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Executive Summary

The Working Group (WG) on Widely Distributed Stocks (WGWIDE) met at AZTT in
Pasaia, Spain, from 25 to 31 August 2015. The meeting was attended by 32 delegates
(two of them by WebEx) from Netherlands, Ireland, Spain, Norway, Portugal, Iceland,
United Kingdom (England and Scotland, the first participating by WebEx), Faroe Is-
lands, Denmark, Russia and Germany. Other fisheries scientists participated by corre-
spondence. The WG reports on the status and considerations for management of
northeast Atlantic mackerel, blue whiting, western and North Sea horse mackerel,
northeast Atlantic boarfish, Norwegian spring spawning herring, striped red mullet
(Subareas VI, VIII and Divisions VIla-c, e-k and IXa), and red gurnard (Subareas III,
1V, V, VI, VI, and VIII) stocks.

WGWIDE also worked on three special requests regarding the management strategies
of Blue whiting, northeast Atlantic mackerel, and Atlantic boarfish, providing answers
to the two latter.

Northeast-Atlantic (NEA) Mackerel. This species is widely distributed through the
ICES area and currently supports one of the most valuable European fisheries. Macke-
rel is fished by a variety of fleets from many countries (ranging from open boats using
hand lines on the Iberian coasts to large freezer trawlers and Refrigerated Sea Water
(RSW) vessels in the Northern Area. The assessment was benchmarked in 2014, and
each of the three times the stock assessment has been carried out after that the percep-
tion of the stock has been revised. The assessment thus shows undesirable uncertainty.
This year the assessment model was slightly modified to include a stock-recruitment
relationship in order to overcome model mis-fitting.

WGWIDE provided a response to a special request regarding the long-term manage-
ment strategy for NEA mackerel. The work was based on analyses carried out in
WKMACLTMP 2014 and provides range for Fmsy corresponding to long term yields
that differ at most 5 % from the MSY.

Blue whiting. This pelagic gadoid is widely distributed in the eastern part of the North
Atlantic. The assessment this year was considered an update, although a small change
was made to the parameter reflecting the timing of the spawning survey within a year.
The perception of the stock changed rather substantially, the stock now being esti-
mated at lower level than in earlier years. This is largely due to the abundance indices
from the 2015 acoustic survey for the adult part of this stock being lower than expected,
given the perception of the stock from last year assessment especially for the older age
groups.

WGWIDE received a NEAFC request on options for a revised long-term management
strategy for blue whiting. Due to the SAM model unstability that was exemplified in
this year’s assessment, and the fact that we are not able to fully estimate the model
uncertainty, WGWIDE was not able to answer the request. Further model develop-
ments are required to address the assessment uncertainty before WGWIDE will be in
a position to evaluate the management strategies requested.

Western Horse Mackerel. The WG performed an analytical assessment for western
horse mackerel following the benchmark procedure. Year classes following 2001 have
been weak, 2010 recruitment in particular is the lowest in the time-series. 2008 year
class is estimated as higher than the recent average. Fishing mortality has been increas-
ing since 2007 as a result of increasing catches and decreasing biomass as the 2001 year
class was reduced. In the absence of any notably large recent year classes, SSB is per-
ceived to be declining. The current outlook for the coming years suggests that this de-
cline will continue.
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North Sea horse mackerel. This year an additional survey index was available for the
WG. However, the survey indices for this stock are uncertain and individual years can-
not be considered to be indicative of trends. All the available data suggest that the
North Sea horse mackerel stock is currently relatively stable at alow level. Recruitment
has been low with some indications of increases in the last few years.

Northeast Atlantic Boarfish. This is a small, pelagic, planktivorous, shoaling species,
found at depths of 0 to 600 m. The species is widely distributed from Norway to Sene-
gal. The fishery for boarfish in the NEA is a relatively new one, and the catches of
boarfish have showed first a sharp increase starting in the first part of 2000s, and later
a decrease in the recent years. There is currently no accepted analytical assessment for
this stock, but results from an exploratory assessment model are used as indicators for
stock development. Bottom-trawl survey indices are considered indicative of trends in
their respective areas. Since 2012 there has been a sharp decline in the estimated total
stock biomass of boarfish in the North East Atlantic.

WGWIDE answered a special request regarding the management strategy for boarfish,
and found the suggested management strategy to be precautionary.

Norwegian spring spawning herring. This is one of the largest herring stocks in the
world. It is highly migratory and distributed throughout large parts of the NE Atlantic.
The assessment was performed using the assessment tools software TASACS (bench-
marked in 2008). This year a spawning ground in February/March along the Norwe-
gian coast was carried out again for the first time since 2008 and was included in the
assessment. The 2015 Norwegian spring spawning herring larvae survey index on the
Norwegian shelf was not included in the assessment due to poor spatial coverage. Even
though F has been decreasing in recent years, in the absence of any strong year classes
since 2004, the stock has declined still further in 2015. SSB at the start of 2015 is esti-
mated to be below Bpa. This decline is expected to continue in the near future even
when fishing according to the management plan, though it is expected that following
the management plan will lead to the stock stabilising above Bim. Norwegian spring
spawning herring assessment is scheduled for a benchmark in 2016.

Striped red mullet in North Sea, Bay of Biscay, Southern Celtic Seas, Atlantic Iberian
Waters. 2015 was the first year this stock has been considered in WGWIDE. This is a
category 5 stock without information on abundance or exploitation, and the evaluation
is based on commercial landings. The advice for this stock is given for 2016 and 2017.

Northeast Atlantic red gurnard. 2015 was the first year this stock has been considered
in WGWIDE. This is a category 6 stock for which there is no indication of where Fishing
Mortality is relative to proxies and no stock indicators, and the evaluation is based on
commercial landings. The advice for this stock is given for 2016 and 2017.
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Introduction
Terms of Reference

WGWIDE - Working Group on Widely Distributed Stocks

2015/2/ACOM16 The Working Group on Widely Distributed Stocks (WGWIDE), chaired

1.2

1.3

by Katja Enberg, Norway, will meet in AZTI-Pasaia facilities, Spain, 25-31 August,
2015 to:

a) Address generic ToRs for Regional and Species Working Groups;

b) Answer the NEAFC special request on options for a revised long-term man-
agement strategy on blue whiting;

c) Answer the EU, Faroe Island and Norwegian special request for advice con-
cerning options for a revised management strategy for mackerel.

d) Answer the EU special request for advice concerning management strategy
for boarfish.

Material and data relevant for the meeting must be available to the group no later than
27 July 2015 according to the Data call 2015, which was send out on 3 February 2015.

The assessments will be carried out on the basis of the stock annex in National Labor-
atories, prior to the meeting. This will be coordinated as indicated in the table below.

WGWIDE will report by 7 September, 2015 for the attention of ACOM.

List of participants

WGWIDE 2015 was attended by 32 delegates from the Netherlands, Ireland, Spain,
Norway, Portugal, Iceland, United Kingdom (England [by WebEx] and Scotland),
Faroe Islands, Denmark, Russia and Germany. Other fisheries scientists participated
by correspondence. The full list of participants is in Annex 1. WGWIDE greatly missed
the presence of our long term group member Manolo Meixide, who suddenly passed
away this spring. It is difficult to replace such a long-standing scientist in the group,
but fortunately other WGWIDE members were able to assume his earlier tasks in a
satisfactory manner. However, Manolo will be dearly remembered and missed.

Quality and Adequacy of fishery and sampling data

1.3.1 Sampling Data from Commercial Fishery

The working group again carried out a brief review of the sampling data and the level
of sampling on the commercial fisheries. Sampling coverage for mackerel is 90%. In
comparison to last year the proportion of the horse mackerel catch sampled decreased
from 77% to 65% pointing out that there are too many countries not providing sam-
pling data. Norwegian spring spawning herring and blue whiting sampling covers
both 89% of the total catch, respectively. Following the memorandum of understand-
ing agreement between the EU and ICES boarfish (Capros aper) was included into
WGWIDE since 2011 and tables on the sampling level for this species are added in this
section. Information on sampling data on the new into WGWIDE included species
Striped red mullet (Mullus surmuletus) and Red Gurnard (Chelidonichthys cuculus) is not
given in this section.

In general, to facilitate age-structured assessment, samples should be obtained from all
countries with catches of the relevant species.

The sampling programmes on the various species are summarised as follows:
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Mackerel
TOTAL
CATCH (wg % catch covered by No. No.
Year catch) sampling programme* samples Measured No. Aged
1992 760000 85 920 77000 11800
1993 825000 83 890 80411 12922
1994 822000 80 807 72541 13360
1995 755000 85 1008 102383 14481
1996 563600 79 1492 171830 14130
1997 569600 83 1067 138845 16355
1998 666700 80 1252 130011 19371
1999 608928 86 1109 116978 17432
2000 667158 76 1182 122769 15923
2001 677708 83 1419 142517 19824
2002 717882 87 1450 184101 26146
2003 617330 80 1212 148501 19779
2004 611461 79 1380 177812 24173
2005 543486 83 1229 164593 20217
2006 472652 85 1604 183767 23467
2007 579379 87 1267 139789 21791
2008 611063 88 1234 141425 24350
2009 734889 87 1231 139867 28722
2010 869451 91 1241 124695 29462
2011 938819 88 923 97818 22817
2012 894684 89 1216 135610 38365
2013 933165 89 1092 115870 25178
2014 1394454 90 1506 117250 43475

*Percentage related to working group catch.

Sampling activity in 2014 covered 90% of the working group catch, in line with previ-
ous years. The number of samples increased by approximately 50%. It should be noted
that this sampling coverage figure is based on the total sampled catch and thus the
largest catching nations that can sample 100% of their catch mask any deficiencies at
national level and with more widely dispersed fisheries. This is especially true when a
large proportion of the total catch is taken in large, directed fisheries which are rela-
tively straightforward to sample.

Faroe, Greenland, Iceland, Ireland, Norway, Portugal, Russia, Scotland and Spain all
sampled over 95% of their catch. As in previous years, England & Wales sampled a
small fraction of their total catch, corresponding to the handline fishery in area Vlle.
The freezer trawler fleet operating out of the Netherlands, Germany, England and
France is covered by the Dutch and German sampling programs as the fleet is princi-
pally Dutch-owned. Individual samples within this fishery consist of only 25 aged fish
which can be limiting when only a single sample is available in a particular area and
quarter. In particular, there is a lack of sampling activity in the fourth quarter for this
fleet. The Dutch program also provided samples for English registered freezer trawlers
landing into the Netherlands. Of the remaining countries with significant catches
Northern Ireland and Sweden did not provide any sampling information. France con-
ducted length-frequency sampling but no ageing was carried out.
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The sampling summary of the mackerel catching countries is shown in the following

table:
% catch
covered by
OFFICIAL sampling NO. NO. NO.

COUNTRY CATCH programme* SAMPLES  MEASURED AGED

Belgium 56 0 0 0 0
Denmark 42222 52 10 917 917
Faroe Islands 150236 100 22 1903 1625
France 21719 0 0 0 0
Germany 28456 67 28 8378 787
Greenland 78581 100 200 6642 1
Guernsey 9 0 0 0 0
Iceland 172960 100 154 6275 3200
Ireland 103178 98 55 9544 1864
Isle of Man 3 0 0 0 0
Lithuania 9598 0 0 0 0
Netherlands 46665 62 33 2883 825
Norway 277731 99 67 1958 1958
Portugal 618 100 96 5032 594
Russia 116433 100 106 25360 1147
Spain 27296 100 282 3073 5582
Sweden 4422 0 0 0 0
UK (England & Wales) 26562 35 19 2222 531
UK (Northern Ireland) 20352 0 0 0 0
UK (Scotland) 240934 98 76 9902 2369
Total 1384998 90 1506 117250 43475

*Percentage based on Working Group catch
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The following table describes the mackerel sampling intensity levels in terms of catch
in each ICES division. Only areas with relatively minor catches are insufficiently sam-

pled.

NO

OFF. WG NO NO NO AGED/ NO MEAS/
AREA CATCH CATCH SAMPLES AGED MEAS. kT* kT*
IIa 433177 433177 130 2783 26028 6 60
IIb 10 10 0 0 0 0 0
IIIa 636 636 0 0 0 0 0
IIlc 1 1 0 0 0 0 0
I1d 1 1 0 0 0 0 0
Iva 380951 380951 104 4149 8859 11 23
IVb 2167 2167 2 50 169 23 78
IVe 465 465 0 0 0 0 0
Va 148495 148495 144 2979 5825 20 39
Vb 8442 8442 32 713 2026 84 240
Via 180408 180408 84 2620 16880 15 94
VIla 7 7 0 0 0 0 0
VIIb 28914 28914 28 990 3147 34 109
VIlc 470 470 8 400 400 851 851
Viid 4903 4903 6 150 731 31 149
VIle 754 754 0 0 0 0 0
VIIf 326 326 19 531 2222 1628 6815
Vilg 115 115 2 200 200 1739 1739
VIIh 3357 3357 4 400 400 119 119
VIJj 37714 37714 41 1316 5064 35 134
VIIa 4802 4802 0 0 0 0 0
VIIIb 13584 13584 43 3191 2151 235 158
VIlIc 2821 2821 24 400 400 142 142
VIIIcE 25551 31396 271 4224 23495 165 919
VIIcW 8403 11353 101 3382 1171 402 139
VIIId 164 164 0 0 0 0 0
IXa 2082 2082 161 4570 6629 2195 3183
IXaN 1886 2548 69 1681 387 891 205
IXaS 341 341 26 1691 387 4958 1134
XIVa 28 28 1 23 26 1 1
XIVb 94021 94021 206 258 6947 3 74

*Based on official catches
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Horse Mackerel

The following table shows a summary of the overall sampling intensity on horse
mackerel catches in recent years in all areas 1992 —2009 and in the western and North
Sea areas for the following years. Since 2009 the Southern horse mackerel is dealt with
by ICES WGHANSA.

TOTAL
CATCH (ICES % catch covered by No. No.

Year estimate) sampling programme* samples Measured No. Aged

1992 436 500 45 1803 158447 5797
1993 504190 75 1178 158954 7476
1994 447153 61 1453 134269 6571
1995 580000 48 2041 177803 5885
1996 460200 63 2498 208416 4719
1997 518900 75 2572 247207 6391
1998 399700 62 2539 245220 6416
1999 363033 51 2158 208387 7954
2000 272496 56 1610 186825 5874
2001 283331 64 1502 204400 8117
2002 241336 72 1768 235697 8561
2003 241830 79 1568 200563 12377
2004 216361 68 1672 213066 16218
2005 234876 78 2315 241629 15866
2006 215277 72 1623 231344 12009
2007 187995 62 1321 174897 10749
2008 198085 77 1362 186800 11915
2009 247637 87 1258 92846 13345
2010 224462 78 703 48465 13984
2011 222415 62 502 40964 7604
2012 186432 68 501 41148 8220
2013 179382 77 686 87300 9776
2014 142505 81 619 43799 7480

*Percentage related to catch acc. to ICES estimation

The large numbers of measured fish 1992 —2009 were due to intensive length measure-
ment programs in the southern areas. In 2008, 76% of the horse mackerel measured
were from Division [Xa.

Countries that usually carried out sampling were Ireland, the Netherlands, Germany,
Norway and Spain and they covered 56 —100% of their respective catches. In 2014 Ger-
many, Ireland, the Netherlands, Norway, UK (England) and Spain provided samples
and age distributions. The lack of sampling data for relatively large portions of the
horse mackerel catches continues to have a serious effect on the accuracy and reliability
of the assessment and the Working Group remain concerned about the low number of
fish that are aged.
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The horse mackerel sampling intensity for the Western stock in 2014 was as follows:

% CATCH NO. NO. NO.

COUNTRY CATCH SAMPLED* SAMPLES MEASURED AGED

Denmark 5955 0 0 0 0
Faroe Islands 68 0 0 0 0
France 34283 0 0 0 0
Germany 9826 56 8 3206 277
Ireland 32396 99 33 5247 1219
Netherlands 25175 90 68 1696 1696
Norway 10265 96 18 461 245
Spain 19443 97 456 28860 3104
UK (England) 4831 78 11 1416 275
UK(Northern Ireland) 1578 0 0 0 0
UK(Scotland) 1389 92 1 63 38
Total 124916 84 595 40949 6854

*Percentage based on ICES estimate

The horse mackerel sampling intensity for the North Sea stock in 2014 was as follows:

% CATCH NO. NO. NO.

COUNTRY CATCH SAMPLED* SAMPLES  MEASURED AGED

Belgium 73 0 0 0 0
Denmark 559 0 0 0 0
France 1742 0 0 0 0
Germany 1619 0 0 0 0
Netherlands 4925 88 4 100 100
Sweden 1 0 0 0 0
UK (England)** 4200 99 15 2457 375
UK(Scotland) 262 0 0 0 0
Total 13380 63 19 2557 475

*Percentage based on ICES estimate

**sampled by Dutch observers
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The horse mackerel sampling intensity by division was as follows:
N
Official N N measured N aged per

Area Catch samples measured Naged  per 1000t 1000t

Ila 409

IIIa 4110 5 293 151 71 37
IIlc

IVa 10593 21 536 320 51 30
IVb 271 1 25 25 92 92
IVc 1156 4 550 100 476 86
Vb 15

Via 32567 40 5504 1240 169 38
VIb

Vlla

VIIb 26659 33 3425 1008 128 38
VIlc 2771 4 462 161 167 58
Viid 5283 14 1982 350 375 66
Vile 6191 14 1220 348 197 56
VIIf 1

Viig 20

ViIh 2509 4 98 98 39 39
VIJj 11569 18 719 450 62 39
VIIk 0

VIIa 2018

VIIIb 2090 67 3249 406 1554 194
Vllc 771

VIIIcE 7073 280 18640 1975 2635 279
VIIcW 19652 110 7092 844 361 43
VIIId 9

Total 134965 687 43723 6854 324 55
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Norwegian Spring Spawning Herring (NSSH)

TOTAL % catch covered by No.

Year CATCH sampling programme samples No. Measured No. Aged

2000 1207201 86 389 55956 10901
2001 766136 86 442 70005 11234
2002 807795 88 184 39332 5405
2003 789510 71 380 34711 11352
2004 794066 79 503 48784 13169
2005 1003243 86 459 49273 14112
2006 968958 93 631 94574 9862
2007 1266993 94 476 56383 14661
2008 1545656 94 722 81609 31438
2009 1686928 94 663 65536 12265
2010 1457015 91 1258 124071 12377
2011 992.997 95 766 79360 10744
2012 825.999 93 649 59327 14768
2013 684.743 91 402 33169 11431
2014 461.306 89 229 18370 5813

89% of the total catch was covered by national sampling programmes. The following
table gives a summary of the sampling activities of the NSSH catching countries. The
sampling coverage by country is between 48 and 100%. No sampling was carried by
Germany, Greenland, Ireland and UK representing together 4% of the total catch.

% catch
covered by
OFFICIAL sampling NO. NO. NO.

COUNTRY CATCH programme SAMPLES MEASURED AGED
Denmark 12513.32 100% 249 339 99
Faroe Islands 38529.42 99% 16 1351 1305
Germany 668.93 0
Greenland 13107.71 0 0 0 0
Iceland 58828 100 55 2317 1241
Ireland 705.57 0 0 0 0
Netherlands 9175.12 100 7 449 175
Norway 263252.91 99 77 2444 2444
Russia 60292 48 72 11560 549
UK 4233.34 0 0 0 0

Total for Stock 461.306 89 229 18370 5813
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Shown in the following table are the NSSH sampling levels by relating numbers meas-
ured and aged to the size of the catch in each ICES division.

No
Aged/ No
Official No No No 1000 Measured/
Area Catch Samples  Aged Measured tonnes 1000 tonnes
ITa 345979 130 3535 9649 10 28
IIb 16484 32 455 3985 14 227
IVa 2306 0 0 0 10 10
Va 31990 43 1043 1767 33 55
Vb 6287 7 601 620 95 98
XIVa 2171 16 74 2241 34 1032
Total 684743 229 5813 18370 12 40
Blue Whiting
TOTAL % catch covered by No. No.

Year CATCH sampling programme samples Measured No. Aged
2000 1412928 * 1136 125162 13685
2001 1780170 * 985 173553 17995
2002 1556792 * 1037 116895 19202
2003 2321406 * 1596 188770 26207
2004 2377569 * 1774 181235 27835
2005 2026953 * 1833 217937 32184
2006 1966140 * 1715 190533 27014
2007 1610090 87 1399 167652 23495
2008 1246465 90 927 113749 21844
2009 635639 88 705 79500 18142
2010 524751 87 584 82851 16323
2011 103591 85 697 84651 12614
2012 373937 80 1143 173206 15745
2013 625837 96 915 111079 14633
2014 1155279 89 912 111316 39738

* no figures given

89% of the total catch was covered by national sampling programmes which is the sec-
ond highest coverage of the last six years. The sampling summary of the blue whiting
catching countries is shown in the following table. No sampling was carried out by
France, Germany, Lithuania, Sweden and the UK (England, Wales, Northern Ireland
and Scotland) representing together 5.75% of the total catches.
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% catch covered by

COUNTRY OFFICIAL CATCH sampling programme NO. SAMPLES NO. MEASURED NO. AGED
Denmark 35256 21 6 338 338
Faroe Islands 224700 99 39 4687 3406
France 10410 0 0 0 0
Germany 24487 0 0 0 0
Iceland 182879 99 57 4907 2465
Ireland 21466 65 11 2643 968
Lithuania 4717 0 0 0 0
Netherlands 38524 65 75 9790 1874
Norway 399520 100 56 3172 1655
Portugal 2150 100 57 3102 1663
Russia 152256 100 341 69402 3944
Spain 32065 100 270 13275 23425
Sweden 2 0 0 0 0
UK (England) 11 0 0 0 0
UK(Northern Ireland) 2205 0 0 0 0
UK(Scotland) 24630 0 0 0 0
Total 1155279 89 912 111316 39738

The following table describes the blue whiting sampling levels by relating numbers
measured and aged to the size of the catch in each ICES division.
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No Aged/ 1000

No Measured/ 1000

Area Official Catch No Samples No Aged No Measured tonnes* tonnes*
Ila 42165.855 64 12696 953 301 23
IIb 558.317 14 2141 106 3835 190
Ila 1.942 0 0 0 0 0
IVa 28552.234 13 1040 511 36 18
IVb 41.536 0 0 0 0 0
IVc 0.041 0 0 0 0 0
IXa 5960.59469 88 3106 7515 521 1261
IXaN 3888.66385 70 4159 5852 1070 1505
\% 503.926 0 0 0 0 0
Va 1947.04 0 0 0 0 0
Vb 364835.3751 161 31298 3925 86 11
Via 274235.4172 115 14993 4215 55 15
VIb 114337.007 91 17397 1475 152 13
VIIb 3081.67158 3 555 111 180 36
Vllc 128493.4099 62 4204 1671 33 13
Vlile 10.65 0 0 0 0 0
Viig 0.93676 2 2 2 2135 2135
VIIh 2368.80558 7 130 130 55 55
VIlIa 496.45617 0 0 0 0 0
VIIIb 20.281 0 0 0 0 0
VIIIc 23863.17024 144 9095 11704 381 490
vid 2537.44951 0 0 0 0 0
VIjj 1171.283 12 1360 104 1161 89
VIIk 155302.1869 61 8228 1265 53 8
XII 500 2 248 199 496 398
XIVa 394 3 664 0 1685 0
XIVb 11 0 0 0 0 0
Total 1155279 912 111316 39738 12235 6259

*Based on official catches
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Boarfish
TOTAL % catch covered by No. No.

Year CATCH sampling programme samples Measured No. Aged

2001 120 0 0 0 0
2002 91 0 0 0 0
2003 11387 0 0 0 0
2004 5151 0 0 0 0
2005 5959 0 0 0 0
2006 7137 0 0 0 0
2007 21576 NA 3 217 0
2008 34751 NA 1 152 0
2009 90370 NA 9 1475 0
2010 144047 NA 95 10 675 403*
2011 37096 NA 27 4 066 704
2012 87355 NA 80 (68)*** 9656 (8 814**

565)+**

2013 75409 NA 76 9392 (Vi
2014 43418 NA 54 7008 (Vi

*A common ALK was developed from fish collected from both commercial and survey samples. This

comprehensive ALK was used to produce catch numbers at age data for pseudo-cohort analyses.

**A common ALK was developed from fish collected from samples from Danish, Irish and Scottish com-
mercial landings. This comprehensive ALK was used for all métiers to produce catch numbers-at-age data

for pseudo-cohort analyses. Only aged fish measured to 0.5cm were included in the ALK.

*** Only Irish collected samples were used for length frequency, see stock annex.
***% 2012 ALK used.
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OFFICIAL % landings
LANDINGS covered by

(excluding sampling NO. NO. NO.
COUNTRY discards) programme SAMPLES MEASURED AGED
8795
Denmark NA 11 1936 0*
34622 5072
Ireland NA 43 0*
38
UK(Scotland) 0 0 0 0*
Total 43418 NA 54 7008 0*
*2012 ALK used.
No
Official No Measured/
Area . No Samples No Aged
Landings Measured 1000
tonnes*

Via 212 0 0 0 0
VIIb 3274 1 0 44 13
Viig 135 0 0 0 0
VIIh 23196 38 0 5127 221
VIJj 16429 15 0 1837 112
Vlilla 119 0 0 0 9
VIIIk 53 0 0 0 0
Total 43418 54 0 7008 161

1.3.2 Catch Data

Recent working groups have on a number of occasions discussed the accuracy of the
catch statistics and the possibility of large scale under reporting or species and area
misreporting.

The working group considers that the best estimates of catch it can produce are likely
to be underestimates.

1.3.3 Discards

Discarding in pelagic fisheries is more sporadic than in demersal fisheries. This is be-
cause the nature of pelagic fishing is to pursue schooling fish, creating hauls with low
diversity of species and sizes. Consequently, discard rates typically show extreme fluc-
tuation (100% or zero discards). High discard rates occur especially during “slippage”
events, when the entire catch is released. The main reasons for slipping” are daily or
total quota limitations, illegal size and mixture with unmarketable by-catch. Quantify-
ing such discards at a population level is extremely difficult as they vary considerably
between years, seasons, species targeted and geographical region.

Discard estimates of pelagic species from pelagic and demersal fisheries have been
published by several authors. Discard percentages of pelagic species from demersal
fisheries were estimated between 3% to 7% (Borges et al., 2005) of the total catch in
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weight, while from pelagic fisheries were estimated between 3% to 17% (Pierce et al.
2002; Hofstede and Dickey-Collas 2006, Dickey-Collas & van Helmond 2007, Ulleweit
& Panten 2007, Borges et al. 2008, van Helmond et al. 2009, 2010, 2011, van Overzee et
al. 2013). Slipping estimates have been published for the Dutch freezer trawler fleet
only, with values at around 10% by number (Borges et al. 2008) and around 2% in
weight (van Helmond et al. 2009, 2010 and 2011) over the period 2003 —2010. Never-
theless, the majority of these estimates were associated with very large variances and
composition estimates of “slippages” are liable to strong biases and are therefore open
to criticism.

Borges et al. (2008) show that for the Dutch freezer trawler fleet between 2002 and 2005,
the most important commercial species discarded is mackerel, accounting for 40% of
total pelagic discards. Other important discarded species are herring (18%), horse
mackerel (15%) and blue whiting (8%). These discards are also the consequence of fish-
eries targeted at other species (e.g. mackerel in the horse mackerel and herring targeted
fisheries). Boarfish was found to account for 5% of the discards. Total amount of dis-
cards by species in this fleet were estimated by van Overzee et al. (2013) for the years
2003 —2012. They indicate that discards in these years for blue whiting (3.5%; range 1—
16%), herring (NSSH and other stocks: 3%; range 1-7%) and horse mackerel (1.4%;
range 1—5%) are low, but higher for mackerel (24.2%; range 16—37%). Dutch-owned
freezer-trawlers also operate in European waters under German, UK, and French flags.
Unpublished data from 2013 and 2014 show for the freezer trawler fleet of the Nether-
lands and Germany discard rates between < 1% to 7% for mackerel, between 0 and <
1% for horse mackerel, between < 1% and 6% for blue whiting and app. 1% for herring
(all stocks).

From 2015 onwards a landing obligation for European Union fisheries is in place for
fisheries directed on small pelagic fish including mackerel, horse mackerel, blue whit-
ing and herring. To date it was not analysed to which amount this has influenced the
discarding behaviour of the fisheries. A general discard ban is already in place for Nor-
wegian, Faroese and Icelandic fisheries.

Because of the potential importance of significant discarding levels on pelagic species
assessments the Working Group again recommends that observers should be placed
on board vessels in those areas in which discarding occurs, and existing observer
programmes should be continued. Furthermore agreement should be made on sam-
pling methods and raising procedures to allow comparisons and merging of dataset
for assessment purposes.

Mackerel

The Netherlands, Spain, Germany, Ireland, Denmark, Greenland and Portugal pro-
vided discard data on mackerel to the working group. Age disaggregated data was
available from Spain, Portugal and Germany which indicates that the discarded catch
is dominated by age 0 and 1 fish (> 85% by number). For 2014 the total mackerel dis-
cards reported were 6451 tonnes. The working group considers this to be an underes-
timate (see section 2.3.1) and the discard sampling to be incomplete.

Horse Mackerel

In the past discards of juvenile horse mackerel have been thought to constitute an in
the past discards of juvenile horse mackerel have been thought to constitute a problem.
However, in recent years a targeted fishery has developed on juveniles, including 1-
year old fish and discarding of juveniles is now thought to be small. Over the years the
Netherlands, Germany, Ireland and Spain have provided discard data. However,
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based on these data it is impossible to estimate the total discard rate in the horse macke-
rel fishery, since the discard rates reported are quite different. In 2014 discard data
were available from Denmark, UK (England), Spain and the Netherlands. Ireland, Nor-
way, Sweden and Germany observed zero discard during observed trips.

Norwegian Spring Spawning Herring

The Working Group has no comprehensive data to estimate discards of herring. Alt-
hough discarding may occur on this stock, it is considered to be very low and a minor
problem to the assessment. This is confirmed by estimates from sampling programmes
carried out by some EU countries in the Data Collection Framework. Estimates on dis-
carding in 2008 and 2009 of about 2% in weight were provided for the trawl fishery
carried out by the Netherlands. In 2010 and 2012, this metier was sampled by Germany.
No discarding of herring was observed (0%).

The Norwegian coast guard maintains a close presence with the pelagic fishing fleet in
Norwegian waters with several vessels and a plane. IMR has a co-operation with a
number of reference vessels in the pelagic fleet, primarily for the purposes of biological
sampling but also recording losses through gear damage or slipping. These data indi-
cate that the frequency of slipping and the total quantities of fish slipped are low and,
although the quantity remains unknown, are too small to have a significant effect on
the reliability of the assessment.

Blue Whiting

Overall discards of blue whiting are thought to be small. Estimates from the DCF dis-
card sampling programme for 2014 were available from Denmark (0.17%), the Nether-
lands (0.3%), Portugal (39%), Spain (20%) and UK (England and Wales) (13%). Only
the discards from Portugal and Spain were considered in the total catches used in the
assessment. Most of the other blue whiting fishing countries assume their discards to
be zero (Faroe, France, Russia, Norway and Iceland) due to existing discard bans in
these countries and/or information from the industry.

Boarfish

Discard data were available from Ireland, Germany, the Netherlands, Portugal, Spain,
and the UK. The Portuguese data relate to Division IXa and are not relevant to this
stock. Discards were not obtained French freezer trawlers, though discard patterns in
these fleets are likely to be similar to the Dutch fleet. It is to be expected that discarding
occurred before 2003, in demersal fisheries, however it is difficult to predict what the
levels may have been.

1.3.4 Age-reading

Reliable age data are an important pre-requisite in the stock assessment process. The
accuracy and precision of these data, for the various species, is kept under constant
review by the Working Group.

Mackerel

A small scale otolith exchange was carried out in 2013/2014 by TI-SF. Taking the results
of the exchange in account the carrying out of a workshop is recommended in order to
increase the agreement between the laboratories involved in stock assessment espe-
cially for older fish. This is brought forward to the Working Group on Biological Pa-
rameters (WGBIOP) which took over the responsibilities of PGCCDBS on the
coordination of a practical implementation of quality assured and statistically sound
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development of methods, standards and guidelines for the provision of accurate bio-
logical parameters for stock assessment purposes.

Horse mackerel

Following the otolith exchange in 2011 and the workshop in 2012 an exchange was
carried out in the beginning of 2015. The exchange was done with otoliths of three
Trachurus species (Trachurus trachurus, T. picturatus, T. mediterraneus). The results
showed for all species a very low precision with percent agreements between 47 and
56% and CVs ranging from 29 to 69%. The results will be further discussed on the
forthcoming workshop in October 2015.

Norwegian Spring Spawning Herring

During the post-cruise meeting after the 2015 IESNS survey (also known as the “May
survey”), age distributions of NSS herring from trawl samples from the different par-
ticipating countries were compared. These age distributions were quite different, even
for samples taken in the same area and time period.

As Norwegian scientists see it, the technical problems with age readings of NSS herring
during the May survey can be split into two: (1) The problem with deciding whether
the herring in May has added extra growth in the otoliths or scales: If the age readers
decides there is extra growth added during the present year, they decide not to count
the edge of the scales and otoliths as a winter ring. Opposite, if they do decide that
there is no growth yet (during the present year), they decide to count the edge as a
winter ring, thereby adding one more year. As a general rule it is very seldom that NSS
herring has added growth in the otoliths in May. Norwegian age readers that follow
the NSS herring with age reading all over the year, see this more clearly than readers
not reading age of the herring in the months prior to the May survey. Norwegian read-
ers therefore normally count the edge. However, non-Norwegian readers have a ten-
dency to interpret that growth is added more often, and therefore do not count the
edge. Typically this may lead to transfer of fish from a large year class like 2004 and
down to a smaller year class like 2005. The problem will increase as a year class gets
older, and growth ceases. The older they get, the closer is the distance between the
winter rings, and the more difficult it is to decide if there is growth added to scales and
otoliths already in May. (2) The general problem with reduced quality of scales, and
difficulties of aging old fish using otoliths. Norwegian age readers claim that scales
sampled in May are easier to read than otoliths for older NSS herring. However, in
May it is difficult to get nice scales from herring samples, they are often 'washed off'
during the trawling process. This even makes it more difficult to read the age, and
decide to count the edge or not. Hence, sometimes otoliths have to be used, which are
even more difficult to read than scales.

In conclusion, an age reading workshop involving technicians from the countries par-
ticipating in the IESNS (May) survey should be held before the next survey in May
2016.

Blue Whiting

The last workshop (WKARBLUE) on age reading of blue whiting (Micromesistius
poutassou) took place in 2013. WKARBLUE recommends a new workshop in 2017, and
the survey group recommended that the age readers look closer into a discrepancy
problem for ages 1—3 in the 2014 blue whiting age reading material. Furthermore,
PGCCDBS 2014 proposed an age calibration of blue whiting otoliths in 2016.
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Boarfish

This stock is not part of the EU data collection framework so no funding for age reading
is available. Age length keys were produced in 2012. The age reading was conducted
by DTU Aqua on samples from all three countries in the fishery: Ireland, Denmark and
UK (Scotland).

1.3.5 Biological Data

No specific issues were reported regarding biological data for this section.

1.3.6 Quality Control and Data Archiving

Current methods of compiling fisheries assessment data

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

There are at present no defined criteria on how to allocate samples of catch numbers,
mean length and mean weight at age to unsampled catches, but the following general
process is implemented by the species co-ordinators. Searches are made for appropri-
ate samples by gear (fleet), area, and quarter. If an exact match is not available the
search will move to a neighbouring area, if the fishery extends to this area in the same
quarter. More than one sample may be allocated to an unsampled catch, in this case a
straight mean or weighted mean of the observations may be used. If there are no sam-
ples available the search will move to the closest non-adjacent area by gear (fleet) and
quarter, but not in all cases. For example, in the case of NEA mackerel samples from
the southern area are not allocated to unsampled catches in the western area. It would
be very difficult to formulate an absolute definition of allocation of samples to unsam-
pled catches which was generic to all stocks, however full documentation of any allo-
cations made are stored each year in the data archives (see below). It was noted that
when samples are allocated the quality of the samples may not be examined (i.e. num-
bers aged) and that allocations may be made notwithstanding this. The Working Group
again encourages national data submitters to provide an indication of what data could
be used as representative of their unsampled catches. Definitions of the different catch
categories as used by the WGWIDE:

Official Catch Catches as reported by the official statistics to ICES

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

Area misreported Catch  To be used only to adjust official catches which have been reported
from the wrong area (can be negative). For any country the sum of all
the area misreported catches should be zero.

Discarded Catch Catch which is discarded

WG Catch The sum of the 4 categories above

Sampled Catch The catch corresponding to the age distribution
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Quality of the Input data

Primary responsibility for the accuracy of national biological data lies with the national
laboratories that submit such data. Each stock co-ordinator is responsible for combin-
ing, collating, and interpolating the national data where necessary to produce the input
data for the assessments. A number of validation checks are already incorporated in
the data submission spreadsheet currently in use, and these are checked by the co-or-
dinators who in the first instance report anomalies to the laboratory which provided
the data.

The working group acknowledges the effort some members have made to provide
“corrected” data, which in some cases differ significantly from the officially reported
catches. Most of this valuable information is gathered on the basis of personal
knowledge of the fishery and good relations between the responsible scientist and the
fishermen. The WG is aware of the problem that this knowledge might be lost if the
scientist resigns, and asks the national laboratories to ensure continuity in data provi-
sion. In addition the working group recognises and would like to highlight the inherent
conflict of interest in obtaining details of unallocated catches by country and increasing
the transparency of data handling by the Working Group.

Overall, data quality has improved and sampling deficiencies have been reduced com-
pared to earlier years, partly due to the implementation of the EU sampling regulation
for commercial catch data. However, some nations have still not or inadequately aged
samples. Others have not even submitted any data, so only catch data from Eurostat
are available, which are not aggregated quarterly but are yearly catch data per area.
Sampling deficiencies are documented by the data transmission tables which were
filled in by the stock coordinators. These tables can be found on the WGWIDE Share-
Point.

The Working Group documents sampling coverage of the catches in two ways. Na-
tional sampling effort is tabulated against official catches of the corresponding country
(section 1.3.1). Furthermore, tables showing total catch in relation to numbers of aged
and measured fish by area give a picture of the quality of the overall sampling pro-
gramme in relation to where the fisheries are taking place. These tables are shown in
section 1.3.1 as text tables under the species sections.

Transparency of data handling by the Working Group and archiving past data

The national data on the amount and the structure of catches and effort are archived in
the ICES Intercatch database. The data are provided directly by the individual coun-
tries and are highly aggregated for the use of stock assessments. In the past three years
ICES maintained records of submission, use, quality and relevance of data, use of data
in assessment provided by the individual countries, named as “Data Tables”. The in-
tention of this information was to fulfil ICES’ obligations as a scientific organisation to
make the data used in the assessment fully transparent but also to comply with ICES’
obligations to the EU. These data were also used by the EC to evaluate whether EU
member states have complied with EU data regulations and have submitted the data
to ICES. It was decided by ICES that no data tables are supplied since 2013.

The subject of transmission of data to ICES and other end-users has been discussed by
STECF in 2011 (STECF PLEN 11—02 and STECF EWG 11—08) in the context of the
introduction of regional data bases (RDB) to support international co-operation in data
collection by EU member states. The RDBs are now nearly implemented. STECF and
ICES expects that the RDBs will develop rapidly and that in the near future it will be
possible to use the RDB to aggregate data accommodating the data needs of end-users
like ICES. The STECF EWG has presented a roadmap for the expected transmission
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routes and procedures for the submission of data by EU member states to ICES. The
roadmap aims for submission of member state data to ICES through the RDB.

In recent years, ICES has implemented a Sharepoint solution for the storage and shar-
ing of working group data and documentation. The WG recommends all historical
data and WG files are available through the appropriate Sharepoint site.

The WG continues to ask members to provide any kind of national data reported to
previous working groups (official catches, working group catches, catch-at-age and bi-
ological sampling data), to fill in missing historical disaggregated data. However, there
was little response from the national institutes. The WG recommends that national
institutes increase national efforts to gain historical data, aiming to provide an over-
view which data are stored where, in which format and for what time frame. The
Working Group still sees a need to raise funds (possibly in the framework of an EU-
study) for completing the collection of historic data, for verification and transfer into
digital format.

Stock data problems relevant to data collections

A number of other stock data problems were brought forward to the contact person
and are listed in table below for the information of ICES-Working Groups and RCMs
as specified.

Stock Data Problem How to be addressed in By who

Northeast Submission of data Data submissions must National laboratories
Atlantic inlcude all the data outlined

Mackerel in the data call and be

submitted by the deadline.
Should the data submitter be
unavailable after the data has
been submitted (e.g. vacation)
an alternative contact should
be available who can be

contacted in the event of any

queries.
Northeast Discard and slippage = Discard and slippage National laboratories,
Atlantic information information is incomplete. All  RCMNA,
Mackerel fleets should be monitored RCMNS&EA

and sampled for discard and
slipping. Data should be
supplied to the coordinator by
the submission deadline,
accompanied by
documentation describing the

sampling protocol.

Northeast Sampling All countries involved should  National laboratories,
Atlantic deficiencies— general provide sampling RCMNA,
Mackerel information. Increased RCMNS&EA

cooperation between
countries would help reduce
redundancy and increase
coverage.
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Stock

Data Problem

How to be addressed in

By who

Northeast
Atlantic
Mackerel

Sampling of foreign

vessels

Any information available
from the sampling of foreign
vessels should be forwarded
to the appropriate person in
the national laboratory in
order that they may use this
information when compiling

the data submission.

National laboratories;
RCMNA,
RCMNS&EA

Boarfish

Lack of age data.

Following the MoU between
ICES and EU boarfish (Capros
aper) was included into
WGWIDE. The current
surplus production model
used to assess boarfish is
considered an interim
measure prior to the
development of an aged-
based assessment. Therefore
boarfish should be included
in the list of DCF species and
be aged.

WGCATCH,
WGBIOP. RCMs, EU

Boarfish

Boarfish only
measured to the 1 cm
on the IBTS.

Following the MoU between
ICES and EU boarfish (Capros
aper) was included into
WGWIDE. Boarfish should be
measured to the 0.5 cm on the
IBTS due to the small length
range and the relatively high
ages observed.

ICES IBTSWG

Horse
Mackerel —
Western
Stock

Uncertainties in the
use of the current egg
production method

for the assessment

Evaluation of the assessment
model based on egg
production and fecundity.
Precision estimates of the egg
production data points to be
provided in a form that can be
used by the assessment

model.

Investigate spawning biology.

Future Benchmark

Horse
Mackerel —
Western
Stock

Lack of fishery
independent

information

Exploration of additional
fishery independent time-
series to base an abundance

index on.

Future Benchmark

Horse
Mackerel —
Western
Stock

Assumed value of 0.15
for M.

Value of 0.15 should be
investigated.

Future Benchmark
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Stock Data Problem How to be addressed in By who
Horse Discard Information Discard information is National Institutes,
Mackerel - incomplete. All fleets where RCM NA
Western discarding is thought to be
Stock occurring should be sampled
for discard. Data should be
supplied to the coordinator
accompanied by
documentation describing the
sampling protocol.
Horse Low level of sampling  Collection of information WGBIOP,
Mackerel - and survey data. from other working groups. WGCATCH, RCM
North Sea Currently only IBTS Possible implementation of an  NS&EA
Stock data are available acoustic survey for horse
which are not entirely =~ mackerel in 3rd or 4th
suitable for pelagic Quarter.
species
Norwegian Contrasting age It is recommended that a WGBIOP
Spring distributions between  workshop on age reading is
Spawning laboratories in the required for NSS herring to
Herring May survey address discrepancies across
nations, encountered during
the recent May surveys.
Norwegian Low sampling effort Sampling effort should be National laboratories;
Spring on some nations increased by nations with RCM NS&EA
Spawning (considerably lower little or no samples.
Herring than the 1
sample/1000 tonnes
recommended for this
stock by EU)
Northeast Submission of data Data submissions must National laboratories
Atlantic inlcude all the data outlined
Blue Whiting in the data call and be

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

queries.
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Comment on update and benchmark assessments

For this year, ICES had scheduled update assessments for Blue Whiting, Norwegian
Spring Spawning Herring, Western horse mackerel, Boarfish, and NEA Mackerel. NEA
mackerel assessment was now carried out for the third time after the benchmark pro-
cess in February 2014 (WKPELA 2014). The boarfish assessment, where the result from
the assessment model is used as indicator of trends in the stock development was also
carried out (though this stock is not yet benchmarked) and for the North Sea horse
mackerel data explorations were undertake and new survey indices presented (no ac-
cepted assessment for this stock).

This year two new stock were added to the list of stock in the WGWIDE: Red gurnard
(Chelidonichthys cuculus) in Subareas III, IV, V, VI, VII, and VIII (Northeast Atlantic)
and Striped red mullet (Mullus surmuletus) in Subareas VI and VIII and Divisions VIla—
¢, ek and IXa (West of Scotland, Bay of Biscay, Southern Celtic Seas, Atlantic Iberian
Waters). Unfortunately none of the WGWIDE members was working with or even fa-
miliar with these stocks. However, one scientist from Ireland worked out draft report
and advice by correspondence. Unfortunately these were not available to the WG dur-
ing the meeting.

1.4.1 Latest benchmark results

No new benchmark results since WGWIDE 2014.

1.4.2 Planning future benchmarks

Norwegian spring spawning herring is scheduled for a benchmark in 2016 and prepa-
rations are well underway. NEA mackerel benchmark should take place no later than
2017. Boarfish has not been benchmarked yet at all, and there is a need for a bench-
marked assessment. It is anticipated that a benchmark could take place in 2018. For the
Western and North Sea horse mackerel, a joint benchmark is needed, as it might even
be discussed whether these stocks should be assessed as one or keep them as separate
units. Blue whiting assessment has some issues that should be handled in an interme-
diate benchmark (by correspondence) already in 2016. Table 1.4.2.1 summarizes the
benchmark planning for WGWIDE stocks.

Table 1.4.2.1. Benchmark planning for WGWIDE stocks.

Stock Year benchmark planned
Norwegian spring-spawning herring 2016

NEA mackerel 2017

Boarfish 2018

Western horse mackerel 2017 (intermediate benchmark)
North Sea horse mackerel 2017

Blue whiting 2016 (intermediate)

Special Requests to ICES

1.5.1 NEAFC request to ICES on options for a revised long-term manage-
ment strategy for blue whiting

ICES is requested to evaluate the following long-term management strategy for blue whiting
over 5 and 10-year periods, assuming recent average levels of recruitment, where:

® The value of F in paragraph 4 is a) F0.1=0.22 or b) F=0.25 or c¢) Fmsy=0.3
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* The value for the deviation from F of X% in paragraph 6 is a) 10% or b) 15%
® The value for inter-annual flexibility of Y% in paragraphs 9 and 10 is a) 10% or b)
20%
For each combination of the above mentioned values, ICES is asked to tabulate:
e The risk of SSB falling below Blim
® The risk of SSB falling below Bpa
® The average annual yield
® The inter-annual TAC variability
Proposal for a long-term management strategy for blue whiting:

1. The Parties agree to implement a long-term management strategy for the fisheries on the Blue
Whiting stock, which is consistent with the precautionary approach, aiming at ensuring harvest
within safe biological limits.

2. For the purpose of this long-term management strategy, in the following text, “TAC” means
the sum of the Coastal State TAC and the NEAFC allowable catches.

3. As a priority, the long-term strategy shall ensure with high probability that the size of the
stock is maintained above 1.5 million tonnes (Blim).

4. In the case that the spawning biomass is forecast to be 2.25 million tonnes (=Btrigger =Bpa)
or more on 1 January of the year for which the TAC is to be set, the TAC shall be fixed corre-
sponding to a fishing mortality of [F] on relevant age groups as defined by ICES.

5. Where the rules in paragraph 4 would lead to a TAC, which deviates by more than 20% from
the TAC of the preceding year, the Parties shall fix a TAC that is no more than 20% greater or
20% less than the TAC of the preceding year.

6. Where the rule in paragraph 5 would lead to an F which deviates by more than [X%] from
the F referred to in paragraph 4, the Parties shall fix a TAC corresponding to an F that is no
more than [X%] greater or [X%] less than the F referred to in paragraph 4.

7. In the case that the spawning biomass (B) is forecast to be less than the precautionary biomass
(Bpa) on 1 January of the year for which the TAC is to be set, the TAC shall be fixed that is
consistent with a fishing mortality given by:

Target F=0.05+[(B—1.5)*(F - 0.05) / (2.25 - 1.5)]

8. In the case that spawning biomass is forecast to be less than 1.5 million tonnes (Blim) on 1
January of the year for which the TAC is to be set, the TAC will be fixed that is consistent with
a fishing mortality given by F=0.05

9. Each Party may transfer to the following year unutilised quantities of up to [Y %] of the
quota allocated to it. The quantity transferred shall be in addition to the quota allocated to the
Party concerned in the following year.

10.Each Party may authorise fishing by its vessels of up to [Y %] beyond the quota allocated.
All quantities fished beyond the

allocated quota for one year shall be deducted from the Party’s quota allocated for the following
year.

11.The inter-annual quota flexibility scheme in paragraphs 9 and 10 should be suspended in the
year following the TAC year, if the stock is forecast to be under the precautionary biomass level
(Bpa) at the end of the TAC year.
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12.The Parties, on the basis of ICES advice, shall review this long-term management strategy
at intervals not exceeding five years.

WGWIDE worked quite extensively on answering this request. However, the SAM
model uncertainty that was exemplified in this year’s assessment and the fact that we
are not able to fully estimate the model uncertainty leads to the conclusion that this
request will not be answered in WGWIDE 2015. Further model developments are re-
quired to address the assessment uncertainty before we will be in the position to eval-
uate the management strategies requested.

1.5.2 EU request for ICES to evaluate the management strategy for boarfish
(Capros apen in Subareas VI-VIII (Celtic Seas and the English Channel, Bay of
Biscay)

The EU has requested ICES to evaluate the following management strategy:

This management strategy aims to achieve sustainable exploitation of boarfish in line with the
precautionary approach to fisheries management, FAO guidelines for new and developing fish-
eries, and the ICES form of advice.

1) The TAC shall be set in accordance with the following procedure, depending on the ICES
advice
a) If category 1 advice (stocks with quantitative assessments) is given based on a bench-
marked assessment, the TAC shall be set following that advice.
b) If category 1 or 2 (qualitative assessments and forecasts) advice is given based on a
non-benchmarked assessment the TAC shall be set following this advice.
c) Categories 3-6 are described below as follows :
i) Category 3: stocks for which survey-based assessments indicate trends. This cat-
egory includes stocks with quantitative assessments and forecasts which for a
variety of reasons are considered indicative of trends in fishing mortality, re-
cruitment, and biomass.
ii) Category 4: stocks for which only reliable catch data are available. This category
includes stocks for which a time series of catch can be used to approximate MSY.
iii) Category 5: landings only stocks. This category includes stocks for which only
landings data are available.
iv) Category 6: Category 6 — negligible landings stocks and stocks caught in minor
amounts as bycatch
2) Notwithstanding paragraph 1, if, in the opinion of ICES, the stock is at risk of recruit-
ment impairment, a TAC may be set at a lower level.
3) If the stock, estimated in the either of the 2 years before the TAC is to be set, is at or below
Blim or any suitable proxy thereof, the TAC shall be set at 0 t.
4) The TAC shall not exceed 75 000 t in any year.
5)  The TAC shall not be allowed to increase by more than 25% per year. However there
shall be no limit on the decrease in TAC.
6) Closed seasons, closed areas, and moving on procedures shall apply to all directed boar-
fish fisheries as follows:
a) A closed season shall operate from 31 March to 31 August. This is because it is known
that herring and mackerel are present in these areas and may be caught with boarfish.
b) A closed area shall be implemented inside the Irish 12-mile limit south of 52°30 from 12
February to 31 October, in order to prevent catches of Celtic Sea herring, known to form
aggregations at these times.
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c) If catches of other species covered by a TAC amount to more than 5% of the total catch
by day by ICES statistical rectangle, then all fishing must cease in that rectangle for 5
consecutive days.

The answer to this request was provided by working group members with support
from the national institutes. This management strategy was considered to be precau-
tionary.

1.5.3 EU, Norway, and the Faroe Islands request to ICES on the management
of mackerel (Scomber scombrus) in the Northeast Atlantic

WKMACLTMP (2014) evaluated NEA mackerel long-term management plan and the
advice was released in February 2015. WGWIDE received a follow-up request to fur-
ther evaluate the long-term management strategy:

The Coastal States are preparing a new long-term management strategy for the stock of mackerel
in the North East Atlantic. This strategy would include target fishing mortalities expressed as
a range rather than a single reference point.

ICES is requested to provide a plausible range of values around Fmsy for the mackerel stock in
the North East Atlantic, based on the stock biology (including possible density-dependent
growth), fishery characteristics and environmental conditions.

ICES is also requested to update other reference points, including Btrigger, in light of the change
from Fmsy as a single reference point to Fmsy as a range.

Given the uncertainty in stock level, growth patterns and recruitment, and taking into account
the growing time series on tagging information (RFID), ICES is requested to perform the next
(intermediate) benchmark in 2017.

The Coastal States would also like to inform ICES that they no longer consider that the existing
management plan is appropriate, and that ICES should therefore give its advice based on the
following objectives and timelines approach until a new management strategy is in place:

1. The Parties agree to limit their fishing on the basis of a TAC corresponding to a fishing
mortality rate within the range of fishing mortalities defined by ICES as being consistent with
fishing at maximum sustainable yield, provided that the SSB at the end of the TAC year is
forecast to be above the value of Btrigger.

2. Where the SSB is forecast to be below Btrigger, but above Blim, the Parties agree to
reduce the upper and lower bounds of the range of fishing mortality referred to in paragraph 1
by the proportion of SSB at the start of the TAC year to Btrigger.

3. Every effort shall be made to maintain a minimum level of SSB greater than Blim.
Where the SSB at the start of the TAC year is estimated to be below Blim the TAC shall be set
at a level corresponding to a fishing mortality rate consistent with the objective of rebuilding
the SSB to above Blim the following year. The Parties may also take additional management
measures that are deemed necessary in order to achieve this objective.

The request was answered based on the simulations carried out for the Workshop on
the NEA Mackerel Long-term Management Plan (ICES, 2015b). We have provided a
range for the F giving yield within 95% of the MSY, and a suite of alternative Btrigger
values. The precautionary FMSY range for the Northeast Atlantic (NEA) mackerel is
Flower = 0.15 and Fupper = 0.24. The range reflects the target F values that are expected
to result in high long-term yield deviating at maximum 5% from the MSY. The range
is dependent on implementing an MSY Btrigger = 3.0 Mt. Other values of Fupper de-
pendent on the choice of MSY Btrigger are presented under Section 2.12.
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Ecosystem considerations for widely distributed and migratory pelagic
fish species

It has been known for more than a century that ecosystem factors have a determinant
effect on the productivity of fish stocks, and may therefore be a source of variation as
important as exploitation by fisheries. Various biological aspects of fish stocks such as
recruitment, growth or natural mortality, are influenced by ecosystem factors (Skjoldal
et al., 2004). Geographical distribution of stocks and species migration patterns may
also vary according to environmental conditions (Sherman and Skjoldal 2002). Ecosys-
tem factors influencing fish stocks include:

e Physical (temperature, salinity) conditions

e Hydrographical (turbulence, stratification) conditions
e Large scale circulation patterns

e Inter-species and intra-species relationships

¢ Bottom-up effect of zooplankton on pelagic fishes

e Competition for food or space between pelagic species

e Top-down control of pelagic species by predator abundance

An important challenge for the future meetings of this working group will be to take
ecosystem considerations into account in stock assessment methods in order to reduce
levels of uncertainty regarding the status and prediction of stocks. WGWIDE encour-
ages further work to be carried out on ecosystem considerations linked to widely dis-
tributed fish stocks including NEA mackerel, Norwegian spring-spawning herring,
blue whiting and horse mackerel. Emphasis should be on how ecosystem considera-
tions from scientific studies and knowledge may be implemented and applied for man-
agement considerations. A close collaboration with the Working Group on Integrated
Assessment on Norwegian Sea (WGINOR) will help in operationalizing ecosystem ap-
proach for the widely distributed pelagics assessed in WGWIDE.

Climate variability and climate change

Climate, in its wider sense, refers to the state of the atmosphere, for instance in terms
of partitioned air masses (IPCC, 2001; 2007). Climate variability, caused by the varia-
tions of atmospheric characteristics around the average climatic state, occurs via recur-
rent and persistent large-scale patterns of pressure and circulation anomalies. The
North Atlantic Oscillation (NAO) is the recurrent pattern of variability in circulation
of air masses over the North Atlantic region, corresponding to the alternation of peri-
ods of strong and weak differences between Azores high and Icelandic low pressure
centers. Variations in the NAO influence winter weather over the North Atlantic (storm
track, precipitations, strength of westerly winds) and hence have a strong impact on
oceanic conditions (sea temperature and salinity, Gulf Stream intensity, wave height).
Since 1996 the Hurrell winter NAO index has been fairly weak but mainly positive,
except for during 2001, 2004 and 2006 (ICES, 2007). The Iceland Low and the Azores
High were both weaker than normal in 2007 and 2008, and the centre of the Iceland
Low was displaced towards the southwest to the entrances to the Labrador Sea (ICES,
2007, 2008, 2009). The 2011 winter NAO index was negative although not as low as
2010 but lower than the long-term average (1950 —2010). Hence, favourable winds sup-
porting a strong Atlantic influence in the waters west of the British Isles and other re-
gions continued to be lower than during high NAQO years. The 2015 winter NAO index
was high, and simultaneously cold/fresh waters on the Canadian site of the Atlantic
that winter and spring resulted in relative low temperatures in the Sub Polar Gyre
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(SPG) and low temperatures at all depths in the vicinity of the Faroese in comparison
to 20 years long-term mean (ICES, 2015c).

Accumulation of anthropogenic greenhouse gases in the atmosphere is currently ef-
fecting climate change (IPCC, 2001; 2007). The classical measure of global warming is
the Northern Hemisphere Temperature anomaly (NHT) (Jones and Moberg, 2003)
which is computed as the anomaly in the annual mean of sea water and land air surface
temperature over the northern hemisphere. Since the early 1900s, a warming of the
northern hemisphere is evident. A first period of increasing temperature occurred from
the early 1920s to about 1945. The period from the 1950s to the middle of the 1970s,
corresponded to a light decrease of the NHT. During the last three decades, NHT
anomalies have exhibited a strong warming trend. Many fish species are long-lived
and therefore the effects of oceanographic conditions may be buffered at the popula-
tion scale and integrated over time, even at the individual scale (Tasker et al., 2008).
Nevertheless, pelagic planktivorous species such as northeast Atlantic mackerel
(Astthorsson et al., 2012; ICES, 2013b), Norwegian spring-spawning herring and blue
whiting may and have been taken advantage of warming ocean ecosystems expending
possible feeding opportunities, through increasing their geographical distribution
area, e.g. in Arctic waters.

Circulation pattern

Large-scale circulation patterns set the stage for important processes influencing fish
species and ecosystems covered by WGWIDE. The circulation of the North Atlantic
Ocean is characterized by two large gyres: the subpolar gyre (SPG) and subtropical gyre
(Rossby, 1999). When the SPG is strong it extends far eastwards bringing cold and fresh
subarctic water masses to the NE Atlantic, while a weaker SPG allows warmer and
more saline subtropical water to penetrate further northwards and westwards over the
Rockall plateau area. Changes in the oceanic environment in the Porcupine/Rock-
all/Hatton areas have been shown to be linked to the strength of the subpolar gyre
(Hatan et al., 2005). The large oceanographic anomalies in the Rockall region spread
directly into the Nordic Seas, regulating the living conditions there as well as further
south. Such changes are likely to have an impact on the spatial distribution of spawn-
ing and feeding grounds and on migration patterns of certain pelagic species.

Temperature

Temperature is well known to affect many aspects of fish biology, such as recruitment,
growth, or mortality rates. Temperature affects fish both directly — through its effect on
metabolic rates affecting growth and energy requirements - and indirectly — through
its effect on the production of prey items and production and distribution of predators.

Feeding and spawning distributions and migration patterns of widely distributed spe-
cies are also closely related to temperature: the timing of migration can be triggered by
temperature and migration routes are related to temperature gradients (Harden Jones
1968; Leggett 1977). A better understanding of these effects could provide valuable in-
formation for both assessment and management of widely distributed stocks.

Time-series of sea surface temperature (SST) and salinity for the North Atlantic show
generally rising trends in the recent years. An increasing trend in temperature and sa-
linity was observed in the upper ocean during the period from 1996 —2008 (ICES, 2008),
and during the period 2008 —2010 the Atlantic Water surface temperatures were above
the long term mean (NOAA, 2010). This positive anomaly in the sea temperature in
Northeast Atlantic continued in 2011 —2015 (ICES, 2015c¢). The increase in SST at sev-
eral of the stations in the NE Atlantic has been up to 3°C since the early 1980s. This rate
of warming is very high relative to the rate of global warming (ICES, 2007, 2008). The
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upper layers of the North Atlantic and Nordic Seas remained exceptionally warm and
saline in 2006 and 2007 compared with the long-term average (ICES, WGOH 2007,
2008), and also above the long-term average in 2008 —2014, while around and below
the average in the summer 2015 (ICES, 2015d). The largest anomalies were generally
observed at high latitudes.

Phytoplankton

Phytoplankton abundance in the NE Atlantic has increased in cooler regions (north
of 55°N) and decreased in warmer regions (south of 50°N) (Tasker et al., 2008). These
changes in the primary production are likely to have impacts on zooplankton be-
cause of tight trophic coupling (Richardson and Schoeman, 2004). In the Norwegian
Sea the average phytoplankton concentrations showed a reducing trend in the
2000s, whereas the North Sea showed an increased trend in phytoplankton concen-
trations in the late 2000s (Naustvoll et al., 2010). Most likely linked to phytoplankton
abundance and species compositions, a decreasing trend of silicate concentrations
in early spring have been observed in Norwegian Sea and Barents Sea for recent
years (Rey, 2012).

Zooplankton

Indicators of zooplankton communities which have been developed over recent years
reveal important changes in the pelagic ecosystems of the North East Atlantic
(Beaugrand, 2005). A northwards shift of 10° of latitude of the biogeographical bound-
aries of copepod species has, for instance, occurred during the past four decades
(Beaugrand et al., 2002). One well-known example of these changes is the decline in the
North Sea of the sub-arctic copepod Calanus finmarchicus, an important food item for a
number of fish species, and its replacement by Calanus helgolandicus, a temperate water
species. This invasive species dominates at times along the southwestern coast of Nor-
way (Ellertsen and Melle 2009). Due to a different life-strategy and the lack of suitabil-
ity as food, any increase in the population of this species at the expense of C.
finmarchicus might have a detrimental effect on pelagic planktivorous fish e.g. macke-
rel, herring and blue whiting. Progressive increases in abundance of warm water/sub-
tropical phytoplankton species into more temperate areas of the northeast Atlantic
(Beaugrand et al., 2005) have in turn influenced zooplankton communities.

The average biomass of zooplankton in the Norwegian Sea, according to the IESNS
survey in May, showed a decreasing trend during 2002—2009, an upward trend since
then up to 2014, and a slight decrease again in 2015 (ICES, 2015c). The reason for the
decline in the biomass index of zooplankton during the period 2002—2009 in Nordic
Seas is unknown. A number of possible reasons could explain this decline and the pre-
sent low level, including reduction in phytoplankton (Naustvoll ef al., 2010; i.e. bottom-
up), possible changes in phytoplankton community, possible changes in zooplankton
community, and increased grazing pressure by pelagic fish stocks (i.e. top-down). Sim-
ultaneously to the recent (2009 —2014) upward trend in the zooplankton index in May
(ICES, 2015c), as well as in the IESSNS surveys in July/August (2011—2015; ICES,
2015d), the weight-at-age (this report) and length-at-age (ICES, 2013c) in the Norwe-
gian spring-spawning herring feeding in the area are showing increasing trend. It’s an
indication that the Norwegian Sea is neither being overgrazed at present by the pelagic
fish stocks in the area, nor that the herring stock is starving (i.e. increased natural mor-
tality) because of relatively low zooplankton indices until 2010. Further studies on this
issue will take place within the ICES working group on integrated assessment in Nor-
wegian Sea (WGINOR; ICES, 2013c), where the zooplankton index will also be revised
and produced for the different areas in the Nordic Seas.
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Species interactions

A central element in ecosystem considerations is how different species interact with
each other (Rothschild 1986, Skjoldal et al., 2004). The distribution of species considered
by WGWIDE can overlap to a large extent during some part of the year and according
to life history stages. Since these species are mainly planktivorous, density dependent
competition for food could be expected. All the species are potential predators on eggs
and larvae and the larger species (mackerel and horse mackerel) are also potential
predators of the juveniles. Consequently, cannibalism and inter-specific interaction be-
tween pelagic species could play an important role in the dynamics of these pelagic
stocks.

Various pelagic species (e.g. mackerel, horse mackerel, sardine, blue whiting) also rep-
resent an important food source for many top predators such as marine mammals, sea-
birds and other species of pelagic fish. Many pelagic ecosystems (particularly those in
upwelling areas) are characterised by a wasp-waist control, where a few, but highly
abundant fish species effectively regulate the populations of their prey (top-down con-
trol) but also of their predators (bottom-up control). This type of regulatory mechanism
makes pelagic fish have a key role in ecosystem functioning (Skjoldal et al., 2004).

There is a large body of literature on the diet of predator species feeding on pelagic fish
in the Northeast Atlantic: sardine, mackerel, horse mackerel, blue whiting and herring
have all been found in the diet of several cetacean and seabird species and are also part
of the diet of other fish species (e.g. hake, tuna found with sardine and anchovy) (Anker
Nilssen and Lorentzen, 2004; Nottestad and Olsen 2004). Comparison of population
estimates of pelagic fish with those of top predators (e.g. minke whale, fin whale, killer
whales) suggests that predation on pelagic fish by other pelagic fish has a much bigger
potential for impact in regulating populations than that the predation by marine mam-
mals and seabirds (Furness (2002), in the context of the North Sea). Nevertheless, top
predators could play a bigger role in pelagic fish dynamics at regional or local scales
particularly when fish biomass is low (Holst et al., 2004; Nottestad et al., 2004).

In this report, different relevant aspects of interaction between the pelagic fish stocks
are address. It includes spatial overlap of mackerel and NSS herring on the feeding
grounds in the Nordic Seas (section 2.11), predation of mackerel on herring larvae in
the Barents Sea (section 7.15), and comparison of diet composition of the pelagic fish
stocks (section 7.15).

Future Research and Development Priorities

As part of the planning towards future benchmark assessments, the working group
started in 2014 preparing a list of research priorities for each stock, and as a whole than
can potentially improve the quality of the advice generated for each stock. This list is
be updated in every WG meeting, by removing issues as they have been solved and
adding new ones when they arise. We have considered scientific research, improve-
ments to data collection and development of assessment techniques, both generally
and on a stock-by-stock basis, as appropriate. The most important of these develop-
ments are described below.

1.7.1  General

Area where WGWIDE can improve considerably is work towards integrated ecosys-
tem assessments. Some of WGWIDE members also participate in the work of the Work-
ing Group on Integrated Assessment for Norwegian Sea (WGINOR), which help in
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communication between these two groups. However, there are also other regional In-
tegrated Ecosystem Assessment groups that could be relevant for WGWIDE and the
stocks assessed by it. We hope to put more emphasis on this in the coming years.

1.7.2 NEA Mackerel

Following list contains issues that should be investigated before or during the next
benchmark of NEA mackerel in 2017:

e Natural mortality: Current M value was estimated using both tagging-re-
capture information and catches from the 1970s, which are now known to
be severely underestimated. The estimation of M should be revisited using
most recent and accurate data.

e SAM model: Explore the effects of binding the observation variances of age
groups in the catches. One option could be three groups, namely i) juveniles
that are not targeted by the fishery, ii) the adults that constitute the main
part of the catches and iii) the oldest age groups that are difficult to age pre-
cisely (see assessment in WGWIDE 2015).

e RFID tags:
e Inclusion of the time series to the assessment model

e SAM model should be adapted so that the post tagging survival is mod-
elled as a random walk, to allow for temporal variability of this param-
eter.

e The triennial egg survey:

e  WGWIDE should consider the influence of the lack of egg-survey data
in inter-egg-survey year assessments, and propose settings to be added
to the Stock Annex for future years.

e Examine whether the larvae data from the Continuous Plankton Re-
corder (CPR) can be used to supplement the egg survey.

e The IESSNS survey:

e Explore the use of the IESSNS index as multinomial in SAM (only use
the age distributions, not the density).

e Explore adding the younger age classes.

e Additional analysis of the substantial variation in growth and maturation
based on recent publications by Jansen and Burns (2015) and Olafsdottir et
al., (2015). Explore the possibilities for implementing this knowledge in the
assessment and advice.

1.7.3 Blue Whiting

e Thereis aneed for more information regarding population structure in these
stocks. Numerous scientific studies have suggested that blue whiting in the
North Atlantic consists of multiple stock units. The ICES Stock Identification
Methods Working Group (SIMWG) reviewed this evidence in 2014 (ICES,
SIMWG 2014) and concluded that the perception of blue whiting in the NE
Atlantic as a single-stock unit is not supported by the best available science.
SIMWG further recommended that blue whiting be considered as two units.
However, there is currently no information available that can be used as the
basis for generating advice on the status of the individual stocks. There is
therefore a need to begin to collate information on these stocks in the leadup
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to a potential benchmark of this stock in the future. Potential data sources
identified by the group include

= Otolith-shape analysis has recently been shown to be able to relia-
bly identify the stock-origin of sampled fish Keating et al. (2014).
Use of this method in conjunction with age-reading in both scien-
tific surveys and catch sampling can therefore provide a valuable
source of information about the individual stocks. WGWIDE there-
fore recommends that during the next “Age Reading Workshop for
Blue Whiting”, otoliths from the whole area of this stock distribu-
tion should be collected to perform shape analysis, and used to
both standardize the technique and plan for its roll-out.

= The spatial and temporal coverage of the International Blue-whit-
ing spawning stock survey (IBWSS) currently does not include the
southern component, which spawns in the Porcupine Seabight in
February-March (Pointin and Payne 2014). WGWIDE therefore rec-
ommends expansion of this survey to cover this component.

*=  This Mackerel Egg Survey (MEGS) survey has previously been
shown to provide valuable information about the distribution of
fish spawning, including blue whiting (Ibaibarriaga et al., 2007).
This survey covers the spatial and temporal distribution of spawn-
ing in both blue whiting stocks extremely well, and can therefore
provide valuable information about their relative abundances.
WGWIDE has been informed that presence-absence per haul of
blue whiting larvae will be included during the 2016 version of this
survey.

1.7.4 NSS Herring

Norwegian spring spawning herring is scheduled for a benchmark in 2016. There are
several issues with the current assessment model, and work is already being under-
taken in national laboratories to improve the assessment of this stock. WGWIDE has
set up the following issue list for benchmark:

e incorporating uncertainty in survey and catch data into the assessment

e exploration of alternative assessment models

e investigate the bias in the assessment

e an analysis of variability or changes in the catchability of fleet 5. This is the
major fleet used for tuning the assessment and seems to be causing retro-
spective patterns in the assessment

e the inclusion of a new tuning series (IESSNS) in the assessment
e criteria for quality check of input data to the assessment

e update maturity ogives for recent years following procedures as described
by WKHERMAT.

e extend the time series used in the assessment with earlier years before 1988

e the need to continue the use of weighted average F in the assessment and
advice. NSSH is one of the few stocks in which weighted F’s are applied.

e the consequences for the reference points and management plans if the use
of weighted F is discontinued.
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1.7.5 Horse Mackerel

Generally speaking, management is most effective when its measures apply to all fish-
eries exploiting a stock and when catches can be identified as originating from that
stock with some certainty. Considering the potential of mixing between Western and
North Sea horse mackerel occurring in Division VIId/VIle, better insight into the origin
of catches from that area will be a major benefit, if not crucial, for improvement of the
quality of future scientific advice and thus management of the North Sea and Western
horse mackerel stocks.

¢ One way of possibly distinguishing between individuals of the two stocks
is with the GCxGC-MS (Gas chromatography x Gas chromatography-mass
spectrometry). A pilot project aimed at determining whether this technique
could be used for distinguishing between Western and North Sea horse
mackerel was planned at IMARES but due to funding restrictions this is un-
likely to proceed further.

e  Alternative methods for resolving the stock identity in the channel could be
explored

e Methods for distinguishing between fish of North Sea or Western origin in
the catches in this region (e.g. otolith shape analyses) should be explored

North Sea horse mackerel

To improve the knowledge base for North Sea horse mackerel, a project has been initi-
ated in 2015 by the Pelagic Freezer-trawler Association (PFA) together with IMARES
and University College Dublin. The project aims to 1) provide additional information
on stock boundaries and mixing between North Sea and Western horse mackerel, and
2) explore or develop potential new abundance indices for North Sea horse mackerel.

To address stock boundaries and mixing, the project will explore the potential of utiliz-
ing skippers’ catch information (with a very high spatial resolution and detailed in-
formation on size composition) to enhance the understanding on the mixing of stocks
in the areas Vlle, VIId and the Southern North Sea. In addition, horse mackerel samples
will be taken when the horse mackerel are separated in the summer spawning season
(in the North Sea and Western waters) and when they are feeding in the winter season
(in the Channel area). Genetic and chemical techniques will be used to detect the con-
tribution of the different spawning components to the catches in winter.

To improve the abundance indicators, the project will explore additional (existing) sur-
vey data, like the CGFS that has already been used by WGWIDE 2015. The project will
also explore the potential application of a commercial fishery search-time index. Horse
mackerel is fished while it is very close to the bottom in relatively dispersed, small
schools. The fishery is mostly executed using long hauls and there may be extensive
search time involved. Handled in an appropriate statistical framework, taking into ac-
count the nature of the fishery and other factors such as seasonality and alternative
fishing opportunities, the search time and catch rates could provide for an indication
of changes in stock size over time. Catch rates in areas VIle, VIId and southern North
Sea will be analysed from skippers’ private logbooks.

It is expected that the results of the research project can be presented to WGWIDE in
2016.

Improving the quality of age data for this species would help resolved some the lack
of clear cohort signals in the catch data. Additionally, aging of horse mackerel caught
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in the IBTS survey (currently only length measures are taken) would improve the in-
dices derived from this data source.

. Maintain regular age-reading workshops to ensure accuracy and consistency of
age reading of this species (through ICES).

*  Recommend age reading of horse mackerel caught in the IBTS and CGEFS surveys.

1.7.6 Boarfish

This stock would benefit immensely if it were included in the data collection frame-
work. The advantage would primarily come in the form of annual age reading. Sup-
port for age reading of otoliths from catch samples of boarfish would allow the
compilation of annual age-length keys for the fishery. This is of great importance if the
stock is to move to a more appropriate age based assessment in the future.
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Northeast Atlantic Mackerel

ICES Advice and International Management Applicable to 2015

From 2001 to 2007 the internationally agreed TACs covered most of the distribution
area of the northeast Atlantic mackerel. From 2008 to 2014, no agreement has been
reached among the Coastal States on the sharing of the mackerel quotas. In 2014 three
of the Coastal States agreed on a TAC for 2015 and the subsequent five years, however,
the total declared quotas for 2015 exceed the advised TAC. An overview of the declared
quotas and transfers for 2015, as available to WGWIDE, is given in the text table below.
Total removals of mackerel are expected to be approximately 1.24 Mt in 2015, exceed-
ing the recommended upper catch limit for 2015 by about 330 kt.

Estimation of 2015 catch Tonnes Reference
EU quota 521689 European Council Regulation 2015/104
Spanish payback -9747 European Council Regulation 2011/165

Neerings- og fiskeridepartementet 23 Dec 2014

Norwegian quota 242 078 (Regjeringen.no)

Inter-annual quota transfer 2014->2015 (NO) 16 380 Directorate of Fisheries in Norway

Russian quota 114 143 Estimate from PINRO (Russia)

Discards 6451 Previous years estimate

Icelandic quota 173 000 Icelandic regulation No. 532/2015
Inter-annual quota transfer 2014->2015 (IS) 6800 Icelandic regulation No. 532/2015

Faroese quota 132 814 Faroese regulation No. 141/2014

Greenland quota 32 000 Estimate from Greenland institute of Natural

Resources

Total expected catch (incl. discard) 12 1235 608

! No guesstimates of banking from 2015 to 2016
2 Quotas include amounts exchanged to other parties

The quota figures and transfers in the text table above were based on various national
regulations, official press releases, and discard estimates.

Various international and national measures to protect mackerel are in operation
throughout the mackerel catching countries. Refer to Table 2.2.4 for an overview.

The Fishery

2.2.1 Fleet Composition in 2014

A description of the fleets operated by the major mackerel catching nations is given in
Table 2.2.1.

The total fleet can be considered to consist of the following components:

Freezer trawlers. These are commonly large vessels (up to 150 m) that usually operate
a single mid-water pelagic trawl, although smaller vessels may also work as pair trawl-
ers. These vessels are at sea for several weeks and sort and process the catch on board,
storing the mackerel in frozen 20 kg blocks. The Dutch, German and the majority of the
French and English fleets consist of these vessels which are owned and operated by a
small number of Dutch companies. They fish in the North Sea, west of the UK and
Ireland and also in the English Channel and further south along the western coast of
France. The Russian summer fishery in subarea Ila is also prosecuted by freezer trawl-
ers and partly the Icelandic fishery in Va and XIVb.
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Purse Seiners. The majority of the Norwegian catch is taken by these vessels, targeting
mackerel overwintering close to the Norwegian coastline. The largest vessels (> 20 m)
are RSWs, storing the catch in tanks containing refrigerated seawater. Smaller purse
seiners use ice to chill their catch which they take on prior to departure. A purse seine
fleet is also the most important component of the Spanish fleet. They are numerous and
target mackerel early in the year close to the northern Spanish coast. These are dryhold
vessels, chilling the catch with ice. Denmark also has a purse seine fleet operating in
the northern North Sea.

Pelagic Trawlers. These vessels vary in size from 20—100 m and operate both individ-
ually and as pairs. The largest of the pelagic trawlers use RSW tanks for storage. Ice-
land, Greenland, Faroes, Scotland and Ireland all fish mackerel using pelagic trawlers.
Scottish and Icelandic vessels mostly operate singly whereas Ireland and Faroes vessels
tend to use pair trawls. Spain also has a significant trawler fleet which target mackerel
with a demersal trawl in areas VIII and IXaN.

Lines and Jigging. Norway and England have handline fleets operating inshore in the
Skagerrak (Norway) and in area VIle/f (England) around the coast of Cornwall, where
other fishing methods are not permitted. Spain also has a large artisanal handline fleet
as do France and Portugal. A small proportion of the total catch reported by Scotland
(IVa and IVDb) and Iceland (Va) is taken by a handline fleet.

Gillnets. Gillnet fleets are operated by Norway and Spain.

2.2.2 Fleet Behaviour in 2014

The most important changes in recent years are related to the geographical expansion
of the northern summer fishery (areas II, V and XIV) and changes in southern waters
due to stricter TAC compliance by Spanish authorities. Fishing in the North Sea and
west of the British Isles followed a traditional pattern, targeting mackerel on their
spawning migration from the Norwegian deep in the northern North Sea, westwards
around the north coast of Scotland and down the west coast of Scotland and Ireland.

In 2010 fishing by Faroese vessels increased dramatically and has shifted exclusively
to pair trawling. A small proportion of the Faroese quota is granted to smaller, tradi-
tionally demersal trawlers (using pair trawls).

The Russian freezer trawler fleet operates over a wide area in Northern waters. This
fleet targets herring and blue whiting in addition to mackerel. In the third quarter the
Russian vessels took the bulk of their catch from the international waters of area Ila.
Smaller catches were also taken further south, between the Faroes and Iceland.

Total catches from Icelandic vessels were similar to those in recent years with the ma-
jority of the catch taken in Va in waters south and south-east of Iceland. Catches were
also taken to the west of Iceland, including in area XIVb. Also targeting mackerel in
area XIVb were Greenlandic vessels. This fleet has increased its catch rapidly and in
2014 caught over 87 kt of mackerel with the majority from an area 30 —34 degrees west,
the biggest catch by this fleet to date.

Concerning the Spanish fisheries no new regulations have been implemented since
2010 when a new control regime was enforced. Fishery has started as in previous years
at the beginning of March, although the southern spawning component was already
concentrated at their spawning grounds as earlier as February.

2.2.3 Recent Changes in Fishing Technology and Fishing Patterns

Northeast Atlantic mackerel, as a widely distributed species, is targeted by a number
of different fishing métiers. Most of the fishing patterns of these métiers have remained
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unchanged during the most recent years, although the timing of the spawning migra-
tion and geographical distribution can change from year to year and this affects the
fishery in various areas.

Recent changes are notable for two areas and métiers in particular:

In 2010 the Faroese fleet switched from purse-seining in Norwegian and EU waters to
pair trawling in the Faroese area. The Faroese fleet used to catch their mackerel quota
in Divisions IVa and VIa during September-October with purse-seiners. However, as
no agreement has been reached between the Coastal States since 2009, the mackerel
quota has been taken in Faroese waters during June-October by the same fleet using
pair trawls. The mackerel distribution is more scattered during summer and pair trawls
seem to be effective in such circumstances. However, since the agreement between the
three of the Coastal States for the fisheries in 2015, parts of the Faroese quota will now
again be taken with purse-seines in Divisions IVa and Vla.

Also targeting summer feeding mackerel, Icelandic vessels have increased effort and
catch dramatically in recent years from 4 kt in 2006 to on average 160 kt annually since
2011. This fishery operates over a wide area E, NE, SE, S and SW off Iceland. Since 2011
there has been less fishing activity to the north and north-east and an increase in
catches taken south and west of Iceland. Greenland has reported increased catches
from area XIVb since 2011.

In Spain part of the purse seiner fleet is using hand line instead of nets. Although, nei-
ther the number of vessels and its evolution nor the reason for such change were deeply
analysed, it seems market reasons are driven this shift.

2.2.4 Regulations and their Effects

An overview of the major existing technical measures, TACs, effort controls and man-
agement plans are given in Table 2.2.4. Note that there may be additional existing in-
ternational and national regulations that are not listed here.

Between 2010 and 2014 no overarching Coastal State Agreement/NEAFC Agreement
was in place and no overall international regulation on catch limitation was in force. In
2014 an ad hoc agreement was reached but only involving the EU, Faroes and Norway.

Management aimed at a fishing mortality in the range of 0.15—0.20 in the period
1998 —2008. The current management plan aims at a fishing mortality in the range
0.20—0.22. The fishing mortality realised during 1998 —2008 was in the range of 0.27
to 0.46. Implementation of the management plan resulted in reduced fishing mortality
and increased biomass. Since 2008 catches have greatly exceeded those given by the
plan.

The measures advised by ICES to protect the North Sea spawning component aim at
setting the conditions for making a recovery of this component possible. Before the late
1960s, the North Sea spawning biomass of mackerel was estimated at above 3 million
tonnes. The traditional explanation of the decline of the North Sea spawning compo-
nent has been to point to the overexploitation which has led to recruitment failure since
1969. A recent scientific paper (Jansen, 2014) has shown that this narrative may require
revision, as it could be the combination of high fishing pressure, followed by decreas-
ing temperatures that led to reduced spawning migration into the North Sea. So rather
than a local stock collapse, this could also be constituted as a southwest shift in spawn-
ing distribution. For a future benchmark assessment of NEA mackerel, it would be re-
quired to provide a thorough review of all available knowledge on the North Sea
spawning component and to evaluate whether the current protection measures would
need to stay in place.
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The advised closure of Division IVa for fishing during the first half of the year is based
on the perception that the western mackerel enter the North Sea in July/August, and
stay there until December before migrating to their spawning areas. Updated observa-
tions taken in the late 1990s suggested that this return migration actually started in
mid- to late February. This was believed to result in large-scale misreporting from the
northern part of the North Sea (Division IVa) to Division VIa. Recent EU TAC regula-
tions have permitted some small quotas in Illa and IVb,c. In the same regulation it is
also stated that within the limits of the quota for the western component (VI, VII,
Vllla,b,d,e, Vb (EU), Ila (non EU), XII, XIV), a certain quantity of this stock may be
caught in IVa but only during the periods 1 January to 15 February and 1 September to
31 December. Up to 2010, 30% of the Western mackerel TAC (MAC/2CX14-) could be
taken in IVa, from 2010 onwards, the percentages is set at 40%.

In the southern area a Spanish national regulation affecting mackerel catches of Span-
ish fisheries has been implemented since 2010. In 2014 fishing opportunity was distrib-
uted by regions and gear and for the bottom trawl fleet, by individual vessel. This year
Spanish mackerel fishing opportunity in VIIIc and IXa was established at 40 688 t re-
sulting from the original quota established at 46 677 t (Commission Regulation (EU)
No 432/2014 from 22 April modifying the 43/2014 one), reduced by 5989 t due to the
scheduling payback quota due to overfishing of the mackerel quota allocated to Spain
in 2010 (Commission Executive Regulation (EU) No 978/ 2014 modifying the Commis-
sion Regulation No 165/2011).

Within the area of the southwest Mackerel Box off Cornwall in southern England only
hand liners are permitted to target mackerel. This area was set up at a time of high
fishing effort in the area in 1981 by Council Regulation to protect juvenile mackerel, as
the area is a well-known nursery. The area of the box was extended to its present size
in 1989.

Additionally, there are various other national measures in operation in some of the
mackerel catching countries.

The first phase of a landing obligation came into force in 2015 for all EU vessels in
pelagic and industrial fisheries. All species that are managed through TACs and quotas
must be landed under the obligation unless there is a specific exemption such as de
minimis. There are no de minimis exemptions for mackerel.

2.2.5 Information from the fishing industry

A pre-meeting between ICES scientists and representatives of the EU pelagic industry
was held on 19 August 2015, to discuss information from the fishing industry and any
ongoing development to address data needs. Regarding mackerel, the EU fishery rep-
resentatives reported that the fishermen experience a large abundance of mackerel in
2015 and very widely distributed. Mackerel is also caught in substantial amounts out-
side of the directed mackerel fishery and in places where it did not used to be caught
in recent years (e.g. during the herring fishery in the North Sea). Mostly, the mackerel
is of the smaller sizes. Denmark fishermen have reported spawning mackerel being
caught during the sand eel fishery.

Catch Data

2.3.1 ICES Catch Estimates

The total ICES estimated catch for 2014 was 1 394 454 t, a significant increase of 461 289 t
(49%) on the estimated catch in 2013 and the largest catch in the time series (although
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there is significant uncertainty regarding catches prior to 2000). Catches increased sub-
stantially from 2006—2010 and averaged 910 kt from 2011 —2013. Minor revisions to
2012 and 2013 were incorporated into the time series as a result of updated estimates.

The combined 2014 TACs arising from agreements and autonomous quotas amount to
1 396 238 t. The ICES catch estimate (1 394 454 t) represents a very small undershoot.
The combined fishable TAC for 2015, as best ascertained by the Working Group (see
Section 2.1), amounts to 1 235 608 t.

Catches reported for 2014 and in previous Working Group reports are considered to
be best estimates. In most cases, catch information comes from official logbook records.
Other sources of information include catch processors. Some countries provide infor-
mation on discards and slipped catch from observer programs, logbooks and compli-
ance reports. In several countries discarding is illegal. Spanish data is based on the
official data supplied by the Fisheries General Secretary (SGP) but supplemented by
scientific estimates which are recorded as unallocated catch in the ICES estimates (see
Section 1.3.6).

The text table below gives a brief overview of the basis for the ICES catch estimates.

Country Official Log Book Other Sources Discard Information
Denmark Y (landings) Y (sale slips) Y
Faroe! Y (catches) Y (coast guard) NA
France Y (landings) N
Germany Y (landings) Y
Greenland Y (catches) Y (sale slips) Y
Iceland! Y (landings) NA
Ireland Y (landings) Y
Netherlands Y (landings) Y Y
Norway! Y (catches) NA
Portugal Y (sale slips) Y
Russia' Y (catches) NA
Spain Y Y Y
Sweden Y (landings) N
UK Y (landings) Y N

For these nations a discarding ban is in place such that official landings are considered to be equal to catches.

The Working Group considers that the estimates of catch are likely to be an underesti-
mate for the following reasons:

e Estimates of discarding or slipping are either not available or incomplete for
most countries. Anecdotal evidence suggests that discarding and slipping can
occur for a number of reasons including high-grading (larger fish attract a pre-
mium price), lack of quota, storage or processing capacity and when mackerel
is taken as by-catch.

e Confidential information suggests substantial under-reported landings for
which numerical information is not available for most countries. Recent work
has indicated considerable uncertainty in true catch figures (Simmonds et al.,
2010) for the period studied.

e Estimates of the magnitude and precision of unaccounted mortality suggests
that, on average for the period prior up to 2007, total catch related removals
were equivalent to 1.7 to 3.6 times the reported catch (Simmonds et al., 2010).
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e Reliance on logbook data from EU countries implies (even with 100% compli-
ance) a precision of recorded landings of 89% from 2004 and 82% previous to
this (Council Regulation (EC) Nos. 2807/83 & 2287/2003). Given that over re-
porting of mackerel landings is unlikely for economic reasons; the WG consid-
ers that, where based on logbook figures, the reported landings may be an
underestimate of up to 18% (11% from 2004). Where inspections were not car-
ried out there is a possibility of a 56% under reporting, without there being an
obvious illegal record in the logsheets. Without information on the percentage
of the landings inspected it is not possible for the Working Group to evaluate
the underestimate in its figures due to this technicality. EU landings represent
about 65% of the total estimated NEA mackerel catch.

e The accuracy of logbooks from countries outside the EU has not been evalu-
ated by WGWIDE. Monitoring of logbook records is the responsibility of the
national control and enforcement agencies.

The total catch as estimated by ICES is shown in Table 2.3.1.1. It is broken down by
ICES area and illustrates the development of the fishery since 1969.

Discard Estimates

With a few exceptions, estimates of discards have been provided to the Working Group
for the areas VI, VII/VIlla, b, d, e and III/IV (see Table 2.3.1.1) since 1978. Historical
discard estimates were revised during the data compilation exercise undertaken for the
benchmark assessment (ICES CM 2014/ACOM:43). The Working Group considers the
estimates for these areas are incomplete. In 2014 discard data for mackerel were pro-
vided by seven nations: The Netherlands, Germany, Ireland, Spain, Portugal, Green-
land and Denmark. Total discards amounted to 6452 t from these nations (mainly
Netherlands and Spain). The German program consisted of 2 mackerel-directed trips
on pelagic freezer trawlers. The Danish discards apply only to observations from some
demersal fisheries. The Irish pelagic discard program included 14 trips (3 mackerel di-
rected trips).

Age-disaggregated data was limited but data from Portugal, Spain and Germany indi-
cating that the majority of discarded fish were aged 0 to 3. In area IX, discards were
almost exclusively 0-group fish,

Discarding of small mackerel has historically been a major problem in the mackerel
fishery and was largely responsible for the introduction of the south-west mackerel
box. In the years prior to 1994 there was evidence of large-scale discarding and slipping
of small mackerel in the fisheries in Division Ila and Sub-area IV, mainly because of
the very high prices paid for larger mackerel (> 600 g) for the Japanese market. This
factor was put forward as a possible reason for the very low abundance of the 1991
year class in the 1993 catches. Anecdotal evidence from the fleet suggests that since
1994, discarding/slipping has been reduced in these areas.

In some of the horse mackerel directed fisheries e.g. those in Subareas VI and VII
mackerel is taken as by-catch. Reports from these fisheries have suggested that discard-
ing may be significant because of the low mackerel quota relative to the high horse
mackerel quota - particularly in those fisheries carried out by freezer trawlers in the
fourth quarter. The level of discards is greatly influenced by the market price and by
quotas.

2.3.2 Distribution of Catches

A significant change in the fishery took place between 2007 and 2009 with a greatly
expanded northern fishery becoming established. Of the total catch in 2014, Norway
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accounted for the greatest proportion (20%) followed by Scotland (17%), Iceland (12%)
and Faroe (11%). In the absence of an international agreement, Faroe, Greenland, Ice-
land and Russia declared unilateral quotas in 2014. Russia and Ireland both had catches
over 100 kt and Greenland caught almost 80 kt. Germany, Netherlands, Spain, Den-
mark, France and England had catches of the order of 20—50 kt.

In 2014, catches in the northern areas (II, V, XIV) amounted to 684 173 t (see Table
2.3.2.1), an increase of 218 444 t on the 2013 catch and ten-fold the catch a decade earlier.
Faroese, Icelandic, Norwegian and Russian catches were all over 100 kt. The large in-
crease in Norwegian catches from those in 2013 is due to a greater proportion of the
total Norwegian catch being taken in northern waters. This fishery takes place on the
border of areas Ila and IVa. The wide geographical distribution of the fishery noted in
previous years has continued with large catches (approx. 100 kt) now taken in area XIV
by Iceland and Greenland.

The time series of catches by country from the North Sea, Skagerrak and Kattegat (Sub-
area IV, Division Illa) is given in Table 2.3.2.2. Catches in 2014 amounted to 384 221 t,
an increase on 2013 despite a reduced in Norwegian catches in IVa as outlined above.
The overall increase is due primarily to increased catches by Faroe, Ireland and Scot-
land. Small catches were also reported in areas IIIb, c and d.

Catches in the western area (Subareas VI, VII and Divisions VIlIa,b,d and e) also in-
creased to 275 519 t with most of the traditional fishing nations reporting increased
catch, particularly Scotland (an increase of 43 kt). These catches are detailed in Table
2.3.2.3.

Table 2.3.2.4 details the catches in the southern areas (Division VIIIc and Subarea IXa)
which are taken almost exclusively by Spain and Portugal. The reported catch of
45 570 t is an increase on 2013 which was the lowest in the time series. The catch is now
closer to the long term average.

The distribution of catches by quarter (%) is described in the text table below:

YEAR Q1 Q2 Q3 Q4 YEAR Ql Q2 Q3 Q4
1990 28 6 26 40 2003 36 5 22 37
1991 38 5 25 32 2004 37 6 28 29
1992 34 5 24 37 2005 46 6 25 23
1993 29 7 25 39 2006 41 5 18 36
1994 32 6 28 34 2007 34 5 21 40
1995 37 8 27 28 2008 34 4 35 27
1996 37 8 32 23 2009 38 11 31 20
1997 34 11 33 22 2010 26 5 54 15
1998 38 12 24 27 2011 22 7 54 17
1999 36 9 28 27 2012 22 6 48 24
2000 41 4 21 33 2013 19 5 52 24
2001 40 6 23 30 2014 20 4 46 30
2002 37 5 29 28

The quarterly distribution of catch in 2014 is similar to 2010—2013 with the Northern
summer fishery in Q3 accounting for the greatest proportion of the total catch.

Catches per ICES statistical rectangle are shown in Figures 2.3.2.1 to 2.3.2.4. It should
be noted that these figures are a combination of official catches and ICES estimates and
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may not indicate the true location of the catches or represent the location of the entire
stock. These data are based on catches reported by all the major catching nations and
represents almost the entire ICES estimated catch.

e  First quarter 2014 (280 187 t — 20%)

The distribution of catches in the first quarter is shown in Figure 2.3.2.1. The quarter 1
fishery is similar to that in previous years with the Scottish and Irish pelagic fleets tar-
geting mackerel in VIa, VIIb and VIIj. Substantial catches are also taken by the Dutch
owned freezer trawler fleet. The largest catches were taken in area Vla, as in recent
years. The Spanish fisheries also take significant catches along the north coast of Spain
during the first quarter.

e Second quarter 2014 (62 658 t — 4%)

The distribution of catches in the second quarter is shown in Figure 2.3.2.2. The quarter
2 fishery is traditionally the smallest and this was also the case in 2014. The most sig-
nificant catches where those in VIIIc and at the start of the summer fishery in northern
waters by Icelandic, Norwegian and Russian fleets.

e  Third quarter 2014 (638 358 t — 46%)

Figure 2.3.2.3 shows the distribution of the quarter 3 catches. Large catches were taken
throughout areas Ila (Russian, Norwegian vessels), IVa (Norwegian, Scottish vessels),
Vb (Faroese vessels) and Va (Icelandic vessels). The western extent of the fishery in
XIVb is similar to that reported in 2013 after several years of expansion.

e Fourth quarter 2014 (413 251 t — 30%)

The fourth quarter distribution of catches is shown in Figure 2.3.2.4. The summer fish-
ery in northern waters has largely finished although there are large catches reported in
the southern part of area Ila. Very large catches are taken by Norway, Scotland and
Ireland around the Shetland Isles and along the north coast of Scotland. The pattern of
catches is very similar to that reported in recent years.

2.3.3 Catch-at-Age

The 2014 catches in number-at-age by quarter and ICES area are given in Table 2.3.3.1.
This catch in numbers relates to a total ICES estimated catch of 1394 454 t. These figures
have been appended to the catch-at-age assessment table (see Table 2.6.1.1).

Age distributions of commercial catch were provided by Denmark, England, Germany,
Greenland, Faroes, Iceland, Ireland, the Netherlands, Norway, Portugal, Russia, Scot-
land and Spain. There remain gaps in the age sampling of catches, notably for French,
Swedish and Northern Irish fleets.

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 allocation of sample data to unsampled catches. The sampling cover-
age is further discussed in Section 1.3.

The percentage catch numbers-at-age by quarter and area are given in Table 2.3.3.2.

Over 75% of the catch in numbers consists of 3—7 year olds with all year classes be-
tween 2007 and 2011 contributing over 10% to the total catch by number.

In subareas Vlla,d,e,f young mackerel (1—3 year olds) account for over half the catch
by number although these areas are relatively lightly exploited. In subareas VIIIc and
IXa the catch is also dominated by juvenile fish.
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Biological Data

2.4.1 Length Composition of Catch

The mean lengths-at-age in the catch per quarter and area for 2014 are given in Table
24.1.1.

For the most common ages which are well sampled there is little difference to recent
years. The length of juveniles is traditionally rather variable. Lengths recorded in 2014
for ages 0 and 1 are less than those recorded in 2013 which in turn was greater than
2012. The rapid growth of 0-group fish combined with variations in sampling (in recent
years more juvenile fish have been sampled in northern waters whereas previously
these fish were only caught in southern waters) will contribute to the observed varia-
bility in the observed size of 0-group fish. Growth is also affected by fish density as
indicated by a recent 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 1988 —2014 showed declining growth rate since the mid-2000s to 2014, which was
negatively related to both mackerel stock size and the stock size of Norwegian spring
spawning herring (Olafsdottir et al., 2015).

Length distributions of the 2014 catches were provided by England, Faeroes, Iceland,
Ireland, Germany, Greenland, the Netherlands, Norway, Portugal, Russia, Scotland
and Spain. The length distributions were available from most of the fishing fleets and
account for over 90% of the catches. These distributions are only intended to give an
indication of the size of mackerel caught by the various fleets and are used as an aid in
allocating sample information to unsampled catches. Length distributions by country
and fleet for 2014 catches are given in Table 2.4.1.2. They show clear differences be-
tween quarters, particularly for the Spanish, Portuguese and English fleets.

2.4.2 Weights-at-Age in the Catch and Stock

The mean weights-at-age in the catch per quarter and area for 2014 are given in Table
2.4.2.1. There is a trend towards lighter weights-at-age for the most age classes (except
0 to 2 years old) starting around 2005 is continuing until 2013 (Figure 2.4.2.1). The val-
ues for 2014 are similar to those of 2013, slightly increasing for ages 5 and above. These
changes in weight-at-age are consistent with the changes noted in length in Section
24.1.

The Working Group used weights-at-age in the stock calculated as the average of the
weights-at-age in the three spawning components, weighted by the relative size of each
component (as estimated by the 2013 egg survey for the southern and western compo-
nents and the 2011 egg survey for the North Sea component). Mean weights-at-age for
the western component are estimated from Dutch, Irish and German commercial catch
data combined with fish measured during the Norwegian tagging survey. Only sam-
ples corresponding to mature fish, coming from areas and periods corresponding to
spawning, as defined at the 2014 benchmark assessment (ICES CM 2014/ACOM:43)
and laid out in the stock annex, were used to compute the mean weights-at-age in the
western spawning component. For the North Sea spawning component, mean weights-
at-age were calculated from samples of the UK and Dutch commercial catches collected
from areas IVa and IVb in the second quarter. Stock weights for the southern compo-
nent, are based on samples from the Portuguese and Spanish catch taken in VIIIc and
IXa in the second quarter of the year. The mean weights in the three components and
in the stock in 2014 are shown in the text table below.
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As for the catch weights, the decreasing trend observed since 2005 for fish of age 3 and
older is continuing in 2013 (Figure 2.4.2.2). The 2014 values are comparable to those of
2013.

North Sea Western Southern NEA Mackerel
Component Component Component 2013
Age Weighted mean
0 0
1 0.081 0.104
2 0.195 0.116 0.156 0.165
3 0.242 0.166 0.185 0.199
4 0.249 0.202 0.234 0.238
5 0.296 0.238 0.279 0.291
6 0.295 0.317 0.310
7 0.323 0.320 0.339 0.341
8 0.408 0.343 0.350 0.388
9 0.383 0.399 0.384 0.416
10 0.495 0.428 0.435 0.466
11 0.475 0.389 0.458
12+ 0.497 0.423 0.506
Component 2.86% 74.05% 23.09%
Weighting
Number of 50 833 1284
fish
sampled

In absence of data for age 1 in the western component, the mean over the last 3 years for this component

was used to compute the mean weight in the stock.

2.4.3 Natural Mortality and Maturity Ogive
Natural mortality is assumed to be 0.15 for all age groups and constant over time.

The maturity ogive for 2014 was calculated as the average of the ogives of the three
spawning components weighted by the relative size of each component calculated as
described above for the stock weights. The ogives for the North Sea and Southern com-
ponents are fixed over time. For the Western component the ogive is updated every
year, using maturity data from commercial catch samples collected during the first and
second quarters (ICES CM 2014/ACOM:43 and stock annex). The 2014 maturity ogives
for the three components and for the mackerel stock are shown in the text table below.

A trend towards later maturation (decreasing proportion mature at age 2) has been
observed from the mid-2000s to 2011, followed by quite stable values since then (Figure
2.4.3.1).
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Age North Sea Western Southern NEA Mackerel
Component Component Component
0 0 0 0 0
1 0 0.14 0.02 0.11
2 0.37 0.53 0.54 0.53
3 1 0.98 0.70 0.91
4 1 0.99 1 0.99
5 1 0.99 1 0.99
6 1 0.99 1 1
7 1 0.99 1 1
8 1 1 1 1
9 1 1 1 1
10 1 1 1 1
11 1 1 1 1
12+ 1 1 1 1
Component 2.86% 74.05% 23.09%
Weighting

Fishery Independent Data
2.5.1 International Mackerel Egg Survey

2.5.1.1.1 Science / Industry Winter MEGS Survey 2014/15

Subsequent to discussions that commenced during WKPELA in 2014 (ICES CM
2014/ACOM:43), an industry / science collaboration was established that would at-
tempt to address the issue of early mackerel spawning in the western area as evidenced
by the results of the 2010 and 2013 MEGS surveys. This involved deployment of 4 sur-
veys of app. 10—12 days duration undertaken on commercial vessels and covering the
winter period from December through to March over a fixed area within the Celtic Sea
/ Biscay region. This is where the highest concentrations of spawning were observed
during the 2013 MEGS survey in the western area (Figure 2.5.1.1.1).

During the first survey in December 2014 no mackerel eggs were found. No adult sam-
pling was carried out due to equipment failure on the vessel. The second survey in
January 2015 was seriously compromised by weather, and only completed one Gulf
deployment which yielded no eggs. Four pelagic trawls were completed with only sev-
eral juvenile mackerel caught. The third survey was carried out in February 2015 with
some spawning expected to have started at this time. From the 45 plankton tows car-
ried out, 356 mackerel eggs were identified, 276 of these were at stage 1. Low density
numbers were encountered all along the survey track. The stage 1 egg densities are
presented in Figure 2.5.1.1.2. No adult samples were taken. The fourth survey was car-
ried out from the 2—11 March. 41 plankton stations were completed with 4536 macke-
rel eggs being recorded and of these 2875 were at stage 1. The stage 1 egg densities are
presented in Figure 2.5.1.1.3. Due to the short time period available for planning the
survey, no diplomatic clearance was granted to sample in French waters. This pre-
vented any access to the Biscay region during this period. Additional sampling was
undertaken on the Porcupine Bank to the north of the fixed survey area. Mackerel
spawning was observed within all of the sampled area with the largest concentrations
of mackerel eggs being found on the UK/French boundary at station 8 where 1050 stage
1 eggs/m? were recorded. Elsewhere low to moderate levels of mackerel spawning
were recorded. The pelagic trawl was deployed on 2 occasions and 3 mackerel were
caught.
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The surveys were principally intended to demonstrate the presence/absence of spawn-
ing in each month from December 2014 onwards and its spatial scale and amplitude
when observed. The first clear observation was that no mackerel eggs were found at
all in December. This was expected but represents valuable confirmation. No useable
egg samples were taken in the January survey, and so scale and amplitude are un-
known. The major conclusions need to be drawn from the final two surveys. The nom-
inal start date for the triennial survey in the western area is currently the 10 February
(Day 42). Implicit in this start date would be that there was no spawning before that.
The February 2015 survey started on day 47, just 5 days after the nominal start. Eggs
were found albeit at low densities across the surveyed region. The first reasonable
numbers of stage 1 eggs were taken on day 49. Taken together, this would suggest that
the nominal start date only seven days earlier is probably too late in the current context.

The conclusion from the last two surveys in particular is probably that spawning was
still occurring earlier in 2015 than in survey years prior to 2010, but may have been
slightly later than that seen in 2013. The February survey shows low but consistent
spawning underway by the middle of February, suggesting that the quite long 2013
survey period starting on day 50 was combining lower spawning activity in late Feb-
ruary with much higher activity in the early part of March. Taking this result into ac-
count it was recommended that the first western period for the 2016 survey should
start much earlier than in 2013, ideally no later than the start of February. There should
also be a second survey period starting in early March. Combined with an earlier nom-
inal start date this should provide a more robust sampling of the start of spawning and
of the Total Annual Egg Production from the survey. The results together with the con-
clusions and subsequent implications for the MEGS survey were presented as a work-
ing document to WGWIDE.

2.5.1.2 Survey Planning for the 2016 Northeast Atlantic survey

The ICES Working Group on Mackerel and Horse Mackerel Egg Surveys (WGMEGS)
met in Copenhagen on April 20—24, 2015, to plan the Mackerel and Horse Mackerel
Egg Survey in 2016. The nations participating in the 2016 Northeast Atlantic MEGS
survey will be Portugal, Spain, Scotland, Ireland, The Netherlands, Germany, Iceland
and the Faroe Islands. Norway has withdrawn from the survey in 2016 although they
will retain the role of coordinators of the fecundity sampling programme and will also
perform the final analysis on the mackerel fecundity data.

The 2016 survey will be based on seven regular sampling periods plus an additional
eighth period that will be tasked with recording any residual horse mackerel spawning
activity taking place beyond the nominal end date. Norway has withdrawn their par-
ticipation from first the North Sea MEGS survey and now also from the Northeast At-
lantic (NEA) survey, at a time when the continued expansion of the NEA mackerel
stock has resulted in a spatial and temporal broadening of the mackerel spawning area
and season. Additional information collated from winter surveys undertaken in
2014/2015 (Section 2.5.1.1) point toward a continuation of the early peak spawning as
observed during the 2010 and the 2013 MEGS surveys. The conclusions from this report
as delivered to WGMEGS in 2015 (ICES CM 2015/SSGIEOM:09) have been acted upon
with the result that surveying in the western area will commence during the first week
of February 2016, which is two weeks earlier compared to 2013. The subsequent period
in the western area will commence at the start of March.

Due in large part to a combination of the Norwegian withdrawal from the MEGS sur-
vey programme and the resultant earlier start to the survey schedule in the western
area at the time of the WGMEGS meeting in 2015 there were 4 outstanding survey slots
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that remained unallocated. These have now been filled and allocated to Denmark, Scot-
land, Netherlands and Ireland. These additional surveys are expected to be undertaken
using commercial fishing vessels supplied by the industry representing those nations.
An amended version of the 2016 Northeast Atlantic survey plan is presented in Table
2.5.1.2.1. The revised survey plan will be included in the correspondence report for
WGMEGS in 2016.

2.5.1.3 Update of the Mackerel SSB estimated from the Triennial Annual Egg Production
method Surveys

Following the recommendation of the 2014 WKPELA benchmark workshop (ICES CM
2014/ACOM:43), WGMEGS carried out a revision of the mackerel egg survey historical
database and a recalculation of the whole time series of the TAEP (Total Annual Egg
Production) and SSB (Spawning Stock Biomass) in 2014. The historical time series was
recalculated by applying the Mendiola mackerel egg development equation (Mendiola
et al., 2006) instead of the Lockwood equation (Lockwood et al., 1977). The decision to
use the Mendiola mackerel egg development equation instead of Lockwood’s (tradi-
tional methodology) was taken by WGMEGS in 2012 (ICES CM 2012/SSGESST:04).

During the review, TAEP estimates of the whole time series were calculated using a
new updated code in R that has been developed in recent years. Until 2007 a FORTRAN
code was used to estimate TAEP for mackerel. From 2010 onwards a new code in R
was used to estimate TAEP for mackerel and Western horse mackerel. This has been
updated and developed further in 2015 to include checking routines which conse-
quently detected some mistakes in the existing script and which have now been cor-
rected. The most important mistake detected was in the interpolation algorithm which
resulted in an overall underestimation of the egg production for interpolated rectan-
gles. Consequently, the revised time-series estimates provided in Figures 2.5.1.3.1 —
2.5.1.3.3 and Tables 2.5.1.3.1 — 2.5.1.3.3 do not correspond and in fact supersede those
TAEP and SSB estimates presented to WGWIDE in 2014 (ICES CM 2014/ACOM:48).
The estimate of TAEP variance was also calculated over the same period and is pre-
sented using the Mendiola equation (Tables 2.5.1.3.1—2.5.1.3.3). The main results using
the Mendiola mackerel egg development equation in the temporal series and the up-
date code in R for mackerel components are presented in Tables 2.5.1.3.1—2.5.1.3.3 and
Figure 2.5.1.3.4. The revised time-series of TAEP and SSB estimates shows an increase
of around 25% for the TAEP and SSB compared to previously reported estimates (Fig-
ures 2.5.1.3.1—2.5.1.3.4). Differences in the TAEP and SSB in the time-series between
reported values from 1992 to 2013 are shown in Figures 2.5.1.3.1—2.5.1.3.6. The results
were also presented to WGMEGS in 2015 (ICES CM 2015/SSGIEOM:09) and were pre-
sented as a working document to WGWIDE.

2.5.1.4 North Sea Mackerel Egg Survey in 2015 - Preliminary Results

Between 26 May and 17tJune 2015 the Netherlands conducted a mackerel egg survey
in the North Sea. The withdrawal of Norway from the North Sea survey in 2014 left the
Netherlands as the sole participant. The survey was originally scheduled to be under-
taken in 2014, however technical problems with the Dutch research vessel resulted in
the survey being postponed until 2015.

The survey was split into 4 sampling periods whereby the entire survey area was cov-
ered 4 times. Due to the reduction in survey time and only one vessel being available
these coverages were undertaken utilising an alternate transect methodology. The un-
sampled transects being allocated interpolated values in accordance with standard in-
terpolation rules (ICES CM 2014/SSGESST:14). Peak spawning was observed in period
2 and was at almost the same time and magnitude as in 2011, however in contrast to
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2011 an additional week was added to the survey which provided an additional early
sampling point which yielded only low levels of spawning. This also provides evi-
dence to suggest that only a small amount of spawning was missed during the 2011
survey when peak spawning was observed during the first sampling period. Spawning
decreased between period 2 to period 3 and increased slightly in period 4. Two trawl
hauls were carried out by R.V. Tridens to collect adult mackerel fecundity and atresia
samples however due to the short time frame these have not yet been analysed. In lieu
of this the previous fecundity estimate of 1401 eggs/g female was used and this pro-
vided a provisional SSB estimate of 170 456 tons.

The WG recommends that in future the survey effort should be increased to secure a
proper coverage of spawning area and time and to carry out a sampling program for
fecundity.

2.5.2 Demaersal trawl surveys (Recruitment Index)

A recruitment index was derived from catch data from the International Bottom Trawl
Surveys (IBTS) in autumn and winter. Full documentation can be found in Jansen et al.
(2015).

The 2014 WKPELA benchmark workshop (ICES CM 2014/ACOM:43) recommended
further work on extending the Q4-model with data from IBTS Q1 in the North Sea and
other northern areas. Further progress of this analysis was presented at WGWIDE
meeting in 2014. Most noteworthy was the inclusion of data from first quarter IBTS
surveys to cover the important nursery areas in the northern North Sea. Furthermore,
the index calculated by the LGC model was benchmarked against a swept-area index
derived from the same data. This analysis suggested that the LGC approach was better
at extracting the cohort abundance signal than the “raising” method. A WGWIDE sub-
group reviewed the new results as described in Jansen et al. (2015). WGWIDE (ICES
CM 2014/ACOM:48) regarded the LGC implementation as a valid and well docu-
mented approach. WGWIDE furthermore regarded the addition of the first quarter
survey data as an improvement over the version implemented during the 2014
WKPELA benchmark workshop (ICES CM 2014/ACOM:43). However, the analysis
suggested a possible difference in catchability between first and fourth quarter sur-
veys, so an analysis of this was recommended before the new index could be imple-
mented in the assessment. This analysis was subsequently performed, reviewed and
published (Jansen et al., 2015). The authors concluded that there was no significant dif-
ference in catchability between first and fourth quarter surveys. The recruitment index
in WGWIDE 2015 was therefore based on data from both surveys.

A dataset was compiled incorporating observations from bottom-trawl surveys con-
ducted between October and March during 1998 —2015. Surveys conducted on the Eu-
ropean shelf in the first and fourth quarters are collectively known as the International
Bottom Trawl Survey (IBTS). All surveys sample the fish community on the continental
shelf and upper shelf slope. IBTS Q4 covers the shelf from Spain to Scotland, excluding
the North Sea, while IBTS Q1 covers the shelf waters from north of Ireland, around
Scotland, and into the North Sea.

Trawl operations during the IBTS have largely been standardized through the relevant
ICES working group (ICES, 2013a). Trawling speed was generally 3.5—4.0 knots, and
trawl gear is also standardized and collectively known as the Grande Ouverture Ver-
ticale (GOV) trawl. Some countries use modified trawl gear to suit the particular con-
ditions in the respective survey areas. In some cases, the standard GOV was modified,
which was not expected to change catchability significantly. However, subsequent
trawls deviated more significantly from the standard GOV type, namely the Spanish
BAKA trawl, the French GOV trawl, and the Irish mini-GOV trawl. The BAKA trawl
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had a vertical opening of only 2.1 —2.2 m and was towed at only 3 knots. This was
considered substantially less suitable for catching juvenile mackerel and, therefore,
was excluded from the analysis. The French GOV trawl was rigged without a kite and
typically had a reduced vertical opening, which may have reduced the catchability of
pelagic species like mackerel. Catchability was assumed to equal the catchability of the
standard GOV trawl because testing has shown that the recruitment index was not
very sensitive to this assumption (Jansen et al., 2015). Finally, the Irish mini-GOV trawl,
used during 1998 —2002, was a GOV trawl in reduced dimensions. The reduced wing-
spread and trawl speed were accounted for in the model (Jansen et al., 2015).

Since 2011, the English survey has been discontinued and the Scottish survey has not
consistently covered the area around Donegal Bay.

A geostatistical log-Gaussian Cox process model (LGC) with spatio-temporal correla-
tions was used to estimate the catch rates of mackerel recruits through space and time.
The modelled recruitment index (square root transformed catch rate) surface in au-
tumn 2014 and winter 2015 was mapped in Figure 2.5.2.1 (right). The recruits appeared
to be distributed further south than the average distribution of the time series Figure
2.5.2.1 (left).

The time series of spatially integrated recruitment index values was used in the assess-
ment as a relative abundance index of mackerel at age 0 (recruits) — see Figure 2.5.2.2
and Table 2.6.1.9. The cohort from 2014 was estimated to be over average and the fourth
largest in the time series. Recruitment of the 2013 cohort was, as indicated by WGWIDE
2014, overestimated by the old model that was based on autumn survey data only.

2.5.3 Ecosystem surveys in the Nordic Seas in July-August (IESSNS index)

During 1 July to 10 August 2015, four vessels: the chartered trawler/purse seiners M/V
“Brennholm”, M/V “Eros” (Norway), M/V “Christian i Grotinum” (Faroe Islands), and
the research vessel R/V “Arni Fridriksson” (Iceland) participated in the joint ecosystem
survey (IESSNS) in the Norwegian Sea and surrounding waters (ICES 2015d). Major
aims of the survey were to quantify abundance, spatio-temporal distribution, aggrega-
tion and feeding ecology of Northeast Atlantic mackerel in relation to distribution of
other pelagic fish species such as Norwegian spring-spawning herring, oceanographic
conditions and prey communities. The pelagic trawl survey was initiated by Norway
in the Norwegian Sea in the beginning of the 1990s. Faroe Islands and Iceland have
then participated in the joint mackerel-ecosystem survey since 2009 and Greenland
since 2012. The IESSNS provides age-disaggregated indices for age group 6+ scaled by
the coverage each year (Table 2.6.1.9) for tuning in the mackerel assessment as decided
at the benchmark assessment in 2014. The indices derive from swept-area estimations
from predefined surface trawl stations.

Mackerel was observed in most of the surveyed area in 2015, and the zero boundaries
were found in the large majority of areas (Figure 2.5.3.1). The geographical coverage
and survey effort in 2015 (2.7 mill. km?) was slightly larger than in 2014 (2.45 mill. km?)
and 2013 (2.41 mill. km?).

The total swept area biomass index of NEA mackerel in summer 2015 was 7.7 million
tonnes (Figure 2.5.3.2). This is 1.3 million tonnes lower abundance index than in 2014
when it was record high. The average density decreased also from previous two years
from around 3.65 tonnes/km?to 2.86 tonnes/km?. The reason for the decrease in the total
biomass index of mackerel and density is not fully known, but could be a consequence
of both adult and juvenile mackerel being outside of the survey area (e.g. in the North
Sea and north and west of the British Isles), less fishable during surface trawling, due
to different behaviour including possible higher patchiness compared to previous
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years, and/or that the abundance index from the IESSNS swept area survey in 2015 is
simply reflecting the development of the stock size. None of these possible reasons can
be excluded. However, the distribution of the mackerel and consequently also the feed-
ing migration differed from previous years, with relatively less abundance in the north-
ernmost and westernmost regions while much more in the area south of Iceland.
Moreover, mackerel had relatively high density in the southeastern area covered (Fig-
ures 2.5.3.1 and 2.5.3.2), which all together could imply that higher proportion of the
stock might have been missed in this year’s survey because of a more pronounced
southerly distribution. This emphasizes the necessity of covering the potential distri-
bution areas further south (in the North Sea and west of the British Isles) as a part of
IESSNS and recommended by the survey group (Neottestad et al., 2015).

The 2011-year class of mackerel contributed with 28% of numbers followed by the 2010-
year class with 22%. The 2012 year class had 12% in number. (Figure 2.5.3.3). Altogether
71% of the estimated number of mackerel was less than 6 years old. The internal con-
sistency plot for age-disaggregated year classes has improved since the benchmark in
2014 by the inclusion of two more survey years (2014 and 2015; Figure 2.5.3.4). This is
especially apparent for younger ages. There is now good internal consistency for 1-10
years old mackerel, except between age 5 and 6. The reason for the low consistency
around age 5 is unknown, but could partly be due to similar abundance estimates of
these two consecutive cohorts aged 5 and 6. The improved consistency for young NEA
mackerel in the IESSNS survey should be taken into consideration in the planned in-
terim benchmark assessment for mackerel (possibly in 2017), specifically by including
estimates of younger mackerel 1-5 years of age, and not only age 6+ mackerel. This is
also important considering that altogether 71% of the estimated number of mackerel
was less than 6 years old and are therefore not used for tuning in the current analytical
assessment.

The spatial overlap between mackerel and NSS herring was highest in the south-west-
ern part of the Norwegian Sea (Faroe and east Icelandic area) according to the catch
compositions in the survey (Figure 2.5.3.5), which is similar to 2014.

The mackerel had a more patchy distribution in July-August 2015 based on the trawl
catches compared to previous years. The mackerel were also present in smaller quan-
tities in the northernmost and westernmost regions of the surveyed area compared to
the last few years (Figure 2.5.3.2). The 2015 survey did neither cover North Sea (south
of 60°N) nor west of the British Isles. This may have influenced the abundance estima-
tion of the NEA mackerel. The reasons for the apparent changes in the mackerel distri-
bution from previous years are uncertain, but are considered to be related to
environmental factors. Relatively cold surface waters southeast of Iceland, around the
Faroese and in the southern part of the Norwegian Sea in the spring 2015, as presented
by the May survey results (Nottestad et al., 2015), might for example had contributed
to these changes. This needs however, further examination later including a broader
scientific approach.

2.5.4 Tag Recapture data

The Institute of Marine Research in Bergen has conducted tagging experiments on
mackerel since 1968, both in the North Sea and to the west of Ireland during the spawn-
ing season May-June. However, only the information from mackerel tagged west of
Ireland is used in the mackerel assessment, and only information on recaptures of
mackerel tagged with steel-tags until 2006 (releases from 1977 to 2004). See the 2014
WKPELA benchmark workshop (ICES CM 2014/ACOM:43) for a thorough description
on how the tag-recapture information is used in the assessment.
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Steel-tags

These tags have been recovered at metal detector/deflector gate systems installed at
plants processing mackerel for human consumption. This system demanded a lot of
manual work, paying for external personnel to stay at the plants during processing.
Among the typical 50 fish deflected, the hired personal must find the tagged fish with
a hand-hold detector and send the fish to IMR for analysis. This has been time consum-
ing and expensive. Besides being used in present mackerel assessment model, the tag-
ging data have also been used in estimates of mortality, and recently in estimation of
spawning stock biomass, and further has the tagging data been valuable for under-
standing the migration of the mackerel (Tenningen et al., 2011).

RFID tags

New and promising radio-frequency identification (RFID) tagging project on NEA
mackerel was in 2011 initiated at the Institute of Marine Research, Bergen (IMR) in
Norway. RFID is a technology that uses radio waves to transfer data from an electronic
tag, called an RFID tag, through a reader for the purpose of identifying and tracking
the object. The new RFID tagging project has moved away from manual and expensive
to an automatic and cost-effective scanning system.

During the period 2011 —2015 as many as 203,936 mackerel has been tagged with the
new tags and 765 of these tags have recaptured (Table 2.5.4.1). A recent small test ex-
periment in Iceland is not included in these numbers, data are not in the data base yet.

The RFID-tagged mackerel are currently recaptured at 15 European factories pro-
cessing mackerel for human consumption (Table 2.5.4.2). The project started with RFID
antenna reader systems connected to conveyor belt systems at 8 Norwegian factories
in 2012. Now there are 4 operational systems in at 3 factories in UK (Denholm has 2
RFID systems), 3 Iceland, and 1 at the Faroes. In addition, more systems are also bought
by UK (2), Denmark (1) and Ireland (3), which up to now has been non-operational.
The factories having operational systems are online on internet or GPRS and RFID
tagged mackerel recaptured by the systems are automatically updated in the central
database in Bergen with date, time, and factory of location.

There is a web-based software solution that is used to track the different systems, im-
port data on catch information, and biological sampling data of released fish and
screened catches. Based on this information the system can estimate numbers released
and screened by year class in a known biomass landed, which is used to estimate abun-
dance by year class and totally.

Hence, the usefulness of the data is dependent on the work from each country’s re-
search institutes, fisheries authorities or the industry to provide additional data about
catches screened through the RFID systems, such as total catch weight, position of
catch (ICES rectangle), mean weight in catch etc. Regular biological sampling of the
catches landed at these factories is also needed. Altogether, these data are essential for
the estimation of numbers screened per year class, which is needed as input to the tag
data-table currently used in the SAM-assessment for steel tags.

The major aim for the RFID program is to expand the tagging time series by including
these data in the assessment model for NEA mackerel, at latest during the next bench-
mark, possibly in 2017. The tag data format will be the same as the one already included
in the 2014 benchmark with steel tags, but treated as a different time series. The time
series will by 2017 include data from experiments 2011-2016, a time series of 6 years.
Preliminary explorations of the data indicate that it is possible to trace the development
of year class abundance in the data, indicating the potential for use in the assessment
(Figure 2.5.4.1).
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2.5.5 Other surveys

2.5.5.1 International Ecosystem survey in the Norwegian Sea (IESNS)

In recent years an increasing amount of mackerel has been observed in the Norwegian
Sea during the combined survey in May targeting herring and blue whiting. The edge
of the distribution has also been found progressively further north and west. However,
the mackerel was mainly found in the eastern part of the survey area up to 67°N in
May 2015, with few exceptions at western stations further south (Rybakov et al., 2015).
It should be noted, however, that the sampling may not provide a representative pic-
ture of mackerel distribution because of its vertical distribution and relatively low
trawling speed.

2.5.5.2 Acoustic estimates of mackerel in the Iberian Peninsula and Bay of Biscay (PELACUS)

PELACUS 0315 was carried out on board R/V Miguel Oliver from 13t March to 16t
April. The methodology was similar to that of the previous surveys (Carrera and
Riveiro, 2015) (Figure 2.5.5.2.1).

A total of 66 fishing station were performed. Mackerel was the most abundant fish
species, both in number and weight (34% and 71% respectively) and was also present
in the 91% of the fishing hauls. Contrary to the normal occurrence, an important part
of the adult fish was located in IXaN. This would be a consequence of the upwelled
colder waters off NW Spanish corner (ICES VIIIcWest Subdivision), avoided by this
fish species, due to the strength of NE winds. (Figure 2.5.5.2.2).

Total mackerel biomass estimate was 483,371 tonnes, corresponding to 1,574 million
fish (Table 2.5.5.2.1 and 2.5.5.2.2), a remarkable decrease from 2014 when almost 800
thousand tonnes were estimated (Figure 2.5.5.2.3). Adult fish mainly belonged to age
groups 4 to 6, with a mode at 36 cm, a similar stock structure as observed in the previ-
ous year assessment. Two factors would be affected the results achieved. The strength
of the NE wind could disturbed the normal mackerel behaviour with rather thick
shoals occurring close to the surface, as this year this layer-like was scarce and the den-
sity lower than that of the previous year; on the other hand the change of the steaming
way (normally against the expected main mackerel westward movement) done in NW
Spanish corner and in the inner part of the Bay of Biscay due the windy conditions,
might be resulted in an underestimation of the total biomass.

Stock Assessment

2.6.1 Update assessment

NEA Mackerel was classed as an update assessment this year. The update assessment
was carried out by fitting the state-space assessment model SAM (Nielsen and Berg,
2014) using the web interface on www.stockassessment.org (assessment name:
NEA Mac WGWIDE2015 V1 (ICES CM 2014/ACOM: 43) and described in the Stock
Annex. The assessment model is fitted to catch-at-age data for ages 0 to 12 (plus group)
for the period 1980 to 2014 (with a strong down-weighting of the catches for the period
1980-1999) and three surveys: 1) the SSB estimates from the triennial Mackerel Egg sur-
vey (every three years in the period 1992-2013), 2) the recruitment index from the west-
ern Europe bottom trawl IBTS Q1 and Q4 surveys (1998-2014) and 3) the abundance
estimates for ages 6 to 11 from the IESSNS survey (2007 and 2010-2015). The model also
incorporates tagging-recapture data from the Norwegian tagging program (for fish re-
captured between 1980 and 2005).

Fishing mortality-at-age and recruitment in the model are modelled as random walks,
and there is a process error term on ages 1-11.


https://www.stockassessment.org/setStock.php?stock=NEA_Mac_WGWIDE2015_V1
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The new data used in this assessment compared to the previous assessment (ICES CM
2014/ACOM: 15) were:

- Revision of the entire egg survey SSB time series (see Section 2.5.1.3).
- Revision of the entire IBTS recruitment index (see Section 2.5.2).
- Addition of the 2015 survey data in the IESSNS indices.

- Addition of the 2014 catch-at-age, weights-at-age in the catch and in the stock
and maturity ogive, proportions of natural and fishing mortality occurring be-
fore spawning.

Input parameters and configurations are summarized in Table 2.6.1.1. The input data
are given in Tables 2.6.1.2 to 2.6.1.9. Given the size of the data base (1,700 lines) the
tagging data are not presented in this report, but are available on www.stockassess-
ment.org in the data section.

Model parameters for the 2015 update assessment were examined and found to be very
different from the 2014 update assessment (Table 2.6.1.10). Revision of the parameters
was to be expected since two of the time series were revised. The scale of both the IBTS
recruit index and the egg survey SSB index is different from the previous assessment
(smaller and larger, respectively), which explains the revision in the catchability esti-
mate for these two surveys (downwards and upwards, respectively). In addition, given
that the time series for IESSNS survey is still short the observed revision of the esti-
mated catchability in SAM for this survey was also to be expected. However, it is dif-
ficult to interpret the large revision of the observation variances and random walk
variances. The random walk variance for the fishing mortality has decreased substan-
tially, while the observation variance for the catches has doubled. This means that the
2015 update has very smooth temporal variations in the fishing mortality, and, conse-
quently, is not able to produce a good fit to the catch data. The decrease in the random
walk variance on age 0 corresponds to a very smooth recruitment time series. The ob-
servation variances in the 2015 update assessment indicate that the model now gives
much less weight to the catch data and to the IESSNS survey and a higher weight to
the egg survey and the IBTS recruitment index. The fit to the IBTS survey is unrealisti-
cally good (observation variance of 0.03 meaning that the assessment agrees with the
recruits’ survey with maximum deviation in the range of +5%). Although the Working
Group acknowledges that the inclusion of the Q1 resulted in an improvement of the
IBST index, such a perfect fit with a survey time series in a model is unrealistic and is
symptomatic of model mis-fitting.

For this reason, the Working Group rejected the update assessment, and decided to
conduct a series of exploratory runs to investigate the cause of this model mis-fitting.

2.6.2 Exploratory assessment runs

2.6.2.1 Influence of survey additional years and index revision

The influence on model fit of the changes in the survey indices (revision or/and addi-
tion of one extra year of data) was investigated by comparing the 2015 update assess-
ment and the 2014 WGWIDE assessment with assessments run with:

- The previous IBTS recruitment time series (1998-2013) to test influence of the
revision of the index

- The new IBTS index, excluding the 2014 data point, for comparison with the
run above.

- The IESSNS excluding the 2015 data point, to test the effect of this additional
data point.
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- The previous egg survey index (used in the 2014 assessment).

The estimated model parameters are given in Table 2.6.1.10 and the corresponding
stock trajectories are shown in Figure 2.6.2.1.

Inspection of the model parameter values shows that the models can be classified into
two groups:

- The run excluding the 2015 IESSNS data point and the run using the old egg
survey data have similar parameters as the 2015 update assessment. The main
differences are that the exclusion of the 2015 IESSNS data point results in a
better fit (lower observation variance) to this survey and a small revision of the
catchabilities of all surveys. Using the old egg survey mostly results in a revi-
sion of the catchability of this survey. In the three cases, the fit to the IBTS index
remain unrealistically good.

- The run with the old IBTS index, and the run with the new IBTS index exclud-
ing the year 2014 have similar parameters as the 2014 WGWIDE assessment.
The main differences are the higher catchability for the egg survey compared
to the 2014 WGWIDE assessment, explained by the upwards revision of this
index.

The 2015 update results in a large revision of the perception of the stock for the last 5
years compared to the 2014 WGWIDE assessment. The SSB is estimated to be between
6% and 16% lower in the update assessment, whereas the fishing mortality Fvarss is
estimated to be between 10% and 37% higher than in the previous accepted assessment.
The recruitment time series from the 2015 update assessment is identical to the IBTS
index (small observation variance), and is much less variable than the recruitment from
the 2014 WGWIDE assessment (differences in the random walk variance on age 0). The
run in which the 2015 IESSNS point was removed is the most similar to last year’s
assessment regarding the recent values of SSB and of Fvarss, but has similar recruitment
estimates as the 2015 update assessment. The run with the old IBTS index and with the
new IBTS index excluding the 2014 point both produces SSB trajectories intermediate
between the 2015 update and the 2014 WGWIDE assessments. Fishing mortality for
these two runs is, however, almost identical to the 2015 update, while the recruitment
is similar to the 2014 WGWIDE assessment. The run using the old egg survey index is
almost identical to the 2015 update assessment.

The Working Group also decided to conduct an exploratory assessment run including
ages 2-5 (density index) from the IESSNS, instead of only including ages 6-11 from this
time series. A general weakness with the present mackerel assessment is a lack of an-
nual fishery independent data for the younger age groups. This was especially appar-
ent after the first assessment run, where the model results strongly depended on the
recruitment index from IBTS. A longer time series (7 years), with a strong internal con-
sistency between consecutive ages of the same cohort in the time series, supports the
inclusion of younger age groups from the IESSNS in this explanatory run as input data
to the assessment. The run resulted in a SSB that is between 7% lower to 58% higher
(SSB = 3.38-5.72 million tonnes), and an Frarss that is 0-38% (F=0.21-0.34) lower than
that from the update assessment. Both the negative log likelihood for the model and
the observation variance for IESSNS (Table 2.6.2.1) for this run are higher than for the
updated assessment. This indicates that the model fit is not improved by adding the
younger age groups (2-5 years old) from the IESSNS. The estimated model parameters
are given in Table 2.6.2.1 and the corresponding stock trajectories are shown in Figure
2.6.2.2.
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2.6.2.2 Changes in model configuration

Different changes in model configuration were investigated to try to avoid the model
mis-fitting described above:

- narrower constraints were used for observation variance values. In the model
developed at the 2014 benchmark assessment (ICES CM 2014/ACOM:43), the
lower bound for observation variances was set to exp(-5) = 0.007. In this run it
was raised to exp(-2)= 0.14 to artificially avoid the very low estimate for the
IBTS index.

- to give the model more freedom, a model with an increased number of param-
eters was run. 4 observation variances on different age groups were estimated
instead of 1 for the catches, and 2 instead of 1 for the IESSNS survey. Two
catchability parameters were estimated for 2 different age groups for the
IESSNS survey instead of 1.

- to relax the random walk constraint on recruitment and give more flexibility
to the model, the random walk parameterisation was replaced by a stock re-
cruitment function.

The estimated parameters are given in Table 2.6.2.2 and the estimated stock trajectories
are show in Figure 2.6.2.3.

For the run using a narrower range of possible values for the observation variances,
the observation variance for the IBTS index was estimated at 0.14, which is the value
of the lower bound for this parameter. This indicates model mis-fitting. Similarly, for
the model with an increased number of parameters, the observation variance for the
IBTS index was estimated to be 0.007, the lower bound in the benchmark assessment
model. There was no overfitting to the IBTS index for the model with the Ricker stock
recruitment relationship, and the weights of the different data sources were more bal-
anced. The catchabilities for the surveys were very similar to the values of the model
with a random walk recruitment.

SSB trajectories were very similar for all models, except for the last 2 years for the
model with more parameters. The Fvarss trajectories were also very close, except for the
model with more parameters for which variation in the earlier part of the times series
was smoother that the other models. Recruitment variation was similar for all models,
except the one with the Ricker stock recruitment relationship, for which recruitment
was much more variable.

2.6.2.3 Conclusions

From this investigation it appears that the model is very sensitive to each single data
source, and often even single data points:

- The new 2015 IESSNS data point allows for a better estimation of the catcha-
bility of this survey, which causes a revision of the perception of the SSB in the
recent years. As the IESSNS time series becomes longer, the influence of the
first data point (2007, 3 years before the start of the continuous time series) on
the estimated catchability decreases, and this data point appears now as being
an outliers (see residual plots in Figure 2.6.3.5.). The next benchmark should
consider removing it from the time series.

- The inclusion of the 2014 IBTS data point causes model fitting problems, of
which the perfect fit to the IBTS index is an indication. The model changes from
a state with relatively parsimonious influence of the different data sources and
relatively weak temporal autocorrelation in the fishing mortality and recruit-
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ment, to a state where the IBTS index receives the highest weight in combina-
tion with highly autocorrelated fishing mortality and recruitment. The Work-
ing Group was unable to provide any explanation for this behaviour.

Incorporating a stock recruitment model in the assessment seems to give more flexibil-
ity to the model and results in a more realistic fit to the data. The resulting stock-re-
cruitment pairs and underlying stock recruitment model are shown in Figure 2.6.2.4.
The historical range of estimated SSB corresponds to the flat part of the Ricker curve,
which reflects the weakness of the stock recruitment relationship for NEA mackerel.
This implies that the modelled recruitment is very weakly influenced by SSB in the
assessment model, and could be almost considered as a random process.

Decision on the final assessment

The Working Group considered that the model with the Ricker stock recruitment func-
tion can be accepted and used to provide a catch advice for 2016.

Whilst allowing for a more realistic fit to the observations and to a more variable re-
cruitment than the update, the implementation of the stock recruitment model did not
alter substantially the historical SSB and Fvars-s development. The modelled recruitment
was not really constrained by the Ricker curve (practically a random process), which
means that the choice of implementing a Ricker model does not have a large influence
on the perceived dynamics of the stock at its current and historical levels.

There was furthermore no rationale for rejecting any of the data points in the indices
time series.

2.6.3 Final assessment

The final assessment is publicly available from www.stockassessment.org, under the
name NEA-Mac-WGWIDE2015-V1_ricker.

2.6.3.1 Model diagnostics

The estimated parameters for the final model have been presented and discussed in
Section 2.6.2.

There are few strong correlations between the fitted parameters (Figure 2.6.3.1). The
only exception is the negative correlation between the random walk variance for the
fishing mortalities and the observation variance of the catches (i.e. stable F with large
residuals to the catches vs. variable F with good fit to the catches). The post tagging
survival was also positively correlated to the catchability of the egg survey. The shape
parameters of the Ricker model were also highly confounded. Otherwise, the majority
of the other parameters appear independent of each other.

Residuals for the catches did not show any temporal pattern (Figure 2.6.3.2) except for
the last three years for which they were mainly positive for 2014 and negative for 2012
and 2013. This may result from the rather strong random walk constraint (low vari-
ance) imposed to the variation on fishing mortality, which prevents the model from
increasing the fishing mortality suddenly (which probably happened given the sharp
increase in the catches in 2014). Residuals for ages 0 and 1 are larger than for subse-
quent ages 2 to 6. Residuals for ages 7 to 12 are also larger than for ages 2 to 6. This
suggest that decoupling the observation variance of the catches (for example by group-
ing age 0 and 1, ages 2 to 6 and ages 7 and older) could have been more appropriate.
This should be investigated during the next benchmark assessment. Residuals for the
surveys are given in Figures 2.6.3.3 to 2.6.3.5. Residuals for the egg survey show a slight
temporal pattern with positive residuals in the period 1995-2001 and negative residuals
since 2010. The model estimates a steeper increase in the SSB in the recent years than
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what is indicated by the egg survey. Residuals to the recruitment index show no par-
ticular pattern. Residuals for the IESSNS indices were in general small, except for the
year 2007 where large negative residuals were observed for most ages. The spatial cov-
erage of the IESSNS in 2007 was quite small compared to the subsequent years, which
might explain this year effect.

Residuals for the tag recaptures do not show any temporal or age pattern (Figure
2.6.3.6).

2.6.3.2 State of the Stock

The stock summary is presented in Figure 2.6.3.7 and Table 2.6.3.1. The stock numbers-
at-age and fishing mortality-at-age are presented in Tables 2.6.3.2-3. The spawning
stock biomass is estimated to have increase almost continuously from just below 2 mil-
lion tonnes in the late 1990s and early 2000s to 4.2 million tonnes in 2014. The estimate
for 2015 (supported only by the IESSNS data) suggests a slight decline from 2014 to
2015. The fishing mortality has been declining since the mid-2000s and was stable in
the early 2010s at around 0.30 and increased to 0.34 in 2014. The recruitment time series
from the assessment shows a clear increasing trend since the late 1990s in which two
very large year classes (2 to 3 times the average) are apparent (2002 and 2006). The 2011
year class appears to be large (third in magnitude since 1990). The model indicates an
above average recruitment for 2012, but a very low recruitment for 2013, which would
be the lowest since 2003. There is insufficient information to estimate accurately the
size of the 2014 year class.

There is some indication of changes in the selectivity of the fishery over the last 20 years
(Figure 2.6.3.8.). In the year 1990, the fishery seems to have exerted a high fishing mor-
tality on the fish 7 years and older. This changed gradually until 2000, when the fishing
mortality on younger ages (3- to 6-years) increased compared to the older fish. In the
following years, the selectivity pattern changed again towards a lower fishing mortal-
ity on the age-classes younger than 7 years until 2008. Finally, in the recent years, the
fishing mortality on younger ages (4 to 7) increased again compared to the older ages.

2.6.3.3 Quality of the assessment

Large confidence intervals are associated with the SSB in the years before 1992. This
results from the absence of information from the egg survey index, the downgrading
of the information from the catches and the assessment being only driven by the tag-
ging data and natural mortality in the early period. The confidence intervals become
narrower from the early 1990s to the mid-2000s, corresponding to the period where
information is available from the egg survey index, the tagging data and (partially)
catches. The uncertainty increases again in the recent years, for the period when the
IESSNS indices are introduced, and where no tagging data are available and where
catches are not providing sufficient information of the most recent year classes. The
SSB estimate for 2014 is estimated with a precision of +/- 30% (Figure 2.6.3.7). There is
generally also a corresponding large uncertainty on the fishing mortality, especially
before 1995. The estimate of Fbarss in 2014 has a precision of +/- 23%. The uncertainty
on the recruitment is high for the years before 1998 (precision of on average +/- 55%).
The precision improves slightly for the years for which the recruitment index is avail-
able (+/- 40%) except for the last estimated recruitment (+/- 53%).

The retrospective analysis was carried out for 4 retro years, by fitting the assessment
using the 2015 data, removing successively 1 year of data (Figure 2.6.3.9). A strong
retrospective pattern is observed in the SSB for the first retrospective year, when the
2014 data is removed (2015 data removed for the IESSNS survey). Removing additional
years of data does not further modify the SSB. A consistent retrospective pattern is
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however observed for the fishing mortality. The value of Frarssis systematically revised
upward for the inclusion of each additional year of data. The magnitude of this revision
is usually small, except for the first retrospective year, for which a strong upwards
revision is observed. Recruitment appears to be quite consistently estimated.

Removing 3 or 4 years of data leaves only 4 and 3 data points to estimate the catchabil-
ity of the IESSNS, respectively, which considerably increases the uncertainty on this
parameter. At each new assessment, the addition of an additional year of data for
IESSNS time series results in an improved estimation of its catchability. The short
length of the IESSNS time series is, therefore, a source of instability in the assessment.
However, this is not the most likely explanation for the retrospective pattern observed
in the fishing mortality. This pattern was already observed in the past (see e.g. ICES
CM 2012/ACOM:15) when the assessment was run with ICA and included only the egg
survey as a tuning index.

Short term forecast

The short-term forecast provides estimates of SSB and catch in 2016 and 2017, given
assumption of the current year’s (also called intermediate year) catch and a range of
management options for the catch in 2016.

All procedures used this year follow those used in the benchmark of 2014 as described
in the Stock Annex.

2.7.1 Intermediate year catch estimation

Estimation of catch in the intermediate year (2015) is based on declared quotas and
interannual transfers as shown in the text table in Section 2.1. Modifications of the total
of the declared quotas in 2015 come from: inter-annual transfer of quotas not fished in
2014, discards and quota payback.

2.7.2 Initial abundances at age

The recruitment estimate at age 0 from the assessment in the terminal assessment year
(2014) was considered too uncertain to be used, because this year class has not yet fully
recruited into the fishery. The last recruitment estimate was therefore replaced by pre-
dictions from the RCT3 software (Shepherd, 1997). The RCT3 software evaluates the
historical performance of the IBTS recruitment index, by performing a linear regression
between the index and the SAM estimates over the period 1998 to 2013. The 2014 RCT3
recruitment is then calculated as a weighted mean of the prediction from this linear
regression based on the 2014 IBTS index value, and a time tapered geometric mean of
the SAM estimates from 1990 to 2013. Note that the 2014 WKPELA benchmark work-
shop (ICES CM 2014/ACOM:43) used another year range of SAM estimates (1998 to
present), however, WGWIDE included the entire time series from 1990. WKPELA’s
argument for truncating the time series of recruit estimates was that the productivity
of the stock may be different in recent years than in the early 1990s. However, this is
already accounted for by using a time tapered geometric mean where the latest years
are given more weight. The difference between these two approaches is minor (0.5 %).

The log(index) from IBTS in 2014 was 15.88, substantially higher than the time tapered
geometric mean (15.30) from 1990—2013. RCT3 calculated the weighted mean to be
15.44 (5 081 mill). The weighting factors were 0.24 for the IBTS index and 0.76 for the
time tapered geometric mean, given the historical performance of the IBTS index. RCT
3 output is given in Table 2.7.2.1.
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2.7.3 Short term forecast

A deterministic short-term forecast was calculated using FLR. Table 2.7.3.1 lists the in-
put data and Tables 2.7.3.2 and 2.7.3.3 provide projections for various fishing mortality
multipliers and catch constraints in 2016.

Assuming catches for 2015 of 1,236 kt, F was estimated at 0.37 and SSB at 3.59 Mt in
2015. If catches in 2016 equal the catch in 2015, F is expected to increase to 0.45 in 2016
with a corresponding reduction in SSB to 2.33 Mt in spring 2017, assuming an F of 0.45
again in 2017.

Exploitation in 2016 at FMSY (0.22) will yield catches of 667 kt and a reduction in SSB
to 3.13 Mt in spring 2016 (-13% change), still above MSY Btrigger (3.00 Mt) therefore it
is not necessary to reduce fishing mortality. Maintaining same F levels for 2017 would
result in 646 kt catch and SSB up at 3.04 Mt in 2017 (3% reduction relative to the previ-
ous year).

Biological Reference Points

A long term management plan evaluation was conducted in 2014 (ICES CM
2014/ACOM:63) which resulted in the adoption of new reference points for NEA
mackerel stock by ICES.

2.8.1 Precautionary reference points

Biim - There is no evidence of significant reduction in recruitment at low SSB within the
time series hence the previous basis for Bim was retained. Biim is taken as Bioss, the lowest
estimate of spawning stock biomass from the revised assessment. This was estimated
to have occurred in 2002; Buss = 1,840,000 t.

Fiim - Fiim is derived from Biim and is determined from the long term equilibrium simu-
lations as the F that on average would bring the stock to Biim; Fiim = 0.36.

Bya - The ICES basis for advice requires that a precautionary safety margin incorporat-
ing the uncertainty in actual stock estimates leads to a precautionary reference point
Bpa, which is a biomass reference point with a high probability of being above Biim. Bpa
was calculated as Biim * exp(1.6450) where o = 0.30 (the estimate of uncertainty associ-
ated with the spawning biomass as estimated in the 2014 management plan evaluation
in the most recent year (2013); Bpa = 3,000,000 t.

Fpa - Fpa is derived from Bpa and is determined from the long term equilibrium simula-
tions as the F that on average would bring the stock to Bpa; Fpa = 0.25.

2.8.2  MSY reference points

The ICES MSY framework specifies a target fishing mortality, Fmsy, which, over the
long term, maximises yield, and also a spawning biomass, MSY Btrigger, below which

target fishing mortality is reduced linearly relative to the SSB Brrigger ratio.

Following the ICES guidelines (ICES CM 2013/ACOM:37), long term equilibrium sim-
ulations indicated that F=0.22 would be an appropriate Fumsy target as on average it re-
sulted in the highest mean yields in the long term, with a low probability (less than 5%)
of reducing the spawning biomass below Biim.

The ICES basis for advice notes that, in general, Fusy should be lower than Fpa, and MSY
Btrigger should be equal to or higher than Bpa. Simulations indicated that potential values
for MSY Btrigger were below Bpa. Following the ICES procedure MSY Btrigger was set
equal to Bpa, 3,000,000 t.
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Updated ICES reference points for NEA mackerel

Type Value Technical basis

MSY ap- MSY Brrigger 3.0 million tonnes  Bpa!

proach Fusy 0.22 Stochastic simulations !
Biim 1.84 million tonnes Bioss in 2002 2
Precautionary Bpa 3.0 million tonnes  Biim x exp(1.654 x 0), 0 =0.3 1
approach Fiim 0.36 F that on average leads to Biim?
Fpa 0.25 F that on average leads to Bpa !

12014 management plan evaluation (ICES CM 2014/ACOM:63)
22014 benchmark assessment (ICES CM 2014/ACOM:43)

Comparison with previous assessment and forecast

The last available assessment was carried out in 2014 at WGWIDE (ICES CM
2014/ACOM:15). The new 2015 WGWIDE assessment gives a revised perception of the
stock (text table below and Figure 2.9.1). The differences in the 2013 TSB and SSB esti-
mates between the previous and the present assessments are moderate, of — 16%. The
upward revision of the 2013 fishing mortality estimate is, however, much larger, of
+39%. The changes in the estimated model parameters have been discussed in the sec-
tion 2.6.

This revision of the perception of the stock is explained by a combination of different
factors:

- The increasing length of the IESSNS resulted in a re-estimation of the catcha-
bility of this survey (section 2.6). This change in catchability causes a rescaling
of the assessment for the period covered by the IESSNS data.

- The change from a random walk recruitment to a Ricker model, albeit it effect
seems to be minimal on the 2015 assessment.

The fitted model has a low random walk variance for the fishing mortality which
makes sudden increases in fishing mortality. The steep increase in the fishing mortality
in 2014 (suggested by the increase of the catches by 50%) cannot be made in one step
by the model, which has to increase the fishing mortality on the recent years in order
to accommodate for the observed catches (see Section 2.6).

TSB 2013 SSB 2013 F4-8 2013
2014 WGWIDE assessment 5,610 kt 4299 kt 0.217
2015 WGWIDE assessment 4,714 kt 3624 kt 0.302
% difference -16% -16% 39%

The uncertainty on the SSB and Fvarss for the last year in the assessment is very similar
to the previous assessment.

The prediction of mackerel catch for 2014 used for the short-term forecast in the 2015
advice was very close to the actual 2014 catch reported in 2015 and used in the present
assessment (text table below). The new assessment produced an estimate of the SSB in
2014 of 4.16 Mt, which is 10% lower than the forecast estimate. The fishing mortality
Frara-s for 2014 estimated this year is 5% higher than the value estimated by the short
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term forecast in the previous assessment. Most of these discrepancies can be explained
by the revision of the perception of the stock described above.

Catch (2014) SSB (2014) F45(2014)

2014 WGWIDE assessment 1,396 kt 4.605 Mt 0.324
2015 WGWIDE assessment 1,394 kt 4.160 Mt 0.339
% difference -0% -10% +5%

2.10 Management Considerations

A long term management plan evaluation was carried out in 2014 (ICES, 2014b), which
led to the revision of the reference point for the stock (see Section 2.8). A range of man-
agement strategies were also evaluated and a series of management options leading to
maximum long-term yields combined to low probability for the stock to fall under Biim
were identified. These options range from low Ftarget (0.21) combined to low Btrigger
(2.0 Mt) to higher Ftarget (0.25) combined with higher Btrigger (3.2 Mt). These values
are based on simulations were the present low weight-at-age is assumed to continue
for the simulated period. If weight-at-age returns to long term average, a slightly
higher Frarget can be applied. This is most likely also the case if there is density depend-
ent factors regulation individual growth, as indicated by two recent papers (Jansen and
Burns, 2015; Olafsdottir et al., 2015). Simulations incorporating density dependent
growth has not been included when evaluating the management plan. During an ad-
hoc workshop on density dependent growth, 13-14 August 2015 (Pastoors et al., 2015),
the potential effects of density dependent growth were estimated in the order of 10%.
A similar potential effect was observed by changing the stock-recruitment assumption.
WGWIDE received a special request regarding long term management plan also in
2015, and this is considered under 2.13.

Management options with a higher Ftarget allowed for higher yields in the short term,
but lead in the long-term to a smaller stock, and resulted in higher interannual varia-
tion in TAC. These results have been considered during the latest coastal states nego-
tiations, but no new long-term management plan has been agreed upon yet. The coastal
states have sent a request to ICES in which they stipulate that the current management
plan is no longer considered appropriate. Using the stock-recruitment relationship
from the current assessment, would change the estimate of Fmsy substantially, indi-
cating that Fmsy is rather sensitive to the stock-recruitment data used. However, the
calculations also show that a Ftarget above 0.22 will only give a small increase in long
term yield but the risk of falling below Blim increase rapidly with higher Ftarget.
Hence, until a new management strategy is in place, ICES should give advice based on
the MSY approach.

The instability of the assessment is a source of considerable concern, as it does not pro-
vide a consistent basis for formulating an advice. Last year’s assessment gave the per-
ception of a stock well above Bpa and exploited with a fishing mortality close to Fumsy.
The new assessment still estimates the stock to be above By, but the fishing mortality
is now estimated to have been consistently above Fpa and close to Fim in 2014. A conse-
quence of this revision in the perception of the stock is large variation in the catch ad-
vice resulting of the implementation of the MSY approach. In a management strategy
such as the previous long term management plan, maximum TAC interannual varia-
tion constrains can be applied. The benefit from such a constraint is that, by limiting
the interannual variation in the TAC, it minimises the effect of the instability of the
assessment and results in a more stable and predictable management.
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Since 2008, unilateral quotas have been set, which together are higher than the advised
TAC. The total catch for 2014 was the highest on record, of 1.39 Mt, an excess of 40%
compared to the scientific advice. It is estimated to have resulted in a fishing mortality
of 0.34. Similarly, the WG estimated the sum of the declared quotas for 2015 to be
1.24 Mt (36% higher than the scientific advice), which would represent a fishing mor-
tality of 0.37 for 2015.

The recommended management measures for the mackerel spawning component in
the North Sea have been the same for many years. A recent scientific paper (Jansen,
2014) has shown that the narrative of overexploitation leading to recruitment failure
may require revision, as it could be the combination of high fishing pressure, followed
by decreasing temperatures that led to reduced spawning migration into the North
Sea. So rather than a local stock collapse, this could also be constituted as a southwest
shift in spawning distribution. For a future benchmark assessment of NEA mackerel,
it would be required to provide a thorough review of all available knowledge on the
North Sea spawning component and to evaluate whether the current protection
measures would need to stay in place.

The minimum landing size for mackerel in the North Sea has been set at 30cm for a
very long time already, whereas the minimum landing size in the western waters is
20cm. A recent historical overview of the basis for the minimum landing sizes for
mackerel, has shown that there is relatively little biological basis for the determination
of the minimum landing size. Because a substantial portion of the TAC of western
mackerel can be taken in subarea IVa (from 1 September — 15 February), it is important
to review the basis for the minimum landing size and to determine a minimum landing
size that is relevant for the optimal use of the mackerel caught, while preventing ex-
ploitation of juvenile fish.

Ecosystem considerations

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

Measuring overlap between pelagic fish species, actual feeding of mackerel and avail-
able planktonic food are important for improved understanding of the link between
mackerel and other parts of the ecosystem. Lower overall plankton concentrations
were measured both in May-June and July-August 2015, which may have influenced
the feeding conditions on herring and mackerel in a negative way (Nottestad et al.,
2015; Rybakov et al., 2015).

There are strong indications for interspecific competition for food between NSS-her-
ring, blue whiting and mackerel (Huse et al., 2012). According to Langey et al. (2012),
Debes et al. (2012), and Oskarsson et al. (2015) the herring may suffer from this compe-
tition, as mackerel had higher stomach fullness index than herring and the herring
stomach composition is different from previous periods. Langey et al (2012) and Debes
et al. (2012) also found that mackerel target a higher variability of prey species than
herring. Mackerel may thus be thrive better in periods with low zooplankton abun-
dances. The feeding and diet composition of the NEA mackerel, NSS herring and blue
whiting in the Norwegian Sea both during spring and summer have been addressed
by Bachiller (submitted). Results show that blue whiting generally had low diet over-
lap with mackerel and herring, broader diet composition and a dominance of larger
prey like euphausiids and amphipods. Mackerel were not caught in spring samples,
but had high feeding overlap with herring in the summer and similar diet width
mainly consisting of calanoid copepods, especially C. finmarchicus. Stomach filling de-
gree in herring decreased from spring to summer and feeding incidence was lower
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than that of mackerel in summer. However, stomach filling degree was not different
between the two species, indicating that herring maintain equally effective feeding as
mackerel in summer. Feeding incidence increased with decreasing temperature for all
species, and for mackerel also stomach filling degree, indicating that feeding activity is
highest in areas associated with colder water masses. Results from IESSNS in July
showed that the overlap between mackerel and NSS herring was highest in the south-
western part of the Norwegian Sea (Faroe and east Icelandic area).

There is a growing concern that recruitment success of NSS herring is affected by pre-
dation from mackerel on herring larvae. Skaret et al. (2015) evaluated mackerel preda-
tion in an area of overlap between adult mackerel and herring larvae in the Norwegian
coastal shelf, with particular focus on predation on herring larvae. 45% of the mackerel
guts contained herring larvae, with a maximum of 225 larvae counted in a single gut.
Both the frequency of guts containing herring larvae and the average amount of her-
ring larvae increased in line with increasing abundance of larvae. On the other hand,
no spatial correlation between mackerel abundance and herring larvae abundance was
found at the station level. The results suggest that mackerel fed opportunistically on
herring larvae, and that predation pressure therefore largely depends on the degree of
overlap in time and space (Skaret et al., 2015).

In the southern part of the distribution area mackerel overlap with chub mackerel
(Scomber colias), the landing have increased from the 1990s to the 2000s (Table 2.11.1),
if this reflect an increase in abundance, increased interspecific competition with macke-
rel is possible.

Last year, the time series (1999-2014) of mackerel stomach contents obtained in spring
time in the Bay of Biscay from PELACUS were presented at the WG. The ratio of non-
empty stomachs ranged from 55 to 92%, although samples were only obtained during
day time. Accordingly, mackerel is still actively feeding at the spawning time. The diet
composition largely changed along this time series. From 2000 to 2004, their own eggs
have represented up to a 20 % of the total diet in volume, and salps got a contribution
of 50% either. From 2004 to 2012 copepods were relevant, with more than the 20% of
the total diet in volume. Since 2012 euphausids and mysids have increased their pres-
ence in the diet achieving more than a 25% of the total diet in volume.

Special request: EU, Norway, and the Faroe Islands request to ICES on
the management of mackerel (Scomber scombrus) in the Northeast At-
lantic

The Request:

The Coastal States are preparing a new long-term management strategy for the stock of mackerel
in the North East Atlantic. This strategy would include target fishing mortalities expressed as
a range rather than a single reference point.

ICES is requested to provide a plausible range of values around Fmsy for the mackerel stock in
the North East Atlantic, based on the stock biology (including possible density-dependent
growth), fishery characteristics and environmental conditions.

ICES is also requested to update other reference points, including Btrigger, in light of the change
from Fmsy as a single reference point to Fmsy as a range.

Given the uncertainty in stock level, growth patterns and recruitment, and taking into account
the growing time series on tagging information (RFID), ICES is requested to perform the next
(intermediate) benchmark in 2017.
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The Coastal States would also like to inform ICES that they no longer consider that the existing
management plan is appropriate, and that ICES should therefore give its advice based on the
following objectives and timelines approach until a new management strategy is in place:

1. The Parties agree to limit their fishing on the basis of a TAC corresponding to a fishing
mortality rate within the range of fishing mortalities defined by ICES as being consistent with
fishing at maximum sustainable yield, provided that the SSB at the end of the TAC year is
forecast to be above the value of Btrigger.

2. Where the SSB is forecast to be below Btrigger, but above Blim, the Parties agree to reduce
the upper and lower bounds of the range of fishing mortality referred to in paragraph 1 by the
proportion of SSB at the start of the TAC year to Btrigger.

3. Every effort shall be made to maintain a minimum level of SSB greater than Blim. Where the
SSB at the start of the TAC year is estimated to be below Blim the TAC shall be set at a level
corresponding to a fishing mortality rate consistent with the objective of rebuilding the SSB to
above Blim the following year. The Parties may also take additional management measures that
are deemed necessary in order to achieve this objective.

2.12.1 Methods

The work to answer this request is based on the simulations carried out for the Work-
shop on the NEA Mackerel Long-term Management Plan (ICES, 2015b). ICES has used
the stochastic simulation model developed for the long term managment plan evalua-
tion in WKMACLTMP (ICES, 2015b) to estimate FMSY and appropriate ranges. This
tool was designed to offer a realistic representation of the dynamics of the NEA macke-
rel stock and of its exploitation, and to mimic as closely as possible the stock assessment
and management procedures to be evaluated. The simulation tool was parameterized
to give a correct representation of the natural sources of variability in the stock (e.g.
recruitment and growth variability) and of the uncertainty in the system. This was
done by incorporating stochasticity in the starting conditions, in the future biology of
the stock (recruitment, weights, maturity, proportion of mortality before spawning
time) and of the fishery characteristics (selection pattern), and in the observation and
stock assessment parts of the model. Parameterization of the simulation was based on
the 2014 NEA mackerel assessment (ICES, 2014e).

Simulations were run in parallel for 1000 iterations (replicates of the stock), each having
their own equally likely starting conditions and individual biological and exploitation
parameters.

Recruitment was generated using stock—recruitment functions with a log-normal error
distribution. The historical stock-recruit pairs (covering the years 1990 —2012) did not
give clear support for any particular stock-recruitment model formulation. Therefore,
the approach developed for the previous management plan evaluation (Simmonds et
al., 2011) was adopted here. The method consisted in estimating a probability for a
selection of model formulations (Beverton and Holt, Ricker, and segmented regres-
sion), to assign randomly one model formulation to each of the 1000 iterations accord-
ing to these probabilities, and to estimate the shape, auto-correlation, and variance
parameters individually for each iteration.

Changes were observed in the mackerel biology in the last decade, characterized by
trends towards low weights-at-age, earlier spawning, and later maturation (ICES,
2014a). In the simulations, assumptions on the future biology were based on the aver-
age of the last three years (2011 —2013) with additional auto-correlated random varia-
tions parameterized on the full time-series.

The future age selectivity of the fishery was simulated using resampling of the histor-
ical period (2000—2013) by blocks of years.
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The stock assessment process was mimicked to estimate the state of the stock in the
simulations, providing a basis to give advice according to the management strategies
investigated. Stock assessment error matrices were applied to the “true" abundance
and fishing mortality-at-age and resulted in temporally auto-correlated errors on SSB
and Fbar.

A series of test runs was conducted to validate the model and investigate the effect of
the main assumptions.

The ICES guidelines to estimate ranges of values of FMSY were established at ICES
WKMSYREEF3 (ICES, 2014g). For stocks where ICES advice is given based on the MSY
approach ICES has developed an advice rule (AR) based on the FMSY fishing mortality
reference point, that provides the exploitation rate to give catch advice, and a biomass
reference point MSY Btrigger which is used to linearly reduce F if the biomass in the
TAC year is predicted to be lower than this reference value (ICES, 2014g). The ICES
MSY AR is evaluated to check that the FMSY and MSY Btrigger combination results in
maximum long-term yield subject to precautionary considerations, i.e. in the long term
there should be an annual probability < 5% that SSB < Blim.

To develop suitable FMSY ranges ICES has used the following criteria:

1) MSY is interpreted as maximum long-term average yield from a sustainable
stock. This implies variable catch from year to year from a stock above precau-
tionary limits.

2) F refers to total F for catch (landings plus discards) for all stocks where catch
advice based on F is given. For stocks for which catch cannot be estimated and
discards are not included in the F, F refers to landings only.

3) Fwmsy and the ranges Fupper and Fiower are calculated based on maximizing long-
term average yield, where yield is taken to be the catch of fish at lengths above
the Minimum Conservation or Catch Size (MCS). Where selection at MCS is
not known, yield is taken to be the landings, reflecting discard practices in re-
cent years.

4) The Fusy ranges are derived based on yields within 95% of yields at Fmsy. The
choice of 95% of yield is somewhat arbitrary, but is in line with a “pretty good”
yield concept (e.g. Hilborn, 2010) and delivers less than 5% reduction in long-
term yield compared with MSY.

5) The values around Fumsy are based on recent stock biology, fishery characteris-
tics, and environmental conditions. ICES has applied current growth, matura-
tion, and natural mortality typically based on values from the last ten years
used in the stock assessments. Where recent trends have been observed, the
ten-year period is reduced to reflect recent conditions (the last 3 years were
used for the mackerel). For simulated recruitment the earliest part of the time-
series was not used because of the high uncertainty in the assessment for the
period before 1990.

6) The ICES catch advice at Fmsy and at Fupper and Fiower will follow an advice rule
based on F reduction when SSB in the TAC year is predicted to be below MSY
Brigger. This advice rule conforms to the current ICES MSY approach. ICES con-
siders that to be in accordance with the precautionary approach there is a need
for overarching precautionary considerations, and does not consider that F
should be maintained at Fmsy when stock biomasses are below MSY Burigger.

7) In order to be consistent with the ICES approach for estimating Fwmsy, and tak-
ing into account advice error as well as biological and fishery variability, the
values of Fupper and Fusy are capped if they are not precautionary so that the
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probability of SSB < Bim is no more than 5%. If the stock has no available pre-
cautionary criteria, the Fmsy range is constrained to a maximum of Fusy and a
minimum of Fiower.

The range was thus defined as follows (where Fr.os is the value of F that corresponds to
5% probability of SSB < Bim), with the case corresponding to the mackerel highlighted
in bold:

Case Final Fmsy Fmsy range
Fupper< Fr.os Fumsy Flower—Fupper
Fumsy< Fr.os < Fupper Fusy Fiower—Fr.0s
Fr.os < Fmsy< Fupper Fros Fiower—Fp.05
Fr.os cannot be defined Fusy Frower—Fmsy

In order to answer the request the following assumptions regarding the approach de-
tailed in the request were made:

e In paragraph 1 SSB and Btrigger are specified in the proposal as being at the
end of a TAC year. These parameters are normally specified by ICES to be at
spawning time. ICES assumes that the intention of the strategy is that ICES
should have a greater or equal to 50% probability to classify SSB > Btrigger at
the end of the fishery year. Currently for NEA mackerel ICES carries out this
classification based on SSB in May in the TAC year, ICES will continue to use
this basis unless ICES is advised that this not what is intended.

e Inparagraph 3 the strategy defines a requirement to bring SSB above Blim both
at the start and the end of the TAC year. Similar to item 1 above ICES assumed
the purpose of this paragraph is to test the SSB at the beginning of the year and
have a greater than 50% probability of SSB > Blim by the end of the fishery
year. Currently for NEA mackerel ICES carries out this classification based on
SSB in May in the year, ICES will continue to use this basis unless ICES is
advised that this not what is intended.

o ICES notes that the strategy specifies a Btrigger. The current plan has a Btrigger
of 2.2 Mt, the MSY Btrigger is currently accepted by ICES is 3.0 Mt ICES is
unsure whether it is intended that this Btrigger should be maintained at 3.0 Mt
or if the evaluation should consider other options. ICES has tested other
candidates of MSY Btrigger, consistent with the ICES MSY approach

2.12.2 Results

ICES performed long term stochastic simulations showing that a maximum long term
yield of on average 676 kt is obtained for a fishing mortality Feas of 0.22 (Figure
9.2.3.3.1). The actual value of yield that are expected to occur will depend on the real-
ised recruitment and the values given in this document are only provided for compar-
ison and should not be taken as expected values. The range of Frass values between
0.15 and 0.29 are expected to deliver less than 5% reduction in long-term yield com-
pared with MSY.

The implementation of the ICES MSY advice rule is explicitly stated in the request (bul-
let point 2); the Fupper value is therefore capped at the F that results in a 5% probability
of SSB less than Blim (Fr.os).

The FMSY ranges [Flower, Fupper] are derived under three conditions: (1) to deliver
no more than 5% reduction in long-term yield compared with MSY; (2) to be consistent
with the ICES precautionary approach Fupper is capped, so that the probability of SSB
< Blim is no more than 5%; and, as requested (3) the ICES MSY advice rule (AR) is
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applied throughout this evaluation, implying a linear reduction in F towards zero
when SSB is below MSY Btrigger.

The resulting range estimated for the NEA mackerel, based on current biological char-
acteristics and following the parameterization used in the ICES advice of February 2015
(ICES 2015a), is given in Table 9.2.3.3.1.

ICES provides MSY estimates, taking into account selectivity, recruitment, growth, and
natural mortality under recent ecosystem conditions (ICES, 2014f — Section 1.2). Con-
sequently, the advice is based on the recent stock dynamics. Other scenarios are docu-
mented in ICES (2015b). Because the long-term dynamics of the stocks are not clear,
ICES advises that the FMSY values and ranges provided should be considered appli-
cable for at least the next five years.

The Northeast Atlantic (NEA) mackerel stock is currently characterized by low weight-
at-age, late maturity, and early spawning compared to the historical mean. There is no
firm scientific basis yet to indicate whether this situation should be considered perma-
nent or transient (either returning to the previous state or continuing to change in the
same direction). However, recent scientific publications have indicated that the growth
of mackerel could be dependent on a number of factors, including the size of the
mackerel stock and the size of the Norwegian spring-spawning herring stock (Jansen
and Burns, 2015; Olafsdottir et al., 2015).

Reflecting the uncertainty in the temporal dynamics of the biological characteristics of
the NEA mackerel stock, ICES has also evaluated a scenario where the biological char-
acteristics gradually return to the historical mean (ICES, 2015). It is worth noting that
even though the parameterization of this scenario does not assume any relationship
between stock size and growth, the consequences in the short term are assumed to be
similar to those resulting from density-dependent growth, as in the short term, the
stock size decreases and the growth rate increases. This scenario allows for higher level
of fishing mortality, and consequently, short term differences in terms of higher yield,
but the difference in expected long term yield is small (+3% with Btrigger = 3.0 Mt). In
order to cover a more complete range of potential biological scenarios, an alternative
one with a continuing trend in the biological characteristics should also be investigated.
Such scenario could be envisioned if the changes are due to some external driver with
a continuous trend. ICES acknowledges that simulations with inclusion of such sce-
nario would help in mapping the uncertainty related to changes in biological charac-
teristics.

Explicitly assigning the return to faster growth just to the stock size and managing on
the expectation that this response will occur is a more demanding assumption than
present management. Preliminary simulations of taking density-dependent growth
into account in a management rule, indicates that fishing mortality could be slightly
higher with density-dependence (in the order of 10%) (ICES, 2015c).

2.12.2.1Sensitivity to the assumption on recruitment model

A preliminary comparison of evaluations using 2014 and 2015 assessments shows sen-
sitivity to the assumption on the recruitment model (Figures 2.12.2.1 and 2.12.2.2). This
did not alter precautionary considerations (the probability of SSB < Blim). This com-
parison showed an effect on MSY ranges of least a similar magnitude to the growth
changes. A full evaluation of the current stock recruit relationship has not been done.
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2.12.2.2Range of alternative Btrigger values

As requested ICES has provided results for a range of alternative Btriggers and corre-
sponding Fupper values (Table 2.12.2.2.1). These Fupper values are limited by precau-
tionary considerations, and higher fishing mortalities will increase the probability of
SSB < Blim to levels > 5%. Increasing Btrigger will allow for higher Fupper, but at the
same time, will lead to higher variability in yield (ICES 2015a) as the SSB will be below
Btrigger in more years, (ie. high Btriggers react to increased stock size and deplete these
more quickly taking potential catch earlier at the expense of lower catch later). If SSB
is less than Btrigger then the advised F in that year is reduced, this results in the real-
ized long term mean F’s being being very similar regardless of Btrigger and Fupper
(Table 2.12.2.1). Fuppers between 0.24 and 0.30 corresponding to Btriggers between 3.0
and 5.0 Mt all results in long term realized F of 0.23—0.24.

The differences in the long term average yield are small (2—3%, Table 2.12.2.1), and
the gains are only attainable in the short term.

2.12.2.3Density dependent growth and environmental effects

The request specifically asked that the advice should be based on the stock biology
(including possible density-dependent growth), fishery characteristics and environ-
mental conditions. The numerical part of this evaluation is based on current biological
conditions of the stock, with slow growth and late maturation. Other biological scenar-
ios are discussed, but full numerical evaluations have not been carried out.

Recent scientific work has provided some support for density dependent growth in
NEA mackerel. Jansen and Burns (2015) have found a negative relation between juve-
nile size and both the biomass of the adults and the abundance of juveniles. Olafsdottir
et al., 2015 investigated mackerel growth between age 3 and age 8 and described a
marked reduction in growth, which was found to be concomitant with trends in the
size of both the NEA mackerel and the Norwegian spring spawning herring stocks.
The authors also included temperature as an explanatory factor for the changes in
growth and concluded that its effect was not significant.

However, this converging evidence for a density dependence effect should be sup-
ported by studies aiming at identifying the actual mechanisms (e.g. reduction of the
food available per capita due to the increased number of conspecific individuals, in-
crease feeding migration distances due to the increase competition for space). Studies
based on actual field observations (fish distribution, stomach contents, plankton abun-
dances, physical factors) combined with experimental work and bio-energetic model-
ling will help to better understand these mechanisms.

The influence of other factors may have acted in combination with the increasing stock
size on mackerel growth. The carrying capacity of the ecosystem may also have varied
due to the effect of environmental changes (changes in prey abundance, in competing
species abundance, changes in the geographical extension of the suitable habitat for
mackerel). In addition, growth, as all physiological processes, is directly influenced by
the local physical conditions (e.g. temperature) experienced by the fish. Furthermore,
many of the potential drivers are correlated with each other, which makes the interpre-
tation of causal links challenging (see Pastoors et al., 2015 for further discussion).

Until we have a good understanding of the density dependent and density independ-
ent (i.e. environmental) factors that govern the changes in mackerel biology and pop-
ulation dynamics (growth, but also recruitment regime, migration time, etc.), it seems
difficult to incorporate adequately any of those factors in the simulations carried out
to give advice on the appropriate levels of exploitation. In absence of clear indication
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of reversibility of the recent changes, ICES currently uses simulations conditioned
based on the recent biological conditions.

During the long term management plan evaluation (ICES, 2015c) an alternative sce-
nario for the future biology of the stock was presented. In this scenario, all biological
characteristics were modelled so that their baseline level (i.e. when not considering the
stochastic yearly variations) would return progressively from the current level to the
long term historical average. If, indeed the recent changes in growth are due to the
large size of the stock, a recovery of the mean weights-at-age might be expected if the
stock size decreases from the current high level.

Simulations using the return to faster growth and earlier maturation indicate that a
FMSY=0.24 would maximise the long term yields, and the F values between
Flower=0.17 and Fupper=0.28 would result in less that 5% reduction in long-term yield
compared with MSY and still be precautionary. These changes would be expected
whatever the reason for return to the historical biological conditions.

The effect of density on fish growth can also be directly incorporated in the population
model used in a management strategy evaluation. The framework used by ICES
(2015b) does not have this possibility at the moment, but ICES (2015c) investigated the
magnitudinal effect of density-dependent growth using another modelling framework
parameterized for NEA mackerel stock, allowing fish size-at-age to be directly depend-
ent on the stock size at any given time. The HCS software (Skagen, 2015) was used for
a brief exploratory study of the relative effect size of density dependence on reference
points like FMSY (Pastoors et al. 2015). It was loosely conditioned as a stock with
mackerel-like properties.

HCS runs an age-structured population forwards with removals according to a harvest
rule. Stochastic elements include recruitment, weight and maturities at age, initial
numbers, errors in the perceived stock abundance used to decide on TACs and in im-
plementing TACs.

Initial numbers, standard weights at age, selection at age in the fishery and natural
mortality were taken from the input to the short term prediction by WGWIDE 2014.

Recruitment was modelled using two different methods:

1. Recruitment assumed to be log-normally distributed around the long term
geometric mean of 4272 million and a CV of 39%. The stock recruit function was a
hockey stick with breakpoint at Blim = 1.84 million tons. The CV is that of the historic
series of recruitments.

2. Recruitment replicates (1000 iterations) taken from WKMACLTMP. These
were derived by estimating the stock-recruitment function probabilities according to
Simmonds et al. (2011). For the three selected stock-recruitment functions (segmented
regression, Ricker and Beverton and Holt), a Bayesian estimation of the model param-
eters was performed assuming lognormal distributed errors, based on the point esti-
mates from the 2014 SAM assessment corresponding to the period 1990 to 2012. For
each stock-recruitment function, a set of 1000 models were kept. The probabilities of
the three model forms were calculated based on the likelihoods of the three sets of 1000
model fits.

Stochastic initial numbers were obtained using the observation model noise as de-
scribed below, assuming that the present and future stock numbers will have similar
uncertainties.

The observation model, that imitates future assessment, has a noise component that is
a product of a year effect and an age effect redrawn each year. The resulting CV on the
estimate of the current SSB was 33%.
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Implementation of the decided TACs was assume to be bias-free, with a small (CV =
10%) error on the numbers caught at each age.

Altogether, this conditioning was intended to create a mackerel-like stock, which
should be sufficient for comparing the outcome of fishing at a range of levels of fishing
mortality with and without density dependence, even though the exact values of the
results should not be regarded as a second opinion of the performance of candidate
harvest rules (next to the results obtained in WKMACLTMP, ICES 2015b).

Density dependence

The density dependence is modelled as a multiplier to the standard weight. Following
Kovalev and Bogstad (2005), this multiplier is a truncated linear function of the total
biomass, here the biomass of age 1 and older:

TSB_factor = 1+arss*(BO-TSB)/B0

The factor was truncated at 0.5 and 2.5. The slope arss is defined for each age separately,
but applies in all years. The slopes used presently were obtained by doing a linear re-
gression of the historical stock weights at age on the SSB. Although the way the slopes
were derived (using SSB in the actual year rather than the TSB the year before) does
not correspond exactly to the way they are used, the order of magnitude should be
representative of the strength of the density dependence that would be needed if all
variations in weights at age should be caused by that.

The model conditioning is documented by including the conditioning files opt.inn and
bio.inn for the run as annex to Pastoors et al. 2015b.

The HCS conditioned as described was used to explore the effect of a range of constant
fishing mortalities on long term equilibrium yield and SSB, in order to outline the im-
pact of a plausible density dependence on candidate MSY reference points. The model
was run for 98 years with constant fishing mortalities without biomass triggers, and
the results for year 98 were taken as a long term equilibrium. The time course of the
results indicated that equilibrium would be reached after some 20 years.

Results are summarized in figures 2.12.2.3.1-2.12.2.3.3 for simulations with and with-
out density dependent growth and with two different stock-recruitment relationships;
simple with lognormal variance around the long term mean and a complex including
three different stock-recruitment relationships as used in WKMACLTMP. Results are
summarized for catch (figure 2.12.2.3.1), SSB (figure 2.12.2.3.2) and risk (type 3) to
Blim (figure 2.12.2.3.3).

As expected, the inclusion of density dependence led to higher yield and SSB compared
with no density dependence at similar fishing mortalities. This effect was most promi-
nent at high fishing mortalities, i.e. with low stock abundance. The deterministic F0.1
was 0.215 with density dependence and 0.183 without density dependence. The risk to
Blim started to increase at about F = 0.2 without density dependence and about F= 0.24
with density dependence.

The influence of the stock-recruitment relationship used was also noticeable. Using a
hockey-stick model gave more flat-topped yield curves estimates with higher Fmsy
compared to the more complex recruitment model used by WKMACLTMP.

As noted above, the effects shown here should only be used to indicate the relative
effect of density dependence on growth, and not as alternative estimates of these ref-
erence points. The preliminary results indicate that in the range of potential Fmsy, the
effect of density dependence in growth appears to be between 5% and 10% in yield.
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Table 2.2.1. 2014 Mackerel fleet composition of major mackerel catching nations.
COUNTRY LEN (M) ENGINE POWER GEAR STORAGE No
(HP) VESSELS
Denmark 57-86 4077-8158 Trawl Tank 7
70-76 4077-6118 Purse Seine Tank 3
Faroe 49-69 2400-4000kw Purse Seine/Trawl RSW 4
Islands
70-79 3900-8000kw Purse Seine/Trawl RSW 5
68-90 3200-6000kw Trawl Freezer 2
<50 Trawl 30
France <24 Trawl 1230
>24 Trawl 36
Germany 90-140 3800-12000 Single Midwater Trawl  Freezer 4
Greenland 90-140 4350-8049 Trawl Freezer 7
40-90 1353-9073 Trawl Freezer/RSW 22
Iceland 51-60 2502-4079 Single Midwater Trawl =~ RSW, Freezer 6
61-70 2000-7507 Single Midwater Trawl =~ RSW, Freezer 17
71-80 3200-11257 Single Midwater Trawl =~ RSW, Freezer 12
>80 8051 Single Midwater Trawl  Freezer 1
Ireland 27-65 522-3840 Pair Midwater Trawl RSW 16
8-37 22-1119 Pair Midwater Trawl Dryhold 26
50-71 1007-3460 Midwater Trawl RSW 7
11-16 33-171 Midwater Trawl Dryhold 2
Netherlands 55 2125 Pair Midwater Trawl Freezer 1
88-145 4400-10455 Single Midwater Trawl  Freezer 9
Norway >27 Purse Seine 80
21-27 Purse Seine 17
<21 Purse Seine 164
Trawler 21
Handline/Gillnet 155
Portugal 10-20 Trawl Freezer 2
20-30 Trawl Freezer 7
30-40 Trawl Freezer 5
0-10 Trawl Other 259
10-20 Trawl Other 68
20-30 Trawl Other 60
30-40 Trawl Other 29
0-10 Purse Seine Other 79
10-20 Purse Seine Other 103
20-30 Purse Seine Other 79
Spain 18-24 96-294 Trawl Dryhold 7
24-40 162-862 Trawl Dryhold 127
40- 353-876 Trawl Dryhold 3
0-10 33 Purse Seine Dryhold 1
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10-12 21-107 Purse Seine Dryhold 10
12-18 21-306 Purse Seine Dryhold 114
18-24 70-397 Purse Seine Dryhold 128
24-40 140-809 Purse Seine Dryhold 104
0-10 2-74 Artisanal Dryhold 291
10-12 12-118 Artisanal Dryhold 190
12-18 18-239 Artisanal Dryhold 226
18-24 81-368 Artisanal Dryhold 41
24-40 129-368 Artisanal Dryhold 11
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Table 2.2.4. Overview of major existing regulations on mackerel catches.

TECHNICAL MEASURE

NATIONAL/INTERNATIONAL LEVEL

SPECIFICATION

NOTE

Catch limitation Coastal States/NEAFC 2010-2015: not agreed
If SSB >=2.200.000t, F = 0.2 to 0.22
If SSB is between 1.670.000t and 2.200.000t, F = 0.22 * SSB/2.200.000
Management plan European (EU, NO) TAC should not be changed more than 20%
If SSB < 1.670.000t, parties shall decide on a TAC which is less than
that arising from the calculation above
Minimum size .
European (EU, NO, FO) 30cm in the North Sea
(North Sea)
Minimum size (all areas . .
European (EU, FO) 20cm in all areas except North Sea 10% undersized allowed
except North Sea)
Minimum size National (NO) 30cm in all areas
Within the limits of the quota for the western component (VI,VII,
o VllIabde, Vb(EC), Ila(nonEC), XII, XIV), a certain quantity may be
Catch limitation European (EU, NO, FO) . .
taken from IVa but only during the periods 1 January to 15 February
and 1 October to 31 December.
except where the weight of the mackerel does not
d 15 % by li ight of the total tities of
Area closure National (UK) South-West Mackerel Box off Cornwall excee o Dy fvewelg ,O et a, quantities ©
mackerel and other marine organisms onboard
which have been caught in this area
L . Pelagic trawl fishery only allowed outside of 200m depth contours
Area limitations National (IS)
around Iceland and/or 12 nm from the coast.
) Reducing of Spanish mackerel quota with a scheduled payback until
Quota adaptation European (EU)

2015 following the exceeding of fishing opportunities in 2010
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TECHNICAL MEASURE

NATIONAL/INTERNATIONAL LEVEL

SPECIFICATION

NOTE

90,6 % of the Spanish national quota should be caught
in ICES Div, IXa N and VIIlc. Besides, a 30.5% is

assigned to the trawler fleet (8 tm as maximum daily

National catch . . . . . .
L . 30.5% of the Spanish national quota is assigned for the trawl fishery, catch per vessel), 27.7% to purse seiner (8 tm as
limitations by gear, National (ES) . . . . .
27.7% for purse seiners and 34.6% for the artisanal fishery maximum daily catch per vessel) and 34.6% to the
semester and area
artisanal fleet (2.3 tm as maximum daily catch per
vessel); for all of them, a 7% of the catches should be
kept for the second half of the year.
. ) High-grading (discarding fish of lower commercial value due to
High-grading ban European (EU) . . .
limited space on board) is banned in European water
. o . All discarding is prohibited for Norwegian, Icelandic and Faroese
Discard prohibition National (NO, IS, FO)
vessels
From 2015 onwards a landing obligation for European Union
Landings Obligation European fisheries is in place for small pelagics including mackerel, horse

mackerel, blue whiting and herring.
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Table 2.3.1.1. NE Atlantic Mackerel. ICES estimated catches by area (t). Discards not estimated prior to 1978 (data submitted by Working Group members).

YEAR SUBAREA VI SUBAREA VII AND SUBAREAS III SUBAREAS LII,V DivisIONs VIIIC TOTAL
Di1visIONS VIIIABDE AND IV AND XIV AND IXA
Ldg Disc Catch Ldg Disc Catch Ldg Disc Catch Ldg Disc Catch Ldg Disc Catch Ldg Disc Catch

1969 4,800 4,800 47,404 47,404 739,175 739,175 7 7 42,526 42,526 833,912 833,912
1970 3,900 3,900 72,822 72,822 322,451 322,451 163 163 70,172 70,172 469,508 469,508
1971 10,200 10,200 89,745 89,745 243,673 243,673 358 358 32,942 32,942 376,918 376,918
1972 13,000 13,000 130,280 130,280 188,599 188,599 88 88 29,262 29,262 361,229 361,229
1973 52,200 52,200 144,807 144,807 326,519 326,519 21,600 21,600 25,967 25,967 571,093 571,093
1974 64,100 64,100 207,665 207,665 298,391 298,391 6,800 6,800 30,630 30,630 607,586 607,586
1975 64,800 64,800 395,995 395,995 263,062 263,062 34,700 34,700 25,457 25,457 784,014 784,014
1976 67,800 67,800 420,920 420,920 305,709 305,709 10,500 10,500 23,306 23,306 828,235 828,235
1977 74,800 74,800 259,100 259,100 259,531 259,531 1,400 1,400 25,416 25,416 620,247 620,247
1978 151,700 15,100 166,800 355,500 35,500 391,000 148,817 148,817 4,200 4,200 25,909 25,909 686,126 50,600 736,726
1979 203,300 20,300 223,600 398,000 39,800 437,800 152,323 500 152,823 7,000 7,000 21,932 21,932 782,555 60,600 843,155
1980 218,700 6,000 224,700 386,100 15,600 401,700 87,931 87,931 8,300 8,300 12,280 12,280 713,311 21,600 734,911
1981 335,100 2,500 337,600 274,300 39,800 314,100 64,172 3,216 67,388 18,700 18,700 16,688 16,688 708,960 45,516 754,476
1982 340,400 4,100 344,500 257,800 20,800 278,600 35,033 450 35,483 37,600 37,600 21,076 21,076 691,909 25,350 717,259
1983 320,500 2,300 322,800 235,000 9,000 244,000 40,889 96 40,985 49,000 49,000 14,853 14,853 660,242 11,396 671,638
1984 306,100 1,600 307,700 161,400 10,500 171,900 43,696 202 43,898 98,222 98,222 20,208 20,208 629,626 12,302 641,928
1985 388,140 2,735 390,875 75,043 1,800 76,843 46,790 3,656 50,446 78,000 78,000 18,111 18,111 606,084 8,191 614,275
1986 104,100 104,100 128,499 128,499 236,309 7,431 243,740 101,000 101,000 24,789 24,789 594,697 7,431 602,128
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YEAR  SUBAREA VI SUBAREA VII AND SUBAREAS III SUBAREAS I,II,V DivisioNs VIIIc TOTAL
Di1visIONS VIIIABDE AND IV AND XIV AND IXA
Ldg Disc Catch Ldg Disc Catch Ldg Disc Catch Ldg Disc Catch Ldg Disc Catch Ldg Disc Catch
1987 183,700 183,700 100,300 100,300 290,829 10,789 301,618 47,000 47,000 22,187 22,187 644,016 10,789 654,805
1988 115,600 3,100 118,700 75,600 2,700 78,300 308,550 29,766 338,316 120,404 120,404 24,772 24,772 644,926 35,566 680,492
1989 121,300 2,600 123,900 72,900 2,300 75,200 279,410 2,190 281,600 90,488 90,488 18,321 18,321 582,419 7,090 589,509
1990 114,800 5,800 120,600 56,300 5,500 61,800 300,800 4,300 305,100 118,700 118,700 21,311 21,311 611,911 15,600 627,511
1991 109,500 10,700 120,200 50,500 12,800 63,300 358,700 7,200 365,900 97,800 97,800 20,683 20,683 637,183 30,700 667,883
1992 141,906 9,620 151,526 72,153 12,400 84,553 364,184 2,980 367,164 139,062 139,062 18,046 18,046 735,351 25,000 760,351
1993 133,497 2,670 136,167 99,828 12,790 112,618 387,838 2,720 390,558 165,973 165,973 19,720 19,720 806,856 18,180 825,036
1994 134,338 1,390 135,728 113,088 2,830 115,918 471,247 1,150 472,397 72,309 72,309 25,043 25,043 816,025 5,370 821,395
1995 145,626 74 145,700 117,883 6,917 124,800 321,474 730 322,204 135,496 135,496 27,600 27,600 748,079 7,721 755,800
1996 129,895 255 130,150 73,351 9,773 83,124 211,451 1,387 212,838 103,376 103,376 34,123 34,123 552,196 11,415 563,611
1997 65,044 2,240 67,284 114,719 13,817 128,536 226,680 2,807 229,487 103,598 103,598 40,708 40,708 550,749 18,864 569,613
1998 110141 71 110,212 105,181 3,206 108,387 264,947 4,735 269,682 134,219 134,219 44,164 44,164 658,652 8,012 666,664
1999 116,362 116,362 94,290 94,290 313,014 313,014 72,848 72,848 43,796 43,796 640,311 640,311
2000 187,595 1 187,595 115,566 1,918 117,484 285,567 165 304,898 92,557 92,557 36,074 36,074 736,524 2,084 738,608
2001 143,142 83 143,142 142,890 1,081 143,971 327,200 24 339,971 67,097 67,097 43,198 43,198 736,274 1,188 737,462
2002 136,847 12,931 149,778 102,484 2,260 104,744 375,708 8,583 394,878 73,929 73,929 49,576 49,576 749,131 23,774 772,905
2003 135,690 1,399 137,089 90,356 5,712 96,068 354,109 11,785 365,894 53,883 53,883 25,823 531 26,354 659,831 19,427 679,288
2004 134,033 1,705 134,738 103,703 5,991 109,694 306,040 11,329 317,369 62,913 9 62,922 34,840 928 35,769 640,529 19,962 660,491
2005 79,960 8,201 88,162 90,278 12,158 102,436 249,741 4,633 254,374 54,129 54,129 49,618 796 50,414 523,726 25,788 549,514
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YEAR  SUBAREA VI SUBAREA VII AND SUBAREAS III SUBAREAS I,II,V DivisioNs VIIIc TOTAL
DiviSIONS VIIIABDE AND IV AND XIV AND IXA
Ldg Disc Catch Ldg Disc Catch Ldg Disc Catch Ldg Disc Catch Ldg Disc Catch Ldg Disc Catch
2006 88,077 6,081 94,158 66,209 8,642 74,851 200,929 8,263 209,192 46,716 46,716 52,751 3,607 56,358 454,587 26,594 481,181
2007 110,788 2,450 113,238 71,235 7,727 78,962 253,013 4,195 257,208 72,891 72,891 62,834 1,072 63,906 570,762 15,444 586,206
2008 76,358 21,889 98,247 73,954 5,462 79,416 227,252 8,862 236,113 148,669 112 148,781 59,859 750 60,609 586,090 37,075 623,165
2009 135,468 3,927 139,395 88,287 2,921 91,208 226,928 8,120 235,049 163,604 163,604 107,747 966 108,713 722,035 15,934 737,969
2010 106,732 2,904 109,636 104,128 4,614 108,741 246,818 883 247,700 355,725 5 355,729 49,068 4,640 53,708 862,470 13,045 875,515
2011 160,756 1,836 162,592 51,098 5,317 56,415 301,746 1,906 303,652 398,132 28 398,160 24,036 1,807 25,843 935,767 10,894 946,661
2012 121,115 952 122,067 65,728 9,701 75,429 218,400 1,089 219,489 449,325 1 449,326 24,941 3,431 28,372 879,510 15,174 894,684
2013 132,062 273 132,335 49,871 1,652 51,523 260,921 337 261,258 465,714 15 465,729 19,733 2,455 22,188 928,433 4,732 933,165
2014 180,068 340 180,408 93,709 1,402 95,111 383,887 334 384,221 684,082 91 684,173 46,257 4,284 50,541 1,388,003 6,451 1,394,454
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Table 2.3.2.1. NE Atlantic Mackerel. ICES estimated catch (t) in the Norwegian Sea (IIa) and Area V 1984-2014 (Data submitted by Working Group members).

Country 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993

Denmark 11,787 7,610 1,653 3,133 4,265 6,433 6,800 1,098 251

Estonia 216

Faroe Islands 137 22 1,247 3,100 5,793 3,347 1,167
France 16 11 23 6 6
Germany, Fed. Rep. 99 380

Germany, Dem. Rep. 16 292 2,409

Iceland

Ireland

Latvia 100 4,700
Lithuania

Netherlands

Norway 82,005 61,065 85,400 25,000 86,400 68,300 77,200 76,760 91,900 100,500
Poland

Sweden

United Kingdom 2,131 157 1,413 400 514 802

USSR/Russia 4,293 9,405 11,813 18,604 27,924 12,088 28,900 13,361 42,440 49,600

Misreported (IVa)
Misreported (VIa)
Misreported (Ukn)
Unallocated

Discards

Total 98,222 78,096 101,112 47,186 120,404 90,488 118,700 97,819 139,062 165,973
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Table 2.3.2.1. NE Atlantic Mackerel. ICES estimated catch (t) in the Norwegian Sea (IIa) and Area V 1984-2014. Continued.

Country 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
Denmark 4,746 3,198 37 2,090 106 1,375 7 1

Estonia 3,302 1,925 3,741 4,422 7,356 3,595 2,673 219

Faroe Islands 6,258 9,032 2,965 5,777 2,716 3,011 5,546 3,272 4,730

France 5 5 270

Germany

Greenland 1

Iceland 92 925 357 53 122
Ireland 100 495
Latvia 1,508 389 233

Lithuania 2,085

Netherlands 561 661 569 44
Norway 141,114 93,315 47,992 41,000 54,477 53,821 31,778 21,971 22,670 12,548!
Poland 22

Sweden 8

United Kingdom 1,706 194 48 938 199 662 54 665 692
Russia 28,041 44,537 44,545 50,207 67,201 51,003 49,100 41,566 45,811 40,026
Misreported (IVa) -109,625 -18,647 -177 -40,011

Misreported (VIa) -100

Misreported (Ukn) -570

Unallocated -44
Discards

Total 72,309 135,496 103,376 103,598 134,219 72,848 92,557 67,097 73,929 53,883
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Table 2.3.2.1. NE Atlantic Mackerel. ICES estimated catch (t) in the Norwegian Sea (IIa) and Area V 1984-2014. Continued.

Country 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Denmark 4,845 269 391 2,345
Estonia 1,3671

Faroe Islands 650 30 278 123 2,992 66,312 121,499 107,198 142,976 103,896
France 2 1 2 197 8
Germany 7 107 74

Greenland 621 7,402 54,148! 87,5811
Iceland 363 4,222 36,706 112,286 116,160* 121,008! 159,263! 149,2821 151,103! 172,960*
Ireland 471 920 1,725
Latvia

Lithuania 1,082
Netherlands 34 2,393 10 72 90 178 5 1 5,887
Norway 10,295 13,244 8,914 493 3,474 3,038 104,858 43,168 110,741 33,817 192,322
Poland

Sweden 4 825 3,310
United Kingdom 2,493 4 2 5,534
Russia 49,489 40,491 33,580 35,408 32,728 41,414 58,613 73,601 74,587 80,812 116,433!
Misreported (IVa)

Misreported (VIa)

Misreported (Ukn) -553

Unallocated 32 -2,393 -10 -18

Discards 9 112 5 28 1 15! 91t
Total 62,922 54,129 46,716 72,891 148,781 163,604 355,729 398,160 449,326 465,729 684,173

1Includes catches in I, XII and XIVb
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Table 2.3.2.2. NE Atlantic Mackerel. ICES estimated catch (t) in the North Sea, Skagerrak and Kattegat (Sub-area IV and IIIa) 1988-2014 (Data submitted by Working Group members).

Country 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
Belgium 20 37 125 102 191 351 106 62 114
Denmark 32,588 26,831 29,000 38,834 41,719 42,502 47,852 30,891 24,057 21,934
Estonia 400

Faroe Islands 2,685 5,900 5,338 11,408 11,027 17,883 13,886 3,2882
France 1,806 2,200 1,600 2,362 956 1,480 1,570 1,599 1,316 1,532
Germany, Fed. Rep. 177 6,312 3,500 4,173 4,610 4,940 1,497 712 542 213
Iceland

Ireland 8,880 12,800 13,000 13,136 13,206 9,032 5,607 5,280 280
Latvia 211

Lithuania

Netherlands 2,564 7,343 13,700 4,591 6,547 7,770 3,637 1,275 1,996 951
Norway 59,750 81,400 74,500 102,350 115,700 112,700 114,428 108,890 88,444 96,300
Poland

Romania 2,903

Sweden 1,003 6,601 6,400 4,227 5,100 5,934 7,099 6,285 5,307 4,714
United Kingdom 1,002 38,660 30,800 36,917 35,137 41,010 27,479 21,609 18,545 19,204
USSR (Russia from 1990) 3,525
Misreported (Ila) 109,625 18,647

Misreported (VIa) 180,000 92,000 126,000 130,000 127,000 146,697 134,765 106,987 51,781 73,523
Misreported (Unknown)

Unallocated 29,630 6,461 -3,400 16,758 13,566 983 236 1,102
Discards 29,776 2,190 4,300 7,200 2,980 2,720 1,150 730 1,387 2,807
Total 338,316 281,600 305,100 365,875 367,164 390,558 472,397 322,204 212,839 229,487
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Table 2.3.2.2. NE Atlantic Mackerel. ICES estimated catch (t) in the North Sea, Skagerrak and Kattegat (Sub-area IV and IIIa) 1988-2014. Continued.

Country 1998 1999 2000 2001 2002 2003 2004 2005 2006 20071
Belgium 125 177 146 97 22 2 4 1 3 1
Denmark 25,326 29,353 27,720 21,680 34,3751 27,5081 25,665 23,2121 24,2191 25,217
Estonia

Faroe Islands 4,832 4,370 10,614 18,751 12,548 11,754 11,705 9,739 12,008 11,818
France 1,908 2,056 1,588 1,981 2,152 1,467 1,538 1,004 285 7,549
Germany 423 473 78 4,514 3,902 4,859 4,515 4,442 2,389 5,383
Iceland 357

Ireland 145 11,293 9,956 10,284 20,715 17,145 18,901 15,605 4,125 13,337
Latvia

Lithuania

Netherlands 1,373 2,819 2,262 2,441 11,044 6,784 6,366 3,915 4,093 5,973
Norway 103,700 106,917 142,320 158,401 161,621 150,858 147,068 106,434 113,079 131,191
Poland 109

Romania

Sweden 5,146 5,233 4,994 5,090 5,2321 4,450 4,437 3,204 3,209 3,8581
United Kingdom 19,755 32,396 58,282 52,988 61,781 67,083 62,932 37,118 28,628 46,264
Russia 635 345 1,672 1 4

Misreported (Ila) 40,000

Misreported (VIa) 98,432 59,882 8,591 39,024 49,918 62,928 23,692 37,911 8,719

Misreported (Ukn)

Unallocated 3,147 17,344 34,761 24,873 22,985 -730 -783 7,043 171 2,421
Discards 4,753 1,912 24 8,583 11,785 11,329 4,633 8,263 4,195
Total 269,700 313,015 304,896 339,970 394,878 365,894 317,369 254,374 209,192 257,208
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Table 2.3.2.2. NE Atlantic Mackerel. ICES estimated catch (t) in the North Sea, Skagerrak and Kattegat (Subarea IV and IIIa) 1988-2014. Continued.

Country 2008! 2009! 2010! 2011! 20121 20131 2014
Belgium 2 3 27 21 39 62 56
Denmark 26,716 23,491 36,552 32,800 36,492 31,924 21,340
Estonia

Faroe Islands 7,627 6,648 4,639 543 432 25 42,919
France 490 1,493 686 1,416 5,736 1,788 4,912
Germany 4,668 5,158 2,5621 5,291! 4,560 5,755 4,979
Iceland

Ireland 11,628 12,901 14,639 15,810 20,422 13,523 45,167
Latvia

Lithuania 8,340
Netherlands 1,980 2,039 1,300 9,881 6,018 4,863 24,536
Norway 114,102 118,070 129,064 162,878 64,181 130,056 85,409
Poland

Romania

Sweden 3,664! 7,303! 3,429 3,248! 4,560 2,081 1,112
United Kingdom 37,055 47,863 52,563 69,858 75,959 70,840 145,119
Russia 696 4

Misreported (IIa)

Misreported (VIa) 17,280 1,959

Misreported (Ukn)

Unallocated 2,039 -629 660

Discards 8,862 8,120 883 1,906 1,089 337 334
Total 236,111 235,049 247,700 303,652 219,489 261,258 384,221

Tincludes small catches in IIIb,c,d
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Table 2.3.2.3. NE Atlantic Mackerel. ICES estimated catch (t) in the Western area (Sub-areas VI and VII and Divisions VIIIa,b,d,e) 1985-2014 (Data submitted by Working Group

members).

Country 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
Belgium

Denmark 400 300 100 1,000 1,573 194 2,239
Estonia

Faroe Islands 9,900 1,400 7,100 2,600 1,100 1,000 4,283
France 7,400 11,200 11,100 8,900 12,700 17,400 4,095 2,350 9,998
Germany 11,800 7,700 13,300 15,900 16,200 18,100 10,364 9,109 8,296 25,011
Guernsey

Ireland 91,400 74,500 89,500 85,800 61,100 61,500 17,138 21,952 23,776 79,996
Isle of Man

Jersey

Lithuania

Netherlands 37,000 58,900 31,700 26,100 24,000 24,500 64,827 76,313 81,773 40,698
Norway 24,300 21,000 21,600 17,300 700 29,156 32,365 44,600 2,552
Poland 600

Spain 1,500 1,400 400 4,020 2,764 3,162 4,126
United 205,900 156,300 200,700 208,400 149,100 162,700 162,588 196,890 215,265 208,656
Kingdom

Misreported -148,000 -117,000 -180,000 -92,000 -126,000 -130,000 -127,000 -146,697 -134,765
(Area IVa)

Misreported

(Unknown)

Unallocated 75,100 49,299 26,000 4,700 18,900 11,500 -3,802 1,472 4,632
Discards 4,500 5,800 4,900 11,300 23,550 22,020 15,660 4,220

Total 467,700 232,599 284,100 197,000 199,100 182,400 183,509 236,079 248,785 251,646
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Table 2.3.2.3. NE Atlantic Mackerel. ICES estimated catch (t) in the Western area (Sub-areas VI and VII and Divisions VIIIa,b,d,e) 1985-2014. Continued.

Country 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Belgium 1
Denmark 1,143 1,271 552 82 835 113

Estonia 361

Faroe Islands 4,284 2,448! 3,681 4,239 4,863 2,161 2,490 2,260 674
France 10,178 14,347 19,114 15,927 14,311 17,857 18,975 19,726 21,213 18,549
Germany 23,703 15,685 15,161 20,989 19,476 22,901 20,793 22,630 19,200 18,730
Guernsey

Ireland 72,927 49,033 52,849 66,505 48,282 61,277 60,168 51,457 49,715 41,730
Isle of Man

Jersey

Lithuania

Netherlands 34,514 34,203 22,749 28,790 25,141 30,123 33,654 21,831 23,640 21,132
Norway 223

Poland

Spain 4,509 2,271 7,842 3,340 4,120 4,500 4,063 3,483

United 190,344 127,612 128,836 165,994 127,094 126,620 139,589 131,599 167,246 149,346
Kingdom

Misreported -106,987 -51,781 -73,523 -98,255 -59,982 -3,775 -39,024 -43,339 -62,928 -23,139
(Area IVa)

Misreported

(Unknown)

Unallocated 28,245 10,603 4,577 8,351 21,652 31,564 37,952 27,558 5,587 9,714
Discards 6,991 10,028 16,057 3,277 1,920 1,164 15,191 7,111 7,696

Total 270,212 213,272 196,110 218,599 204,885 297,932 280,553 252,620 233,157 244,432
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Table 2.3.2.3. NE Atlantic Mackerel. ICES estimated catch (t) in the Western area (Sub-areas VI and VII and Divisions VIIIa,b,d,e) 1985-2014. Continued.

Country 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Belgium 1 2

Denmark 6 10 48 2,889 8 903 18,538
Estonia

Faroe Islands 59 1,333 3,539 4,421 36 8 3,421
France 15,182 14,625 12,434 14,944 16,464 10,301 11,304 14,448 12,438 16,627
Germany 14,598 14,219 12,831 10,834 17,545 16,493 18,792 14,277 15,102 23,478
Guernsey 10 10 5 9 9
Ireland 30,082 36,539 35,923 33,132 48,155 43,355 45,696 42,627 42,988 56,286
Isle of Man 14 11 11 8 3
Jersey 9 8 6 7 8 6 7 8 8 7
Lithuania 95 7 23 176
Netherlands 18,819 20,064 18,261 17,920 20,900 21,699 18,336 19,794 16,295 16,242
Norway 7 3,948 121 30 2,019 1,101 734

Poland 461 1,368 978

Russia 1

Spain 4,795 4,048 2,772 7,327 8,462 6,532 1,257 773 635 1,796
United 115,586 67,187 87,424 76,8821 109,147 107,840 111,103 93,775 92,957 137,195
Kingdom

Misreported -37,911 -8,719 -17,280 -1,959

(Area IVa)

Misreported

(Unknown)

Unallocated 13,412 4,783 10,042 -952 490 4,503 399 16 -144

Discards 20,359 14,723 10,177 27,351 6,848 7,518 7,153 10,654 2,105 1,742

Total 190,597 169,009 192,201 177,662 230,603 218,377 219,007 197,496 183,857 275,519
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Table 2.3.2.4. NE Atlantic Mackerel. ICES estimated catch (t) in Divisions VIIIc and IXa, 1977-2014 (Data submitted by Working Group members).

Country Div 1977 1978 1979 1980 1981 1982 1983 1984 1985
France VllIc

Poland Xa 8

Portugal IXa 1,743 1,555 1,071 1,929 3,108 3,018 2,239 2,250 4,178
Spain VIlIc 19,852 18,543 15,013 11,316 12,834 15,621 10,390 13,852 11,810
Spain IXa 2,935 6,221 6,280 2,719 2,111 2,437 2,224 4,206 2,123
USSR IXa 2,879 189 111

Total IXa 7,565 7,965 7,462 4,648 5,219 5,455 4,463 6,456 6,301
Total 27,417 26,508 22,475 15,964 18,053 21,076 14,853 20,308 18,111
Country Div 1986 1987 1988 1989 1990 1991 1992 1993 1994
France VlIIc

Poland IXa

Portugal IXa 6,419 5,714 4,388 3,112 3,819 2,789 3,576 2,015 2,158
Spain VllIc 16,533 15,982 16,844 13,446 16,086 16,940 12,043 16,675 21,246
Spain Xa 1,837 491 3,540 1,763 1,406 1,051 2,427 1,027 1,741
USSR 1Xa

Total IXa 8,256 6,205 7,928 4,875 5,225 3,840 6,003 3,042 3,899
Total 24,789 22,187 24,772 18,321 21,311 20,780 18,046 19,719 25,045
Country Div 1995 1996 1997 1998 1999 2000 2001 2002 2003
France VllIc 226
Poland IXa

Portugal IXa 2,893 3,023 2,080 2,897 2,002 2,253 3,119 2,934 2,749
Spain VIlIc 23,631 28,386 35,015 36,174 37,631 30,061 38,205 38,703 17,384
Spain IXa 1,025 2,714 3,613 5,093 4,164 3,760 1,874 7,938 5,464
Discards VIlIc 531
Discards IXa 3,918 5,737 5,693 7,990 6,165 6,013

Total IXa 27,549 34,123 40,708 44,164 43,796 36,074 4,993 10,873 8,213
Total 43,198 49,575 26,354
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Table 2.3.2.4. NE Atlantic Mackerel. ICES estimated catch (t) in Divisions VIIIc and IXa, 1977-2014 (Data submitted by Working Group members). Continued.

Country Div 2004 2005 2006 2007 2008 2009 2010 2011 2012
France VIlc 177 151 43 55 168 383 392 44 283
Poland Xa

Portugal Xa 2,289 1,509 2,620 2,605 2,381 1,753 2,363 962 824
Spain VIlc 43,063 53,401 50,455 91,043 38,858 14,709 17,768
Spain IXa 7,025 6,773 6,855 14,569 7,347 2,759 845
Discards VllIc 928 391 3,606 156 73 725 4,408 563 2,187
Discards IXa 405 1 916 677 241 232 1,245 1,244
Unallocated VIiIc 28,429 42,851 4,691 4,144
Unallocated IXa 3,946 5,107 108 871 1,076
Total IXa 6,234 7,021 9,646 10,293 9,913 16,562 10,049 5,836 3,989
Total 35,768 50,414 56,358 63,906 60,609 108,713 53,708 25,843 28,372
Country Div 2013 2014

France VllIc 220 171

Poland IXa

Portugal IXa 254 618

Spain VllIc 14,617 33,783

Spain IXa 1,162 2,227

Discards VIlIc 1,428 2,821

Discards IXa 1,027 1,463

Unallocated VlIllc -573 8,795

Unallocated IXa 4,053 662

Total IXa 6,497 4,308

Total 22,188 45,570
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Table 2.3.3.1. NE Atlantic Mackerel. Catch numbers (‘000s) -at-age by area for 2014.

Quarters 1-4

95

Age IIIa IIIb IIlc I11d IVa IVb IVc VIId
0 0.06 1533.43 1.59 27.12 537.37
1 0.16 0.01 4298.41 4.99 271.26 5431.37
2 94.58 0.2 0.12 57026.67 298.33 121.5 5212.05
3 244.24 1.04 0.3 252041.8 [1967.08 |424.05 6078.78
4 383.49 0.01 0.49 0.42 214346.6  |2601.54 |437.87 1516.16
5 475.67 0.01 0.22 0.58 122370.6 1228.49 217.96 1208.69
6 188.69 0.11 0.23 136035.4  |250.34 12.79 116.91
7 88.21 0.09 0.09 131011.4 | 343.48 38.33 59.27
8 163.92 0.02 0.19 75885.64 |423.91 8251 596.65
9 14.11 0.03 0.02 3093796  |165.03 31.74 59.27
10 85.28 0.1 10534.06 | 138.74 45.12 596.65
11 2.02 3985.91 6.57 0.08 59.27
12 10.12 0.01 2128.77 9.71 0.33 59.27
13 141.23 0.13
14
15+ 10 0.06 0.03 29.64
SOP 636.8194 |0.00658 |0.671345 |0.721308 |381253.8 [2196.244 |472.1608 |4893.96
Cth 636.41 0.01 0.67 0.72 3809514 [2167.37 |464.81 4903.37
SOP% 1100% 152% 100% 100% 100% 99% 98% 100%

Age VIla VIIb VIlc Vile VIIf Viig VIIh VIIj

0 0.1 257.62 314.34 18.72 1.44 19.46 965.73
1 2.86 2579.32 |1464.26 |442.09 187.03 10.49 127.89 476.61
2 6.83 21946.63 |704.51 1279.81 |582.9 24.93 403.98 2490.89
3 6.08 31736.16 |593.61 1061.13  |420.85 38.74 567.17 7294.25
4 3.49 10170.59 |83.6 326.22 162.9 50.66 1336.02  |15081.61
5 2.12 10952.72 |51.39 130.48 55.15 42.93 1352.67 |12697.39
6 1.85 13029.7  [29.65 73.41 38.1 64.28 2134.9 20066.31
7 2.32 1228426 |55.85 56.64 31.14 51.73 1706.1 18360.91
8 1.06 8438.38 |33.34 59.73 16.71 51.38 1752.76  |20003.26
9 0.45 4533.75 |42.29 25.13 8.3 16.49 530.3 7047
10 0.14 1290.8 17.31 33.04 2.54 8.71 268.85 6240.99
11 0.06 858.31 6.44 9.84 0.26 2.33 75.3 1494.54
12 0.02 151.05 1.66 7.79 11 0.78 26.7 177.75
13 0.04 150.67 1.71 5.63 3.78 0.44 8.7 308.29
14
15+ 3.23
SOP 7.375649 [29649.89 |485.5511 |752.6657 |326.3141 |114.9209 |3356.801 |37315.43
Cth 7.37 28913.91 |470.47 753.72 326.33 115.18 3357.45 |37713.93
SOP% 100% 98%. 97%. 100% 100% 100% 100% 101%
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Table 2.3.3.1. NE Atlantic Mackerel. Catch numbers (‘000s) -at-age by area for 2014 (cont.).

Quarters 1-4

Age VIIIa VIIIb VIIIc VIIIcE | VIIIcW | VIIId IXa IXaN IXaS
0 31892.48 | 0.03 1113.48 21549.07 |1 2919.29
1 578.26 1362.49 [9068.89 |54.77 4644.04 |0.05 3981.55 |4468.52 |1195.49
2 433.48 113591 |[1293.55 |[662.71 2669.86 |0.16 708.77 1610.23 |220.92
3 2100.62 |4487.6 1607.14 |4697.3 |4448.32 |3.81 81524 |1467.8 |384.83
4 2657.91 |4073.91 |684.02 [12029.59 |5848.16 |7.39 265.8 703.99 122.45
5 1195.42 |5312.25 [500.08 |20709.44 |5681.86 |43.54 163.92 [667.26 |34.26
6 1688.04 [7031.22 |341.4 25054.47 | 4946.89 |100.71 15753 |711.82 |6.46
7 1482.99 |8258.39 [202.54 |20389.49 |3990.61 |85.67 17712 59325 [2.67
8 2171.42 |5521.96 |83.67 10589.2 |2754.09 |53.19 130.96  |441.03 1.09
9 1376.86 |2259.54 |24.27 4133.38 |1665.8 |68.76 94.82 251.92 0.09
10 1156 122813 (2.2 592.08 |496.16 |52.14 66.93 72.53
11 496.62 |609.01 2.01 514.2 39154 |16.77 4.86 63.14
12 21.2 253 1.06 33542 |314.11 6.01 8.81 51.84
13 86.62 45.57 0.87 215.31 27028 |3.1 6.49 44.93
14 227
15+ 0.82 15.97 1676.53 0.1
SOP [4799.296 | 13586.74 | 2783.579 | 31251.91 | 11204.88 | 163.2689 | 2113.651 |2524.587 | 345.4452
Cth  [4801.78 |13583.6 |2821.06 [31395.95 [11353.05 |164.13 |2081.53 |2548.1 341.11
SOP% | 100% 100% 101% 100% 101% 101% 98% 101% 99%

Age ITa IIb Va Vb Via XIVa XIVb Total
0 946.24 0.05 0.03 2.44 62100.11
1 118.71 98.03 6.66 2284.04 |0.02 15.21 43173.46
2 13507.26 |0.24 10194.55 |187.21 3083.02 |1.44 12885.2 | 137788.5
3 191209.9 |5.49 6079248 |4895.14 |42186.18 |9.83 48361.67 | 669948.7
4 322600.6 |7.71 105008 6583.91 |72899.96 |19.36 49384.69 |829399.1
5 197421 2.62 75004.15 |1602.57 |69102.31 |16.3 36263.42 | 564507.5
6 132755.7 |2.68 67670.57 |2974.17 |95735.57 |12.07 38752.82 | 549984.8
7 130472.5 |3.77 40924.36 |2808.67 |95793.58 |7.83 34016.66 |503299.8
8 98378.95 |2.9 1682528 [1911.96 |79056.23 |3.85 14102.39 |339537.6
9 50449.57 |1.05 5298.36 |1491.25 |30213.11 |1.82 601.72 141344.2
10 20789.73 |0.27 1334.08 |507.51 16170.36 |0.93 1882.78 |63614.15
11 7473.78 10.15 799.87 118.58 3773.62 |0.54 528.63 21294.25
12 1844.45 [0.01 180.9 2.58 2475.82  |0.22 34.38 7877.2
13 291.13 1.3 843.81 0.11 8.76 2438.94
14 456.32 0.6 241.03 0.06 4.83 705.11
15+ 100.59 0.52 274.01 0.04 3.35 2114.9
SOP 433259.3 |10.34835 |148496.5 |8442.193 |180333.9 |28.26898 |97550.83 |1398256
Cth 433176.8 110.35 148495 8441.83 |180407.9 |27.93 94021.42 |1394455
SOP% 100% 100% 100% 100% 100% 99% 96% 100%
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Table 2.3.3.1. NE Atlantic Mackerel. Catch numbers (‘000s) -at-age by area for 2014 (cont.).
Quarter 1
Age II1a IIIb IIc I11d IVa IVb IVc VIId
0
1 0.06 15.14
2 0.01 58.12 3.64 946.96
3 0.12 0.01 465.01 3.48 891.88
4 0.24 0.03 959.09 0.01 0.5 115.99
5 0.17 0.03 697.55 0.01 0.17 35.22
6 0.06 0.04 261.66 0.13 30.76
7 0.01 0.04 29.17 0.06 15.62
8 0.03 0.08 0.06 15.62
9 0.01 0.03 0.06 15.62
10 0.01 0.01 0.06 15.62
11 0.06 15.62
12 0.06 15.62
13
14
15+ 0.03 7.81
SOP 0.23 0.07 912.05 0.01 1.48 371.62
Cth 0.23 0.08 911.26 0.01 1.47 374.01
SOP% [102% 1119 100% 130% 100% 101%
Age Vila VIIb Vilc Vile VIIf ViIg VIIh VIIj
0 0.03 0.01
1 0.03 1580.29 965.7 9.81 2.62 10.32 79.81 412.86
2 0.12 17723.59 304.49 174.16 9.33 23.89 365.64 2483.34
3 0.11 26421.11 373.37 174.5 8.64 37.29 545.85 7259.91
4 0.05 8894.11 45.54 48.6 4.43 46.39 1331.89 |15010.45
5 0.02 10477.89 29.1 17.39 1.69 38.28 1348.2 12327
6 0.01 12595.04 |22.39 17.6 1.27 56.78 2128.86 |19170.03
7 0.01 11552.74 | 40.99 13.92 1.15 45.72 1700.2 17573.76
8 0.01 7901.76 31.58 18.48 0.75 45.33 1749.79 19528.41
9 4085.62 31.34 11.69 0.45 14.61 525.73 6473.03
10 1141.94 11.83 9.7 0.15 7.73 265.67 5832.76
11 731.8 6.44 5.6 0.04 2.07 74.45 1351.38
12 131.34 1.66 2.56 0.06 0.68 26.39 129.55
13 131.4 1.71 0.93 0.14 0.41 8.54 277.84
14
15+ 1.2
SOP 0.07 26667.47 |203.35 103.57 6.48 103.48 3321.42 |35868.76
Cth 0.08 26067.28 189.04 103.95 6.48 103.74 3322.15  |36268.98
SOP% 110% 98% 93% 100% 100% 100% 100% 101%
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Table 2.3.3.1. NE Atlantic Mackerel. Catch numbers (‘000s) -at-age by area for 2014 (cont.).

Quarter 1
Age VIlla VIIIb Vlllc VIIIcE | VIIIcW | VIIId IXa IXaN IXaS

0 1866.62
1 55.39 8642.08 |1.08 2740.29 2929.46 [114.22 |3.06
2 165.58 [814.94 |1233.36 |475.54 2153.1 |0.12 439.7 38.61 8.5
3 995.45 |3553.84 |1507.84 |3062.36 |3101.88 |0.75 326.3 11026 | 17.62
4 1403.7 |3180.97 [628.71 |[6075.16 |4040.55 |[1.08 92.73 148.7 6.37
5 553.68 |3834.31 |447.45 |9517 3244.89 |0.82 54.02 99.66 1.77
6 716.49 [5003.82 |295.12 |10952.91 |2286.56 |[1.5 46.64 42.85 0.29
7 637.83 |5496.31 |165.14 |8516.31 |1877.6 |1.29 45.71 31.8 0.11
8 1080.81 [3917.68 |60.34 4273.67 [1301.78 [1.3 34.63 20.19 0.03
9 620.25 |1401.16 |18.65 1601.04 |867.31 |[1.12 28.37 11.68 0.01
10 531.54 |807.47 |1.44 218.13 277.65 |0.89 9.26 2.24
11 239.22 35498 |1.33 185 216.73 10.34 4.67 1.91
12 1.14 0.63 117.92 177.78 |0.06 2.35 1.24
13 41.39 45.57 0.5 72.28 156.49 |0.06 0.06 0.8
14 2.27
15+ 1091.62
SOP 2172.35 |9135.26 |1392.90 |13631.93 |6247.43 |3.18 542.39 [130.63 |6.07
Cth 2172.42 19131.85 [1419.59 [13696.72 |6334.7 [3.16 519.72 [131.53 |6.71
SOP% 1100% 100% 102% 100% 101% 99% 96% 101% 110%

Age ITa IIb Va Vb Via XIVa XIVb Total
0 1866.66
1 2150.03 19712.25
2 211.16 2524.43 30158.36
3 1689.31 40230.6 90777 .48
4 3484.21 70768.22 116287.7
5 2533.97 67439.07 112699.4
6 950.24 94197.27 148778.3
7 105.58 93596.52 141447.6
8 78121.88 118104.2
9 29854.17 45561.94
10 16024.89 25159
11 3716.1 6907.76
12 2472.78 3081.81
13 843.79 1581.92
14 241.03 243.29
15+ 274.01 1374.67
SOP 3312.79 176045.83 280169.51
Cth 3310 176112.2 280187.3
SOP% 100% 100% 100%
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Table 2.3.3.1. NE Atlantic Mackerel. Catch numbers (‘000s) -at-age by area for 2014 (cont.).
Quarter 2
Age II1a IIIb IIc 111d IVa IVb IVc VIId
0
1 0.69 42.49
2 35.61 58.12 169.59 23.21 2652.96
3 96.87 0.01 0.02 856.4 1456.75 191.82 2500.04
4 157.11 0.01 0.03 1119.36 2224.35 260.78 325.42
5 188.95 0.01 371.04 947.92 108.61 98.73
6 75.67 386.11 91.33 8.46 86.14
7 38.38 534.2 234.85 25.21 43.65
8 68.11 0.01 409.87 338.15 34.8 43.65
9 6.41 144.31 136.78 21.17 43.65
10 34.24 37.32 108.35 10.58 43.65
11 0.92 20.16 4.47 0.02 43.65
12 4.03 2.52 6.06 0.01 43.65
13
14
15+ 0.06 0.01 21.83
SOP 257.56 0.01 0.02 1508.75 1610.85 197.46 1040.51
Cth 257.44 0.01 0.03 1507.97 1584.44 192.52 1047.72
SOP% 1100% 200% 1489 100% 98% 97% 101%
Age Vila VIIb Vilc Vile VIIf ViIg VIIh VIIj
0 0.15 0.15
1 0.55 113.43 39.44 33.99 0.03 0.06
2 1.97 3489.85 0.04 372.95 120.71 0.18 0.06 0.55
3 1.92 4899.16 |0.06 347.57 109.78 0.26 0.24 31.28
4 1.1 1172.38 |0.03 87.38 54.32 0.75 0.44 65
5 0.57 398.75 0.01 31.33 21.23 0.82 1.93 363.89
6 0.6 369.98 0.03 24.57 16.06 1.32 4.39 885.73
7 0.57 659.02 19.48 14.53 1.06 3.66 778.68
8 0.37 492.77 12.45 7.84 1.06 2.3 466.4
9 0.14 415.96 9.58 5.26 0.34 2.87 571.21
10 0.04 133.09 5.31 14 0.18 2.16 406.75
11 0.01 124.89 4.23 0.2 0.05 0.69 142.76
12 0.02 19.14 49 0.82 0.02 0.25 48.03
13 0.03 19.14 1.82 1.72 0.01 0.13 30.41
14
15+ 2.03
SOP 1.87 2392.58 [0.04 181.50 81.00 2.03 7.03 1402.60
Cth 1.87 2259.45 10.04 182.18 81.01 2.03 7.06 1402.66
SOP% 100% 94% 91% 100% 100% 100% 100% 100%
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Table 2.3.3.1. NE Atlantic Mackerel. Catch numbers (‘000s) -at-age by area for 2014 (cont.).

Quarter 2

Age VIIIa VIIIb VIIIc | VIIIcE | VIIIcW | VIIId IXa IXaN IXaS
0 2891.92
1 206.41 19.22 389.41 282.06 [98.83 51.37
2 137.63 20.19 15.75 167.67 327.63 98.51 74.04 142.91
3 82743 29252 |1541 1575.19 |991.41 |3.03 269.03 [469.77 |296.22
4 1166.77 |744.4 10.99 5917.54 |1742.56 |6.29 120.78 |404.88 |[107.16
5 460.22 1412.22 |23.47 11156.27 | 2405.94 |42.63 72.75 503.35 29.78
6 595.55 1976.66 |28.39 14075.84 | 2633.52 |99.01 92.76 616.42 |49
7 530.17 |2730.51 |20.91 11854.05 |2094.77 |84.2 108.76 |527.02 |1.76
8 898.38 1588.12 |11.67 6300.32 |1432.43 |51.79 87.14 385.68 |0.54
9 515.56 |858.38 |5.62 2532.34 |797.57 |67.51 65.38 239.4 0.09
10 441.83 [420.66 |0.76 37395 |216.66 |51.14 57.52 68.58
11 198.84 |254.03 |0.68 329.2 174.81 16.4 0.19 61.23
12 24.16 0.44 217.51 136.34 5.94 6.47 50.6
13 34.41 0.37 143.03 |113.79 |3.03 6.43 4413
14
15+ 0.78 15.26 584.91
SOpP 1805.68 |3871.15 |57.48 17538.08 | 4444.50 |159.73 |529.52 [1059.36 |102.10
Cth 1805.74 |3873.35 |58.56 17616.52 14499.41 [160.61 |521.09 |1067.71 |112.85
SOP% |100% 100% 102% 100% 101% 101% 98% 101% 111%

Age IIa IIb Va Vb VIa XIVa XIVb Total

0 2892 .22
1 0.18 1278.18
2 1690 1558.04 44 97 0.08 451.01 11654.24
3 697.45 5800.5 184.7 101.26 1601.73 23617 .81
4 1471.01 9035.19 289.34 110.95 1470.61 28066.92
5 1083.33 4445.1 143.7 11.24 1073.4 25397.21
6 3707.64 2799.77 94.09 19.03 1199.27 29893.25
7 4154.64 1704.97 64.49 30.55 1122.07 27382.17
8 5178.8 520.2 27.04 22.16 463.22 18845.28
9 3909.83 408.73 22.51 9.88 0.39 10790.85
10 2718.71 210.46 12.62 0.56 64.25 5420.79
11 1371.56 4.59 8.2 15.53 2777.32
12 474.27 2.01 0.08 0.01 1047.27
13 1.28 0.02 399.75
14 0.58 0.01 0.59
15+ 20 0.52 0.01 6454
SOP 172661 RA R434 721 728A 12 79 74 3106 2?2 A?870 99
Cth 12646.14 8433 286.08 79.75 2971 62658.25
SOP% 100% 100% 100% 100% 96% 100%
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Table 2.3.3.1. NE Atlantic Mackerel. Catch numbers (‘000s) -at-age by area for 2014 (cont.).
Quarter 3
Age IIIa IIIb IIIc 111d IVa IVb IVc VIId
0 21.06 348.83
1 0.04 0.01 6.21 1.55 210.65 3488.32
2 55.17 0.2 0.12 901.65 84.35 75.89 1046.5
3 131.14 1.03 0.26 8319.33 331.85 197.19 1744.16
4 212.88 0.48 0.36 11016.1 243.12 163.51 697.66
5 279.14 0.01 0.22 0.53 5010.93 201.26 96.24 697.66
6 105.91 0.11 0.18 4033.99 74.79 3.81
7 44.62 0.09 0.05 4905.53 36.97 12.96
8 92.2 0.01 0.15 4133.15 45.01 41.55 348.83
9 6.06 0.03 1266.93 10.34 10.49
10 50.62 0.1 645.91 24.44 28.43 348.83
11 0.87 180 0.06
12 6 0.01 61.51 2.72 0.25
13
14
15+
SOpP 357.20 0.00 0.66 0.62 15380.61 346.28 232.43 2260.11
Cth 357.04 0.01 0.66 0.61 15373.13 3445 230 2260.09
SOP% _{100% 278% 100% 98% 100% 99% 99% 100%
Age VIla VIIb VIlc Vile VIIf Viig VIIh VIIj
0 0.1 1.91 3.48 12.17 0.98 0.52 10.61
1 2.15 6.94 11.72 228.98 11541 0.05 1.76 35.86
2 4.36 3.27 1.01 386.59 347.45 0.34 0.15 3.53
3 3.68 3.74 0.07 291.65 232.04 0.47 0.04 0.88
4 2.08 10.89 103.53 79.9 1.39 0.06 1.95
5 1.35 11.65 47.44 24.73 1.5 0.4 2.21
6 1.09 18.58 16.15 15.95 24 0.94 3.63
7 1.53 14.86 12.02 11.87 1.92 0.8 2.92
8 0.59 15.19 17.48 6.24 1.95 0.49 2.87
9 0.27 441 1.99 2 0.58 0.64 1.01
10 0.09 2.19 11.91 0.76 0.29 0.48 0.56
11 0.04 0.56 0.01 0.08 0.16 0.16
12 0.23 0.17 0.17 0.03 0.06 0.06
13 0.01 0.06 1.49 147 0.01 0.03 0.02
14
15+
SOP 4.88 29.66 2.40 258.50 183.29 3.66 1.82 11.80
Cth 4.89 29.67 2.43 258.52 183.27 3.65 1.83 11.86
SOP% 100% 100% 101% 100% 100% 100% 100% 100%
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Table 2.3.3.1. NE Atlantic Mackerel. Catch numbers (‘000s) -at-age by area for 2014 (cont.).

Quarter 3
Age VIlla VIIIb VIllc | VIIICE | VIIIcW | VIIId IXa IXaN IXaS
0 437.22  |0.02 24417 4346.12 |623.78
1 109.69 |126.76 |8.38 361.13 43791 1234.86 |772.07
2 30.63 34.59 5.66 47.78 106.95 |127.97 |45.78
3 10.82 87.18 68.52 16.77 77.2 0.01 19529 |161.44 |49.68
4 22.47 12.78 35.46 113 27.42 0.01 37.83 54.7 7.57
5 152.21 |3.73 22.71 114 2491 0.09 31.01 51.63 2.71
6 353.55 |3.34 12.42 8.37 23.2 0.2 13.39 46.32 1.27
7 300.67 |1.23 11.75 6.13 16.64 0.17 17.12 32.68 0.8
8 18493 |0.47 7.05 5.12 18.31 0.11 6.15 34.19 0.51
9 241.05 0.84 0.14 0.02 0.84
10 182.63 1.69 0.11 0.04 1.67
11 58.56 0.03
12 21.2 0.01
13 10.82 0.01
14
15+ 0.26 0.08
SOP 570.36 | 58.20 93.49 25.24 153.68 |0.33 430.05 [399.18 |162.26
Cth 573.51 |58.12 95.31 25 1554 0.33 428.05 [40393 [151.52
SOP% 1101% 100% 102% 99% 101% 1009 100% 101% 93%
Age ITa IIb Va Vb Via XIVa XIVb Total
0 921.45 0.05 0.03 2.44 6974.96
1 81.73 98.03 0.1 0.02 15.03 7355.35
2 7941.62 |0.24 8636.51 |82.88 4.6 1.44 12434.19 |32411.43
3 164373.96 | 5.43 54991.98 |3230.1 10.05 9.83 46759.94 |281305.74
4 295130.46 | 7.44 95972.84 |4385.26 |14.63 19.36 47914.08 |456187.55
5 182166.99 |2.29 70559.05 |988.21 21.37 16.3 35190.02 |295619.88
6 113945 2.58 64870.8 1995.3 7.95 12.07 37553.56 |223126.85
7 115995.51 | 3.69 39219.39 |1914.18 (341 7.83 32894.59 |[195471.89
8 85999.69 |2.83 16305.09 [1292.37 |6.28 3.85 13639.17 |122211.84
9 42593.71 10.99 4889.63 |1112.75 [0.32 1.82 601.34 50748.19
10 17348.85 |0.24 1123.62 |409.83 3.79 0.93 1818.53  |22006.53
11 5702.56 [0.14 799.87 75.2 0.04 0.54 513.1 7331.97
12 1192.72  10.01 180.9 0.05 0.44 0.22 34.37 1501.15
13 289.13 0.02 0.11 8.76 311.93
14 456.32 0.03 0.06 4.83 461.23
15+ 80.59 0.04 3.35 84.33
SOP 380517.65 | 10.00 140060.49 | 5738.58 |26.04 28.27 9444196 |641811.07
Cth 380489.68 |10 140062 5738.63 [26.02 27.93 9105042 | 638353.01
SOP% 100% 100% 100% 100% 100% 99% 96% 99%
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Table 2.3.3.1. NE Atlantic Mackerel. Catch numbers (‘000s) -at-age by area for 2014 (cont.).
Quarter 4
Age IIIa I1Ib IIIc I11d IVa IVb IVc VIId
0 0.06 1533.43 1.59 6.05 188.54
1 0.12 4291.51 3.44 60.55 1885.41
2 3.79 56008.77 44 .4 18.75 565.62
3 16.11 242401.1 178.47 31.56 942.71
4 13.26 201252 134.07 13.09 377.08
5 7.41 116291.1 79.3 12.94 377.08
6 7.05 131353.6 84.22 0.39
7 5.21 125542.5 71.66 0.11
8 3.6 71342.54 40.76 6.1 188.54
9 1.64 29526.68 17.92 0.01
10 0.42 9850.82 5.96 6.05 188.54
11 0.23 3785.75 2.04
12 0.09 2064.74 0.93
13 141.23 0.13
14
15+ 10
SOP 21.83 363449.65 238.98 40.83 1221.57
Cth 21.71 363159 238.4 40.82 1221.56
SOP% 199% 100% 100% 100% 100%
Age Vila VIIb Vilc Vlle VIIf Vilg VIIh VIIj
0 255.71 310.86 6.36 0.3 18.94 955.12
1 0.12 878.66 486.84 163.87 35.01 0.08 46.32 27.84
2 0.38 729.92 398.98 346.1 105.41 0.52 38.12 3.46
3 0.38 412.16 220.12 247 41 70.39 0.72 21.04 2.18
4 0.26 93.21 38.03 86.7 24.24 2.13 3.64 4.21
5 0.18 64.44 22.28 34.31 7.49 2.34 2.14 4.29
6 0.15 46.1 7.23 15.09 4.82 3.78 0.71 6.92
7 0.21 57.64 14.85 11.23 3.59 3.03 1.44 5.55
8 0.08 28.65 1.76 11.32 1.88 3.04 0.18 5.58
9 0.03 27.77 10.94 1.86 0.6 0.97 1.06 1.75
10 0.01 13.58 5.47 6.12 0.22 0.51 0.53 0.91
11 0.01 1.06 0.14 0.24
12 0.33 0.16 0.05 0.05 0.1
13 0.08 1.39 0.45 0.02 0.03
14
15+
SOP 0.55 558.69 279.80 209.06 55.58 5.77 26.46 32.70
Cth 0.55 557.53 278.95 209.06 55.57 5.77 26.39 30.44
SOP% 100% 100% 100% 100% 100% 100% 100% 93%
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Table 2.3.3.1. NE Atlantic Mackerel. Catch numbers (‘000s) -at-age by area for 2014 (cont.).

Quarter 4

Age VIlla VIIIb VIllc | VIIICE | VIIIcW | VIIId IXa IXaN IXaS
0 31455.26 869.31 12444.42 | 2295.51
1 57826 |1197.41 |93.65 26.08 1153.2  |0.05 332.13 [3020.61 |368.99
2 130.27 |270.15 |9.85 13.83 141.35 |0.04 63.61 369.62 |23.73
3 266.93 |554.06 |15.38 42.98 277.83 10.02 24.63 726.33 |21.31
4 64.97 135.76 |8.86 25.59 37.62 14.46 95.71 1.34
5 29.31 61.98 6.44 24.78 6.12 6.14 12.62
6 22.45 47.4 5.47 17.35 3.61 4.74 6.22
7 14.33 30.35 4.73 13.01 1.6 5.53 1.75
8 7.3 15.68 4.61 10.09 1.56 3.03 0.96
9 0.07 1.05 0.01
10 0.15 0.11 0.02
11
12
13
14
15+ 0.04 0.45 0.02
SOP 250.53 |521.22 |1239.91 |58.01 359.89 0.02 611.31 |935.70 |75.07
Cth 25011 |520.29 |1247.61 |57.72 363.54 0.03 612.67 194492 [70.03
SOP% 1100% 100% 101% 99% 101% 128% 100% 101% 93%

Age ITa IIb Va Vb Via XIVa XIVb Total

0 24.79 50366.27
1 36.98 6.65 133.91 14827.69
2 3664.48 59.36 553.91 63564.43
3 24449.18 [0.06 1480.34 | 1844.27 274247.7
4 22514.89 [0.27 1909.31 |2006.16 228856.8
5 11636.73 [0.34 470.67 1630.65 130791.1
6 14152.82 |0.1 884.79 1511.32 148186.4
7 10216.72 |0.08 830 2163.11 138998.2
8 7200.46 |0.07 592.55 905.91 80376.27
9 3946.04 |0.06 355.98 348.73 34243.19
10 722.17 0.04 85.07 141.12 11027.82
11 399.65 0.01 38.79 49.28 4277.2
12 177.47 0.52 2.52 2246.96
13 2.01 145.34
14 0
15+ 10.51
SOP 36736.27 [0.35 2417.21 |4189.83 413551.86
Cth 3673098 0.35 2417.12 14190.03 413251.2
SOP% 100% 99% 100% 100% 100%
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Table 2.3.3.2. NE Atlantic Mackerel. Percentage catch numbers-at-age by area for 2014. Zeros repre-
sent values <0.5%.

Quarters 1-4

Age IIIa IIIb IIlc IT1d IVa IVb IVc VIId
0 0% 0% 0% 2% 2%
1 0% 0% 0% 0% 16% 25%
2 5% 9% 6% 5% 4% 7% 24%
3 14% 47% 15% 24% 26% 25% 28%
4 22% 50% 22% 20% 21% 35% 26% 7%
5 27% 50% 10% 28% 12% 17% 13% 6%
6 11% 5% 11% 13% 3% 1% 1%
7 5% 4% 4% 13% 5% 2% 0%
8 9% 1% 9% 7% 6% 5% 3%
9 1% 1% 1% 3% 2% 2% 0%
10 5% 5% 1% 2% 3% 3%
11 0% 0% 0% 0% 0%
12 1% 0% 0% 0% 0% 0%
13 0% 0%
14
15+ 0% 0% 0% 0%

Age Vlla VIIb VlIc Vile VIIf Vilg VIIh VIIj

0 0% 0% 9% 1% 0% 0% 1%
1 10% 2% 43% 13% 12% 3% 1% 0%
2 25% 19% 21% 36% 39% 7% 4% 2%
3 22% 27% 17% 30% 28% 11% 6% 6%
4 13% 9% 2% 9% 11% 14% 13% 13%
5 8% 9% 2% 4% 4% 12% 13% 11%
6 7% 11% 1% 2% 3% 18% 21% 18%
7 8% 10% 2% 2% 2% 14% 17% 16%
8 4% 7% 1% 2% 1% 14% 17% 18%
9 2% 4% 1% 1% 1% 5% 5% 6%
10 1% 1% 1% 1% 0% 2% 3% 6%
11 0% 1% 0% 0% 0% 1% 1% 1%
12 0% 0% 0% 0% 0% 0% 0% 0%
13 0% 0% 0% 0% 0% 0% 0% 0%
14
15+ 0%
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Table 2.3.3.2. NE Atlantic Mackerel. Percentage catch numbers-at-age by area for 2014. Zeros repre-
sent values <0.5% (cont.).

Quarters 1-4

Age VIIla VIIIb VIIlc VIIICE | VIIIcW | VIIId IXa IXaN IXaS
0 70% 0% 3% 77% 22%
1 4% 3% 20% 0% 11% 0% 14% 34% 61%
2 3% 3% 3% 1% 7% 0% 3% 5% 11%
3 14% 11% 1% 5% 11% 1% 3% 11% 20%
4 17% 10% 1% 12% 14% 2% 1% 5% 6%
5 8% 13% 1% 21% 14% 10% 1% 5% 2%
6 11% 17% 1% 25% 12% 23% 1% 5% 0%
7 10% 20% 0% 20% 10% 19% 1% 5% 0%
8 14% 13% 0% 11% 7% 12% 0% 3% 0%
9 9% 5% 0% 4% 4% 16% 0% 2% 0%
10 7% 3% 0% 1% 1% 12% 0% 1%
11 3% 1% 0% 1% 1% 4% 0% 0%
12 0% 0% 0% 0% 1% 1% 0% 0%
13 1% 0% 0% 0% 1% 1% 0% 0%
14 0%
15+ 0% 0% 4% 0%

Age ITa IIb Va Vb Via XIVa XIVb All

0 0% 0% 0% 0% 2%
1 0% 0% 0% 0% 0% 0% 1%
2 1% 1% 3% 1% 1% 2% 5% 3%
3 16% 20% 16% 21% 8% 13% 20% 17%
4 28% 29% 27% 29% 14% 26% 21% 21%
5 17% 10% 20% 7% 13% 22% 15% 14%
6 11% 10% 18% 13% 19% 16% 16% 14%
7 11% 14% 11% 12% 19% 11% 14% 13%
8 8% 11% 4% 8% 15% 5% 6% 9%
9 4% 4% 1% 6% 6% 2% 0% 4%
10 2% 1% 0% 2% 3% 1% 1% 2%
11 1% 1% 0% 1% 1% 1% 0% 1%
12 0% 0% 0% 0% 0% 0% 0% 0%
13 0% 0% 0% 0% 0% 0%
14 0% 0% 0% 0% 0% 0%
15+ 0% 0% 0% 0% 0% 0%
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Table 2.3.3.2. NE Atlantic Mackerel. Percentage catch numbers-at-age by area for 2014. Zeros repre-
sent values <0.5% (cont.).

Quarter 1
Age IIIa IIIb IIlc I11d IVa IVb IVc VIId
0
1 1% 1%
2 2% 2% 43% 44%
3 20% 5% 19% 42% 42%
4 39% 15% 39% 50% 6% 5%
5 28% 15% 28% 50% 2% 2%
6 10% 20% 11% 2% 1%
7 2% 20% 1% 1% 1%
8 15% 0% 1% 1%
9 5% 0% 1% 1%
10 5% 0% 1% 1%
11 1% 1%
12 1% 1%
13
14
15+ 0% 0%
Age Vlla VIIb VlIc Vile VIIf Vilg VIIh VIIj
0 0% 0%
1 8% 2% 52% 2% 9% 3% 1% 0%
2 33% 17% 16% 34% 30% 7% 4% 2%
3 31% 26% 20% 34% 28% 11% 5% 7%
4 14% 9% 2% 10% 14% 14% 13% 14%
5 6% 10% 2% 3% 5% 12% 13% 11%
6 3% 12% 1% 3% 4% 17% 21% 18%
7 3% 11% 2% 3% 4% 14% 17% 16%
8 3% 8% 2% 4% 2% 14% 17% 18%
9 4% 2% 2% 1% 4% 5% 6%
10 1% 1% 2% 0% 2% 3% 5%
11 1% 0% 1% 0% 1% 1% 1%
12 0% 0% 1% 0% 0% 0% 0%
13 0% 0% 0% 0% 0% 0% 0%
14
15+ 0%
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Table 2.3.3.2. NE Atlantic Mackerel. Percentage catch numbers-at-age by area for 2014. Zeros repre-
sent values <0.5% (cont.).

Quarter 1
Age VIllIa VIIIb VlIlIc VIIIcE | VIIIcW | VIIId | IXaCN | IXaN IXaS
0 32%
1 0% 66% 0% 12% 50% 18% 8%
2 2% 3% 9% 1% 9% 1% 7% 6% 23%
3 14% 12% 12% 7% 13% 8% 6% 18% 47%
4 20% 11% 5% 13% 17% 12% 2% 24% 17%
5 8% 13% 3% 21% 14% 9% 1% 16% 5%
6 10% 18% 2% 24% 10% 16% 1% 7% 1%
7 9% 19% 1% 19% 8% 14% 1% 5% 0%
8 15% 14% 0% 9% 6% 14% 1% 3% 0%
9 9% 5% 0% 4% 4% 12% 0% 2%
10 8% 3% 0% 0% 1% 10% 0% 0%
11 3% 1% 0% 0% 1% 4% 0% 0%
12 0% 0% 0% 1% 1% 0% 0%
13 1% 0% 0% 0% 1% 1% 0% 0%
14 0%
15+ 5%
Age ITa IIb Va Vb Via XIVa XIVb All
0 0%
1 0% 2%
2 2% 1% 3%
3 19% 8% 11%
4 39% 14% 13%
5 28% 13% 13%
6 11% 19% 17%
7 1% 19% 16%
8 16% 14%
9 6% 5%
10 3% 3%
11 1% 1%
12 0% 0%
13 0% 0%
14 0% 0%
15+ 0% 0%
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Table 2.3.3.2. NE Atlantic Mackerel. Percentage catch numbers-at-age by area for 2014. Zeros repre-
sent values <0.5% (cont.).

Quarter 2
Age IIIa IIIb IIlc IT1d IVa IVb IVc VIId
0
1 0% 1%
2 5% 1% 3% 3% 44%
3 14% 50% 29% 22% 25% 28% 42%
4 22% 50% 43% 28% 39% 38% 5%
5 27% 14% 9% 17% 16% 2%
6 11% 10% 2% 1% 1%
7 5% 14% 4% 4% 1%
8 10% 14% 10% 6% 5% 1%
9 1% 4% 2% 3% 1%
10 5% 1% 2% 2% 1%
11 0% 1% 0% 0% 1%
12 1% 0% 0% 0% 1%
13
14
15+ 0% 0% 0%
Age Vlla VIIb VlIc Vile VIIf Vilg VIIh VIIj
0 0% 0%
1 7% 1% 4% 9% 0% 0%
2 25% 28% 24% 39% 31% 3% 0% 0%
3 24% 40% 35% 36% 28% 4% 1% 1%
4 14% 10% 18% 9% 14% 12% 2% 2%
5 7% 3% 6% 3% 5% 13% 10% 10%
6 8% 3% 18% 3% 4% 22% 23% 23%
7 7% 5% 2% 4% 17% 19% 21%
8 5% 4% 1% 2% 17% 12% 12%
9 2% 3% 1% 1% 6% 15% 15%
10 1% 1% 1% 0% 3% 11% 11%
11 0% 1% 0% 0% 1% 4% 4%
12 0% 0% 1% 0% 0% 1% 1%
13 0% 0% 0% 0% 0% 1% 1%
14
15+ 0%
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Table 2.3.3.2. NE Atlantic Mackerel. Percentage catch numbers-at-age by area for 2014. Zeros repre-
sent values <0.5% (cont.).

Quarter 2
Age VIIIa VIIIb VIIIc | VIIcE | VIIIcW | VIIId IXa IXaN IXaS
0 70%
1 61% 0% 3% 7% 3% 8%
2 2% 0% 5% 0% 2% 2% 2% 23%
3 14% 3% 5% 3% 7% 1% 6% 13% 47%
4 20% 7% 3% 11% 12% 1% 3% 11% 17%
5 8% 14% 7% 20% 17% 10% 2% 14% 5%
6 10% 19% 8% 26% 19% 23% 2% 17% 1%
7 9% 26% 6% 22% 15% 20% 3% 15% 0%
8 15% 15% 3% 12% 10% 12% 2% 11% 0%
9 9% 8% 2% 5% 6% 16% 2% 7% 0%
10 8% 4% 0% 1% 2% 12% 1% 2%
11 3% 2% 0% 1% 1% 4% 0% 2%
12 0% 0% 0% 1% 1% 0% 1%
13 1% 0% 0% 1% 1% 0% 1%
14
15+ 0% 0% 4%
Age ITa IIb Va Vb Via XIVa XIVb All
0 2%
1 0% 1%
2 6% 6% 5% 0% 6% 6%
3 3% 22% 21% 32% 21% 12%
4 6% 34% 32% 35% 20% 15%
5 4% 17% 16% 4% 14% 13%
6 14% 11% 11% 6% 16% 16%
7 16% 6% 7% 10% 15% 14%
8 20% 2% 3% 7% 6% 10%
9 15% 2% 3% 3% 0% 6%
10 10% 1% 1% 0% 1% 3%
11 5% 1% 3% 0% 1%
12 2% 0% 0% 0% 1%
13 0% 0% 0%
14 0% 0% 0%
15+ 0% 0% 0% 0%
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Table 2.3.3.2. NE Atlantic Mackerel. Percentage catch numbers-at-age by area for 2014. Zeros repre-
sent values <0.5% (cont.).

Quarter 3
Age IIIa IIIb IIlc I11d IVa IVb IVc VIId
0 2% 4%
1 0% 0% 0% 0% 0% 24% 40%
2 6% 9% 7% 2% 8% 9% 12%
3 13% 47% 15% 21% 31% 23% 20%
4 22% 22% 20% 27% 23% 19% 8%
5 28% 100% 10% 30% 12% 19% 11% 8%
6 11% 5% 10% 10% 7% 0%
7 5% 4% 3% 12% 3% 2%
8 9% 0% 9% 10% 4% 5% 4%
9 1% 1% 3% 1% 1%
10 5% 6% 2% 2% 3% 4%
11 0% 0% 0%
12 1% 1% 0% 0% 0%
13
14
15+
Age Vlla VIIb VlIc Vile VIIf Vilg VIIh VIIj
0 1% 2% 21% 1% 0% 8% 16%
1 12% 7% 72% 20% 14% 0% 27% 54%
2 25% 3% 6% 34% 41% 3% 2% 5%
3 21% 4% 0% 26% 28% 4% 1% 1%
4 12% 12% 9% 10% 13% 1% 3%
5 8% 12% 4% 3% 14% 6% 3%
6 6% 20% 1% 2% 22% 14% 5%
7 9% 16% 1% 1% 17% 12% 4%
8 3% 16% 2% 1% 18% 8% 4%
9 2% 5% 0% 0% 5% 10% 2%
10 1% 2% 1% 0% 3% 7% 1%
11 0% 1% 0% 1% 2% 0%
12 0% 0% 0% 0% 1% 0%
13 0% 0% 0% 0% 0% 0% 0%
14
15+
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Table 2.3.3.2. NE Atlantic Mackerel. Percentage catch numbers-at-age by area for 2014. Zeros repre-
sent values <0.5% (cont.).

Quarter 3
Age VIIIa VIIIb VIIIc | VIIcE | VIIIcW | VIIId IXa IXaN IXaS
0 58% 0% 29% 84% 26%
1 44% 17% 11% 43% 8% 52% 88%
2 12% 5% 8% 6% 2% 5% 5%
3 1% 35% 9% 23% 9% 1% 4% 7% 6%
4 1% 5% 5% 15% 3% 1% 1% 2% 1%
5 10% 1% 3% 16% 3% 10% 1% 2% 0%
6 23% 1% 2% 11% 3% 22% 0% 2% 0%
7 20% 0% 2% 8% 2% 19% 0% 1% 0%
8 12% 0% 1% 7% 2% 12% 0% 1% 0%
9 16% 0% 16% 0% 0%
10 12% 0% 12% 0% 0%
11 4% 3%
12 1% 1%
13 1% 1%
14
15+ 0% 0%
Age ITa IIb Va Vb Via XIVa XIVb All
0 0% 0% 0% 0% 0%
1 0% 0% 0% 0% 0% 0%
2 1% 1% 2% 1% 6% 2% 5% 2%
3 16% 21% 15% 21% 14% 13% 20% 17%
4 29% 29% 27% 28% 20% 26% 21% 27%
5 18% 9% 20% 6% 29% 22% 15% 17%
6 11% 10% 18% 13% 11% 16% 16% 13%
7 11% 14% 11% 12% 5% 11% 14% 11%
8 8% 11% 5% 8% 9% 5% 6% 7%
9 4% 4% 1% 7% 0% 2% 0% 3%
10 2% 1% 0% 3% 5% 1% 1% 1%
11 1% 1% 0% 0% 0% 1% 0% 0%
12 0% 0% 0% 0% 1% 0% 0% 0%
13 0% 0% 0% 0% 0%
14 0% 0% 0% 0% 0%
15+ 0% 0% 0% 0%
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Table 2.3.3.2. NE Atlantic Mackerel. Percentage catch numbers-at-age by area for 2014. Zeros repre-
sent values <0.5% (cont.).

Quarter 4
Age IIIa IIIb IIlc IT1d IVa IVb IVc VIId
0 0% 0% 0% 4% 4%
1 0% 0% 1% 39% 40%
2 6% 6% 7% 12% 12%
3 27% 24% 27% 20% 20%
4 22% 20% 20% 8% 8%
5 13% 12% 12% 8% 8%
6 12% 13% 13% 0%
7 9% 13% 11% 0%
8 6% 7% 6% 4% 4%
9 3% 3% 3% 0%
10 1% 1% 1% 4% 4%
11 0% 0% 0%
12 0% 0% 0%
13 0% 0%
14
15+ 0%
Age Vlla VIIb VlIc Vile VIIf Vilg VIIh VIIj
0 10% 20% 1% 0% 14% 94%
1 7% 34% 32% 18% 14% 0% 35% 3%
2 21% 28% 26% 37% 41% 3% 28% 0%
3 21% 16% 15% 27% 28% 4% 16% 0%
4 14% 4% 3% 9% 10% 12% 3% 0%
5 10% 2% 1% 4% 3% 14% 2% 0%
6 8% 2% 0% 2% 2% 22% 1% 1%
7 12% 2% 1% 1% 1% 17% 1% 1%
8 4% 1% 0% 1% 1% 18% 0% 1%
9 2% 1% 1% 0% 0% 6% 1% 0%
10 1% 1% 0% 1% 0% 3% 0% 0%
11 1% 0% 1% 0%
12 0% 0% 0% 0% 0%
13 0% 0% 0% 0% 0%
14
15+




114 ICES WGWIDE REPORT 2015

Table 2.3.3.2. NE Atlantic Mackerel. Percentage catch numbers-at-age by area for 2014. Zeros repre-
sent values <0.5% (cont.).

Quarter 4
Age VIllIa VIIIb VIIIc | VIIcE | VIIIcW | VIIId IXa IXaN IXaS
0 100% 35% 96% 35%
1 52% 52% 0% 15% 46% 45% 3% 46% 89%
2 12% 12% 0% 8% 6% 36% 0% 6% 6%
3 24% 24% 0% 25% 11% 18% 0% 11% 5%
4 6% 6% 0% 15% 2% 0% 1% 0%
5 3% 3% 0% 14% 0% 0% 0%
6 2% 2% 0% 10% 0% 0% 0%
7 1% 1% 0% 7% 0% 0% 0%
8 1% 1% 0% 6% 0% 0% 0%
9 0% 0% 0%
10 0% 0% 0%
11
12
13
14
15+ 0% 0% 0%
Age ITa IIb Va Vb Via XIVa XIVb All
0 0% 4%
1 0% 0% 1% 1%
2 4% 1% 5% 5%
3 25% 6% 22% 16% 23%
4 23% 26% 28% 18% 19%
5 12% 33% 7% 14% 11%
6 14% 10% 13% 13% 13%
7 10% 8% 12% 19% 12%
8 7% 7% 9% 8% 7%
9 4% 6% 5% 3% 3%
10 1% 4% 1% 1% 1%
11 0% 1% 1% 0% 0%
12 0% 0% 0% 0%
13 0% 0%
14
15+ 0%
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Table 2.4.1.1. NE Atlantic Mackerel. Mean length (mm) -at-age by area for 2014.

Quarters 1-4
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Age |IIla IIIb IIlc I11d IVa IVb IVc VIid
0 197 196 197 245 245
1 297 267 296 287 288 287
2 324 302 321 317 301 305 288
3 316 313 313 323 309 311 305
4 328 325 325 326 336 323 325 316
5 345 344 339 344 352 343 352 370
6 359 362 359 361 363 374 345
7 369 357 369 368 361 352 405
8 369 367 370 373 380 380 376
9 377 367 378 379 376 375 380
10 368 369 388 392 383 368
11 389 396 397 408 415
12 405 405 404 404 405 405
13 405 405

14

15+ 415 442 465 465
Age |VIla VIIb VIlc Vile VIIf Viig VIIh VIIj
0 194 163 157 243 225 161 152
1 277 231 222 274 267 194 236 212
2 285 262 286 280 280 266 258 263
3 302 286 297 297 295 303 302 303
4 323 323 325 313 313 322 323 328
5 337 352 348 337 321 346 345 347
6 350 356 341 337 333 357 357 356
7 363 367 365 355 345 364 364 364
8 367 378 380 366 346 370 370 371
9 375 387 379 373 364 382 382 382
10 |382 398 387 376 361 390 389 377
11 414 367 354 410 406 398 403 402
12 [386 415 415 402 385 402 401 397
13 |334 415 415 342 335 406 405 405
14

15+ 465
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Table 2.4.1.1. NE Atlantic Mackerel. Mean length (mm) -at-age by area for 2014 (cont.).

Quarters 1-4

Age |VIlla VIIIb VIIIc VIIICE | VIIIcW | VIIId IXa IXaN IXaS
0 187 245 186 235 186

1 301 300 212 290 264 294 226 284 285
2 297 293 276 301 280 294 289 305 283
3 303 306 293 317 303 313 316 313 296
4 326 335 325 336 325 334 344 326 311
5 356 356 340 351 342 352 364 349 326
6 357 362 352 361 361 362 385 363 344
7 368 370 357 369 372 366 386 373 346
8 380 374 366 375 379 375 391 381 355
9 383 389 376 386 396 388 401 397 352
10 390 396 396 398 415 399 412 414

11 402 410 394 395 413 406 420 413

12 385 435 403 402 419 385 408 418

13 405 405 408 413 425 405 409 424

14 423

15+ 446 454 483 443

Age |Ila ITb Va Vb VIa XIVa XIVb All
0 217 217 217 217 204
1 256 280 303 195 275 245 253
2 307 301 316 296 290 317 293 300
3 317 318 318 306 303 317 327 317
4 325 331 331 321 327 328 345 330
5 330 340 353 337 347 344 358 344
6 348 352 361 346 355 358 368 357
7 357 361 368 353 363 364 377 365
8 366 369 376 358 370 370 389 371
9 370 375 384 373 379 372 382 377
10 373 381 387 370 383 370 410 382
11 386 388 390 361 395 380 401 392
12 |39 397 430 383 394 390 410 400
13 [405 387 409 401 401 410
14 396 380 420 392 392 404
15+ 427 400 422 413 413 471
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Table 2.4.1.1. NE Atlantic Mackerel. Mean length (mm) -at-age by area for 2014 (cont.).

Quarter 1
Age |IIIa IIIb IIlc I11d IVa IVb IVc Viid
0
1 215 215
2 315 315 315 276 276
3 324 309 324 295 295
4 354 330 354 354 312 308
5 363 348 362 363 335 329
6 381 355 381 348 345
7 400 364 400 405 405
8 372 372 385 385
9 381 381 380 380
10 388 388 400 400
11 415 415
12 405 405
13
14
15+ 465 465
Age |VIla VIIb VIIc Vile VIIf VIlg VIIh VIIj
0 225 225
1 268 197 185 256 268 194 202 202
2 283 260 260 277 283 267 253 263
3 299 285 289 296 299 303 302 303
4 319 323 314 317 320 322 323 328
5 323 352 342 339 325 346 345 347
6 332 357 335 349 335 357 357 355
7 349 367 367 371 351 364 364 364
8 345 378 380 378 354 370 370 371
9 365 388 386 380 369 382 382 382
10 398 397 390 372 390 389 376
11 365 354 407 401 398 403 401
12 415 415 404 385 402 401 401
13 415 415 377 338 406 405 405
14
15+ 465
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Table 2.4.1.1. NE Atlantic Mackerel. Mean length (mm) -at-age by area for 2014 (cont.).

Quarter 1
Age |VIIIa VIIIb VllIc VIIIcE VIIIcW | VIIId IXa IXaN IXaS
0 288
1 264 210 255 254 212 250 256
2 289 284 274 295 277 289 277 281 279
3 299 301 290 310 300 306 300 300 293
4 326 333 323 334 323 329 334 323 310
5 356 355 338 350 339 354 367 334 324
6 356 361 351 360 360 359 381 355 342
7 368 368 355 368 372 367 384 371 341
8 380 373 363 373 380 378 387 380 351
9 382 383 370 384 398 385 401 392 352
10 388 391 392 397 416 394 408 399
11 401 404 390 393 415 404 421 398
12 435 402 399 420 385 413 402
13 405 405 408 411 426 405 408 412
14 423
15+ 483
Age |IIa IIb Va Vb Via XIVa XIVb All
0 288
1 189 212
2 315 285 267
3 324 302 298
4 354 327 328
5 363 347 348
6 381 355 356
7 400 363 364
8 370 371
9 379 381
10 383 383
11 395 394
12 394 397
13 409 410
14 420 420
15+ 422 470
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Table 2.4.1.1. NE Atlantic Mackerel. Mean length (mm) -at-age by area for 2014 (cont.).

Quarter 2
Age |IIla I1Ib Ilc I1d IVa IVb IVc Viid
0
1 265 215
2 324 302 292 283 276
3 316 307 308 318 306 308 295
4 328 323 323 332 322 326 308
5 344 342 344 341 346 328
6 358 354 361 381 345
7 367 361 357 352 405
8 369 379 369 382 383 385
9 376 376 376 375 380
10 368 383 396 415 400
11 389 389 397 385 415
12 405 393 404 411 405
13
14
15+ 442 465 465
Age |VIla VIIb VIIc Vile VIIf Viig VIIh VIIj
0 225 225 225
1 268 220 263 268 210 210 210
2 283 260 285 278 283 250 304 278
3 299 290 309 296 299 303 320 315
4 320 316 332 315 319 324 333 335
5 335 341 336 325 324 345 352 351
6 348 340 335 338 334 357 361 362
7 361 365 362 351 364 366 367
8 367 378 360 347 370 375 373
9 375 383 373 368 382 388 388
10 |376 397 391 370 390 399 400
11 396 379 414 406 404 406 406
12 [386 415 402 385 398 385 387
13 |334 415 337 336 405 405 405
14
15+ 465
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Table 2.4.1.1. NE Atlantic Mackerel. Mean length (mm) -at-age by area for 2014 (cont.).

Quarter 2
Age |VIIIa VIIIb Vlillc VIIICE | VIIIcW | VIIId IXa IXaN IXaS
0 288
1 223 257 253 226 249 256
2 289 319 269 316 283 298 292 279
3 299 330 299 328 306 315 317 302 293
4 326 346 338 338 329 335 344 324 310
5 356 358 353 352 347 352 360 349 324
6 356 365 359 361 361 362 391 363 342
7 368 375 368 370 371 366 387 373 341
8 380 376 375 376 377 375 391 380 351
9 382 397 393 387 393 388 401 397 352
10 388 407 402 400 413 400 413 414
11 401 418 401 397 411 406 391 413
12 435 404 403 417 385 406 418
13 405 408 413 424 405 409 424
14
15+ 446 455 482
Age |IIa IIb Va Vb Via XIVa XIVb All
0 288
1 280 280 170 239
2 307 308 308 284 318 291 283
3 313 308 308 299 319 328 305
4 320 320 320 317 332 348 327
5 329 346 343 338 354 359 349
6 361 353 351 349 361 369 361
7 372 368 363 359 368 379 370
8 380 358 357 371 376 391 377
9 388 370 368 363 385 385 388
10 394 390 378 388 386 413 397
11 402 378 416 390 405 403
12 408 375 398 430 430 408
13 387 413 415
14 380 421 380
15+ [442 400 432 480
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Table 2.4.1.1. NE Atlantic Mackerel. Mean length (mm) -at-age by area for 2014 (cont.).

121

Quarter 3
Age |IIla I1Ib Ilc I1d IVa IVb IVc Viid
0 245 245
1 305 265 265 276 270 288 288
2 324 302 322 313 310 310 315
3 316 313 314 318 314 312 317
4 327 325 325 332 327 322 320
5 344 344 339 344 344 345 356 375
6 359 360 362 360 355 362 360
7 369 378 357 375 362 364 352
8 369 369 365 369 369 370 378 375
9 376 366 376 369 375
10 368 367 367 375 371 374 365
11 389 389 389
12 405 405 405 400 405 405
13
14
15+
Age |VIla VIIb VIIc Vile VIIf Viig VIIh VIIj
0 193 195 195 243 225 195 195
1 280 274 278 277 267 210 278 277
2 287 255 281 282 279 248 281 277
3 303 302 296 298 294 302 310 301
4 324 324 311 309 324 335 324
5 338 345 345 319 345 352 345
6 351 357 331 331 357 362 358
7 364 364 340 340 364 366 364
8 368 369 363 343 370 375 370
9 375 382 353 353 382 388 383
10 |384 388 364 347 389 400 392
11 420 403 406 403 406 404
12 | 385 401 385 385 400 385 396
13 |335 405 335 335 405 405 405
14
15+
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Table 2.4.1.1. NE Atlantic Mackerel. Mean length (mm) -at-age by area for 2014 (cont.).

Quarter 3
Age |VIIIa VIIIb Vlillc VIIICE | VIIIcW | VIIId IXa IXaN IXaS
0 167 245 190 255 190
1 311 298 308 286 285 283 287
2 321 320 336 305 324 297 295
3 315 327 333 339 321 315 338 318 313
4 335 330 351 358 357 335 363 356 333
5 352 346 360 365 374 352 365 373 355
6 362 344 359 367 377 362 361 376 355
7 366 356 359 368 379 366 378 379 360
8 375 370 368 377 389 375 394 387 359
9 388 415 388 415 415
10 400 415 400 415 415
11 406 406
12 385 385
13 405 405
14
15+ 435 448
Age |IIa IIb Va Vb Via XIVa XIVb All
0 217 217 217 217 236
1 242 280 283 275 246 286
2 303 301 318 290 322 317 293 303
3 316 318 319 306 315 317 327 318
4 324 332 332 321 326 328 345 328
5 328 343 354 336 344 344 358 338
6 346 353 361 346 359 358 367 354
7 356 361 368 353 371 364 377 362
8 365 369 376 359 369 370 389 369
9 368 376 385 373 377 372 382 371
10 369 383 386 370 368 370 410 374
11 382 389 390 360 420 380 401 384
12 390 400 430 386 405 390 410 395
13 405 405 401 401 404
14 396 396 392 392 396
15+ 1423 429 417 413 413 422
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Table 2.4.1.1. NE Atlantic Mackerel. Mean length (mm) -at-age by area for 2014 (cont.).
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Quarter 4
Age |IIla I1Ib Ilc I1d IVa IVb IVc Viid
0 197 196 197 245 245
1 294 296 294 288 288
2 319 317 318 315 315
3 324 323 325 317 317
4 340 336 338 323 320
5 357 352 355 375 375
6 362 361 364 376
7 370 369 371 390
8 374 373 376 375 375
9 382 379 383 415
10 387 388 398 365 365
11 391 396 399
12 395 404 402
13 405 405 405
14
15+ 1415 415 415
Age |VIla VIIb VIIc Vile VIIf Viig VIIh VIIj
0 163 157 242 225 160 152
1 269 294 293 274 267 210 293 274
2 283 306 306 280 279 248 306 278
3 304 311 311 297 294 302 311 303
4 324 335 339 310 309 324 338 323
5 339 351 355 337 319 345 355 345
6 352 358 361 331 331 357 361 357
7 364 361 357 340 340 364 357 364
8 369 370 375 358 343 370 375 370
9 377 366 360 353 353 382 361 382
10 |387 371 365 363 345 390 366 390
11 420 407 406 404 406 404
12 | 385 401 385 385 398 385 399
13 |335 405 335 335 405 405 405
14
15+
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Table 2.4.1.1. NE Atlantic Mackerel. Mean length (mm) -at-age by area for 2014 (cont.).

Quarter 4
Age |VIIIa VIIIb Vlillc VIIICE | VIIIcW | VIIId IXa IXaN IXaS
0 188 245 184 189 209 184
1 301 301 276 310 286 294 264 286 287
2 316 316 310 330 313 306 302 313 290
3 328 329 331 336 320 311 335 320 304
4 338 338 360 358 325 356 323 305
5 354 355 372 365 343 382 334
6 353 354 374 367 354 391 341
7 357 358 378 369 370 409 354
8 363 364 389 376 391 415 391
9 415 413 415
10 415 415 415
11
12
13
14
15+ 435 435 425
Age |IIa IIb Va Vb Via XIVa XIVb All
0 197 197 192
1 285 303 290 291
2 315 295 313 317
3 323 303 307 318 323
4 333 311 321 331 336
5 352 319 336 342 352
6 355 334 346 356 360
7 364 347 353 367 368
8 368 358 358 372 373
9 373 362 373 379 378
10 379 366 368 394 387
11 388 376 360 420 396
12 397 415 415 403
13 405 405 404
14 396
15+ 416
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Table 2.4.1.2. NE Atlantic Mackerel. Percentage length composition in catches by country and fleet,
2014. Zeros represent values <0.5%. Handline Fleets/ Purse Seiners

UKE lines NO PS DK PS

ViIe VIIf Ila IVa Ia/IVa
Q1 | Q2 Q3| 04| 0Q2 Q3 Q4 |Q2/0Q3/04/0Q2|0Q3|04 Q1 | 04

15

16

17

18

19

20 0%

21 0% 0% 0% 0%

22 0% 0% 0% 0%

23 0% 0% 0% 0%

24 0% 1% 1% 1% 0%

25 2% 1% 9% 5% 3% 7% 0%

26 7% 2% 2% 21% 7%  18% 2%

27 10% 9% 28% 22% 13% 12% 6%

28 14% 12% 17% 21% 12% 16% 10% 0% 0%

29 8% 28% 10% 14% 17% 20%19% [0% 0% 0% 0% 0% 0% 1%

30 10% 14% 6% 5% 14% 10%21% (5% 1% 0% 5% 1% 1% 5% 1%

31 6% 11% 4% 2% 10% 6% 14% (2% 19% 19% 2% 19% 19% 1% 9%

32 1% 8% 1% 1% 7% 3% 8% 1% 9% 11% 1% 9% 11% 4% 13%

33 5% 5% 2% 5% 3% 7% (1% 23% 21% 1% 23% 21% 9% = 14%
34 9% 3% 2% 5% 2% 5% 2% 9% 9% 2% 9% 9% 9%  10%
35 5% 2% 2% 3% 1% 3% |5% 13% 16% 5% 13% 16% 16% 11%

36 7% 2% 1% 1% 1% 0% 1% |15% 18% 15% 15% 18% 15% 21% 16%

37 3% 1% 1% 1% 0% 1% |22% 7% 6% 22% 7% 6% 22% 14%
38 0% 0% 0% 0% 0% [23% 1% 2% 23% 1% 2% 5% 7%
39 1% 0% 0% 0% 0% [16% 0% 0% 16% 0% 0% 4% 3%
40 1% 0% 0% 0% 0% |6% 6% 0% 1% 1%
41 0% 0% 1% 1% 0% 1% 1%
42 0% 0% 0%
43 1% 0% 0%
44 0% 0%
45

46

47
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Table 2.4.1.2. NE Atlantic Mackerel. Percentage length composition in catches by country and fleet,
2014. Zeros represent values <0.5% (cont.). Southern Fleets

ES Purse Seine ES Trawl ES Artisanal PT All

01 |Q2/0Q3 Q4|01 Q2 Q3 04 Q1 Q2 Q3 Q4/0Q1/0Q2 Q3|04
15 1%

16 4%

17 2% 10%

18 9% 8%

19 6% 3%

20 2% 29

21 0% 2% 0%

22 0% 0% 1% 0%

22 0% 0% 0% 0% 0% 1%

24 0% 1% 1% 0% 0% 1%

25 1% 1% 2% 0% 0% 8% 0%

26 0% 1% 8% 3% 2% 1% 19% 1% 2%

27 0% 1% 13% 18% 4% 0% 15% 6% 0% 5% 1% 13%
28 0% 3% 14% 16% 4% 2% 16% 12% 0% 0% 1% 9% 1% 10% 15%
29 0% 3% 17% 4% 2% 2% 10% 10% 0% 0% 4% 9% 2% 10% 15%

30 2% 3% 12% 8% 4% 4% 6% 13% 1% 1% 13% 13% 9% 8% 10% 12%

31 4% 4% 5% 10% 7% 3% 4% 11% 4% 1% 11% 11% 8% 8% 10% 10%

32 9% 6% 2% 6% 12% 8% 3% 13% 4% 3% 23% 23% 5% 8% 10% 9%

33 10% 9% 1% 2% 10% 11% 3% 12% 8% 6% 21% 21% 2% 8% 10% 7%

34 18% 14% 0% 0% 8% 10% 2% 3% 15% 13% 15% 15% 3% 5% 10% 3%

35 23% 20% 1% 0% 12% 8% 2% 0% 20% 20% 9% 9% 4% 5% 10% 1%

36 17% 19% 1% 0% 11% 17% 4% 9% 18% 20% 2% 7% 7% 4% 3%
37 9% 10% 2% 0% 10% 10% 4% 3% 13% 14% 9% 8% 6% 1%
38 5% 5% 2% 0% 3% 8% 2% 5% 8% 10% 8% 8% 7%

39 2% 1% 1% 0% 2% 3% 1% 1% 5% 6% 7% 9% 2%
40 0% 1% 0% 0% 2% 3% 1% 2% 4% 4% 14% 1% 2%
41 0% 0% 0% 2% 3% 0% 1% 2% 5% 8% 3%
42 0% 0% 1% 2% 0% 1% 2% 2% 1%
43 1% 2% 0% 0% 1% 1% 1%
4 0% 0% 0% 1% 1%
45 1% 1% 0%

46 0% 0%

47 1% 1%
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49

50 1%

1%

52 0%

0%
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Table 2.4.1.2. NE Atlantic Mackerel. Percentage length composition in catches by country and fleet,
2014. Zeros represent values <0.5% (cont.). Pelagic Trawl Fleets

FO IS GL IE UKS

XIVb VIa|VIIb| IVa VIIj
Q3 | 04 Q2/Q3/ Q4| Q3 |Q1/Q4/01|0Q1 Q3 Q4 | Q1

15
16

17 0%

18 0%

19 0% 0%

20 0% 0%

21 0% 0%

22 0%

23 0%

24 0% 0%

25 0% 0% 0%

26 0% 0% 0% 0%
27 0% 0% 0% 0% 0% 0%
28 1% 0% 0% 1% 0% 1% 0%
291% 0% 3% 1% 1% 2% 2% 0% 1%

30 6% 3% 12% 4% 9% 2% 3% 1% 3% 2% 1% 4%

31 14% 9% 18% 9% 12% 5% 4% 8% 4% 3% 16% 12% 1%

3219% 19%  19% 13% 30% 9% 4% 16% 5% 5% 19% 16% 3%

3318% 11%  10% 12% 12% 10% 6% 17% 9% 8% 12% 13% 10%

34 9% 11% 7% 10% 6% 9%  10% 11% 16% 20% 10% 10% 18%

3513% 11%  11% 13% 15% 9%  18% 10% 21% 20% 17% 12%  26%

36 10% 16% 8% 16% 9% 11% 20% 14% 18% 20% 16% 14% 21%

37 5% 11% 6% 12% 6% 14% 15% 13% 10% 12% 6% 9%  11%

38 4% 4% 3% 6% 12% 8% 7% 6% 7% 2% 4% 8%
391% 2% 1% 3% 8% 4% 3% 3% 1% 2% 2%
40 1% 0% 0% 1% 4% 2% 1% 1% 1% 1% 1% 1%
41 1% 0% 0% 3% 1% 0% 1% 1% 0% 0%
42 0% 0% 2% 1% 0% 0% 0%
43 0% 1% 0% 0% 0%

44 0% 0% 0% 0%

45

46

47
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Table 2.4.1.2. NE Atlantic Mackerel. Percentage length composition in catches by country and fleet,
2014. Zeros represent values <0.5% (cont.). Freezer Trawlers

DE NL UKE RU

IVa | VIa| VIIb Ila
Q14 /01|01 04 |Q1 Q2|0Q3|0Q4|0Q1|0Q2 Q3|0Q4|0Q2 Q3

15
16

17 0%

18 2%

19 1%

20 0% 0% 0%
21 0% 0% 0% 0%
22 1% 0%
23 4% 0% 0%
24 0% 11% 0% 3% 2% 0%
25 0% 17% 1% 0% 9%

26 1%  34% 4% 1% 1% 32% 1% 2%

27 2% 12% 5% 2% 0% 77% 6% 0% 0%
28 0% 5% 12% 12% 5% 7% 1% 53% 8% 3% 1% 0%
29 2% 7% 3% 24% 5% 4% 5% 35% 3% 25% 3% 5% 3%

30 17% 8% 1% 25% 6% 7% 11% 2% 20% 4% 17% 6% 17% 10%

31 18% 7% 1% 11% 6% 33% 22% 2% 7% 6% 10% 7% 22% 18%

32 18% 6% 1% 4% 8% 13% 27% 15% 6% 6% 7% 9% 18% 19%

33 10% 7% 1% 3% 6% 10% 15% 17% 9% 2% 5% 4% 12% 14%

34 6% 12% 0% 3% 7% 2% 5% 3% 7% 7% 1% 5% 6% 8%

35 6% 15% 3% 10% 5% 5% 14% 5% 3% 1% 2% 6% 9%
36 6% 14% 1% 15% 5% 4% 24% 4% 11% 0% 7% 6% 9%
37 5% 7% 1% 14% 2% 3% 14% 1% 7% 6% 4% 6%
38 5% 4% 8% 2% 1% 6% 4% 4% 1% 1% 3%
39 2% 2% 4% 6% 2% 4% 2% 1% 0% 1%
40 3% 1% 2% 2% 1% 2% 2% 3% 0% 0%
41 0% 1% 1% 1% 2% 1% 0% 0%
42 1% 0% 1% 1% 1% 1% 0% 0% 0%
43 0% 0% 0% 0% 0% 0%
44 0% 1% 0%
45 0% 0%
46 1%

47
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Table 2.4.2.1. NE Atlantic Mackerel. Mean weight (g) -at-age by area for 2014.

Quarters 1-4

Age |Illa IIIb IIlc I11d IVa IVb IVc VIId
0 54 55 114 114
1 145 216 188 186 184
2 250 287 269 241 233 169
3 278 265 291 241 243 206
4 298 303 295 333 265 277 298 270
5 360 345 357 382 321 360 360 458
6 429 405 414 423 453 323
7 420 432 442 379 334 541
8 415 445 462 437 446 495
9 438 438 490 411 383 409
10 448 526 480 439 414
11 563 580 591 635
12 609 597 613 608 591
13 585 585 463

14

15+ 653 809 939 939
Age | VIla VIIb VIlc Vile VIIf Viig VIIh VIIj
0 52 29 25 113 100 25 19
1 175 98 90 173 167 50 105 64
2 195 118 177 176 190 146 122 123
3 230 161 189 204 221 225 201 197
4 285 245 262 255 260 260 249 257
5 329 331 328 331 276 319 307 313
6 368 347 304 312 304 350 343 340
7 419 373 359 366 338 372 365 368
8 430 410 401 406 337 392 385 387
9 460 432 408 393 378 442 426 418
10 493 457 436 416 366 479 450 395
11 651 365 316 566 500 514 501 461
12 438 497 499 566 443 512 500 490
13 298 463 470 334 310 589 518 516
14

15+ 939
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Table 2.4.2.1. NE Atlantic Mackerel. Mean weight (g) -at-age by area for 2014 (cont.).

Quarters 1-4

131

Age |VIlla VIIIb VIIIc VIIIcE VIIIcW | VIIId IXa IXaN IXaS
0 38 107 44 47 44

1 193 192 60 185 127 194 78 171 175
2 175 176 144 188 144 171 182 213 155
3 190 203 177 216 182 214 248 223 174
4 238 267 253 255 224 280 323 236 198
5 326 325 297 291 263 305 385 285 231
6 328 344 334 317 309 336 447 322 279
7 355 370 351 340 340 345 450 349 292
8 382 377 383 357 360 378 464 373 324
9 400 428 418 393 413 413 499 415 287
10 396 441 498 432 479 433 526 476

11 445 493 490 422 472 512 636 470

12 449 613 531 443 493 449 523 489

13 507 516 553 481 515 446 506 510

14 654

15+ 603 639 765 736

Age |IIa ITb Va Vb VIa XIVa XIVb All
0 88 89 89 89 43

1 149 215 226 51 202 223 127
2 266 260 299 243 188 305 279 232
3 304 306 305 277 213 305 327 282
4 328 346 342 318 275 332 379 324
5 349 376 409 368 331 379 424 362

6 402 416 434 404 354 425 460 395
7 436 449 459 430 383 446 488 422

8 468 479 487 452 409 468 549 444
9 485 505 516 519 444 468 510 468
10 497 526 524 501 463 463 637 482
11 550 558 541 454 507 499 629 523
12 |570 569 708 435 508 527 617 549
13 639 410 567 590 590 545
14 |570 423 642 537 537 595
15+ |747 517 639 669 669 749
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Table 2.4.2.1. NE Atlantic Mackerel. Mean weight (g) -at-age by area for 2014 (cont.).

Quarter 1
Age |IIla IIIb IIc IIId Iva IVb IVc Viid
0
1 56 56
2 245 245 133 133
3 275 227 275 165 164
4 365 281 365 365 217 203
5 402 333 402 402 285 257
6 471 355 471 335 323
7 543 383 542 541 541
8 413 413 436 436
9 448 448 409 409
10 476 476 500 500
11 635 635
12 591 591
13
14
15+ 939 939
Age Vila VIIb VlIc Vlle VIIf Vilg VIIh VIIj
0 85 85
1 145 47 36 124 145 50 52 51
2 170 115 115 139 170 148 112 123
3 199 159 161 170 199 225 200 197
4 246 248 216 226 245 260 249 257
5 252 333 292 286 256 321 307 313
6 273 349 275 315 278 351 343 340
7 321 375 351 382 325 373 365 369
8 305 412 398 383 325 393 385 388
9 435 413 397 370 444 426 419
10 459 447 415 357 483 451 392
11 358 316 521 436 514 501 456
12 497 499 580 424 515 501 501
13 463 470 420 291 596 519 524
14
15+ 939
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Table 2.4.2.1. NE Atlantic Mackerel. Mean weight (g) -at-age by area for 2014 (cont.).
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Quarter 1
Age |VIIIa VIIIb VllIc VIIIcE VIIIcW | VIIId IXa IXaN IXaS
0 57
1 127 57 113 103 59 99 107
2 153 156 141 176 136 153 148 142 138
3 180 190 172 203 173 195 199 175 162
4 236 260 247 249 220 255 294 218 192
5 329 324 290 287 254 317 402 242 221
6 326 340 329 313 307 331 457 294 261
7 358 364 344 336 341 352 469 338 259
8 383 374 369 353 365 380 481 365 285
9 398 409 397 388 420 405 542 400 287
10 390 410 483 429 483 411 576 424
11 436 457 474 418 478 475 642 418
12 614 527 439 498 449 600 432
13 516 516 553 480 517 487 553 468
14 654
15+ 766
Age |IIa IIb Va Vb Via XIVa XIVb All
0 57
1 41 60
2 245 170 127
3 275 210 192
4 365 274 269
5 402 331 324
6 471 353 348
7 543 381 375
8 408 401
9 443 435
10 462 442
11 505 472
12 508 505
13 567 539
14 642 642
15+ 639 742
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Table 2.4.2.1. NE Atlantic Mackerel. Mean weight (g) -at-age by area for 2014 (cont.).

Quarter 2
Age |IIla IIIb IIc IIId Iva IVb IVc Viid
0
1 140 56
2 294 256 222 199 133
3 280 234 237 304 228 238 164
4 313 265 269 346 256 277 203
5 362 323 382 307 322 256
6 417 419 423 471 322
7 464 450 349 332 541
8 460 427 478 432 416 436
9 508 506 398 383 409
10 450 527 483 495 500
11 560 560 589 448 635
12 615 583 615 534 591
13
14
15+ 811 939 939
Age Vila VIIb VlIc Vlle VIIf Vilg VIIh VIIj
0 85 85 85
1 145 65 136 145 59 59
2 170 114 186 145 170 108 217 164
3 199 164 236 176 199 206 237 219
4 248 218 315 231 246 251 277 284
5 285 287 323 254 253 306 305 304
6 322 281 326 292 278 343 335 335
7 361 344 369 323 364 346 352
8 379 384 353 311 384 378 376
9 405 406 386 370 426 413 412
10 414 443 465 363 451 434 434
11 483 404 626 513 512 513 510
12 430 497 562 426 491 450 460
13 278 463 283 281 495 445 445
14
15+ 939
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Table 2.4.2.1. NE Atlantic Mackerel. Mean weight (g) -at-age by area for 2014 (cont.).
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Quarter 2
Age |VIIIa VIIIb VllIc VIIIcE VIIIcW | VIIId IXa IXaN IXaS
0 57
1 70 116 102 73 98 107
2 153 223 131 211 145 203 159 138
3 180 252 190 238 184 218 248 178 162
4 236 296 290 261 233 284 313 221 192
5 329 328 338 295 274 305 355 279 221
6 326 352 357 319 310 336 447 315 261
7 358 382 387 342 338 345 434 344 259
8 383 385 413 360 354 378 447 365 285
9 398 461 486 395 405 413 478 415 287
10 390 499 528 434 472 433 518 475
11 436 543 520 425 464 513 478 472
12 613 536 445 487 449 495 491
13 516 553 482 513 445 505 511
14
15+ 599 637 765
Age |IIa IIb Va Vb Via XIVa XIVb All
0 57
1 246 88
2 272 265 264 175 277 177
3 296 265 266 192 329 224
4 308 293 292 224 389 279
5 340 357 346 281 429 316
6 442 378 376 307 466 350
7 481 419 407 330 492 382
8 517 391 392 352 558 418
9 547 425 426 380 523 461
10 577 485 442 476 666 518
11 608 383 537 659 541
12 635 382 521 708 553
13 407 598 491
14 417 635 419
15+ [811 517 677 769
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Table 2.4.2.1. NE Atlantic Mackerel. Mean weight (g) -at-age by area for 2014 (cont.).

Quarter 3

Age |IIla IIIb IIc IIId Iva IVb IVc Viid
0 114 114
1 227 140 164 151 186 186
2 295 250 290 277 266 244 250
3 277 278 269 302 274 248 258
4 311 304 299 342 307 275 298
5 362 360 345 360 376 360 387 483
6 417 429 417 419 427 416

7 470 421 480 451 438 335

8 458 412 453 476 448 463 502
9 509 438 507 441 383

10 449 446 487 450 425 405
11 560 560 560

12 615 616 604 616 616

13

14

15+ 114
Age Vila VIIb VlIc Vlle VIIf Vilg VIIh VIIj
0 50 51 51 113 102 44 44
1 183 166 173 179 172 59 147 147
2 207 120 181 201 196 105 154 147
3 245 204 214 235 230 204 208 198
4 303 251 274 268 251 284 251
5 347 306 382 293 306 305 306
6 391 344 326 326 344 336 343
7 439 365 353 353 365 345 363
8 458 384 452 363 384 378 384
9 485 427 396 396 427 413 424
10 520 454 403 371 453 433 448
11 704 511 513 511 513 512
12 500 512 511 498 449 483
13 338 517 338 338 511 445 480
14 113 102 44 44
15+ 50 51 51 179 172 59 147 147
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Table 2.4.2.1. NE Atlantic Mackerel. Mean weight (g) -at-age by a