581 586 59.1 596 60.1 606 61.1 615 620 625
102 573 57.7 581 586 59.0 595 60.0 605 609 614 619 624 629
103 57.7 581 585 590 595 599 604 609 613 618 623 628 632

104 58.1 585 590 594 599 603 608 613 617 622 627 631 636
105 586 59.0 594 599 603 608 612 617 621 626 630 635 639

106 59.0 594 598 603 607 612 616 621 625 629 634 638 643
107 595 599 603 607 612 616 620 625 629 633 638 642 646
108 59.9 603 60.7 611 616 620 624 629 633 637 641 646 65.0
109 604 608 612 616 620 624 628 632 637 641 645 649 653
110 60.9 612 616 620 624 628 632 636 641 645 649 653 656
111 61.3 617 620 624 628 632 636 640 644 648 652 656 66.0
112 61.8 621 625 629 633 637 640 644 648 652 656 66.0 66.3
113 622 626 629 633 637 641 644 648 652 656 660 663 66.7
114 62.7 630 634 637 641 645 649 652 656 660 663 667 67.0
115 63.1 635 638 642 645 649 653 656 660 663 66.7 67.0 673
116 63.6 639 643 646 650 653 657 660 664 667 670 674 67.7
117 64.0 644 647 650 654 657 661 664 668 671 674 67.7 68.0
118 645 648 651 655 658 66.1 665 668 672 675 678 681 684
119 649 653 656 659 662 666 669 672 676 679 681 684 687
120 654 657 660 663 666 670 673 676 679 682 685 688 69.1
121 658 ©66.1 665 668 671 674 677 680 683 686 689 691 694
122 66.3 66.6 669 672 675 678 681 684 687 690 692 695 69.8
123 667 670 673 676 679 682 685 688 691 693 696 699 701

124 67.2 675 678 680 683 686 689 69.2 695 697 700 702 704
125 676 679 682 685 688 690 693 696 698 701 703 70.6 70.8

126 68.1 684 687 689 692 695 697 700 702 705 707 709 711
127 686 688 691 694 696 699 701 704 706 709 711 713 715
128 690 693 695 698 700 703 705 708 710 712 714 716 718
129 695 697 700 702 705 Y07 710 712 714 716 718 720 721
130 699 702 704 707 709 711 714 716 718 720 722 723 725
131 704 706 709 711 713 716 718 720 722 723 725 727 728
132 708 711 713 715 718 720 722 724 725 727 729 730 731
133 713 715 717 720 722 724 726 727 729 731 732 733 734

134 717 719 722 724 726 728 729 731 733 734 735 736 737
135 721 724 726 728 730 731 733 735 736 737 738 739 740
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4 Results and discussion

4.1 Hydrogra phy

Satellite measurements (NOAA OISST) of sea surface temperature (SST) in thecentral areas in the
Northeast Atlantic in July 2023were slightly warmer than the long-term average for July 19902009 based
on SSTplots (Figure 4a) and SSTanomaly plots (Figure 4b). The northern regions of the Nordic Seas wee
slightly warmer than th e average while the EastGreenland Current was cooler than the long-term average.
The SST in the Irminger Sea and Iceland Basin wee slightly warmer than t he average.

It should be mentioned that the NOAA SST are sensitive to the weather conditions (i.e. wind and
cloudiness) prior to and durin g the observations and do therefore not necessarily reflect the oceanographic
condition of the water masses in the ares, asseen when comparing detailed in situ features of SSTs
between years (Figures 4a,b-5). However, since the anomaly is based on the averge for the whole month of
July, it should give representative results of the surface temperature.

The temperature distributio n at 10, 50, 100 and 400 m depths is shown in Figure 5. At 10 m depth, the
temperatures ranged from less than 1°C in the Greenland Seato 16°C in the North Sea.At all depths there is

a clear signal from the cold East Icelandc Current which carries cold and fresh water into the central and

south-eastern part of the Norweg ian Sea.Along the Norwegi an Shelf and in the southernmost aress, the
water masses are dominated by warmer waters of Atlantic origin. The CTD measurements at 10 m depths
showed that north of Jan-Mayen the 8°C isotherm was found more easterly than last year. South of Jan
Mayen the 8°C isotherm was found more westerly than last year and was closely aligned to the Jan-Mayen

Ridge.
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July SST anomaly
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Figure 4. Annual sea surface temperature (a; top panel) and its anomaly (b; lower panel; -4 to +4°C) in
Nort heast Atlantic for the month of July from 2010 to 2@3 showing warm and cold conditions in
comparison to the average for July 19902009. Based on monthly averages of daily Optimum Interpolation

Sea Surface Terperature (Ver. 2.1 NOAA OISST, AVHRR-only,
https://www.ncei.noaa.go v/pr oducts/optimum -interpolation -sst).
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Figure 5. Interpolated temperature (°C) at 10 50, 00 and 400m depth in No rdic Seas andthe North Sea in
July-Augu st 2023. 500 m and 2000m depth contours are shown in light grey.

4.2 Zooplankton

The zooplankton biomass varied between areas with a patchy distribution throughout the area (Figure 6a).
In the N orwegian Sea areas, theaverage zooplankton bi omass wasaround 8 g/mz?, which is higher than the
last two y ears (Figure 6b)

The time-series of zooplankton biomasswas averaged by three subareas: Greenland region(not covered in
2023) Iceland region, and the Norwegian Sea region is shown in Figure 6b (see definitions in legend). In
the Icelandic region and the Norwegian Seathe level was higher than in 2022. The biomass index in the
Norwegian Sea varied less compared o the other two indices, and in 2023 it was comparable to 2019-2020
(Figure 6b). The lower variability over time in the Norwegi an Seamight in part be explained by the more
homogeneous oceanographicconditions in the area defined as Norwegian Sea.
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These plankton indices should be treated with some caution as it is only a snapshot of the ganding stock
biomass, not of the actual production in the area, which complicates spatio-temporal comparisons.

Zooplankton dryweights (g m'z)
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v »
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72°N
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64°N
P —0
’}5 s- \
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24°W 12°W G° 12°E 24°E

Figure 6a.Interpolated z ooplankton biomass (g dw/m2, 0-200m) in Nordic Seas in July-Augu st 2023. 500 m
and 2000 m depth contours are shown in light grey.

20



25 1

—— Norw.Sea
Iceland
—— Greenland - -
—~ 20 - -
(\IJ _ -
- - -
* _ -
2 o
r=ST I ' :
=) 15 -
o - _
= -
= -
_5 .
c 104 : // . .
-9 \ /. ° : ; o ° L] L]
N .
[ . * ¢ T .
C_U . \. . lﬁ_i:
o 5 1 \/ : ’
04 - - ) _

I I I I I L] L] 1

2010 2012 2014 2016 2018 2020 20222023

Year

Figure 6b. Zooplankton biom ass indices (g dw/mz2, 0-200 m). Time-series (20162023) of mean zooplankton
biomass for three subareas within the survey range: Norwegian Sea (between 14°W17°E & north of 61°N),
Icelandic waters (14°W-30°W) and Greenlandic waters (20142022, west of 30°W)

4.3 Mackere |

The total swept-area mackerel index in 2023 was 4.30 million tonnes in biomass and 10.67 billion in
numbers, a decrease of 2% for biomass and 39% for abundance compared to 2®2. The survey coverage
area (excl. the North Sea,0.28 million km?2) was 236 million k m2in 2023, which is 19% smaller compared to
202. No extreme catches were taken this year, the highest catch was 5.7 tomes. This reduces the
uncertainty of the index in the biomass CV =0.12in 2023compared to CV =0.25in 2022.

Most of the surveyed mackere still appears to be in the Norwegian Sea. However, they were more easterly
and northeasterly distributed compared to 2022.The zero-line was reached for the whole survey area, north
of latitude 60°N.
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Figure 7. Mackerel catch rates by Multpelt 832 pelagic trawl haul at predeter mined surface trawl stations
(circle areas represent catch rates in kg/kn%) overlaid on mean catch rates per standardized rectangles (2°
lat. x 4°lon.) in Nordic Seas in JulyAugust 2023
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Figure 8. Annual distribution of mackerel proxied by the absolute distribution of me an mackerel catch rates
per standardized rectangles (2° lat. x 4° lon.), from Multpelt 832 pelagic trawl hauls at predetermin ed
surface trawl stations in Nordic Seasin June-August 2010-2023 Colour scale goes from white (= 0) to red (=
maximum value for t he highest year).
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Figure 9. Annual distribution of mackerel proxied by the relative distribution of mean  mackerel catchrates
per standardized rectangles (2° lat. x 4° lon.), from Multpelt 832 pelagic trawl hauls at predetermined
surface trawl statio ns stations in Nordic Seas in JuneAugust 2010-2023 Colour scale goes from white (= 0)

to red (= maximum value for the given year).
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Figure 10. Average weight of mackerel at predetermined surface trawl stations during | ESSNS2023

The mackerel weight v aried between 37 to 858 g with an average of 439 g. The length of mackerel caught in
the pelagic trawl hauls onboard the five vessels varied from 17.5 to 45.5 cm, with an average of 34.2 cm. In
total we measured 17464 madkerel. Mackerel length distribution followed the same overall pattern as
previous years both in the Norwegian Sea, with increasing size towards the distribution boundaries in the
north and the north-west, and in the western area with inc reasing size westward (Figure 10). The spatial
distrib ution and overlap between the major pelagic fish species (mackerel, herring, blue whiting) in 2023
according to surface trawl catchesis shown in Figure 11.
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Figure 11. Distribution an d spatial overlap between mackerel, herring, and blue whiting, at all surface trawl
stations during IESSNS 2023. Vessel tracks are shown as continuous liresand predetermined surface trawl
stations with no catch of the three species is displayed as +

Swept area analyses from standardized p elagic trawling with Multp  elt 832

The swept area estimates of mackerel biomass from the 203 IESSNS were based on abudance of mackerel
per stratum (see strata cefinition in Figur e 2) and calculated in StoX version 36.1. Mackerel abundance
index in 2023 was 39% lower than in 2022, and46% lower index than the average for the last 5 years (Table
7a; Figure 12) and the biomass index was 42% lower than in 2022, and50% lower than the average for the
last 5 years(Table 7c) Mackerel estimates of abundance, biomass and mean weight by age and legth are
displayed in Table 7d. There is no pattern in changing size-at-age between years (Table 7b)In 2023, the two
most abundant year-classes were 2020 (age 3), 2019 (age 4), respedively (Figure 13). The 2020year class
contributed with 33%, followed by 2019-year classwith 16%. Mackerel of age 1, 2 and to some extat also
age 3 are not competely recruited to the survey (Figure 15), becausethe main part of the nursery area was
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further south than the survey area Therefore, information on recruitment i s uncertain. Variance in age
index estimation is provided in Figure 1 4.

The overall internal consistency improved slightly compared to last year (Figure 16). There is a god to

strong internal consistency for the younger ages (15 years) and older ages (9-14 years) with r between 0.71
and 0.89. The internal consistency is more variable between age5 to 9, but improved with the addition of

the data from this year, confirming the relations between 5, 6and 7, and adding a new contrasting data
point to the r elation between 7 and 8.More information on the relation between 7 and 8 (which have been
the weakest link in the internal c onsistency since he beginning of the survey) is expected in IESSNS2024 as
the weak 2018year classgets surveyed at age 8

Mackerel index calculations from the catch in the North Sea (Figure 2) were excluded from the index
calculations presented in the aurrent chapter to facilitate comparison to previo us years and because the 2017
mackerel benchmark stipulated that trawl stations south of latitude 60°N be excluded from index
calculations (ICES 2017). Resuk from the mackerel index calculations for the North Sea arepresented in
Appendix 1.

The indices used for NEA mackerel stock assessment in WGIWIDE are the numberat-age indices for age 3
to 11 year (Table &).
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Figure 12. Estimated total stock biomass (uUpper panel) and total stock numbers (lower panel) of mackerel
from StoX for the years 2007and from 2010 to 2023. The red dots are baseline estimates, the black dots are
mean of 1000 bootstrap replicates while the error bars represent 90 % confidence intavals based on the
bootstrap. Note, in 2011 the northern part of the Norwegi an was not surveyed, hence the index for that year
is not representative of mackerel stock size.See IESNS2011cruise report for details.
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Figure 13. Mackerel age distribution in numbers (%) and in biomass (%) from IESSNS2023.
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Figure 14. Number by age for mackerel in 2023. Plot of abundance (5% percentile, mean, 95%percentile)
and relative standard error (CV) obtained by bootstrapping wit h 1000 replicatesusing the StoX software.

Table 7. a-d) StoX baseline (point estimate) time series of the IESSNS shwing (a) age-disaggregated

abundance indices of mackerel (billions), (b) mean weight (grams) per age, (¢) estimated biomass at age
(millio n tonnes) in 2007 and from 2010 to 2023, and (d) estimates of abundance, biomass and mean weight
by age and length.

a)
YeakAge 1 2 3 4 5 6 7 8 9 10 11 12 13 14(4 Tot N
2007 133 186 090 024 100 016 0.06 004 003 001 001 0.00 001 0.00 5.65

2010 0.03 2.80 152 402 306 135 053 039 020 005 0.03 0.02 001 0.01 13.99
2011 0.21 026 0.87 1.11 164 122 057 028 0.12 0.07 0.06 0.02 0.00 0.00 6.42¢
2012 050 499 122 211 182 242 164 065 034 012 007 0.02 001 0.01 15.91
2013 006 7.78 8.99 2.14 291 287 268 127 045 019 016 0.04 0.01 0.02 29.57
2014 0.01 058 7.80 514 261 262 267 169 0.74 036 0.09 0.05 0.2 0.00 24.37
2015 120 0.83 241 577 456 194 183 1.04 062 032 0.08 0.07 004 0.02 20.72
2016 <0.01 498 137 264 524 437 189 166 111 0.75 045 0.20 0.07 0.07 24.81
2017 0.86 0.12 356 195 332 468 465 175 194 063 051 0.12 0.08 0.04 24.22
2018 2.18 250 050 238 120 141 233 1.79 105 050 056 0.29 0.14 0.09 16.92
2019 008 1.35 3.81 121 292 286 195 391 382 150 1.25 058 059 0.57 26.4
2020 0.04 110 143 336 213 253 253 203 290 3.84 150 118 092 098 26.47
2021 009 213 071 122 153 037 1.29 081 1.05 097 093 046 0.34 0.33 12.22
2022 0.02 391 236 094 131 104 060 096 100 1.8 161 0.90 056 0.45 17.51
2023 0.21 070 354 1.70 055 046 0.79 032 048 0.39 045 0.44 0.34 030 1067

b)
YeakAge 1 2 3 4 5 6 7 8 9 10 11 12 13

2007 133 233 323 390 472 532 536 585 591 640 727 656 685
2010 133 212 290 353 388 438 512 527 548 580 645 683 665
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2011 133 278 318 371 412 440 502 537 564 541 570 632 622
2012 112 188 286 347 397 414 437 458 488 523 514 615 509
2013 96 184 259 326 374 399 428 445 486 523 499 547 677
2014 228 275 288 335 402 433 459 477 48 533 603 544 537
2015 128 290 333 342 386 449 463 479 488 505 559 568 583
2016 95 231 324 360 371 394 440 458 479 488 494 523 511
2017 8 292 330 373 431 437 462 487 536 534 542 574 589
2018 67 229 330 390 420 449 458 477 486 515 534 543 575
2019 153 212 325 352 428 440 472 477 490 511 524 564 545
2020 99 213 315 369 394 468 483 507 520 529 539 567 575
2021 140 253 357 377 409 451 467 487 497 505 516 523 544
2022 125 263 330 408 438 431 462 508 525 519 531 531 549
2023 128 269 347 371 416 435 462 484 506 526 517 533 557
C)

Year\Age 1 2 3 4 5 6 7 8 9 10 11 12 13 1409 TotB
2007 018 0.43 0.29 0.09 047 0.09 0.03 0.02 0.02 0.01 0.01 0.00 0.01 0.00 1.64
2010 0.00 059 044 142 119 059 027 020 0.11 0.03 0.02 0.01 001 0.00 4.89
2011 003 0.07 0.28 041 0.67 054 029 015 0.07 0.04 0.03 0.01 0.01 0.00 2.69
2012 0.06 094 035 073 0.72 1.00 0.72 0.30 0.17 0.06 0.03 0.01 0.00 0.00 5.09
2013 0.01 143 232 070 1.09 115 1.15 056 0.22 0.10 0.08 0.02 0.01 0.01 8.85
2014 000 0.16 224 1.72 1.05 114 1.23 080 0.36 019 0.05 0.03 0.01 0.00 8.98
2015 0.15 024 080 197 176 0.87 0.85 050 0.30 0.16 0.04 0.04 0.02 0.01 7.72
2016 <0.01 1.15 045 095 195 172 083 076 0.53 0.37 0.22 0.10 0.04 0.04 9.11
2017 0.07 0.03 118 0.73 143 204 215 086 1.04 0.33 0.28 0.07 0.05 0.03 10.29
2018 0.15 057 0.16 093 050 0.63 1.07 0.85 051 0.26 0.30 0.16 0.08 0.05 6.22
2019 001 029 124 043 125 126 092 1.86 1.87 077 0.65 0.33 0.32 0.32 11.52
2020 <0.01 0.23 045 124 084 118 122 1.03 151 203 081 0.67 053 0.58 12.33
2021 0.01 054 025 046 0.62 0.17 060 039 052 049 048 0.24 0.18 0.19 5.15
2022 0.00 1.08 0.78 0.39 057 045 028 049 052 097 0.8 048 031 0.26 7.37
2023 0.03 0.19 1.23 063 0.23 020 0.36 0.16 0.24 0.20 023 0.24 019 0.17 4.30

*In 2011 the northern part of the Norwegi an was not surveyed, hence the index for that year is not representative of mackerel stock
size. See IESSNS 201druise report for details.
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d) Age in years (year class) Number |Biomass [Mean

Length 1 3 4 5 6 9 NA| weight

(cm) 2022 2020 2019 2018 2017 2014 (1076) (106 kg) |(9)
17-18 <1 <1 <1 37.5
18-19 1 1 <1 47.0
19-20 3 3 <1 50.9
20-21 7 7 <1 64.1
21-22 9 9 <1 75.8
22-23 9 9 1 91.7
23-24 46 46 1 102.5
24-25 44 2 46 5 111.4
25-26 31 31 5 124.9
26-27 27 27 4 145.5
27-28 16 16 4 166.7
28-29 26 3 193.7
29-30 11 108 5 219.8
30-31 18 202 24 247.5
31-32 56 250 50 276.2
32-33 3 597 84 760 69 311.4
33-34 1307 216 19 3 1645 237 337.9
34-35 1122 611 26 15 1812 556 360.5
35-36 3 346 537 153 65 5 1135 653 389.1
36-37 87 189 217 149 9 858 441 414.5
37-38 3 62 99 155 68 912 356 456.0
38-39 0 4 19 60 184 1063 416 491.3
39-40 2 16 12 124 877 522 532.6
40-41 1 88 545 467 560.8
41-42 6 201 306 600.8
42-43 65 121 639.4
43-44 14 42 675.8
44-45 2 10 740.5
45-46 <1 <1 1 821.5

NA <1 <1 <1 0.0

TSN(mill) 211.3 696.6 3539.61703.2 548.7 460.3 482.9 1.1 10670.7 4298

TSB(1000 t) 27.0 187.41227.6 6324 228.7 200.2 244.6 0.4 4298

Mean length(cm 24.5 334 344 359 365 38.5

Mean weight(g) 128 347 371 416 435 506




Table 8. Bootstrap edimates from StoX (based on 10 replicates) of mackerel in 2023. Numbers by age and
total number (TSN) are in millions and total biomass (TSB) in million tons.

Age 5th Median 95th Mean SD Cv
percentile percertile

1 45.6 1925 395.4 200.2 107.7 0.54

2 439.9 672.8 943.7 677.5 152.4 022

3 2449.2 3526.3 4768.9 3544.2 706.9 0.20

4 1240.4 17154 2267.2 1728.9 311.6 0.18

S 350.0 521.1 721.1 529.5 112.1 0.21

6 337.7 438.1 548.6 439.8 66.1 0.15

7 633.0 818.3 1034.3 826.4 122.7 0.15

8 240.7 340.6 429.3 338.6 58.9 0.17

9 378.2 480.0 5917 4814 65.9 0.14

10 278.4 366.8 469.4 368.7 57.4 0.16

11 311.9 423.1 5480 4267 72.6 0.17

12 355.3 460.4 567.8 462.4 66.2 0.14

13 235.7 326.2 428.1 328.4 57.8 0.18

14 77.3 115.1 154.6 1159 23.8 0.21

15 59.8 97.5 141.4 99.0 25.2 0.25

16 40.2 70.6 102.8 70.3 19.5 0.28

17 9.1 20.8 34.8 21.1 7.9 0.37

18 16 6.4 14.2 6.8 3.8 0.56

19 0.2 1.3 7.8 2.2 2.7 1.22

20 0.0 0.3 0.9 0.3 0.3 1.00

TSN 8590 10680 13081 10680 1344 0.13

TSB 3.50 4.28 5.21 4.30 0.51 0.12
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Figure 15. Catch aurves for the years 2010;2012-2023 Each cohort of mackerel is marked by a uniquely
coloured line that connects the estimags indicated by the respective ages.
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Log10 (index+1)

Log10 (index+1)

Figure 16. Internal consistency of the of mackerel density index from 2012 to 2023 Ages indicated by white
numbers in grey diagonal cells. Staistically sig nificant positive correlations (p<0.05) are indicated by
regression lines and red cells in upper left half. Correlation coefficients (r) are given in the lower right half.

The swept area mehod assumes that potential distribution o f mackerel outside the survey area ¢ both

vertically and horizontally t is a constant percentage of the total biomass. In some years, this assumption
may be violated, e.g. mackerel may be distributed below the footrope of the trawl or if the proportion of

mackerel outside the survey coverage varies among yeas. In order to improve the pr ecision of the swept
area estimate it would be beneficial to extend the survey coverage further south, such that it covers the
southwestern waters south of 60°N, e.g. UK waters.

The standard swept area method using the average horizontal trawl opening by each participating vessel
(ranging 63.7-71.7 m; Table 5), assuming that a constant fracton of the mackerel inside the horizontal trawl
opening are caught. Further, that if mackerel is distributed below the depth of the trawl (footrope), this
fraction is assumed constant from year to year.
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As in previous years, there was overlap in the spatio-temporal distribution of mackerel and her ring (Figure
11). This overlap occurred mostly between mackerel and Norwegian s pring-spawning herring (NSSH) in
the western, north -western and north -eastern part of the Norwegian Sea.

4.4 Norwegian spring - spawning her ring

In the present preliminary report, no results of herring measurements are presented. A final survey re port
including these two specieswill be published in the fall of 2023. Figures 17¢ 19, and tables 9+ 11 will be
added in the final report.

4.5 Blue w hiting

In the present preliminary report, no results of blue whitin g measurements are presented. A final survey
report in cluding these tw o spedes will be published in the fall of 2023. Figures 20+ 22,and tables 12 and 13
will be added in the final repo rt.

4.6 Other spec ies
Lumpfish ( Cyclopterus lumpus)

Lum pfish w as caught in 69% of trawl stations across the fve vessels(Figure 23) and where lum pfish was

EEUT T OOwAYU wOl wOi |l wEEUVUET T Uwbi Ul wAhYOT dw+UO0Oxi PUT wbEUWE DL
of Iceland to the Barents Sea in the notheast, ard into the Nort h Sea in the souhern part of the covered

area. Abundance was greatestnorth of 71°N, with lower densities in the central Norwegian Sea and mostly

absent directly south of Iceland, and south and southwest of the North Sea. The zeroline was not hit to the

northeast, northw est and west of the survey so it is likely that the distrib ution of lumpfish extends beyond

the survey coverage.

The length of lumpfish caught varied from 4 to 51 cm with a bimodal distribution with the left peak (5-20
cm) likely corresponding to 1-group lumpfish and the right peak consisting of a mixture of age groups
P%DT UUT wl KAGw. OCAWEWUOEOOWOUOGET Uwoli wi PUT whkl Ul wUI BRI E wmh
determined, the males (n=15) were 2229 cm in length. The females (n=100) ranged in length from 21 to 46
cm. Generally, the mean length and mean weight of the lumpfish was highest in Faroese waters, and
around Iceland and along the shelf edges of Norway and lowest in t he central and northern Norwegi an Sea.

A total of 374 fiUT wephil + WEDDWHHDOUDPOUUOO? OwhKNWE a w da)beweénIDU~>» wE OE
and 49 cm were tagged during the survey (Figure 25).
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Figure 23. Lumpfish catches at surface trawl stations during IESSNS2023
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Salmon (Salmo salar)

A total of 62 North Atlantic s almon were caught in 38 stations both in coastal and offshore areas from &°N
to 74°N in the upper 30 m of the water column during IESSNS 2023 (Figure 26). The salmon ranged from
0.084 kg to 2.7 kg in weight, domin ated by post-smolt and 1 seawinter indivi duals. We caught from 1 to 12
salmon during individua | surface trawl hauls. The length of the salmon ranged from 20 cm to 82 cm, with
the highest fraction between 20 cm and29cm.
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Figure 26. Catches of salmon atsurface trawl stations during IESSNS 203.

Capelin (Mallotus villosus )

Capelin was caught in the surface trawl on 29 stations along the cold fronts: North of Iceland, north-

northwest of Jan Mayen, northwest of Bear Island and west of Svalbard (Figure 27a). Both juvenile and

adult capelin were caught during the survey. T he average length ranged from 6.9to 18.8 cm and average
weight ranged from 1, 2 to 32.6 gin the trawl hauls . There were more pelagic trawl stations with catches of
capelin in the western and northern part of the Jan Mayen.

Polar cod (Boreogadus saida)

Polar cod was caught in the surface trawl on 11 stations north and northeast of Iceland (Figure 27b). The
catch weight per station ranged from 10 g to 5 kg. The polar cod ranged in total length from 9 ¢cm to 20 cm
and in total weight from 5 g to 36 g. Mean length was 13.2 cm (standarddeviation = 1.5, n =225) and mean
weight was 15.3 g (standard deviation = 5.4, n = 224) Polar cod was caught in larger area and in greater
abundance in 2023 canpared to all previous years of the IESSNSsurvey, hence it was added to the report
chapter on other species.
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Figure 27b. Presenceof polar cod in surface trawl stations during IESSNS 203.

41



4.7 Marin e Mammal s
OpportuOPUUPEwWPT EOI wOEUI UYEUD OO U wwwyd 5BhIAUDE®ET? uwl 00, 0aditidR) $ & @ WbudEi
to1 ¥ 5Jakap2 Y1 U U D Famoé Isld&hdsdnom 1st July to 3¢ August 2023 (Figure 28). Overall, 1078 marine

mammals of 10 different species were ob®rved, which was an increase from an overall 711 marine
mammals observed in 2022

The species that were observed included blue whales (Balaenoptera musculysfin whales (Balaenoptera
physalu3, minke whales (Balaenoptera acutorwata), humpback whales (Megaptera novaeagtiag, Northern
bottlenose whales (Hyperoodon amplatus), pilot whales ( Globicephala sp.killer whale s (Orcinus aca), sperm
whales (Physeter macrocepha)ussei whales Baleanoptexr borealis white sided dolp hins (Lagaorhynchus
acutus) white beaked dolphins (Lagenorhynchus albirostiisBasking sharks (Cetahinus maximu$ were also
observed during the survey. The dominant number of marine mammal observations were found around
along the continental shelf west and north of Jan Mayen ard in the southwestern and western areas of
Svalbard. We observed higher number of marine mammals in the central part of th e Norwegian Sea in July
2023 compaked with last year. Altogether eight blue whal es were observed in the westen and northern
areas of Jan Mayen. They appeared either solitary or in groups of t wo individu als, and was most probably
feeding on large swarms of amphipods in cold water . Fin whales (n =82, group size = 1-20 (average group
size = 2.5)) and humpback whales (n = 44 group size =1-50 (average goup size =2.4)) dominated among
the large whale spedes. They were distributed from 64°N to 78.30°N and from 25°E to 15°W and they had
hotspot southwest and west of Svalbard as well aswest and northwest of Jan Mayen. Few sperm whales (n
= 8, group size = 1-2 (average group size = 13)) where observed. Killer whales (n =56, group size = 1:10
(average groups size =6.2)) dominated in the southern, north -eastern part of the Norwegian Sea, partly
overlapping and presu mably feeding on NEA mack erel in the upper water masses. Pilot whales (n =112,
group size = 5100 (average groups size =37)) where mostly observed in Faroese waters during IESSNS
2023. Five sei whale and 46 northern bottlenose whale were observed in Faroese waters, whereas three
basking sharks were observed in Faroese watersand west of Lofoten. White beaked dolphins (n = 123
group size = 1-50 (average group size =9.5)) were present in the northern part of the Norwegian Sea. Minke
whales (n =22, group size = 1-4 (average group size = 14)) were distributed over large areas from western
coast of Norway to west of Svalbard, and from 60°N to 77°N, including overlapping and likely feeding on
NSS herring in the upper 10-40 m of the water column. There is available a publication summ arizing the
main results on marine mammals from the IESSNS surveys from 2013to 2018, with major focus on hot spot
areas d fin whales and humpback whales from 2013 to 2018 (Lgviknes et al. 2021)
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Figur e 28. Overview of all marine mammals sighted during | ESSNS 203.

5 Recommendations

15°E 20°E 25°E

The group suggested the following recommen dation from WGIPS

To whom

The surveys conducted by Denmark in 2018-2022have clearly demonstrated that the
IESSNS methodology works also for the northern North Sea (i.e.north and west from
Doggerbank) and the Skagerrak area deeper than 50 m. The survey povide s essential
fishery-independent information on the stock during it s feeding migration in summer
and WGIPS recommends that the Danish survey should continue as a reguar annual
survey.

WGWIDE, RCG
NANSEA
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6 Action points for survey participants

Action points Responsible

Criteria and guidelines should b e established for discarding substandard trawl st a- All
tions using live monitoring of headline, footrope and trawl door vertical depth, and
horizontal di stance between trawl doors. For predetermined surface trawl station, dis-
carded hauls should be repeated until performance is satisfactory.

Explicit guideline for incomplete trawl hauls ist o repeat the station or exclude it from
future analysis. It is not acceptable to visually estimate mackerel catch, it must be
hauled onboard and weighed. If predetermined traw | hauls are not satisfactory ac-
cording to criteria the station will be excluded f rom mackerel index calculations, i.e.
treated as if it does not exist, but not as a zero mackerel catch station.

We encourage registrations of opportunisti c marine mammal observations. All

We should consider calculating the zooplankton index from annually gridded field All
polygons to extract area-mean time-series. WGINOR is currently working on Norw e-
gian Sea polygons, and turther work on this issue will start when their work is final-
ized.

In 2023the IESSNS survey n the North Sea has been conducted forsix consecutive DTU-Aqua (KW
years (2018-2023. It is recommended that a comprehensive report is written about the and co-workers)
major results from the NEA mackerel tim e series from the IESSNS sureys in the

North Sea, where an update of the internal consistency between years in the survey for
selected age groups is also evaluated. This report should be made available for consid-
eration in the next benchmark. A major aim will be to at some stage evalate and con-
sider the possibility to i nclude and implement the IESSNS survey in the North Sea as
an abundanceindex used in ICES for NEA mackerel.

Country representatives for the IESSNS survey should rewrite the respective sections All
(e.g. trawl performance, trawl station data collection) in the survey manual according
to the new format by mid -September 2023.

7 Survey parti cipants

, ¥5 wale Wb w
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10 Appendices

Appendix 1

Denmark joined the IESSNS in 2018 for the first time extending the original survey area into the North Sea.
311 wEOOOI UEPEOwI B U IDYOH awy b BENDprdBmdpplyidg i@ IESSNS methods wee
encountered. Area coverage, however, was restricted to the northern part of the North Sea at water depths
larger 50 m. No plankton samples were taken, and no acoustic data were recorded becausethis is covered
by the HERAS survey in June/July in this area.

Based on the experiences made in the previous yars, new limits for the stratum in the North Sea were

defined in 2022 (Fig. 2 stratum 13). The northern limit for the North Sea and the Skagerrak were defined as

60 °N and 59 °N, respedively. The western geographical limit in the North Sea was set to 1 ° 3Y z uin6the
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Forth were excluded because mackerelwas not recorded there and a high abundance of O-group gadoids,

sandeel and other species makes a gantitative analysis of the catches very time consuming. The easter

limit in the Skagerrak was set to 11 °E, and the southern limit in the Nor th Sea was approxmated by the 50

m isobath, which is about the shallowest depth limit for a safe setting of the Multp elt 832 trawl.

In 2023, 36 stations were taken (PT and CTD). Average mackerel catch amounted to 2362 kg/km 2, which
was considerably higher than in the previous year (2022: 168%g/km?) and is the second highest in the time
series (2021: 2429 kg/knt 2020: 1318 kg/km?, 2019: 1009 kg/km, 2018: 1743 kg/km) (Fig. A1-1). The length
and age composition indicate a relative high amount of small (<25cm) individua Is and the abundance of
o0 E | dgea 8 inackerel was higher than in the previous years (Fig. A1-2).

The StoX (version 3.6.1) baseline estimates of mackerel biomass and abundance in the North Sea for 2023
were 650 371tonnes and 3.3 billion individuals (Table A1-1) which is a 27 % higher biomass and a 40 %
higher abundance than last year. The biomass and abundance estimatesare based onthe stratum limits as
shown in Fig. 2 (stratum 13). The area of this polygon is 285781km2.

Catchescurves indicate that all ages including age 1 and 2 are well represented in the survey data, and the
2022year class is the highest at age 1 in the time seriegFig. A1-3).

The internal consistency plots (Fig. A1-4), however, do not show any significant correlations. This is likely
due to the low number of observations which are so far available. Furthermore, interannual variations in
the migration of the cohorts in and out of the North Sea may have an effect as well
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Table A1-1. StoX (version3.6.1) baseline estimates of age sgregated and length segregated mackerel indicesfor the North Sea in 2023.

Age inyears [/ Yearclass Number | Biomass | Mean

Length 1 2 3 4 5 6 7 8 9 10 11 12 13 weight

(cm) 2022 2021 2020 2019 2018 2017 2016 2015 2014 2013 2012 2011  2010| (10°6) (ton) (8)
17-18
18-19
19-20
20-21 10.7 10.7 800 75
21-22 151.2 151.2 12122 80
22-23 605.8 605.8 55116 91
23-24 572.8 572.8 56187 98
24-25 258.9 258.9 29431 114
25-26 77.8 77.8 9934 128
26-27 50.3 50.3 7418 148
27-28 333 4.6 38.0 6594 174
28-29 58.8 34.0 92.8 18114 195
29-30 71.8 49.7 121.5 26646 219
30-31 55.9 93.6 0.4 149.9 36760 245
31-32 18.5 195.4 18.3 0.7 232.9 61810 265
32-33 256.6 93.9 47 3.0 358.2 107294 299
33-34 75.9 159.1 53.6 288.5 92445 320
34-35 0.6 69.5 53.6 25.5 2.7 151.9 52262 344
35-36 7.2 13.2 19.4 18.2 13.6 1.4 73.1 26473 362
36-37 0.8 1.5 19.7 21.2 4.3 2.1 49.6 19162 386
37-38 2.5 10.8 6.7 6.2 1.3 0.1 27.6 11670 423
38-39 1.6 0.4 6.5 12.7 0.7 0.7 0.2 0.2 23.0 10843 472
39-40 0.8 0.8 3.1 3.8 0.3 0.3 0.1 9.1 4121 485
40-41 0.8 1.4 0.1 0.7 0.3 0.3 3.6 2015 560
41-42 0.1 0.1 0.6 0.8 486 573
42-43 0.0 0
43-44 1.1 1.1 915 858
44-15

TSN (mill) 1965.8 7103 349.1 127.4 72.5 53.3 32.6 26.9 7.0 1.4 1.7 0.5 0.3 3,349 648919

TSB (ton) 222558 194721 110530 42839 26509 20636 13029 12420 3690 658 911 265 153

Mean length (cm) 23.5 311 32.9 33.6 35.0 35.8 36.4 37.7 39.2 38.6 40.0 39.2 40.0

Mean weight (g) 113 274 317 336 366 387 399 462 530 476 522 494 476
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Fig. Al-1. Biomass density (mean and standard error) of mackerel in the North Sea 2018 t02023.

49



z_mé 018 | som ] 2018
15..1_1% 6000 ]

E b

3 100 5000 ]
:JJ- 2000 ]

1 a0 Hﬂ”ﬂl’lnm I S O O I o ,

15 2 25 G| 35 0 a5 1 2 3 4 5 @& T @
z_mé 2019 m.ué 2018
15'-”% -.i-mé

E 1-}}3% 000 ]
500 3 H 2000 ]

._'|E . nﬂ”” HHHHH“HHI’JH.—. . _'|- |_| |_|| Ll = .

15 2 25 3 15 40 a5 1 2 31 4 5 @& T @
zmi - 030 | 80w ] 2020
15'-‘-‘% g0m]

E 1'-“3% 4000 ]
:-*J- 2000 ]

._'|E | HHHHHHHHHHUH.—. . ] a . l_l o B —— T —} .

15 2 25 G| 35 0 a5 1 2 3 4 5 @& T @
2'-‘”% I __ 2021 | s0m] ] 2021
15'-”% 6000 §

E 1-»_1; 4000 ]
500 H 2000 §

._'|E .—I.|_| IHH HHHHH”HH.—. . . a . H s T s P .

15 2 25 3 15 40 a5 1 2 31 4 5 @& T @
2‘-"-'*-‘% ~ 202z | om0 2037
15.1_1% 6000 ]

E 1-_'r.'rJé 400 ]
:-*J- H 2000

._'|E I'II-H-JH [ PR | HHHI’IH.—'.—. . ] a L |_| ==\

15 0 25 i 35 40 45 1 2 31 4 5 & T @
2000 5 ifs 2023 | @0m] 2023
1500 3 6000

E 1'.'*.'*Jé 4000 1
:m- 2000
-_1E H HHHHHH .....HHHH-—- - . ol [ ﬂ =
15 2 25 n 35 a0 a5 12 3 &4 5 & 7 @
Length {cmbealow ) Age group

Fig. A1-2. Comparison of length and age distribu tion of mackerel in the North Sea2018 t02023.
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Fig. A1-3. Catch curves for mackerel year classes 2013 to 2022 in the North Sea (lines represents cohorts,
numbers denote ages).
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Fig. A1-4. Internal consistency of mackerel density indices ages 1 to 9 for the North Sea from 2018 to 2023
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Appendix 2

The mackerel index is calculated on all valid surface stations. That means, that invalid and potential e xtra
surface stations anddeeper stations need to be excluded. Below is the exclusion list used when calculating
the mackerel abundance index for IESSNS 203.

Vessel Country Horizontal trawl | Exclusion list
opening (m)
Cruise Stations
Vendla Norway 65.1 2023203003 53, 59, 6976, 77, 80, 89
94,100,105,110
Eros Norway 71.7 202204002 12,19, 42, 47, 5157, 58,
62,64,65,70, 72
R/V Arni Fridriksson | Iceland 68.4 A8-2023 280, 281, 315, 318, 321
R/V Jakup Svertri Faroe Islands 64.1 2334 21, 28, 3745*
Ceton Denmark 69.7 IESSNS203 9,30

* Observe that in PGNAPES and the national database station numbers are 4digit numbers preced ed by
I+ Ywepl 8T Gws !l | + YYYYkZ&K
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Figure A2-1. IESSNS 203. Surface trawl stations included (filled dar k blue rectangle) and excluded
(filled light blue rectangle) in calculations of mackerel age segregated index used in the assessment.
Strata boundary also displayed (grey solid lines).
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Appendix 3

Horizontal trawl opening of th e Multpelt 832 trawl is a function of trawl door spre ad and tow speed (Table
6 in the 2022 report). The estimates in table 6 are oginally based on flume tank simulations in 2013
(Hirtshals, Denmark) where two formulas were e mpirically derived for two tow ing speeds, 4.5 and 5 knots:

Towing speed 4.5 knots: Horizontal opening (m) = 0.441 * Door spread (m) + 13.094
Towing speed 5.0 knots: Horizontal opening (m) = 0.3959 * Door spread (m) + 20.094

In 2017, the towing speed range was increased to 5.2 knots,i.e. an extrapolation of the trawl opening as a
function of door spread and speed was performed. In 202 the towing speed range was further extended
down to 4.3 knots and up to 5.5 knots, using a kriging gridding method, see figure A4-1. In 2023, thetraw!
opening was extended to 135m (Table 6).

Figure A3-1. Talde 6 in the report shown as a plot.
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