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Mackerel in Northeast Atlantic and adjacent waters

8.1 ICES advice and international management applicable
to 2026

From 2001 to 2007, thee was aninternationally agreed arrangement covering most of the distri-
bution area of the Northeast Atlantic mackerel. From 2008 to 2014, no agreement was reached
among the Coastal States on the sharing of the mackerel quotas. In 2014, three of the Coastal
States (European Union, Norway and the Faroe Islands) agreed on a sharing arrangement for
2014 to 2018. In November 2018, the 2014 agreement was extended for a further two years until
2020. No agreement on the share of the stock was reached from 2021 to 2024. In 2024, three of the
Coastal States (UK, Norway and the Faroe Islands) agreed on athree year (20242026)sharing
arrangement of mackerel. However, in late 2025 Iceland joined in forming a four -party sharing
arrangement for 2026 onwards.

Despite various agreements, the total declared quotas in each of the years 2015 to 2026 all ex-
ceeded the TAC advised by ICES. An estimate of the expected quota uptake in 2026 was carried
out by the Working Group based on the declared quotas by nations (as reported to NEAFC and
documented in Coastal States Agreed Records), transfer from the previous year, and an estima-
tion of uptake for the remainder of the year. The expected total catch of mackerel for 2026 is 398
thousand tonnes, exceeding the ICES advicefor 2026 (174 thousand tonnes) by approximately
224 thousand tonnes (128%).

8.2 The fishery

8.2.1  Fleet Composition in 2025

The total fleet can be considered to consist of the following components: freezer trawlers, purse
seiners, pelagic trawlers, lines and jigging and gillnets.

The fishery in 2025

The total ICES estimated catch for 2025 was 809 175 tonnes. The fishery includes catch from 16
countries. Catches per ICES statistical rectangle areshown in Figures 8.2.2.1 to 8.2.2.4. It should
be noted that these figures are a combination of official catches and ICES estimates and may not
indicate the true location of the catches or represent the location of the entire stock. These data
are based m catches reported by all the major catching nations and represents almost the entire
ICES estimated catch.

Of the total catch in 2025, the UK accounted for the greatest proportion (23%) followed by Nor-
way (19%), Iceland (16%) and Russia (14%) and Faroes (8%). In the absence of sharing arrange-
ments, the fishing parties declared unilateral quotas for 2025.

In 2025, catches in the northern areas (Subareas 1, 2, 5, 14, 12a, 12b) remained high and amounted
to 417 401 tonnes which is an increase of around 74 000 tonnes from 2024 (see Table 8.2.2.1). UK
and Norwegian catches decreased in 2025 and were 182 000 ta 156 000 t respectively. Icelandic
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and Russian were over 100 000t in 2025. Increased catches were also reported from Greenland
with over 35 000 t landed.

Catches from Division 2.a accounted for 51% of the total catch in 2025, an increase from 38% in
2024. Catches were taken over a wide geographical area with a similar distribution as in 2024.
The most notable difference in 2025 was higher concentrations inthe international zone (33%),
than in 2024 (14%). Catches around Iceland were low and there were no catches from Subarea 12
or 14,

The time series of catches by country from the North Sea, Skagerrak and Kattegat (Subarea 4,
Division 3.a) is given in Table 8.2.2.2. Catches in 2025 were at a lower level (290 kt) than 2023 and
2024 which were around 370 kt. Catches in 2025 accounted foB6% a decrease from 41% in 2024.
The majority of the catch is from Subarea 4. Small catches were also reported in Divisions 3.ad.

Catches in the western area (Subareas 6, 7 and Divisions 8.a, b, d and e) reduced significantly in
2025 to around 79 000 t, down from 150 000 t in 2024. Most of this catch is taken in 6.a. The catches
are detailed in Table 8.2.2.3.

Table 8.2.2.4 details the catches in the southern areas (Divisions 8.c and 9.a) which are taken
mainly by Spain and Portugal. The reported catch in 2025 is 21 897 t which is similar to 2024.

8.2.2  Quarterly Distribution of the catch

The proportion of the catches by quarter (%) is presented in Table 8.2.3.1 and Figure 8.2.3.1.

The quarterly distribution of catch from 2010 -2025 is similar to recent years with the northern
summer fishery in Q3 accounting for the greatest proportion of the total catch. The average pro-
portion taken in quarter 3 from 2010-2025 is 48%. In 2025 there was an increase in the proportion
taken in Q3 from 49% in 2024 t052% in 2025. A decrease was seen in Q4 from 27% to 18%. The
proportion of the catch taken in quarters 1 and 2 has increased from 24% to 30%.

JwbDUUUWBGUEUUT Uwt 24%)k wephuNT wl + WwUOOOAT Uw

The distribution of catches in the first quarter is shown in Figure 8.2.2.1. The proportion of the
fishery taken in quarter 1 has remained stable in 2025 with the Scottish and Irish pelagic fleets
targeting mackerel mainly in Divisions 6.a but also in 4.a. Substantial catches are also taken by
the Dutch owned freezer trawler fleet. The Spanish fisheries also take significant catches along
the north coast of Spain during the first quarter.

Jw2l EOOEWQGUEUUT Uutleyp) k wpk YwA kA wUOOAT Uw

The distribution of catches in the second quarter is shown in Figure 8.2.2.2. The quarter 2 fishery
is traditionally the smallest and this was also the case in 2025. Quarter 2 is the start of the summer
fishery in northern waters by Icelandic, Norwegian an d Russian fleets in Division 2.a. There are
also significant catches taken in Division 8.c.

33T PUEWGUEUUT Uwl Y32%)wpK |l vwy Kt wOOOO0IT Uw

Figure 8.2.2.3 shows the distribution of the quarter 3 catches. Large catches were taken in Divi-
sion 2.a, with high concentrations in the international zone (2.a.1). Fishing was carried out mainly
by vessels from Russia, Norway, Iceland, the Faroes and Grenland. There were also catches
from Division 4.a and Division 5.a.
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The fourth quarter distribution of catches is shown in Figure 8.2.2.4. The proportion of the catch
taken in the fourth quarter has decreased to 18% in 2025. The summer fishery in northern waters
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has largely finished. The largest catches in quarter 4 are taken by Scotland around the Shetland
Isles in Division 4.a. with small catches taken in Sub Areas 7 and 8.

8.3 Quality and adequacy of sampling data from commer-
cial fishery

The sampling of the commercial catch of Northeast Atlantic mackerel in Table 8.3.1. Overall sam-
pling effort in 2025 was similar to previous years with 88% of the catch sampled. Nations with
large, directed fisheries are capable of sampling 100 % of their @atch which may conceal deficien-
cies in sampling elsewhere.

The 2025 sampling levels by country are shown in Table 8.3.2. Most countries achieved a high
level of sampling coverage. Belgian catches consist of bycatch in the demersal fisheries in the
North Sea. Belgium, France, Sweden, Greenland, Northern Ireland and Poland did not supply
sampling information in 2025. Portugal sampled landings from 9.a only. England sampled land-
ings from the handline fleet operating off the Cornish coast as well as from freezer trawlers.
Cooperation between the Dutch and German sampling programmes is designed to provide com-
plete coverage for the freezer trawlers operating under these national flags and also those of
England and France. This year Russian age sample information and catch by quarter and ICES
division and ICES rectangle for 2025 were officially delivered to Faroe Marine Research Institute,
and ICES decided to use this information.

Catch sampling levels per ICES Division are shown in Table 8.3.3. 95% of the total catch is taken
in divisions 2.a, 4.a and 6.a and these areas are well sampled. In general, areas with insufficient
sampling have relatively low levels of catch.

8.4 Catch data

8.4.1 ICES Catch Estimates

Total Catch 2025

The total ICES estimated catch for 2025 was 809 175 tonnes which represents a decrease of 88 526
t from 2024 (897 701 t).

The combined 2025 estimated catch uptake used in the 2025 forecast, arising from agreements
and autonomous quotas, and transfers amounted to 755 142 tonnes. The ICES catch estimate for
2025 (809 175 tonnes) represents an overshoot of 54 033 t of the estiteal figure and this is 40%
above the ICES advice of 576 958 tonnes for 2025. The combined expected catch for 2026, as best
ascertained by the Working Group (see Section 8.1), amounts to 398 186 tonnes. This is also above
the ICES advice for 2026 which is 774 357 t.

Catches reported for 2025 and in previous Working Group reports are considered to be best es-
timates. In most cases, catch information comes from official logbook records. Other sources of
information include catch processors. Some countries provide information on discards and

slipped catch from observer programs and compliance reports. In several countries discarding

is illegal.

The total catch as estimated by ICES is shown in Table 8.4.1.1. It is broken down by ICES area
group and illustrates the development of the fishery since 1969.
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Discard Estimates

With a few exceptions, estimates of discards have been provided to the Working Group for the
ICES Subareas and Divisions 6, 7/8.a,b,a and 3/4 (see Table 8.4.1.1) since 1978. Historical discard
estimates were revised during the data compilation exercise undertaken for the 2014 benchmark
assessment (ICES, 2014). The Working Group considers that the estimates for these areas are
incomplete. In 2025, discard data for mackerel were provided by France, the Netherlands, Ire-
land, Spain, Denmark, England, Scotland and Sweden. Total discards amounted to 2236 tonnes
which is similar to 2024. The German and Portuguese pelagic discard monitoring programmes
did not record any instances of discarding of mackerel. Estimates from the other countries sup-
plying data include results from the sampling of demersal fleets.

8.4.2  Catch at Age

This catch in numbers relates to a total ICES estimated catch of 809 175 tonnes. These figures
have been appended to the catchat-age assessment table (see Table 8.7.1.2).

Age distributions of commercial catch were provided by, Germany, Faroes, Iceland, Ireland, the
Netherlands, Norway, Portugal, Denmark, UK, Spain and Russia. There remain gaps in the age
sampling of catches, notably from Belgium, Sweden, Greenland, Northern Ireland, Poland and
France.

Catches for which there were no sampling data were converted into numbers -at-age using data
from the most appropriate fleets. Accurate national fleet descriptions are required for the alloca-
tion of sample data to unsampled catches.

The catch numbers at age show several strong year classes in this fishery. Almost 80 % of the
catch in numbers in 2025 consists of 2 to 16year olds with the 2020 year class (age 5) and 2019
(age 6) being the strongest. In 2025 the 2020 yeaslass represents 16% of the catch numbers at
age. The 2019 year class (6 year olds in 2025) represented 14% of the total. The 2019 and 2020 year
classes have been strong in previous years also. The 2016 yeanlass is also being tracked through

the fishery each year and in 2025 accounted for 8% of the catch numbers at age. The 2015 year
class does not look as strong as the other year classes and peesents 5% of the total. In 2025 there
was a significant proportion of fish in the plus group. The plus group now represents 12% of the
catch numbers at age, an increase from 7% in 2021. The big 2010 and 2011 year classes are in the
plus group.

Comparison of age readings between countries shows good agreement for younger fish but some
differences at older ages. This has been examined by age reading workshop in 2018 and ex-
changes in 2021 and 2024. In 2025 the Norwegian fleet operating in 2a caugh& high proportion

of older fish when compared to other countries. This area was well sampled with age reading
carried out by experienced readers. This difference can be explained by the fact that this fleet
operates outside the international zone and usespurse seines. This differs from other fleets, that
are using trawls. The combined catch numbers at age for 2025 including data from all nations,
shows a decline in numbers at 12+ between 2024 and 2025 as would be expected as the big year
classes are beindished out.

8.5 Biological data

8.5.1  Length Composition of Catch

The mean length-at-age in the catch for 2025 is given in Table 8.5.1.1.
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For the most common ages which are well sampled there is little difference to recent years. The
length of juveniles is traditionally rather variable. The range of lengths recorded in 2025 for 0
group mackerel is 19-25 cm. The rapid growth of 0-group fish combined with variations in sam-
pling between northern and southern areas will contribute to the observed variability in the ob-
served size of Ggroup fish. Growth is also affected by fish density as indicated by a study which
demonstrated a link between growth of juveniles and adults (0 -4 years) and the abundance of
juveniles and adults (Jansen and Burns, 2015). A similar result was obtained for mature 3 to 8-
year-old mackerel where a study over 19882014 showed declining growth rate since the mid-
2000s t02014, which was negatively related to both mackerel stock size and the stock size of
Norwegian spring spawning herring (Olafsdottir et al., 2015).

8.5.2Weights at Age in the Catch and Stock

The mean weight-at-age in the catchfor ages 212+ from 1998are presentedin Table 8.7.1.3. There
is a trend towards increasing weight -at-age for the most age classes starting around 2005, con-
tinuing until 2013 (Figure 8.5.2.1). This decrease in the catch mean weightat-age seems to have
stopped since 2013 and a slow increaseri mean weight in the catch is observed since then for
most age groups. In 2025,3-year-olds show a small decrease in mean weight.

For the 2025 stock weights, he Working Group used weight -at-age in the stock calculated as the
average of the weight-at-age in three areas, corresponding to definition of the former spawning
components, weighted by the relative mackerel biomass in each area(as estimated by the 205
egg survey for the southern and western areasand the 2017 egg survey for the North Seaarea).
Mean weight -at-age for 2025 for the western area are estimated from biological sampling data
from commercial catches obtained through a specific data call. The biological sampling data
taken during the Norwegian tagging survey and during the 2025 mackerel egg survey were also
used. Only samples corresponding to mature fish, from areas and periods corresponding to
spawning, as defined at the 2014 benchmark assessment (ICES, 2014) and laid out in the Stock
Annex, were used to compute the mean weight-at-age in the western spawning area.

For the North Sea area, mean weightat-age in 2025 were calculated from samples of the com-
mercial catches collected from Divisions 4.a and 4.b in the second quarter of 2025. Stock weights
for the southern area are based on samples from the Spanish catcheand surveys in Divisions
8.c and 9a in the 2d quarter of the year. The mean weights in the three area and in the stock in
2025 are shown in Table 8.5.2.

As for the catch weights, the decreasing trend observed since 2005 for fish of age 3 and older
seems to have stopped in 2013 and values in the lasfilO years show an increase (Figure 8.5.2.2).
Several ageclasses show a slight decrease again after 2022 (ages 5 to 8).

The mean weights in the stock show an increase in 2025 which is particularly sharp for certain
ages (2 to 4). As this was not observed in the catch weights (Figure 8.5.2.2), the samples available
for 2025 were more closely investigated. The main source ofthe increase in the 2025 stock weights
was related to the mean weight in the western spawning area. In this area, the number of samples
available for 2025 is high (Figure 8.5.2.3), mainly due to the large number of samples collected
during the egg survey. There was also a wealth of samples collected during the tagging survey,
and samples from the commercial catches also available, but in a lower number. The mean
weight -at-age calculated separately for each of the sources of samples in the western area show
that samples from the egg survey have higher mean weight at age than the two other data sources
for the ages 2 and 3 in 2025 (Figure 8.5.2.4). No such discrepancy between the egg survey samples
and the other data source was observed for the earlier years.
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Further inspection of the samples collected during the egg survey could not identify any reason
why, unlike previous years, the egg survey samples would not be representative of the spawning
stock:

1 Apart from Dutch samples collected by the industry and which could have been not se-
lected randomly, and a sample from Denmark which was not selected randomly, all
other samples were taken randomly from the catches taken during the survey. Those two
non-random samples were not included in the mean weight calculation.

1 There was no specific difference in sex ratio between the three sources of data

i There were no monthly differences in mean weight at age in any of the data source which
discard the potential impact of samples taken at a different time during the egg survey

Considering that there were not changes in the survey methodology regarding the collection of
biological samples, the absence of any clear indication that the samples would give a biased per-
ception of the population, WGWIDE decided not to exclude these samples from the stock
weights calculation.

8.5.3Natural Mortality and Maturity Ogive

Since the 2025 benchmark, natural mortality decreases by age as displayed in Table 8.7.1.4.

Since the 202%enchmark, the maturity ogive for mackerel is fixed in time and is not recalculated
each year(Table 8.7.1.5).

8.6 Fishery independent data

8.6.1 International Mackerel Egg Survey

The 2025 ICES triennial mackerel and horse mackerel egg survey was conducted from February
to July. This survey has been carried out since 1977 to provide data for mackerel stock assess-
ments. The final results of the 2025 survey were presented to WG WIDE in August 2026 (WD10:
Korta et al., 2026).

The 2025 survey was divided into six sampling periods (Periods 2t 7). In the Western area, the
main sampling effort was concentrated between periods 3 and 7. Periods 3 to 6 have traditionally

covered the main spawning season of mackerel and horse mackerel.In recent years, however,

peak mackerel spawning has mainly been observed during periods 3¢ 5. Since 2007, the spawning
area has expanded, and particular emphasis was placed on obtaining full spatial coverage and
defining the boundaries of the spawning area in 2025. A survey specifically targeting mackerel

eggs was also conducted in the North Sea during period 6. Plankton and fecundity samples were

processed and analysed following the WGMEGS sampling protocols (ICES, 2019a, 2019p

8.6.1.1 Annual egg production for mackerel in 2025

Mackerel Stage | egg densities were converted to daily egg production following the WGMEGS
protocols (ICES, 2019a). Figure 8.6.1.1 shows the spatial distribution of egg production in the
Western Atlantic region by period, while Figure 8.6.1.2 shows the dis tribution for the North Sea
region. The details of the survey area coverage are provided in WD10 (Korta et al., 2026), which
has been submitted to WGWIDE.
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Figure 8.6.1.3 shows the mean daily egg production curve by period for the Western area in 2025,

together with the corresponding curves from previous surveys. The 2025 curve was similar to

those observed in 2016 and 2022, but it showed one peak rather than the two observed in those

years. This peak occurred during Period 5, which is consistent with the main spawning period

identified in previous surveys. However, egg production in the Weste rn area was found to be

considerably lower than in previous surveys and was mainly concentrated along the shelf break.

The northwestern expansion observed during Periods 5 and 6 in recent surveys was not evident

in 2025. Total annual egg production (TAEP) D OwUT | w6l UUI UOWEUI EwPEUwWI UUDPOE I
eggs, which is a 36% decrease compared to 2022 (Table 8.6.1.1).

In the Southern area, the mean daily egg production curve for 2025 did not show a distinct peak
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pared with 2022 (Table 8.6.1.1). This was the lowest value recordedn the time series.
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2025 (Figure 8.6.1.5Table 8.6.1.1). This represents a 41% decrease compared to 2022, which is the

lowest combined production estimate in the time series.

A dedicated DEPM (Daily Egg Production Method) survey of mackerel eggs was also conducted

in the North Sea during Period 6. The survey design followed the WGMEGS protocols (ICES,

2019a). The spatial coverage was similar tothat of the 2022 survey and DEP was estimated for

the entire surveyed area (Table 8.6.1.4). The total DEP in 2025 was estimated to be 0.79 x 1013

eggs, which is a 14% increase compared with the 2022 estimate (Table 8.6.1.5).

8.6.1.2 Mackerel fecundity estimates

In 2025, 1279 ovary samples were collected from female mackerel in the western Atlantic region
with the cooperation of the Pelagic Fishing Association (PFA). These samples provided the bio-
logical information required to estimate relative potential fecundit y, and after accounting for
atresia, realised fecundity, which was then used in the egg production assessment. Further de-
tails on sampling and fecundity analyses are provided in WD10 (Korta et al., 2026).

Fecundity estimates are expressed as realised fecundity, which is calculated by taking potential

fecundity and adjusting for egg loss due to atresia. The relative potential fecundity estimated for

2025 was 1484 oocytes per g of female, which is slightly hgher than the estimate for 2022 Using
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female in 2025 (Table 8.6.1.2). These values are used in combination with the estimated annual

egg production to derive the spawning -stock biomass from the egg survey. Further details of the

fecundity and atresia estimations can be found in WD10 (Korta et al., 2026).

8.6.1.3 Mackerel SSB estimation

The 2025 spawningstock biomass (SSB) was estimated using the Annual Egg Production
Method (AEPM) at 1.907 Mt for the Western area and 0.107 Mt for the Southern area (Table
8.6.13). The combined SSB estimate for both areas was therefore 2.014 Mt, which represents a
44% decrease compared to the 2022 estimate (Fig. 8.6.1.6). These results confirm the substantial
decline in mackerel SSB observed between the 2022 and 2025 surveys.

A DEPM-based estimate of mackerel SSB was also derived from the 2025 survey data. This esti-
mate is currently provisional and is presented separately from the standard AEPM estimate. The
first results of the DEPM, together with information about how it was done and the estimates for
adults used, can be found in WD10 (Korta et al., 2026).



428

ICES SCIENTIFIC REPOBES

8.6.1.4 2025 North Sea mackerel egg survey

A DEPM (Daily Egg Production Method) survey of mackerel eggs was conducted in the North
Sea by Denmark and England during Period 6 (June) 2025. The survey covered the main macke-
rel spawning area of the North Sea and followed the sampling protocols (ICES, 2019a, 2019b).
For the DEPM calculations, stations were restricted to the traditional North Sea survey bounda-
ries.

The spatial coverage achieved in 2025 was similar tothat of the 2022 survey. The spatial distri-
bution of Stage la eggs was broadly similar in the two surveys, although the eggs appeared to be
more evenly distributed across the surveyed area in 2025. No clear spatial pattern in egg density
was observed (Figure 8.6.1.2).

Daily egg production (DEP) was estimated for the entire surveyed area. Total DEP in 2025 was
estimated at 0.79 x 1013 eggs, which is a 14% increase on the 2022 estimate (see Table 845.1.

The analysis of the adult parameters required for DEPM estimation are still considered prelimi-
nary for 2025. Further details on survey coverage, egg production and adult parameters are pro-
vided in WD10 (Korta et al., 2026).

8.6.2 International Ecosystem Summer Survey in Nordic Seas
(IESSNS, A7806)

IESSNS is an annual survey which covers the summer feeding distribution of mackerel in the
Nordic Sea and the North Sea, and estimates sweptarea abundance of mackerel using standard-
ized trawl hauls in the surface. It provides two sets ofage segregated abundance indices to the
assessment; for ages 41 in Nordic Seas and a recruitment index, for age 2, using combined
survey coverage for Nordic Seas and North Sea. The survey was successfully conducted in 208.
The zero-line for mackerel abundance was reached for the part of the survey area located north
of latitude 60°N, but not on the European shelf where mackerel are present west of the British
Isles. In the North Sea the survey is limited to areas with bottom depth greater than 50 m which
limits coverage in the southern North Sea where mackerel is present. The IESSNS cruise report
is available as a working document to this report (WD01) and a detailed survey description is
available in the mackerel Stock Annex.

Abundance estimates by age are displayed in input data for the assessment (Table 8.7.8). Figure
8.6.2.1 displays estimated mackerel total stock abundance and stock biomass in Nordic Seas from
2007 to 2026. Annual mackerel recruitment index as abundance at age 2 for the Nordic Seas and
the North Sea combined for years 20182026, is displayedin Figure 8.6.2.2. Figures 8.6.2-3 show
the internal consistency and catch curves for abundance at age from 2012 to 2026. Figures 8.6.2.5
6 display swept area trawl catch rate and mean mackerel density per rectangle for 2026, and
mean mackerel density per rectangle for years 2010 and from 2012 to 2026.

8.6.3 Tag data

Information from steel tagging experiments conducted by Institute of Marine Research in Bergen
(IMR) on mackerel at spawning grounds west of Ireland and British Isles in May -June and the
respective recaptures at Norwegian factories with metal detectors (Tenningen et al. 2011) was
introduced to the NEAM assessment during ICES WKPELA 2014 (ICES, 2014). Data from release
years 19802004, and recapture years 198&€006 have been used in the update assessments fol-
lowing this benchmark. From 2011 onwards IMR changed tagging methodology to radio -
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frequency identification (RFID), more specifically passive integrated transponder tags (PIT -tags).
This allowed for more automated data processing with recaptures from scanned landings at fac-
tories also outside Norway now being updated in real time to an | MR database over internet.

The data format used was the same for both tag types; a table containing the numbers of tagged
fish per year class in each release year, and the corresponding numbers scanned and recaptured
of the same year classes in all years after release. The RFID dataere treated as a separate time
series with a different scaling factor (survival) than the steel tags and was used in update assess-
ments following the ICES WKWIDE2017 benchmark (ICES, 2017). For steel tags data from ages
2-11 and all recapture years were used in the assessment. During the 2017 benchmark it was
decided to use the same filtering for the RFID data from release year 2011 onwards. However,
following the decisions made during ICES IBPNEAMac 2019 (ICES, 2019c) update assessments
were only using RFID data from release years 2013 onwards, ages 8.1 and recapture year 1 and
2 after release (YearsOut = 12).

In the benchmark assessment in 2025 (ICES, 2025) the starting year of the assessment was
changed to 1998. Hence the steetag time series was reduced to release years 1992004 and re-
capture years 19992006, else the data format was kept the same and tread the same way in
SAM. However, for the RFID data it was agreed to change both the format and filtering, and now
instead use tagbased abundance indices for ages 211, same decision as for NSSH. A full de-
scription of data collection and estimation behind the current tag -based abundance indices at
age is given in WDO02. In short, NEAM is tagged with RFID -tags along Ireland and The British
Isles in April -June (Figure 8.6.3.1), and catches are scanned (Figure 8.6.3.2) for recaptures (Figure
8.6.3.3) at factories with RFID-antenna systems in Norway, Iceland, Scotland and Ireland. The
proportion of total catch scanned has increased over the time series. Currently about 50% of bi-
omass landed is scanned.Estimates used as input to the stock assessment (Figure8.6.3.9 are
means from bootstraps with 1000 iterations based on numbers released (R) of an age in a release
year, and numbers scanned (Nscan) and recaptured (r) of the same year class in YearsOut =-2
after release using the Lincoln Petersen model (N = R * Nsca / r). The estimates come with CVs
based on the uncertainty in both R, Nscan and r (Figure 8.6.3.5.

8.6.4  Other surveys

8.6.4.1 International Ecosystem survey in the Norwegian Sea (IESNS, A3675)
After the mid -2000s an increasing amount of NEA mackerel has been observed in catches in the
Norwegian Sea during the International Ecosystem survey in the Norwegian Sea in May (IESNS)
targeting herring and blue whiting.

Mackerel was present in the southern part of the Norwegian Sea in the beginning of May. How-
ever, there were also some hauls with mackerel along the Norwegian coast north to about 70°N.
The two largest catches in the north were dominated by small mackerel (18-22 cm), the rest of
the catches consisted of larger mackerel No further quantitative information can be drawn from
these data as this survey is not designed to monitor mackerel (WD11: Salthaug et al. 2026).

8.6.4.2 Acoustic estimates of mackerel in the Iberian Peninsula and Bay of Biscay
(PELACUS, A2548)

PELACUS survey data was not available for WGWIDE 2026 and therefore, no new information

from the Bay of Biscay on mackerel distribution and abundance during spawning time is avail-

able.
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8.7 Stock assessment

8.7.1  Update assessmernh 2026

The assessment this year was an assessmemarried out by fitting the state -space assessment
model SAM (Nielsen and Berg, 2014) using the R library stockassessme(downloadable at in-
stall_github(“fishfollower/SAM/stockassessment") ) and using the configuration of the 2025
benchmark described in the Stock Annex.

The assessment model is fitted tothe following input data:
1 catch-at-age datafrom the year 1998 to 2025 for the ages 2 to 12 (plus group)The catch
data prior to 2000 are strongly down weighted.

i Tagqing data:

i numbers released and recaptured from the steal tags for the release years 1998 to 2004.

i Abundance at age index derived from the RFDI tagging data for ages 211, covering the
period 2013-2024.

1 SSB indices from the mackerel gg survey every three years in the period 1998-202%5

i Swept area survey: abundance estimates for ages 3 to 11 from the IESSNS survey (2010,

20122026) and the abundance at age 2 (201202).

In addition, an age-varying natural mortality and a constant maturity ogive over the years are
used. The mean weights-at-age in the stocks are calculated from samples from the catches, sur-
veys and tagging programme taken at spawning time (first average per geographic area, and the
averaged across areas using the relative proportion of the SSB in each area as a weighting factor).
The proportion of fishing and natural mortality occurring before spawning, used to compute SSB

at spawning time, are calculated from the annual egg production curves in the egg survey, and
the proportion of catch per quarter.

Fishing mortality -at-age and recruitment are modelled as random walks, and there is a process
error term on abundances atages3-11.

The differences in the new data used in this assessment compared to thebenchmark were:

i Revision of the 2025 SSB index from the mackerel egg survey after the index was finalised
by WGMEGS (ICES, 2026). The final index was 13% lower than the preliminary value
used in the 2025 WGWIDE assessment.

1 Addition of the 20 26 abundance-at-age index from IESSNS.
i Addition of the 20 24 abundance-at-age index from RFID tags
i Addition of the 20 25 catch-at-age, weights-at-age in the catch and in the stock and ma-

turity ogive, proportions of natural and fishing mortality occurring before spawning.

Input parameters and configurations are described in the stock annex. The input data are given
in Tables8.7.11-8.

8.7.2  Model diagnostics

Parameter estimates

The parameter estimates for the final model are shown in Figure 8.7.2.1 andTable 8.7.2.1. The
model has low observation variances for the catchesat-age (as low as 0.069 for ages-40). This
indicates that the model fits the catch data very (probably too) tightly, almost without error. The
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tag index for ages 411 also has a low observation variance (0.17). For this data source, the model
fit is also tight, but not as much as for the catchesat-age. Other data sources have moderate
observation variances, such as the IESSNS recruitment at ag@ and at age 49 and the tag index
for age 3 (around 0.3). For the other data sources, the fit is still good but with larger errors. For
the other indices, the observation variance is larger than 0.5 and the fit to the model is poorer.

The estimate of the AR1 correlation structure gave a 0.65 correlationbetween adjacent ages for
the IESSNS and 0.55 for the tag index Figure 8.7.22).

The random walk variances for fishing mortality were estimated at between 0.20 for ages 4-10,
to 0.27 for ages 1112. The random walk variance on abundance-at-age 2 (recruitment variability)
is high (0.62). The variance of the processrrors on ages 3 to 12 is estimated at 0.10.

Catchabilities for the abundance-at-age indices (IESSNS and tag index) increase from younger
ages to older ages. For the IESSNS, this could be interpreted by the fact that larger/older fish tend
to migrate further north than younger fish, and consequently a larger proportion of the older age
classes is sampled by the survey in the Nordic Seas. For the smaller/younger fish, on the other
hand, it can be assumed that a larger part of the stock remains in areas further south andis not
sampled by the survey. However, given the fast early growth there are no clear size differences
after a certain age, and a leveling off of the catchability values at older ages could have been
excepted.

For the tag index, the observed differences in the catchability are more difficult to explain. The
index is not based on a survey gear actually catching fish with a certain catchability, but it is
derived from numbers of recaptured fish from a given pool of fish tagged, and a given volume
of catches scanned. The fact that different ages have different catchability could be due to some
factors influencing the calculation of the index being age related, such as themortality rate of the
fish after release, the rate of tag loss over the yearsFor example, a lower mortality rate after
release or a lower chance of tag loss for the old fish would explain the higher catchability.

Parameter uncertainty

The catchability parameters are in general estimated more precisely than the other parameters
(standard deviations generally lower than 0.15), except for the indices for young or old fish for
which the catchability is more uncertain ( Table 8.7.2.1). Process variances are also reasonably
well estimated with standard deviations around 0.15.

Uncertainty on the observation variance is larger for the catch-at-age data and for the indices for
the young fish (age 2 from the IESSNS and 2 and 3 from the RFID tag and from the catch) than
for the other data sources. The uncertainty is lower for other data sources. The uncertainty on
the observation variance estimates is not particularly high, especially for the data sources with
the lowest observation variances, which are the most influential on the assessment (Figure
8.7.23).

There are somemild correlations between parameter estimates Figure 8.7.2.4):

i Catchabilities are positively correlated. This simply represents the fact that all scaling
parameters are linked, which is to be expected.
i The parameters related to the magnitude of the correlation in the AR1 matrix for the

IESSNS and for the RFID index are correlated to the observation variance for these re-
spective indices, which reflects the fact that a strong correlation for the errors is linked to
lower weight of the surveys.
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Residuals

The 2 001 wUUI xwET | E E esidepld &r& présehted & FigliteX81712.5. There are no
strong patterns observed for any of the data sources that would indicate a model misspecifica-
tion. A w eak pattern is however observed in the residuals for the IESSNS with a predominance
of positive residuals for the age 11, suggesting that a potential issue with the configuration re-
garding the catchability (set identical for age 10 and 11). There is also some temporaautocorre-
lation in the residuals for the egg survey, but this pattern is greatly reduced compared to the
assessments previous to the2025benchmark.

Empirical correlations between ages in the one step ahead residuals for the catchat-age are gen-
erally low, with some weak positive correlations occasionally observed between ages for the
older fish, but overall, at a quite low level (Figure 8.7.2.6). This indicates that the current model
configuration, not implementing any correlation structure for the catches, seems appropriate.
Correlations between ages in the observation errors for the IESSNS survey and for the RFID tag-
ging index are explicitly modelled in the assessment, and as a result, empirical correlations in
the one step ahead residuals between ages are lowKigure 8.7.2.7).

Finally, in the residuals for the steel tags, there is a predominance of positive residuals for the
recaptures of age 2 fish, and of negative residuals for the recaptures of age 10 fish. However, no
specific pattern is observed for the other ages(Figure 8.7.28).

The comparison of model fitted values versus observations (Figures 8.7.2.913) shows a very tight
fit to the catches-at-age, especially for ages 4 to 10 (age group with the lowest observation vari-
ance onFigure 8.7.2.1). The fit is also very good for the younger and older ages. The fit for the
SSB index from the egg survey is poor, as the survey indicates an earlier decrease in the SSB (in
2016) than the assessment, and a temporary increase in 2022 while the agssment shows a con-
tinuous decline since 2015. The fit to the IESSNS index is rather good. The assessment follows
the general trend in the abundances-at-age from the index, even though it does not fit well the
fine scale variations, especially for the age3. A similar fit is observed for the RFID tagging index,
but with a slightly better ability of the assessment to follow the year-to-year variations of the
index. The fit to the recruitment index from the IESSNS is also reasonably good, with some oc-
casional larger discrepancies between the model and the observations (larger negative residual
in 2024).

Leave one out runs

In order to visualise the respective impact of the different surveys on the estimated stock trajec-
tories, the assessment was run leaving out successively each of the data sources{gure 8.7.214).

Removing one of the indices had generally little impact on the estimated SSB, kar and recruit-
ment. The only case where it affected substantially the assessment was when the RFID index was
excluded. This run had a lower SSB and higher kar for the period of years when the stock was
large (roughly 2008-2017) and a lower recruitment for the period 2007-2013. Removing the egg
survey had only a marginal effect, with differences in the opposite direction and leaving out the
IESSNS had noticeable impact.

This indicates that the assessment is mainly driven by the catchat-age data, and that the only
other source of information that is influential and provide contrasting information is the RFID
tagging data. Including the RFID tagging index leads to a steeper recent decline and a stock cul-
minating at a lower value than for the assessment using all the data. The fact that leaving out
either the IESSNS or the egg survey indices has very little impact on the assessment could mean
either that these data sources do not inform the assessment, or that the information they provide
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is generally in agreement with the information provided by the catches. The fact that the assess-
ment fits quite well the observation for these indices (Figures 8.7.2.1113) suggests the latter.

Based on the values of the observation variances, and the inspection of the model fit (predictions
vs. observations, see below), there are strong signs that the model oveffits the catch-at-age data.
However, this does not seem to lead to particular issues regarding model fit to the other data,
which are either also very well fitted (tag index, IESSNS recruitment and IESSNS for ages 4 to 9)
or fitted more loosely but still with a good general agreement in the temporal trends between
the data and the model (tag and IESSNS for the younger ages).

Removing the recruitment index from the IESSNS had a strong impact on the 2026 recruitment
and SSB values. The recruitment index indicates an improved recruitment in 2026. As this is the
only source of information available for the model on this recruitmen t, the model estimate is
strongly driven by the index value. As age 2 fish are approximately 80% mature, this also impacts
the SSB in 2026.

8.7.3 State of the Stock

The stock summary is presented in Figure 8.7.3.1 and Table 8.73.1. The stock numbersat-age
and fishing mortality -at-age are presented in Tables8.7.3.2-3. The spawning stock biomass is
estimated to have increasal almost continuously from just above 2 million tonnes in the early
2000s toabove 12 million tonnes between 2013 and 2015 and subsequently declined to reach a
level just above 3.07 million tonnes in 2025, which is below MSY Brigger, and just above Bm. The
fishing mortality first increased until 2003 and declined after that to levels under Fusy (0.191)
during the 2010sand increased after that to 0.29 in 2025, above frsv. The recruitment time series
shows a general increase in recruitment at age 2 until 2013, with several particularly large year
classes (2005, 2006, 2010 and 2011). Recruitments since 2017 have been much lower, with partic-
ularly low values from 2023 to 2025. The 2026 recruitment is higher than the previous three.

There are clearindication s of changes in the selectivity of the fishery over the assessment period
(Figure 8.7.3.2). In the 2000s the fishery seemed to have had a steeper selection pattern (more
rapid increase in fishing mortality with age), with a plateau after age 6. After 2008, the selection
started to increase on the older ages, but reverted back to a selection pattern with an increased
selection on the younger ages and a plateau after age 6. In the recent years (after 2016), the selec-
tion on the older ages increased again.

8.7.4  Quality of the assessment

Parametric uncertainty

The uncertainty on both SSB and Fbaris low (standard deviation under 0.1) for most of the as-
sessment period except in the first two years for Fbar, and at the end of the assessment period,
when it increases strongly (especially for Fbar, Figure 8.7.4.1) The uncertainty from the updated
assessment is lower than the previous assessment in most years (see also the section below).

Model instability

The retrospective analysis was carried out for 7 retro years (or peels)by fitting th e assessment
using the 2026data, removing successively 1 year of data (Figure8.7.4.2). There was some ret-
rospective pattern found in Fbar with some retrospective peels showing a downward revision,
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The parameters of the different retrospective runs are shown in Figure 8.7.4.3 Some parameters

appear to be estimated consistently, mostly those related to observation with long, or old, time

series, such as the observation variance for the catches, or the overdispersion of the recaptures

for the steel tags. Some parameters are, haever, systematically revised in the same direction.

That is the case for example of the observation variance of the tagging index for age 2 and age 3.

For several parameters (observation variances and catchabilities for the IESSNS index at age 2

for the tagging index at age 2 and age 3) the confidence intervals become narrower each time a

new year of data is added to the assessment. This decrease in the model uncertainty is also visible

for the uncertainty on SSB and Fbar estimates (Figure 8.7.4.4). While adding more years of data,

the standard deviations on SSB and Fbar become lower for most of the time series.

Overall, the model produces consistent output, and as the newest time series (tagging index, 10
years, and IESSNS age 2, 8 years) become longer, the estimates of associated parameters become
more precise and the general model uncertainty decreases. In thiscontext, WGWIDE agreed that

the high retrospective pattern in Fear Wwas the sign of a model adapting to maturing data source
and was not a major source of concern. A retrospective pattern on kar has also little consequence
for the reliability of the advice, as long as there is no pattern on stock size.

Process error

The realisation of the process error in the model was also inspected. The process error expressed
as annual deviations in mortality -at-age (Figure 8.7.4.5) appears to be generally random, with no
strong pattern in the deviations. Only for age 11, there is a predominance of negative deviations
in the recent years however it is not the case for other ages.

8.8 Short term forecast

8.8.1  Basis for the recruitment assumption
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current levels in the recent period. Given this change in productivity of the stock, it is important

that the assumption made for future years in the forecast represent the current productivity level.

During WGWIDE, analyses were conducted to identify the start of the current low productivity

period.

Different methods and R packages were used to find changes in the mean value and in the trend
of the mackerel recruitment and recruit per spawner time series. Some of these methods are il-
lustrated in Figures 8.8.1.1-4 and a summary of the analyses and thechange points detected is
given in the Table 8.8.1.1.

The binary segmentation from the R package changepointdetected numerous changes in the
mean recruitment with the main one occurring in 2017, followed by 2007 and 2014, while for the
recruits per spawner, a single change point was detected in 2014 (Figure 8.8.1.1). Other methods
implemented in this package gave generally similar results (Table 8.8.1.1).
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The probabilistic approach implemented in the R package bcpdetected a main change in the
mean recruitment in 2012 and 2014, and secondary changes in 2007 and 2017 (Figure 8.8.1.2). The
change points detected in the recruits per spawner occurred in 2014, 2009, 2005 and 2007.

The Rbeastnethod, detecting changes in the local trend, identified 2014 as the main change point
for both recruitment and recruits per spawner (and 2009 as change point of secondary im-
portance for the recruits per spawner, Figure 8.8.1.34)

Conclusions

Both recruitment and recruits per spawner were considered as potential measures of stock
productivity. For practical reasons - the short-term forecast being based on recruitment and not
recruits per spawner - WGWIDE made the pragmatic decision to consider only change points in
the recruitment time series. Furthermore, the aim of this exercise was to identify the year when
the current low recruitment regime started, which is better described by a comparison of means
than a change of trend (the main change intrend occurs in 2014 when recruitment starts to de-
crease, but it reaches its current low level after 2017). The results of the test for changes in mean
recruitment were therefore considered more relevant. Most tests identified both 2017 and 2014
as potential start of the ongoing recruitment period, with a slight majority of methods supporting
2017 rather than 2014, especially the more intuitive ones. Based on thisand also to maintain
consistency with the assumption made for the 2025 advice, WGWIDE agreed to use the recruit-
ment from 2017 onwards.

8.8.2STF configuration

The short-term forecast (STF) provides estimates of SSBat spawning time in 2026 (given an as-
sumed catch for the current (intermediate) year) and both SSBand catch in 2027 and 2028 fora
range of management options for 2027.

A stochastic forecast was conducted in SAM. The forecast configuration and assumptions were
addressed during the benchmark, and the benchmark decisions were applied at WGWIDE. The
only departure is the choice of the reference period for recruitment, explai ned above.

Intermediate year catch

The estimation of the catches in the intermediate year (2026) is based on declared quotas, inter-

annual transfers and information from the fisheries in Section 8.1. The estimate of the 2026 catch

is 398 186 tonnes. In the recent years, the accuracy of the ®WIDE intermediate year catch esti-
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Initial abundances at age

The starting year for the STF was 2026, and the abundancest-age estimated by SAM for 2026
were used as starting numbers for the STF, including for the recruitment at age 2.

Recruitment assumption for 2027 and 2028

Recruitment for these two forecast years are resampled from the SAM estimates of recruitment
for the period 2017-2026 (see above for justification).
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There is a clear decreasing trend in the mean weight at age in the stock (and a similar one for the

catch weights), starting around 2005 and lasting until around 2017 (Figure 8.5.2.1). The mean

weights-at-age have since then recovered slightly, butremain low in comparison to the earlier

part of the assessment period. For practical reasons (e.g. the impossibility to use different year
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future weights -at-age in the STF were based on the average of the last 3 years of data (202025).

tivity.

Number of simulations

Several trials were conducted at WGWIDE in 2025and it appeared that 20 000 simulations led to
an acceptable results stability.

8.8.3Results

Intermediate year

Applying the catch constraint of 398 186 t for 2026 led to a fishing mortality for 0.167 in 2026
(Table 8.8.3.1). The corresponding SSB at spawning time is 3. 204 mt, above B
(p(SSBo26<Bim)=0.40).

ICES MSY advice rule

The mackerel stock spawns at roughly 34% of the year, and therefore the reference SSB value to
apply the ICES MSY advice rule is the SSB in 2026 (SSB 2027 being conditional to advice given
for 2027). Applying the ICES MSY advice rule leads to a Farget for 2027 of 0.149, corresponding to
78% of Fusy (Table 8.8.3.2). The resulting catch for 2027 is 352 938t which represents a 102% in-
creasing in the advice compared to last year. Applying the same fishing mortality again in 2028
lead to a probability of the stock remaining below B im of 33%.

The forecasted SSB, Fbar and recruitment for this scenario are shown in Figure 8.8.2.1.

Figures 8.8.2.2 and 8.8.2.3 show the contribution of the resampled future recruitments to the 2027
catch and to the 2028 SSB under this management option. The resampled recruitment for 2027
accounts for 6.8% of the catch advised for 2027. For the SSB in 28, the resampled recruitments

of 2027 and 2028 represent 41% of the SSB. This implies that the SSB in 2028 and the associated
probability of the SSB to remain below Bim are highly conditional to the recruitment assumption
(year period used as basis) in the shortterm forecast.

Other options:

Applying a fishing mortality equal to F wsv (0.191) in 2027 leads to a catch advice of 44898t
for 2027, and a probability of the stock remaining below Bim in 2028 of 38%. Maintaining the
current level of fishing mortality leads to a slightly higher advice than the ICES Advice Rule,
at 392 517t, with a probability of remaining below B im in 2028 of 35%. The maximum catch
that would lead to a probability of remaining below B im of less than 50% is 67%32t, corre-
sponding to a Fear of 0.309. Even without fishing, the stock cannot recover to above MSY
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Brigger in 2028. Without fishing, the probability of the SSB remaining below B im remains at
least 17%, and it is not possible to achieve a 5% probability of being below Bm in 2028.

Given the value of SSB in 2026, all the variants of the rebuilding harvest control rules re-
guested by the UK, Norway, the Faroes, Iceland and Greenland lead to a fishing mortality
equal (for HCRa) or lower (for HCRb) than the ICES Advice Rule.

8.8.4  Sensitivity of the STF results to the Intermediate Year Catch es-
timate

WGWIDE estimates the catch for the intermediate year by summing the declared TACs and con-
sulting representatives of each party on their expected TAC uptake for the year. The estimate
also accounts for interannual transfers and assumes that discard levels emain unchanged.

Historically, this estimate has been a good predictor of the realised catch (minor differences from
2010 to 2019, Figure 8.8.4.1). Between 2020 and 2024, differences betwed&% and -10% were
observed (intermediate year catch was an overestimate). The estinate from last year was, on the
contrary, underestimating the realised catches.

The intermediate year catch is used in the forecast to determine the level of fishing mortality in
the current year, which affects the size of the stock at the start of the year for which the advice is
given. All the STF output are influenced by this catch value.

In order to explore the sensitivity of the STF output to uncertainties on the intermediate year

catch, a sensitivity test was conducted. A set of 1000 random draws were made from a uniform

distribution between 0.8 and 1.2 and used as multiplicative error to thisyearz Uwb OUI UOI EPEUI wal
catch estimate. This corresponds to applying a £ 20% uniformly distributed error on the interme-

diate year catch (Figure 8.8.4.2). The STF was run for each of these 1000 values and the sensitivity

of the output was measured as the relative difference with the WGWIDE 2026 STF values.

The SSB in 2026 is not very sensitive to the intermediate year catch value, with a range of varia-
tion in the sensitivity lower than + 1%. The catch in the advice year is more sensitive, with a range
of variation of £ 4%. The probability of being below B im in 2028 is slightly more sensitive, with a
range of variation of £ 8%.

The generally low sensitivity of the STF output can be explained by the fact that only 23% of the
fishing mortality occurs before spawning, and the SSB is calculated too early in the year to be
strongly impacted by the catch. Additionally, current fishing mortality (0.167) is relatively low
compared to natural mortality, especially for the younger fish, which contribute a larger part of
the SSB 2026 due to the improved 2026 recruitment. Therefore, numbers at age at the start of the
advice year, are only moderately impacted by the intermediate year catch.

The sensitivity might be low this year as the intermediate year catch corresponds to a relatively
low Frar (0.167) In previous years, the fishing mortality corresponding to the intermediate year
catch was considerably higher (0.29 last year) and a higher sensitivity to the intermediate year
catch can be expected in these conditions.

8.8.5  Sensitivity to the 2025/2026 stock weighigt-age

The mean weights in the stock in 2025 show a marked increase compared to 2024 for several age
groups, and this is not observed with the same magnitude in the catch weights. In section 8.5.2,
inspection of the biological sampling data showed that this incre ase was mainly caused by the
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samples collected during the 2025 egg survey, while the other sources of data did not indicate

such an increase. However, due to the scarcity of samples from other sources of data, and after
discussing the validity of samples collected during MEGS, WGWIDE concluded that there was

no basis to exclude these samples.

Here the sensitivity of the stock assessment and STF to the inclusion or not of the samples from
the egg survey is tested. The assessment and the STF are rerun using stock weigkat-age in 2025
not based on those samples.

As expected, the SSBs estimates in 2025 and 2026 are lower when the alternative stock weights
at-age are used (Figure 8.8.5.1) and they are below 8. A comparison of the STF output is shown
in Table 8.8.5. The forecast SSB in 2026 for the alternative stock weightat-age remains below
Bim. Applying the ICES Advice Rule leads to a target fishing mortality for 2027 of 0.142, corre-
sponding to an advice catch of 338698 t. The corresponding probability of being below Biim in
2028 is 0.36.

The stock assessment and forecast are sensitive to the stock weights used and the stock status
with respect to Bim is also affected. However, with the lower stock weights calculated without
the MEGS samples, the advice would still be based on the ICES MSY Advice Rule, without fur-
ther reduction of F as the probability of SSB<BIlim in 2028 is lower than 50%. The differerce with
the current advice would be only -4%.

8.9 Biological reference points

Reference points for mackerel were updated at WKBMACNSSH in early 2025. Full details of this
update are given in the stock annex.

The table below summarises the currently used reference points.

Framework Reference  Value  Technical basis Source
point
MSY approach ~ MSYByigger 4119  Bpa tonnes ICES
337 (2025)
Fusy 0.191  Stochastic simulations, capped gk F ICES
(2025)
Precautionary Biim 3067 Lowest SSB level that in the past has resulted in good rec ICES
approach 017 ment (2002, 2004, 2005); in tonnes (2025)
Boa 4119  Bimxexp (1.65«,),, =0.179:tonnes ICES
337 (2025)
Foa 0.191  The F that provides a 95% probability for SSB to be ahgvi ICES
(Feoswith advice rule) (2025)

8.10 Comparison with previous assessments and forecast

Stock assessment output

The last available assessmenthat is comparable to the 2026 WGWIDE assessment is the 2025
WGWIDE assessment, which does not include the new data added at WGWIDE in 2026.

ICE
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The 2026 WGWIDE update assessment gives a perception of the stock consistent with last years

assessment (Figure 8.10.1). The addition of a new year of data led to small revision of the esti-

mated SSB and Fbar values, and a small revision the recruitment for 2025. The model parameter

estimates are slightly revised (Figure 8.10.2). The observation ariances for the catches are similar
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ances for the main ages in the tagging index isstable, while it decreased slightly for the ages 2

and 3. The observation variances for the IESSNS are stable, except for the recruitment index at

age 2 for which it increased.

As discussed in section 8.7 about the retrospective analysis, the time series for some data sources
are still short and the model re-estimated the corresponding parameters as the time series be-
come longer. This, however, has little impact on the estimated SSB and Fbar as most of the in-
formation is provided by the catch -at-age information. The slight revision in the 2025 recruitment
estimates might be related to is increased observation variance for the age 2 IESSNS index, mak-
ing the new estimates relying less on thisindex. Also, as mentioned in section 8.7, the uncertainty
in the estimated quantities (parameter values and stock estimates) is lower in the update assess-
ment compared to the benchmark assessment.

Overall, model stability is very high, but that might be a consequence to the very tight fit to the
catch data.

Short term forecast

A comparison of output of the assessment and forecast from WGWDE 2025 and WGWIDE 2026
is shown in Table 8.10.1 and Figure 8.10.5.

Last year, the forecasted SSB values were lower than B (for 2025 and 2026), and at B» (2027),
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the SSB for the period 2025 onwards is estimated, and forecasted, to be aboveiB.

The difference for the 2025 SSB is not related to a wrong intermediate catch assumption made in

2025. The 2025 catch assumed in the 2025 STF was indeed even slightly lower than the realised

catch (Figure 8.10.3) and the forecasted fishing mortality in 2025 EUWE OOUT w0 OwU0i PUwal EUZ
The SAM estimates of the abundancesat-age in 2025 were very consistent between the 2 assess-

ments, except for the recruitment, which is estimated lower in the 2026 assessment (Figure

8.10.4). The main cause for the diffeence in the 2025 SSB value is the different weightsat-age in

higher than in last year's assessment. The 2025 stock weights used last year were the same dset

2024 stock weights. By convention for this stock, all biological input data used in SAM for the

current year are set equal to those in the previous year, the last year for which data are available.

In the 2026 assessment, the 2025 stock weights are bag@n data and show an increase for most

age classes (see discussion in section 8.5). This is the main explanation for the higher 2025 SSB in

the 2026 assessment compared to the 2025 STF.

For 2026, there is still a difference in mean weightat-age, although less pronounced than for

2025. In addition to that, there are differences in the abundances atage: the estimated 2026 re-

cruitment is much higher than the forecast assumption from last year. Age 3 abundance is how-

ever slightly lower in the 2026 assessment, due to the downward revision of the 2025 recruitment

estimate (Figure 8.10.1).The combination of these factors explains the higher 2026 SSB value in
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The weights-at-age in the catch for 2025 are higher in the 2026 assessment than the assumption

used in the 2025 STF (average 2022024, Figure 8.10.6). This also leads to a high weightat-age

in the catch assumption in the 2026 STF compared to the 2025 STF



440

ICES SCIENTIFIC REPOBES

8.11 Management considerations

Details and discussion on quality issues in this year's assessment is given in Section 8.7 above.

From 2001 to 2007, there was an internationally agreed arrangement covering most of the distri-
bution area of the Northeast Atlantic mackerel. From 2008 to 2014, no agreement was reached
among the Coastal States on the sharing of the mackerel quotas. In 204, three of the Coastal
States (European Union, Norway and the Faroe Islands) agreed on a sharing arrangement for
2014 to 2018. In November 2018, the 2014 agreement was extended for a further two years until
2020. No agreement on the share of the stock waseached between 2021and 2024. In 2024, three
of the Coastal States (UK, Norway and the Faroe Islands) agreed on a three year (2022026)
sharing arrangement of mackerel. However, in late 2025 Iceland joined in forming a four -party
sharing arrangement for 2026 onwards.

Despite agreeing to abide by the ICES advice, the total declared quotas in each of the years from
2015 to 2025 each year hassignificantly exceeded the advised catch by ICES (Figure 8.11.1).

Using the recommendations from WKEVALMAC (ICES, 2024 the NEA mackerel stock is con-
sidered as a single unit for the purposes of assessment, advice and management in ICES.

Further, ICES considered that given the single stock structure, there is no justifiable scientific
reason for considering closed areas,area specific closed seasons or spatial quota measures for
this widely ranging stock. In addition, any reference to minimum landing sizes should apply to
the whole stock equally.

Conservation aspects
The most recent stock assessment shows that the SSB is below MSYiBer, Boa, but above Bim.

Atlantic Mackerel was evaluated by IUCN in 2015 as a species of least concern (https://www.iu-
cnredlist.org/) and it is neither found on OSPAR's list of threatened and declining species nor on
the HELCOM Red List. Furthermore, the WGWIDE has not identified any anthropogenic pres-
sure threatening the stock. Therefore, ICES has not identified any conservation aspects.

8.12 Ecosystem considerations

An overview of the main ecosystem drivers possibly affecting the different life -stages of North-
east Atlantic mackerel and relevant observations are given in the Stock Annex. The discussion
here is limited to recent features of relevance.

Production (recruitment and growth)

Mackerel spawning has a preference at depths between 100 m and 200 m, on the shelédge from
the north of the Iberian Peninsula to the west of Scotland, with a maximum west of Ireland (Bru-
nel et al., 2018; Costas, 2025). The most important nursery areas are around Ireland, north and
west of Scotland, in the northern North Sea north of 59°N and, to some extent, also in the Bay of
Biscay (Jansen et al., 2015).

The rapid increase in stock size up until around 2015 was suggested to drive the expansion of
the spawning northward into new areas (Jansen, 2016). There have been several indications of a
northward shift and/or expansion in spawning and nursery area towar ds northern and north -
eastern areas since 2016 (ICES, 2016; Ngttestad al, 2018 Bjgrdal, 2019;Bjgrdal et al. 2023. This
northerly shift seems to have continued (Ngttestad et al, 2018; ICES 2022). This is further sup-
ported by Costas (2025), who documented a preference for cooler waters in recent years. How-
ever, spawning in the Norwegian Sea was shown to be of little quantitative significance in 2021
@! UUOUWEOE w. 7' |VVORR2621 (ICES, 2A20))uidegertheless, both increased biomass
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and extended distribution based on a more northward extension of the mackerel egg survey in
Norwegian offshore and coastal waters in 2022 (Anon, 2022) and poleward spawning of NEA
mackerel, up to 75°N (dos Santos Schmidt et al. 202Bclearly document that mackerel have been
spawning in increasing numbers in recent years in the Norwegian Sea. An on-going extension of
spawning activities into the Norwegian Sea feeding area (62-75°N), reached stable levels around
2012 onwards. This poleward expansion of spawning increased as more fish entered the area,
whilst the maximum proportions of spawners ¢ oncurrently dropped from about 75 to 15% from
May to July (dos Santos Schmidt et al. 2023). The synoptic survey of mackerel distribution in the
summer time in 2023-2025 shows a marked contraction in both the north and west distribution
of the stock compared to 20192022.

Growth (ii.e.length- and weight -at-age) showed clear declines for all ages up to around 2015¢€.g.
0-3 year-old in 1998-2012, Jansen and Burns, 2015; all ages in 20@®15, Jansen and Burns, 2015;
Olafsdottir et al, 2015), and gradual increases since then to present. This is consistent with the
knowledge that variations in growth of mackerel in all ages are correlated with mackerel den-
sity, e.g.mean weight-at-length have been shown to be positively related to location, day-of-year,
temperature and SSB. Furthermore, the density dependent regulation of growth from juvenile to
adult mackerel, appears to reflect the spatial dynamics observed in the migration patterns during
the feeding season. As such, growth rates of the juveniles were tightly correlated with the density
of juveniles in the nursery areas (Jansen and Burns, 2015) and growth for adults (age 38) were
correlated with the combined effects of mackerel and herring stock sizes (Olafsdottir et al, 2015).
During the period of high mackerel abundance around 2013-2015, conspecific densitydepend-
ence was most likely mediated via intensified competition associated with greater mackerel den-
sity, possibly also coinciding with decreased prey availability . The increases in weightat-age of
mackerel both from the catches and the surveys shown during the last years, coincide with sig-
nificantly reduced abundance of mackerel in recent years.

Drivers of the spatial distribution of mackerel

In the mid -2000s, the summer feeding distribution of mackerel in Nordic Seas began expanding
both westwards into Icelandic and Greenlandic waters and further north in the Norwegian Sea
(Ngttestad et al., 2016). The centreof-gravity shifted westward by 1650 km and northward by
400km (Olafsdottir et al., 2019) and the distribution area increased from 1.3 mill km2 in 2007 to
at least 2.9 mill km2 in 2014 when it peaked (ICES, 2022; Olafsdéttir et &, 2019). However, a
substantial shift in mackerel concentrations and distribution during summers of 2020 -2025, when
no mackerel were registered in Greenland waters, and a substantial decline was documented in
Icelandic waters. In 20252026, the distribution was limited to the Norwegian Sea, with the high-
est concentrations in the central/eastern part of the Norwegian Sea (WD 01). Overall, we have
witnessed that mackerel had a much more eastern distribution in 2018-2025 compared to 2014
2017 (ICES, 2018; Ngttesta@t al, 2019; 2020a; 2021).

Olafsdottir et al (2019) modelled (GAM) IESSNS data (20072016) and found that mackerel was
present in temperatures ranging from 5 °C to 15°C, but preferred areas between 9°C and 13°C.

The model showed that both mackerel occurrence and density were positively related to location,

temperature, meso-zooplankton density and SSB. Thus, geographical expansion of mackerel
during the summer feeding season in Nordic Seas was driven by increasing mackerel stock size
and constrained by availability of preferred temperature and a bundance of meso-zooplankton.

However, these results are limited by the length of the time -series (19972016; Olafsdottir et al,

2019). Notably, this seems to have changed during the most recent period from 2019 and on-
wards (e.g. high mackerel concentrations in 2020 at lower temperatures of -8 °C; Ngttestad et
al., 2019; 2020a; WDO09 in ICES 2021).
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It is not clear what causes this distributional shift, but the SST were 1-2°C lower in the western
and south-western areas as compared to a 2§/ears mean (19992009), and substantially lower
zooplankton concentrations in Icelandic and Greenland waters in 2019 and 2020 might partly
explain such changes (ICES, 2018; Ngttesta@t al, 2019; 2020a). Marine climate with multi-deca-
dal variability might also have affected the observed distributional changes but were not evalu-
ated. Furthermore, tagging data suggest that when mackerel grow older and larger, they seem
to cover a progressively wider area of its annual migration cycle, although large inter -annual
variability in the recapture patterns likely reflect changes in environmental conditions such as
prey availability and ocean currents (Ono et al. 2022). A joint spatiot temporal distribution model
of mackerel (ages 3 10) was developed to investigate the agebased responses of mackerel to
three environmental drivers: sea surface temperature (SST), mixed layer depth, and chlorophyll-
a concentration during the summer months 201G 20 in the Nordic Seas (Ono et al. 2024). The
study showed that SST was the most important variable amongst the ones tested and had the
strongest impact on the distribution of the younger age classes (3 5), which had a narrower range
of favourable SSTand a stronger aversion to cold temperatures than older individuals. Individ-
uals in the south were likely not constrained by temperature and perhaps more influenced by
other variables, such as food availability or ocean current (throughout their migration path), for
which appropriate data are lacking. Moreover, the model showed that older mackerel were dis-
tributed more to the north and west, and their migration pattern changed when the 2013 year -
class no longer migrated to the west compared to previous year-classes. Additionally, all -year
classes started migrating more eastward from summer 2018 (Ono et al. 2024).

Trophic interactions

There are strong indications for interspecific competition for food between mackerel, NSS -her-
ring and blue whiting (Huse et al, 2012), where the competition between mackerel and herring
being the best studied relationship. Both higher stomach fullness and prey shift for mackerel
compared to herring during low stock size periods indicates that herring may suffer from this
competition. Thus, an opportunistic (i.e. rapid shift in diet) and more generalist diet (i.e. wider
range of prey) may be advantageous for mackerel in periods with low zooplankton abundances
(Langay et al 2012; Debet al 2012; Oskarssoret al 2015; Bachilleret al 2016). Feeding activity
seem to be highest in areas associated with colder water masses (Bachilleet al, 2016), and bio-
energetics indicate that mackerel consumption may be as high as both herring and blue whiting
in some years (122135 mill t year-1, Bachiller et al 2018). Distribution overlap between mackerel
and NSS herring during the summer feeding season is generally highest in the south-western
part of the Norwegian Sea (Faroe and east Icelandic area) (Ngattestackt al, 2016; 2017; Olafsdottir
et al, 2017). This spatiotemporal overlap between mackerel and herring have been present from
20162019 (ICES, 2018, Ngttestadt al, 2016; 2017; 2019). In addition, increasing distribution over-
laps in the north-western parts of the Norwegian Sea have also been observed since 2019 and
onwards, which is in contrast to previous years (Ngttestad et al, 2019; 2020a). Overlapping dis-
tributions of mackerel and Norwegian spring -spawning herring (NSSH) were particularly pre-
sent in the western and north-western part of the Norwegian Sea in 2022.

A number of predators have been highlighted as potential sources of mortality for mackerel.
Although limited spatial overlap between marine mammals and mackerel during summers in

the Nordic Seas (Ngttestad et al, 2019; Laviknes, 2019), orcas have been observed to actively
search and hunt for mackerel schools (Ngttestad et al, 2014; Ngttestadet al, 2020a; 2021, 2022).
Furthermore, the increases of G and 1-groups mackerel found along major coastlines of Norway
(20162018, Ngttestadet al, 2018; Bjgrdal, et al 2022) have coincided with predation by increasing
numbers of adult Atlantic bluefin tuna ( Thynnus thunnus Boge, 2019; Ngttestadet al, 2020b).
Furthermore, both in 2023 and 2024 Atlantic puffins hatching in the archipelago Rgst in Lofoten
(~68°N) have been documented to feed extensively on Ggroup mackerel, for the first time since
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1974, contributing extensively to the first two years of hatching success and chick survival of
Atlantic puffins in the area for more than 15 years. Additionally, stomach samples from several
species document that smaller sized mackerel is now eaten by different predators in northern
waters (e.g. cod, saithe, marine mammals and seabirds; Bjgrdal, 2019). Although, fewer igroups
have been observed in coastal Norway waters in recent years (20192023, IESSNS; Ngttestadet
al., 2019; 2020b; 2021; 2022) predation by the Atlantic bluefin tuna is still evident (Ferter et al.
2024). The predation pressure and associated mortality from various predators on NEA mackerel
(both juveniles and adults) are still unknown but could have ec ological impact in both time (i.e.
population) and space (i.e. local and regional) (ICCAT, 2019; Ngttestad et al, 2020b). There are
also indications that the predation pressure may have increased over the last decade, due to in-
creased abundance of both marine mammals and Atlantic bluefin tuna. This could have in-
creased the natural mortality by increased predation o n the mackerel stock in recent years.



444

ICES SCIENTIFIC REPOBES

8.13 References

Anon. 2022. Report of the Coastal States Working Group on the distribution of Northeast Atlantic Mackerel.
28th February 2022. With Errata: 31st March 2022. 105pp.

Bachiller, E., Skaret, G., Ngttestad, L. and Slotte, A. 2016Feeding ecology of Northeast Atlantic mackerel,
Norwegian spring -spawning herring and blue whiting in the Norwegian Sea. PL0oS ONE 11(2):
€0149238. doi:10.1371/journal.pone.0149238

Bachiller E, Utne KR, Jansen T, Huse G. 201&8ioenergetics modelling of the annual consumption of zoo-
plankton by pelagic fish feeding in the Northeast Atlantic. PLOS ONE 13(1): e0190345.
https://doi.org/10.1371/journal.pone.0190345

Boge, E. 2019The return of the Atlantic bluefin tuna to Norwegian waters. Master thesis in Fisheries Biol-
ogy and Management, Department of Biological Sciences, University of Bergen, Norway. 84 p.

Bjgrdal, V.R. 2019. Juvenile mackerel (Scomber scombrus) along the Norwegian Coast: distribution, condi-
tion and feeding ecology. Master thesis in Fisheries Biology and Management, Department of Biologi-
cal Sciences, University of Bergen, Norway. 73 p.

Bjgrdal, V.R., Mgrk, H. L., Utne, K. R., Fernd, A., and Ngttestad, L. 2022The diet of juvenile Atlantic macke-
rel (Scomber scombrus) feeding in new northern nursery areas along the Norwegian coast. Provision-
ally accepted. Marine Biology Research.

Brunel T, van Damme CJG, Samson M, DickeyCollas M. 2018. Quantifying the influence of geography and
environment on the northeast Atlantic mackerel spawning distribution. Fish Oceanogr. 2018; 27: 155
173. https://doi.org/10.1111/fog.12242

Costas G. 2025. Analysis of the spatiotemporal variability of spawning mackerel in the Northeast Atlantic.
Front. Mar. Sci. 11:1461982. doi: 10.3389/fmars.2024.1461982

Debes, H., Homrum, E., Jacobsen, J.A., Hatun, H. and Danielsen, J. 2012. The feeding ecology of pelagic fish
in the southwestern Norwegian Sea tInter species food competition between Herring (Clupea ha-
rengus) and mackerel (Scomber scombrus). ICES CM 2012/M7. 19 pp.

dos Santos Schmidt, T.C., Slotte, A., Olafsdottir, A.H., Ngttestad, L., Jansen, T., Jacobsen, J.A., Bjarnason, S.,
Lusseau, S.M., Ono, K., Hglleland, S., Thorsen, A., Sandg, A.B., Kjesbu, O.S. 2023. Poleward spawning
of Atlantic mackerel (Scomber scombrus) is facilitated by ocean warming but triggered by energy con-
straints. ICES Journal of Marine Science. DOI: 10.1093/icesjms/fsad098

Ferter, K., Pagniello, C. M. L. S., Block. B. A., Bjelland, O., Castleton, M. R., Tracey, S., Reimer, T. E. J.,
Sundeldf, A., Onandia,l., Wiech, M., Alemany, F., Ngttestad, L. 2024. Atlantic bluefin tuna tagged off
Norway show extensive annual migrations, high site -fidelity and dynamic behaviour in the Atlantic
and Mediterranean Sea.Proc. R. Soc. B 291: 20241501. https://doi.org/10.1098/rspb.2024.1501

Huse, G., Holst, J.C, Utne, K.R., Ngttestad, L., Melle, W., Slotte, A., Ottersen, G., Fenchel, T. and Uiblein, F.
2012.Effects of interactions between fish populations on ecosystem dynamics in the Norwegian Seat
results of the INFERNO project. Marine Biology Research 8(56): 415419.

ICCAT. 2019. Report of the Standing Committee on Research and Statistics (SCRS). Spain, Madrid, 30. Sep-
tember to 4 October 2019, ICCAT Collective Volume of Scientific Papers. PLE104, 459 pp.

ICES. 2014. Report of the Benchmark Workshop on Pelagic Stocks (WKPELA). 21 February 2014. Co-
penhagen, Denmark. ICES CM 2014/ACOM:43. 344 pp.

ICES. 2016. Second Interim Report of the Working Group on Mackerel and Horse Mackerel Egg Surveys
(WGMEGS). By correspondence. ICES CM 2016/SSGIEOM:09.

ICES. 2017. Report of the Benchmark Workshop on Widely Distributed Stocks (WKWIDE), 30 January 3
February 2017, Copenhagen, Denmark. ICES CM 2017/ACOM:36. 196 pp.

ICES. 2018. Cruise report from the International Ecosystem Summer Survey in the Nordic Seas (IESSNS)
30th of Junet 6th of August 2018. Working Document to ICES Working Group on Widely Distributed
Stocks (WGWIDE), Havstovan, Térshavn, Faroe Islands, 28. Awgust ¢+ 3. September 2018, 39 pp.

ICE



ICES | WGWIDE 2026 [ 44%

ICES, 2019a. Manual for mackerel and horse mackerel egg surveys, sampling at sea. Series of ICES Survey
Protocols SISP 6. 82pp. http://doi.org/10.17895/ices.pub.5140

ICES, 2019b. Manual for the AEPM and DEPM estimation of fecundity in mackerel and horse mackerel.
Series of ICES Survey Protocols, SISP 5. 89 pp. http://doi.org/10.17895/ices.pub.5139

ICES. 2019c. Interbenchmark Workshop on the assessment of northeast Atlantic mackerel (IBPNEAMac).
ICES Scientific Reports. 1:5. 71 pp.

ICES. 2021. Working Group on Widely Distributed Stocks (WGWIDE). ICES Scientific Reports. 3:95. 874 pp.
http://doi.org/10.17895/ices.pub.8298

ICES. 2022. Working Group on Widely Distributed Stocks (WGWIDE). ICES Scientific Reports. 4:73. 922 pp.
http://doi.org/10.17895/ices.pub.21088804

ICES. 2024. Workshop on the evaluation of NEA mackerel stock components (WKEVALMAC, outputs from
2023 meeting). ICES Scientific Reports. 6:25. 48 pp. https://doi.org/10.17895/ices.pub.24216843

ICES. 2025. Benchmark workshop on Mackerel and Norwegian spring-spawning herring (WKBMAC-
NSSH). ICES Scientific Reports. 7:64. 509pphttps://doi.org/10.17895/ices.pub.29279615

ICES, 2026 Technical serviceUnited Kingdom, Norway, Iceland, Greenland and Faroes request to ICES for
evaluation of different rebuilding Harvest Control Rules for Atlantic mackerel ICES Advice 2026
sr.20XX.XX¢ https://doi.org/10.17895/ices.advice.xxxx

ICES. 2026a. Working Group on Mackerel and Horse Mackerel Egg Surveys (WGMEGS). ICES Scientific
Reports. 8:44. 92 pp.

Jansen, T. 2016. Firsyear survival of North East Atlantic mackerel (Scomber scombrus) from 1998 to 2012
appears to be driven by availability of Calanus, a preferred copepod prey. Fisheries Oceanography 25:
454 469. doi:10.1111/fog.12165

Jansen, T. and Burns F. 2015. Density dependent growth changes through juvenile and early adult life of
North East Atlantic Mackerel (Scomber scombrus). Fisheries Research 169: 324.

Jansen, T., Kristensen, K., van der Kooij, J., Post, S., Campbell, A., Utne, K.R., Carrera, P., Jacobsen, J.A,,
Gudmundsdottir, A., Roel, B.A. and Hatfield, E.M.C. 2015. Nursery areas and recruitment variation of
North East Atlantic mackerel (Scomber scombrus). ICES Journal of Marine Science 72(6): 1772789.

Langgy, H., Ngttestad, L., Skaret, G., Broms, C., and Fernd, A. 2012. Overlap in distribution and diets of
Atlantic mackerel (Scomber scombrus), Norwegian spring - spawning herring (Clupea harengus) and
blue whiting (Micromesistius poutassou) in the Norwegian Sea during late summer. Marine biology
research 8(56): 442460.

Legviknes, S. 2019. Distribution and feeding ecology of fin (Balaenoptera physalus) and humpback whales
(Megaptera novaeangliae) in the Norwegian Sea during the summers of 2013 to 2018. Master thesis in
Biodiversity, Evolution and Ecology, Department of Bio logical Sciences, University of Bergen, Norway.
59 p.

Nielsen, A. and Berg, C.W. 2014. Estimation of time-varying selectivity in stock assessment using statet
space models. Fisheries Research 158: 9801.

Ngttestad L., Sivle, L. D., Krafft, B. A., Langard, L., Anthonypillai, V., Bernasconi, M., Langgy, H., and
Ferng, A. 2014: Prey selection of offshore killer whales Orcinus orca in the Northeast Atlantic in late
summer: spatial associations with mackerel. Marine Ecology Progress Series 499:27383.
DOI:10.3354/meps10638.

Ngttestad, L., Anthonypillai, V., Tangen, @., Utne, K.R., Oskarsson, G.J., Jonsson S., Homrum, E., Smith, L.,
Jacobsen, J.A. and Jansen, T. 2016. Cruise report from the International Ecosystem Summer Survey in
OT 1 w- OUEPEwW21 EVUwmp( $22- 2 AwbDi0d kO BS Que,, ¥5u8 VIV QOB EEw Duus 7t G W
OUUw%nUg Ob? WEDE w1 ¥ 5 w31 JUyrD16. %0 1RiyIDBcOrmEDt (hAGES Whoking Group
on Widely Distributed Stocks (WGWIDE). ICES HQ, Copenhagen, Denmark, 31 August ¢ 6 September
2016. 41 pp.

Ngttestad, L., Olafsdottir, A.H., Anthonypillai, V. Homrum, E., Jansen, T. et al. 2017. Cruise report from the
(OUT UOEUDPOOEOWSEOUAUUT Ow2U0001 Uw20UYT awbOwl0T 1 w- OUEPEW?2I


http://doi.org/10.17895/ices.pub.8298
http://doi.org/10.17895/ices.pub.21088804
https://doi.org/10.17895/ices.pub.29279615

446 |

ICES SCIENTIFIC REPOBES | ICE

251 OEOE2 Ow, y5w?3UGOEUVwa w&HAUU?2 Ow, v5w? b OO UitthefUg OD~» wEDE U
August 2017. ICES Working Group on Widely Distributed Stocks (WGWIDE), ICES HQ, Copenhagen,
Denmark, 30. August + 5. September 2017. 45 p.

Ngttestad, L. Utne, K.R., Sandvik, A., Skalevik, A., Slotte, A. and Huse, G. 2018Historical distribution of
juvenile mackerel northwards along the Norwegian coast and offshore following the 2016 mackerel
spawning. Working Document to ICES Working Group on Widely Distributed Stocks (WGWIDE),
Havstovan, Térshavn, Faroe Islands, 28.August + 3. September 2018, 25 pp.

Ngttestad, L., Olafsdattir, A.H., Anthonypillai, V. Homrum, E., Jansen, T.; Wieland K. et al. 2019. Cruise
report from the International Ecosystem Summer Survey in the Nordic Seas (IESSNS) 28th Jund 5th
August 2019. Working Group Document to ICES Working group on Widely Distributed Stocks
(WGWIDE, No. 5). Spanish Institute of Oceanography (IEO), SantaCruz, Tenerife, Canary Islands 28.
August ¢ 3 September 2019. 51 pp.

Ngttestad, L., Olafsdéttir, A.H., Anthonypillai, V. Homrum, E., Jansen, T.; Wieland K. et al. 2020a. Cruise
report from the International Ecosystem Summer Survey in the Nordic Seas (IESSNS) 1st Julyt 4th
August 2020. Working Group Document to ICES Working group on Widely Distributed Stocks
(WGWIDE, No. 3), ICES HQ, Copenhagen, Denmark, (digital meeting) 26. Augustt 1. September 2020.
55 pp.

Ngttestad, L., Boge, E. and Ferter, K. 2020b. The comeback of Atlantic bluefin tuna (Thunnus thynnus) to
Norwegian waters. Fisheries Research 231, November 2020.

Nottestad, L., Anthonypillai, V., dos Santos Schmidt, T.C., Hgines, A., Salthaug, A., Olafsdéttir, A.H., Ken-
nedy, J., et al. 2021. Cruise report from the International Ecosystem Summer Survey in the Nordic Seas
(IESSNS) 30th Juné 3rd August 2021. Working Document to ICES Working Group on Widely Distrib-
uted Stocks (WGWIDE, No. 09) ICES HQ, Copenhagen, Denmark, (digital meeting) 25.¢ 31. August
2021.

Ngttestad, L., Hgines, A., Stenevik, E.K., Diaz, J., Tonheim, S., Salthaug., Olafsddttir, A.H., et al. Prelimi-
nary cruise report from the International Ecosystem Summer Survey in the Nordic Seas (IESSNS) 1st
July ¢ 3rd August 2022. Working Document to ICES Working Group on Widely Distributed Stocks
(WGWIDE, No. 1) ICES HQ, Copenhagen, Denmark, (hybrid meeting) 24. + 30. August 2022.

Ono, K. Slotte, A., Hglleland, S., Mackinson S., Jénsson Sd, Jacobsen, J.A., and Olafsdoéttir A.H. 2022. Space
time-recapture dynamics of PIT-tagged Northeast Atlantic mackerel (Scomber scombrus) reveal size-
dependent migratory behaviour. Frontiers in Marine Science. 9:983962. Doi: 10.3389/fmars.2022.983962

Ono, K., Katara I., Eliasen S.K., Broms C., Campbell A., dos Santos Schmidt T.C., Egan A., Hglleland S.N.,
Jacobsen J.A., Jansen T., Mackinson S., Mousing E.A., Nash R.D.M., Nikolioudakis N., Nnanatu C.,
Ngttestad L., Singh W., Slotte A., Wieland K., Olafsdottir A.H., Effect of environmental drivers on the
UxEUPOUI OxOUEOWEPUUUPEUUDOOWOT WOEEOT Ul OWEUDWET T whbOwlOT 1 w-
rine Science, Volume 81, Issue 7, September 2024, Pages 198294,
https://doi.org/10.1093/icesjms/fsae087

Olafsdéttir, A.H., Slotte, A., Jacobsen, J.A., Oskarsson, G.J., Utne, K.R. and Ngttestad.. 2015. Changes in
weight -at-length and size at-age of mature Northeast Atlantic mackerel (Scomber scombrus) from 1984
to 2013: effects of mackerel stock size and herring (Clupea harengus) stock size. ICES Journal of Marine
Science 73(4): 1258265. doi10.1093/icesjms/fsv142

Olafsdéttir, A.H., Utne, K.R., Ngttestad, L., Jacobsen, J.A., Jansen, T., Oskarsson, G.J., Jonsson, S. b., Smith,
L., Salthaug, A., Homrum, E. and Slotte, A. 2017. Preparation of data from the International Ecosystem
Summer Survey in Nordic Seas (IESSNS) for use as an annual tuning series in the assessment of the
Northeast Atlantic mackerel (Scomber scombrus L.) stock. Working Document to th e Benchmark
Workshop on Widely Distributed Stocks (WKWIDE), Copenhagen, Denmark, 30 January ¢+3 February
2017. 36 pp.

Olafsdéttir, A., Utne, K.R., Jansen, T., Jacobsen, J.A., Ngttestad.., Oskarsson, G.J., Slotte, A., Melle, W.
2019. Geographical expansion of Northeast Atlantic mackerel (Scomber scombrus) in the Nordic Seas
from 2007 - 2014 was primarily driven by stock size and constrained by temperature. Deep-Sea Re-
search Part Il. 19, 152168.


https://doi.org/10.1093/icesjms/fsae087

ICES | WGWIDE 2026 | 447

Oskarsson, G.J., Gudmundsdéttir, A., Sveinbjérnsson, S. and Sigurdsson, T. 2015. Feeding ecology of
mackerel and dietary overlap with herring in Icelandic waters Ecological impacts of recent extension
of feeding migration of NE -Atlantic mackerel into the e cosystem around Iceland. Marine Biology Re-
search 12: 1629. doi:10.1080/17451000.2015.1073327

Tenningen, M., Slotte, A. and Skagen, D. 2011. Abundance estimation of Northeast Atlantic mackerel based
on tagt recapture datat A useful tool for stock assessment? Fisheries Research 107: €84.



ICE

10 12 14 16 18 20

ICES SCIENTIFIC REPOQSES

448

Figures

8.14

! R 5
LARRRCREE 58
| |-l i [oN=]
. T " EASNEES 48 Scoa
||| i o o+
1Y 8288
B e ESEEBRRERL s . a5 Hs 8882
ERSE Ve=+v A
1 i e ‘| Dumnm
7N | b 3
S
i [ ]
[ | |
$=m i ., ! T _ -
\\ | HEE I ,\JAI BEEKY
1 1lA 1111 S N N . N U . ¢ - I I S N - I ol [ | | [N
1 ‘\‘1111‘41,111‘/»? EEEA_ INEN WEN 8
L [ 1
LY , / ! \ . N s
! 1N ! I\ |
T T i - I
L P I
I | \\ L
i I / A
[ | /4
L] 1111 SN =]
] T RN
B L
/
/AN L
Il
8 8 % s g 3 H

36 -34 32 -30 28 -26 -24 -2 -20 -18 -6 -14 -12 -0 8 -6 4

Figure 8.2.2.1. NE Atlantic Mackerel. Commercial catches in 2025, quarter 1.
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Figure 8.2.2.2. NE Atlantic Mackerel. Commercial catches in 2025, quarter 2.



ICE

i - 2
ﬂ ¥ | 7 58 [¥®
i 11 [ N, "SEEN P11 8L |a
W - HH 4 8 <os|.
| | g o - S
| | BB 1N mmmm s
T s us Hg 2882 |+
” V= A
W 5 - oEER |
” 7 | ,
| | |
” \ | A
[ , [
1 ‘.
[HEEEER HEREKY
[ IR
£
| [
? an I =
[ |
L1 /
.. |t I |..u_-
/ o
- | LT i L =
B I - o . B N O e
ts
| e re
| 5 P
I ! |
| \ ﬂ
T8
T L1 in,
I o
, TR I
| , 3
| ———
* 1 1 d .|%
| | |
T T T
8 3 ] ] H) ) 3 ] 2 3 8

ICES SCIENTIFIC REPOQSES

450

Figure 8.2.2.3. NE Atlantic Mackerel. Commercial catches in 2025, quarter 3.
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Figure 8.2.3.1. NE Atlantic Mackerel. Proportion of the catch by quarter by year.
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Figure 8.6.1.2: Heat map of Stage 1A mackelaly egg production (eggs. f2. day-1) by half rectangle for the North Sea
areas, 2025. Grey circles represent daily egg production values; crosses represent zero values.
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Figure 8.6.1.3. Man daily egg production by period curve for mackerel in the western component in 2025, (yellow line).
The curves for 2016, 2019 and 2022 are included for comparison.
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Figure 8.6.2.5. Mackerel catch rates from predetermined surface trawl stations (circle size represents catch rate in
kg/km2) overlaid on mean catch rate per standardized rectangle (2° lat. x 4° lon.) from IESSNS 2026, including North Sea.
Zero mackerel cathes are displayed as grey crosses.
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Figure 8.6.2.6. Mackerel annual distribution proxied by the absolute distribution of mean mackerel catch rates per stand-
ardized rectangles (2° lat. x 4° lon.), from predetermined surface trawl stations from IESSNS in 2010 and from 2012 to
2026, including Nrth Sea. Colour scale goes from white (= 0) to red (= maximum value for the given year).
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Figure 8.6.3.4. Yearly tagased abundance estimates at age for NEAM based on the Lincoln Petersen model (N = R *
Nscan/ r). Estimates are means with 95 % Cls from bootstraps with 1000 iterations based on R of an age in a release
year, and Nscan and r of the same year class in YearsOu® after release. Age 12 is plus grouNote that red dots
represent last yea® official input (WGWIDE 2025) data foomparison. Small adjustments in 2023 is due to one addi-
tional year with Nscan and fEstimates are only based on Nscand r from factories and periods with accepted efficien-
cies. Due to a limited distribution of scanned catch (Figure 8.6.3.2) and recaptures (Figure 8.6.3.3), release years 2011

2012 are biased yielding higher Cls in the abundance estimates, and theyxataded from the assessment.
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Figure 8.7.5. NE Atlantic mackerel. One Step Ahead Normalized residuals for the fit to the catch data (catch data prior
to 2000are not used to fit the model). Blue circles indicate positive residuals (observation larger than predicted) and
filled red circles indicate negative residuals.
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Figure 8.7.2.6. NE Atlantic mackerel. Empirical correlations between ages in the One Step Ahead residuals for the catch
at-age data.
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Figure 8.7.2.7. NE Atlantic mackerel. Empirical correlations between ages in the One Step Ahead residuals for the IESSNS
abundancesat-age (left) and for the RFID tagging index (right).
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Figure8.7.28. NE Atlantic mackerel. One step ahead residuals for the fit to the recapturest@él tags in the final as-
sessment. The-axis represents the release year, and theayis is the number of years between tagging and recapture.
Each panel correspond to a given age at release. Blue circles indicate positive residuals (observation largereghan pr
dicted) and filled red circles indicate negative residuals.
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Figure 8.7.2.9. NE Atlantic mackerel. Observed cedtiage numbers (dots) versus model fitted values (solid line). In log
scale.
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Figure 8.7.2.12. NE Atlantic mackerel. Observed abundaateage index from the RFID tags (dots) versus model fitted
values (solid line). In log scale.
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Figure 8.7.2.13. NE Atlantic mackerel. Observed abundaateage index from the IESSNS at age 2 (dots) versus model
fitted values (solid line). In log scale.
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Figure 8.7.2.14. NE Atlantic mackerel. Leave one out assessment runs. SAM estimates of SSB, Fbar and recruitment, for
assessments runs leaving out one of the observation data sets
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Figure 8.73.1. NE Atlantic mackerel. Perception of the NEA mackerel stock, showing the §3B§ nd recruitment
(with 95% confidence intervals) from the SAM assessment.
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Exploitation pattern (2000-2025)

Figure 8.73.2. NE Atlantic mackerel. Estimategkploitation pattern for the period 198 to 2025, calculated as the ratio
of the estimated fishing mortalityat-age and the Fbar8 value in the corresponding year.
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Figure 8.8.1.3. BEAST decomposition and changepoint detection of mackerel recruitment. The upper panel shows the

estimated recruitment trend (green line) with its uncertainty interval (shaded area), while the points represent the ob-
served recruitment estinates. The second panel shows the posterior probability of a changepoint (Pr(tcp)), with the

dashed vertical line indicating the most probable changepoint. The third panel shows the estimated change in trend slope
(dTr), and the fourth panel illustrates the posterior probability of the trend component (slope sign, red : increase, green
: not trend, blue: decrease). The bottom panel shows the residuals from the BEAST model.
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Figure 8.8.1.4. BEAST decomposition and changepoint detection of mackerel recruits per spawner. The upper panel
shows the estimated R/SSB trend (green line) with its uncertainty interval (shaded area), while the points represent the
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Figure 8.8.2.1. NE Atlantic mackerel. Historic and forecasted future SSB, Fbar and recruitment trajectories for the short
term forecast corresponding to the application of the ICES MSY advice rule.
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Figure 8.8.2.2. NE Atlantic mackerel. Contribution of the different age groups to the catches in 2027 in the mackerel
forecast. The management option for 2027 is the MSY advice rule. Year classes that are derived from abundances esti-
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Figure 8.8.2.3. NE Atlantic mackerel. Contribution of the different age groups to the SSB in 2027 in the mackerel forecast
using the benchmark set up. The management option for 2027 is the MSY advice rule. Year classes that are derived from
abundances esthated by the stock assessment model in 2026 are depicted in blue. Year class based on forecast assump-

tion are depicted in red and in green.
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Figure 8.10.3. NE Atlantic mackerel. Comparison of the catch, Fbar, Recruitment and SSB values in the assessment and
forecast from the WGWIDE 2025 and WGWIDE 2026
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Figure 8.10.4. NE Atlantic mackerel. Comparison of the abundamatemye in the assessment and forecast from the
WGWIDE 2025 and WGWIDE 2026.
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Figure 8.10.5. NE Atlantic mackerel. Comparison of the mean wedgfge in the stock used in the assessment and
forecast from the WGWIDE 2025 and WGWIDE 2026

Figure 8.10.6. NE Atlantic mackerel. Comparison of the mean wedgtetge in the catch used in the assessment and
forecast from the WGWIDE 2025 and WGWIDE 2026



