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Norwegian coastal cod

cod.27.1-2.coastN — Gadus morhua in subareas 1 and 2, north of 67°N
(Norwegian Sea and Barents Sea); northern Norwegian coastal cod

cod.27.2.coastS — Gadus morhua in Subarea 2 between 62°N and 67°N
(Norwegian Sea); southern Norwegian coastal cod

A benchmark assessment (WKBARFAR) was conducted in February 2021 to address the failure
of the previous management plan to reduce fishing mortality on Norwegian coastal cod (NCC;
ICES, 2021a). The main outcome of the benchmark was that from assessment year 2021 onwards,
Norwegian coastal cod (former stock code: cod.27.1-2coast) was split into two stocks/compo-
nents at 67 degrees latitude (Figure 2.0.1); a data-rich one in the north: cod.27.1-2coastN (north-
ern Norwegian coastal cod); and a data-limited one in the south: cod.27.2coastS (southern Nor-
wegian coastal cod).

&7

_.,,
[=]

2
-
-
o

3
z

G65°N B5°N

Latitude (decimal degrees)

Latitude (decimal degrees)

10°E 10°E

Longitude (decimal degrees) Longitude (decimal degrees)

Figure 2.0.1 Norwegian catch reporting areas used to define stock distribution areas for northern Norwegian coastal cod
(left; areas 3, 4, 5, and 0; north of 67°N) and southern Norwegian coastal cod (right, areas 6 and 7; 62-67°N).

The majority (approximately 85%) of NCC catches are taken north of 67°N (Table 2.1.1), and this
is also where the coastal acoustic-trawl survey (A6335, NOcoast-Aco/BTr-Q4) has the best cover-
age. Population genetics studies have revealed a gradient, or isolation-by-distance pattern, in
cod genetic differentiation along the Norwegian coast without areas of distinct breaks (Dahle et
al., 2018; Johansen et al., 2020; Jorde et al., 2021; Breistein et al., 2022). This gradient is due to NCC
in northern Norway having more genetic material in common with the Northeast Arctic cod
(NEAC; cod.27.1-2) compared to NCC further south, as well as more influence of North Sea cod
genes further south.

Updates of the catch series, revision of the acoustic survey index, and a new swept-area index
have improved the data basis for assessment in the northern area. The data for northern NCC
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were considered of high enough quality to support an age-based analytical assessment. Southern
NCC (62-67°N) represents the remaining commercial catches of NCC north of 62°N (7% in 2022;
Table 2.1.1) and is not as consistently covered by the coastal acoustic-trawl survey. In addition,
a much higher, but uncertain, proportion of the catch is taken by recreational anglers in the south
(60% in 2022; Table 2.1.1). These data challenges precluded a full analytical assessment at the
benchmark meeting. Instead, a data-limited approach was developed to support management of
this stock.

2.1 Fisheries (both stocks)

Coastal cod is fished throughout the year and within all of the coastal Norwegian statistical areas
north of 62°N (Figure 2.0.1).

2.1.1 Commercial catch data

Most of the commercial NCC catches are taken as a bycatch in fisheries aimed at NEAC during
its spawning and feeding migrations to coastal waters. The main fishery for coastal cod, there-
fore, takes place in the first half of the year. The main fishing areas are along the coast from the
Varangerfjord to Lofoten (areas 03, 04, 05, 00). A mix of gillnet, Danish seine, bottom trawl, and
longline/jig gears are used to target cod (Tables 2.2.2 and 2.3.4).

The basis for estimating commercial NCC catches is the total landings of cod within the Norwe-
gian statistical areas 03, 04, 05, 00, 06, 07 (Figure 2.0.1), which is then separated into types of cod
(NEAC vs. NCC) by the structure of the otoliths in commercial catch samples. Figure 2.1.1 illus-
trates the main difference between the two types.

Figure 2.1.1. Image of a Norwegian coastal cod, NCC, otolith (top) and a Northeast Arctic cod, NEAC, otolith (bottom).
The two first translucent zones are highlighted. From Berg et al. (2005).
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The figure and the following text is from Berg et al. (2005):

Coastal cod has a smaller and more circular first translucent zone than northeast
Arctic cod, and the distance between the first and the second translucent zone is
larger. The shape of the first translucent zone in northeast Arctic cod is similar to
the outer edge of the broken otolith and to the subsequent established translu-
cent zones. This pattern is established at an age of 2 years, and error in differen-
tiating between the two major types does not increase with age since the estab-
lished growth zones do not change with age.

The precision and accuracy of the separation method for categorizing cod-type was investigated
by comparing the results of different otolith reads to the results of genetic analyses, and the in-
vestigation determined that the results from the otolith method are high in accuracy (Berg et al.,
2005). Nevertheless, in cases with a low percentage misclassification of large catches of pure NEA
cod, the catches of coastal cod could be severely overestimated.

Since the catches are separated by otolith type, the numbers of age samples are critical for the
estimated catch of coastal cod. Table 2.1.2 shows the sampling of the cod fisheries by quarters,
split by NCC and NEAC. The Norwegian sampling program changed in 2010, which led to poor
sampling in that year. The sampling in later years gradually improved, and the number of sam-
ples (but not the number of otoliths) is now well above the level prior to 2010. The number of
otoliths sampled in 2020 was lower than previous recent years due to reduced access to fish
landing sites because of COVID-19, but the proportion of NCC in samples was similar. In 2022,
a total of 9657 fish were aged, whereof 37% were classified as Norwegian coastal cod (Table
2.1.2). This is approximately 1000 fish less than in 2021, but within normal variation and above
the 2020 number. A contributing factor to fewer samples in 2022 is that three vessels in the
Coastal reference fleet failed to deliver the expected number of otoliths due to changes in opera-
tion. These vessels were replaced ahead of the 2023 fishing season.

Since the 2021 benchmark (WKBARFAR; ICES, 2021a), catch numbers-at-age are estimated for
both stocks by the ECA (Estimate Catch-at-Age) model (Hirst et al., 2004; Hirst et al. 2012;
Rognebakke et al., 2016). ECA is a hierarchical Bayesian model that can account for uncertainty
in stock identification (NCC vs. NEAC), correlation within sampling units, and age reading er-
ror. Commercial and recreational total catches in biomass have now been calculated back to 1977
for both stocks (Table 2.1.1, WD 03 in ICES, 2023). Catch-at-age in the years 1977-1993 have also
been estimated for the northern stock, although these estimates are not included in the assess-
ment model (WD 03 in ICES, 2023).

The benchmark also revised the total catch since 1992 using recommended seasonal product-
round fish conversion factors instead of fixed factors for the whole year. Until 1992, Norway
used seasonal conversion factors to convert the weight of “headed-and-gutted” cod to round
weight (1.6 during winter and 1.4 during the rest of the year). From 1992 onwards, this factor
was set to 1.50 for the same product in all Norwegian cod fisheries, year-round. From 2000 on-
wards, this factor was also agreed upon by the Joint Norwegian-Russian Fisheries Commission
(JNRFC). However, there is a larger difference between “headed-and-gutted” weight and round
weight in the winter season when the coastal fisheries for cod are dominated by mature fish with
gonads. Based on a report published by the Norwegian Directorate of Fisheries (Blom, 2015), and
summaries of this previously reported to the AFWG as WD 15 in 2017 and as WD 09 in 2020
(Nedreaas, 2017; Fotland and Nedreaas, 2020), ICES advice for NEA cod in 2018 stated that, “the
use of constant conversion factors between round and gutted weight for all seasons and areas
introduces a bias to the catch statistics”. During the benchmark meeting (WKBARFAR; ICES,
2021a), the Norwegian landings of cod by vessels below 28 m were therefore converted using
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1.311 and 1.671 for the products “gutted with head” and “gutted without head”, respectively,
for each year since 1994.

Norwegian residents are allowed to sell some recreational catch. All sold recreational catches are
assumed to be coastal cod since they generally come from small vessels close to shore. These
sales must be reported to the Fisheries Directorate and are included in the commercial catch total
(Table 2.1.1).

2.1.2 Recreational catch data

Recreational and tourist fisheries take an important fraction of the total catches in some local
areas, especially near the coastal cities, and in some fjords where commercial fishing activity is
low. Recreational catches are a much larger proportion of the total for the southern stock than
for the northern stock (60% vs. 15% in 2022; Table 2.1.1). However, there are only sporadic esti-
mates of recreational catch, and several strong assumptions are required to construct a time-
series of recreational catches.

WD 17 in ICES (2010) produced yearly recreational catch estimates for 1994-2009, primarily
based on Hallenstvedt and Wulff (2000, 2004), but they are quite uncertain. No additional infor-
mation was produced during 2010-2019, so the annual recreational catch during this period has
been assumed equal to the one estimated for 2009 (12 700 t total for both NCC stocks). At the
2021 benchmark meeting (ICES, 2021a), the dataseries on recreational and tourist fisheries for
Norwegian Coastal Cod were updated with new information up to and including 2019 (WD13,
ICES, 2021a). The main new information compared to AFWG 2010 was due to Velstad et al. (2011)
estimating what had been fished by tourists associated with registered tourist businesses in 2009,
and a new project conducted in 2017-2020 to develop cost-effective methods to map catches and
socio-economic dimensions of Norwegian recreational fisheries. Results from this project have
since been published in Ferter et al. (2023). The 2021 benchmark also produced separate time-
series of recreational and tourist NCC catch north and south of 67°N for the first time, according
to the new stock split. Advice related to the recreational catches has since been given for these
stocks by ICES.

The total recreational catch numbers-at-age have been upscaled from the estimated catch-at-age
proportions in the commercial landings (Tables 2.2.3c and Table 2.3.3), except for catch from
tourist businesses which was scaled up according to available biological sampling from this sec-
tor. For further details on the estimation of recreational catch, see WD04 and the Stock Annexes.

Improving the estimates of recreational catch is a priority in both stock areas, and especially in
the south where they comprise the majority of the total catch. Specific needs include:

1. The status of tourist businesses in the national registry should be checked and updated
once per year.
2. Data should be collected from both the tourist and resident recreational sectors to esti-

mate (by stock area and in the priority listed below):

a) Total catch,

b) Catch numbers- and weight- at age (i.e. at least representative length distributions,
ideally proportions-at-age), and

c) Otoliths or genetic samples to separate NCC from NEAC.

3. The Norwegian resident recreational fishery, responsible for most of the total recrea-
tional catches, should be regularly monitored by roving creel surveys including both
hook and line and fixed/passive gears. It is suggested to do this county by county follow-
ing Ferter et al. (2023), i.e. one new county each year until all counties have been covered,
and then repeat. Biological sampling should be part of the roving creel surveys.
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2.1.3 Regulations

The Norwegian cod TAC is a combined TAC for the NEAC and both NCC stocks. Landings of
NCC are counted against the overall cod TAC for Norway, where the expected total catch of
NCC is on the order of 10%. The NCC part of this combined quota was set 40 000 t in 2003 and
earlier years. In 2004, it was set to 20 000 t, and in the following years to 21 000 t. There are no
separate coastal cod quotas given to different groups within the fleet. Catches of coastal cod are
thereby not effectively restricted by quotas.

Since coastal cod is fished under a combined NCC/NEAC quota, the main objective of these reg-
ulations is to move the traditional coastal fishery from areas with high fractions of NCC to areas
where the proportion of NEAC is higher. Most regulatory measures for NEAC also apply to
NCC: minimum catch size, minimum mesh size, maximum bycatch of undersized fish, closure
of areas having high densities of juveniles, and some seasonal and area restrictions. Several reg-
ulations confer some protection for NCC, e.g. a ban on trawl fishing inside 6 nautical miles from
the baseline and “fjord-lines” that were drawn along the coast to close the fjords for directed cod
fishing with vessels larger than 15 metres. For more details about the technical regulations, see
ICES (2020D).

The minimum size for all cod north of 62°N is 44 cm, although 10% may be landed below this
value. An increase in the minimum size to 55 cm is currently under consideration within 4 nm
of the baseline, targeting coastal cod. This is based on the length at 50% maturity, Lso, which was
estimated as 55.8 cm for the southern stock (all data between 62-67°N) and 60.5 cm for the north-
ern stock (coastal survey data north of 67°N). Most commercial catch in both areas is taken with
gillnets, which catch very few immature coastal cod (Figures 2.1.2 and 2.1.3). There is more po-
tential to reduce catches of immature coastal cod by Danish seine (Tables 2.2.2 and 2.3.4; Figures
2.1.2 and 2.1.3).

Table 2.1.1. Left: estimated commercial catches of Norwegian coastal cod North of 67°N (NCC North) and between 62—
67°N (NCC South), and Northeast Arctic cod between 62—-67°N (NEAC South). Middle: estimated recreational catches of
cod north of 67°N and between 62-67°N, all assumed to be NCC. Right: Recreational catches of NCC North and South that
were sold and included in the commercial catch statistics. Note that an initial unlikely low share of NCC vs. NEAC in the
2001 commercial landings compared to years before/after was replaced by an average of the 2000 and 2002 NCC values.

Year Commercial catch (tonnes) Recreational catch (tonnes) Sold recreational catch included
in commercial catch (tonnes)*

NCC NCC NEAC NCC NCC Total NCC NCC Total
North South South North South North South

1977 33735 9776 13831 7789 4774 12563

1978 36413 6272 8982 7855 4814 12669

1979 31929 8194 10745 7921 4855 12776

1980 29792 8923 12948 8003 4905 12909

1981 36161 10117 16551 8054 4936 12990

1982 33361 5883 19361 8121 4977 13098

1983 46297 5562 10616 8188 5019 13207

1984 63305 5621 9442 8256 5060 13316

1985 56944 7424 5786 8324 5102 13425
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Year

Commercial catch (tonnes)

Recreational catch (tonnes)

Sold recreational catch included
in commercial catch (tonnes)*

NCC NCC NEAC NCC NCC Total NCC NCC Total
North South South North South North South
1986 37359 3319 10742 8392 5143 13535
1987 39630 5147 7731 8424 5163 13588
1988 55602 5153 4069 8457 5183 13640
1989 38174 6993 4277 8551 5241 13792
1990 16707 3687 8055 9035 5538 14573
1991 22863 3823 12331 9524 5837 15361
1992 30110 3923 20156 10018 6140 16157
1993 39681 6202 22814 9181 5627 14809
1994 52579 6381 23430 9144 5556 14700
1995 56907 8936 16981 9144 5556 14700
1996 41820 6207 13250 9020 5480 14500
1997 46605 4746 12695 9020 5480 14500
1998 45462 6200 9389 9082 5518 14600
1999 38743 5522 7101 8646 5254 13900
2000 33081 5838 4329 8460 5140 13600
2001 24470 5250 3499 8335 5065 13400
2002 32188 6937 4266 8460 5140 13600
2003 29253 8905 3943 8646 5254 13900
2004 31198 6866 3941 8335 5065 13400
2005 30097 8005 1462 8211 4989 13200
2006 36884 8612 1175 8087 4913 13000
2007 26200 7695 2250 8087 4913 13000
2008 27711 9889 1376 7962 4838 12800
2009 22988 7145 2474 7900 4800 12700
2010 34804 7634 2685 7900 4800 12700
2011 27982 7128 7474 7900 4800 12700
2012 26778 8187 4942 7900 4800 12700 1425 239 1665
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Year Commercial catch (tonnes) Recreational catch (tonnes) Sold recreational catch included
in commercial catch (tonnes)*
NCC NCC NEAC NCC NCC Total NCC NCC Total
North South South North South North South
2013 21376 5131 8395 7900 4800 12700 450 167 617
2014 22750 6244 6682 7900 4800 12700 774 229 1003
2015 34483 5004 5424 7900 4800 12700 618 226 844
2016 49503 5962 2006 7900 4800 12700 810 332 1142
2017 54273 4159 1242 7900 4800 12700 772 307 1078
2018 34532 4436 1822 7900 4800 12700 1206 340 1546
2019 35861 2965 1677 7900 4800 12700 1603 339 1943
2020 43133 3481 987 6233 3806 10039 1785 347 2132
2021 38347 3696 578 6623 4039 10661 565 321 885
2022 37482 2827 188 6459 4248 10707 524 244 768

*Source: Norwegian Directorate of Fisheries. All reported recreational cod assumed to be coastal cod.

Table 2.1.2. Number of otoliths sampled by quarter from commercial catches. NCC: Norwegian coastal cod. NEAC: North-
east Arctic cod. The table includes all otoliths from the Norwegian catch sampling areas 0 and 3-7 (covering both Nor-

wegian coastal cod stocks).

Year Quarter 1 Quarter 2 Quarter 3 Quarter 4 Total
NCC NEAC NCC NEAC NCC NEAC NCC NEAC NCC NEAC %NCC

1985 1451 3852 777 1540 1277 1767 1966 730 5471 7889 41
1986 940 1594 1656 2579 0 0 669 966 3265 5139 39
1987 1195 2322 937 3051 638 1108 1122 1137 3892 7618 34
1988 257 546 160 619 87 135 55 44 559 1344 29
1989 556 1387 72 374 65 501 97 663 790 2925 21
1990 731 2974 61 689 252 97 265 674 1309 4434 23
1991 285 1168 92 561 77 96 279 718 733 2543 22
1992 152 619 281 788 79 82 272 672 784 2161 27
1993 314 1098 172 1046 0 0 310 541 796 2685 23
1994 317 1605 179 923 21 31 126 674 643 3233 17
1995 188 1591 232 1682 2095 1057 752 1330 3267 5660 37
1996 861 5486 591 1958 1784 1076 958 2256 4194 10776 28
1997 1106 5429 367 2494 1940 894 1690 1755 5103 10572 33
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Year Quarter 1 Quarter 2 Quarter 3 Quarter 4 Total
NCC NEAC NCC NEAC NCC NEAC NCC NEAC NCC NEAC %NCC

1998 608 4930 552 1342 489 1094 2999 2217 4648 9583 33
1999 1277 4702 493 2379 202 717 961 1987 2933 9785 23
2000 1283 4918 365 2112 386 1295 472 668 2506 9993 20
2001 1102 5091 352 2295 126 786 432 983 2012 9155 18
2002 823 5818 321 1656 503 831 897 1355 2544 9660 21
2003 821 4197 445 2850 790 936 1112 1286 3168 9269 25
2004 1511 7539 758 2565 532 685 531 1317 3332 12106 22
2005 1583 6219 767 4383 473 258 877 1258 3700 12188 23
2006 2244 5087 1329 2819 590 271 119 71 4282 8248 34
2007 1867 5895 944 2496 503 648 637 1163 3951 10202 28
2008 1450 4162 1116 3122 626 515 693 999 3885 8798 31
2009 1114 5109 558 2592 126 253 842 465 2640 8419 24
2010 736 2000 572 992 464 195 325 270 2097 3457 38
2011 643 2271 789 2548 412 296 732 443 2576 5558 32
2012 1294 6283 749 1864 379 85 324 185 2746 8417 25
2013 966 5389 832 3155 216 88 1115 385 3129 9017 26
2014 1019 4470 869 3312 338 29 1060 524 3286 8335 28
2015 746 7770 618 3619 327 354 511 547 2202 12290 15
2016 2465 5581 1073 2445 616 207 1501 727 5655 8960 39
2017 2276 4568 879 2742 810 151 1231 475 5196 7936 40
2018 2007 4927 924 1882 498 104 1143 435 4572 7348 40
2019 1830 4594 759 1969 838 260 1284 445 4711 7268 39
2020 1926 3551 587 1688 424 85 434 317 3371 5641 37
2021 1731 4060 956 2219 459 291 580 316 3726 6886 35
2022 1504 3836 1036 1887 393 224 736 341 3369 6288 37
u85-22 1136 4017 637 2085 522 461 792 825 3087 7388 29
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Figure 2.1.2. Percent of coastal cod commercial catch below 45, 55, and 61 cm, by gear and stock area. The current min-
imum size is 44 cm and 10% (dashed line) may be landed below this value. Increasing the minimum size to 55 cm is
currently under consideration. Red indicates catch of coastal cod under 55 cm (length at 50% maturity is estimated as
55.8 cm between 62-67°N and 60.5 cm north of 67°N).
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2.2 Northern Norwegian coastal cod

2.2.1 Stock status summary

The assessment is based on the decisions of the 2021 WKBARFAR benchmark (ICES, 2021a), with
updates from the 2022 WKNCCHCR workshop on evaluation of Norwegian coastal cod harvest
control rules (ICES, 2022a). The latter included changes to the assessment model as a follow-up
to the benchmark, in addition to reference point and HCR evaluations based on a request from
the Norwegian managers.

The 2023 assessment shows that SSB declined from a relatively high level at the start of the as-
sessment period (1994) to a low level in 1999. Between 1999-2002, SSB increased, but to a level
lower than the one observed at the start of the assessment period. After 2002, SSB fluctuated
around a similar level until 2010, after which it increased to approximately 25 000 t lower than
the peak 1994 level. After 2016, the stock has declined back towards the level estimated in 2003—
2010 and the declining trend continues in 2022. Fishing mortality mainly follows the trend in
SSB, with highest F in the period with lowest estimated SSB, and vice versa. However, F in-
creased from 2019 to 2020 despite increasing SSB, and decreased from 2020 to 2022 despite a
small decrease in SSB. This is mainly driven by changes in F on ages 7+. Recruitment-at-age 3 has
been relatively stable over time, with somewhat higher values in the early period. There is a
weak relationship between SSB and recruitment-at-age 3 despite low fishing pressure on this
age.

Stock numbers-at-age 2 in 2020 were the lowest observed in the time-series, and the estimates of
this cohort in 2021 and 2022 are also the lowest of their respective age in the time-series. While
SSB declined with 1300 t from 2021 to 2022, TSB increased by about 17 000 t compared to 2021
when it was at its lowest since 2006-2007 due to the low age 3 numbers that year. The increase
in 2022 is mainly driven by increases in ages 2-3, while the abundance of ages 10+ has seen a
steady decline since 2015 and is now comparable to the lowest values observed in the time-series
(in 2003 and 2007).

The 2021 advice for this stock was revised two times due to errors in data input, with the final
quota advice released 15 June 2022 advising that 2022 catches should not exceed 12 143 t (com-
mercial and recreational catches combined). This advice was based on the old HCR (ICESAR)
and more conservative than the advice given for 2023 (29 347 t). Nevertheless, total landings in
2022 were 43 941 t, far exceeding the quota advice.

Further details on the stock assessment procedure can be found in the Stock Annex.

2.2.2 The fishery (Table 2.2.1-Table 2.2.4)

Commercial landings of northern Norwegian coastal cod in 2022 were 37 482 t, down c. 1000 t
from 2021. Of the total landings, 29% were taken in ICES Division 1.b and the rest in Division 2.a,
up from 22% in 2021 but comparable to 2020 (Table 2.2.1). The highest landings were made in
the Norwegian catch reporting area 05, using Danish seine and gillnet (Table 2.2.2). Compared
to 2021, catch proportions were lower in area 05 and higher in areas 03 and 04. In total, 41% of
the landings were taken in gillnet fisheries and 36% in Danish seine, while longline/jig made up
18% of the landings and trawl 5% (down from 12% in 2021).

The estimate of recreational catch (fixed at 7900 t) was adjusted in 2020 and 2021 based on reports
from tourist businesses to reflect reduced fishing tourism due to the COVID-19 pandemic. The
estimate for 2022 was refined based on improved records from the same reporting system,
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leading to a recreational catch estimate similar to the pandemic years, despite increasing fishing
tourism (WD 04).

Catch-at-age (commercial + recreational) of ages 4, 5 and 10+ were lower compared to 2021, as
expected from catch numbers of the same cohorts the year before, while catches of ages 3 and 6—
9 increased. The total catch in tonnes decreased by 1000 t compared to 2021 and was very close
to the status quo prediction from the 2022 assessment (forecasted in 2022: 43 688 t, estimated in
2023: 43 941 t).

The level of discarding and misreporting from coastal vessels has been investigated for three
periods: 2000 and 2002-2003 (WD 14 at 2002 WG), and 2012-2018 (Berg and Nedreaas 2021). The
report from the 2000-investigation concluded that there was both discarding and misreporting
by species in 2000. In the gillnet fishery for cod, discarding and misreporting represented ap-
proximately 8-10% relative to reported catch, and 1/3 of this was probably coastal cod. Data from
2002-2003 showed that misreporting in the coastal gillnet fisheries had been reduced signifi-
cantly since 2000. A recent work by Berg and Nedreaas (2021) estimating discards of cod in the
coastal gillnet fisheries during 2012-2018 showed that discarding (as percentage of total catch in
weight including discards) decreased from less than 1% at the beginning of the period to less
than 0.5% during 2016-2018. In weight, this corresponds to a decrease from more than
500 tonnes-per-year to about 180 tonnes-per-year. The reason for discarding seems to be
highgrading by size (and price) during the first half of the year, and damaged fish (same size as
landed fish) in the second half of the year.

Tourist fishing businesses reporting to the Norwegian Directorate of Fisheries in 2019 showed
that about 42% of the reported rod and line catch was released, and with an assumed mortality
of 20% of the released cod from the boat (see section 2.1), this corresponds to about 8% discards
(dead fish) in the rod and line sector of the recreational fishery.

In the stock assessment, discarding is not included in the commercial landings, i.e. commercial
catches are assumed equal to landings, but discarding in the rod and line (from boat) sector of
the recreational fishery is included in the recreational catch estimate. For further details on the
estimation of recreational catch, see WD 04 and the Stock Annex. Inclusion of discard estimates
in the commercial landings based on recent methodological improvements for discard estima-
tion in Norwegian fisheries should be explored in future (Berg et al., 2022).

2.2.3 Survey results

A trawl-acoustic survey for coastal cod along the Norwegian coast from the Russian border to
62°N was started in autumn 1995. In 2003, this survey was combined with a saithe survey con-
ducted at the coastal banks and moved from September to October-November (ICES acronym
for the combined survey: A6335). Since 2003, the survey therefore covered an extended area and
had a more consistent design with a fixed trawl station grid in addition to trawl hauls set out on
acoustic registrations. The seabed along the Norwegian coast is rugged, with sharp drops and
peaks over short distances. This makes it difficult to get reliable survey indices both with acous-
tics and bottom-trawl sampling. Acoustics can reach areas where the seabed is too uneven to
perform bottom trawling, but species detection and discrimination can be hindered by dead
zones and acoustic shadows. Acoustics and bottom-trawl data therefore contain both independ-
ent and overlapping information.

For the 2021 benchmark, one acoustic and one swept-area index was prepared (WD 06 to
AFWG 2021), and it was decided to include them both in the assessment. At the WKNCCHCR
2022 workshop, further quality control of the survey indices was done, resulting in a decision to
change the acoustic index from an index by age to an aggregated biomass index (ICES, 2022a).
This was due to the disaggregated index poorly tracking age classes, particularly after the coastal
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cod survey merged with the saithe survey, and that the uncertain age 2 estimates from this index
had a large influence on model estimates (particularly the shape of the stock—recruit relation-
ship). The swept-area index has generally higher internal consistency and is still included in the
model as an age disaggregated index. It should be noted that the uncertainties associated with
these indices are rather large and increasing with age.

The survey indices are calculated with the software StoX (Johnsen et al., 2019), developed at the
Institute of Marine Research in Norway. Instead of conventional age-length keys, StoX uses an
imputation algorithm to assign age information to individuals that have been length measured
but not aged. Crucial to coastal cod, the software also imputes other biological information, par-
ticularly otolith type, which is used to split the index on NEAC and NCC. The underlying as-
sumption is that the proportion of NCC in length samples are representative of the proportion
in the environment. StoX also estimates coefficients of variation using a bootstrap routine. The
bootstrapping consists of two parts; resampling of primary sampling units (trawl stations or
acoustic transects) with replacement, and the imputation of missing ages by random draw from
individuals in the same length group. Primarily, age information is drawn from individuals in
the same length group sampled in the same trawl haul. Should there be none, the draw extends
to all trawl hauls within the same survey strata, and lastly, to the entire survey area. The CV is
the variability resulting from both parts of the bootstrap routine.

The results of the 2022 survey north of 67°N are presented in Tables 2.2.5-2.2.11.

2231 Indices of abundance and survey mortality (Tables 2.2.5-2.2.7, Figures
2.2.2-2.2.5)

As has been the case since 2017, the acoustic index in 2022 was considerably higher than the

swept-area index, both about total abundance and biomass (Tables 2.2.5 and 2.2.7, Figures 2.2.2—-

2.2.4). Earlier in the time-series, the swept-area index has been higher than the acoustic index.

The reasons behind these patterns are not fully understood (but see general challenges of sur-

veying the coastal habitat in section 2.2.3 above).

The 2022 age 1 swept-area abundance index was much higher than age 1 in 2020 and 2021 and
just above the time-series average. Note, however, that some age 1 cod are too small to be repre-
sentatively sampled in the survey and that their distribution extends to shallow habitats not ac-
cessible to the research vessels. Fluctuations in abundance of age 1 are therefore not necessarily
reflective of true fluctuations in recruitment. In 2021, age 2 indices were higher than expected
from the low 2020 estimate of the same year class, and the 2022 estimate of age 3 are consistent
with the higher 2021 estimate (Table 2.2.6 and Figure 2.2.4b). Estimates of ages 4, 6 and 7 in 2022
were lower than expected based on estimates of the same cohort the previous year. Indices for
the oldest fish (ages 10+) declined in 2022 and are much lower than those seen in 2009-2019 (Ta-
ble 2.2.6). The coefficients of variation (CVs) in the swept-area index are higher for ages 8 and
above where there is less data (Table 2.2.7).

Survey mortalities generally increased in 2021-2022 compared to 2020-2021 as a result of lower
than expected indices for several ages (Figure 2.2.5). Survey mortalities for the acoustic index by
age is also shown in Figure 2.2.5 for comparison, though this index is only included as an aggre-
gated biomass index in the assessment. Internal consistencies are rather low in both survey indi-
ces, and consequently, the survey mortality is highly variable between years (Figure 2.2.5).

2.2.3.2  Age reading and stock separation (Table 2.2.8)

About 2600 cod otoliths were sampled north of 67°N during the 2022 survey, which is up from
2400 in 2021 and above the long-term average (Table 2.2.8). The proportions of NCC at age fol-
lowed the trend in previous years of being higher than the long-term average, but within ranges
previously observed.
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2233 Length and weights-at-age (Tables 2.2.9-2.2.10, Figure 2.2.6)

There has been a trend of increasing mean length and, particularly, weight at age over the time-
series for most ages, though the trend has levelled off or even reversed in the last few years.
Mean lengths-at-age in 2022 were similar to previous years and generally a bit higher than the
time-series average. One exception is the 2018-cohort, which at age 3 (in 2021) and age 4 (in 2022)
was both lighter and approximately 1.5 cm smaller than the time-series average (Tables 2.2.9—
2.2.10). Mean weights at age decreased compared to 2021 for ages 1, 4, 6, and 8, while it increased
slightly for the other ages (Table 2.2.10). For ages 8 and older the mean lengths and weights show
larger variations, probably caused by few fish sampled in some years (Figure 2.2.6).

2.2.3.4 Maturity-at-age (Table 2.2.11, Figure 2.2.7)

The fraction of mature fish in the autumn survey (Table 2.2.12, Figure 2.2.7) show rather large
variation between years. While some of the variation is likely related to variation in growth, it
may also be influenced by the difficulty of distinguishing mature and immature cod in autumn.
Coastal cod spawn in February-June and most mature individuals are in a resting state at the
time of the survey in October-November. The maturity ogive therefore includes spent/resting
individuals, which gives an ogive similar to that estimated from a smaller fishery-dependent
dataset, collected during the spawning season (ICES, 2021a). No maturity data were collected in
the 2022 survey due to an error in the sampling protocol.

2.2.4 Data used in the assessment

224.1 Catch numbers-at-age (Table 2.2.3c)

The estimated total catch-at-age (2-10+) for the period 1994-2022, including both commercial and
recreational catches, is used in the assessment (Table 2.2.3¢c). Tables 2.2.3a and 2.2.3b show the
commercial and recreational catches separately.

2.2.4.2  Catch weight-at-age (Table 2.2.4)

Weight-at-age in catches is derived from the commercial sampling and is shown in Table 2.2.4.
The same weight-at-age is assumed for recreational and tourist catches. Weight of the plus group
is an average for the ages included in the plus group, weighted by abundance-at-age.

2.2.4.3 Tuning data (Table 2.2.12)

The acoustic total biomass index (ages 2+) and the swept-area survey index by age (2-10+) are
used in the assessment (Table 2.2.13). The acoustic index is split in two parts; 1995-2002 and
2003- due to a change in catchability when the saithe and coastal cod surveys were combined in
2003.

2.2.4.4  Stock weight-at-age (Table 2.2.13)

The weight-at-age for ages 2-7 in the stock (Table 2.2.13) is obtained from the Norwegian coastal
survey (Table 2.2.10), while catch weight-at-age (Table 2.2.4) is used for ages 8-10+ due to large
uncertainty for these ages in survey data (Figure 2.2.6). The survey weights are assumed to be
relevant to the weight-at-age in the stock at survey time (October). These weights will, however,
overestimate the stock biomass at the start of the year, and in the assessment model, SSB is there-
fore calculated after applying 80% of the year’s fishing and natural mortality, corresponding to
the survey timing.

2.2.45 Maturity-at-age (Table 2.2.11, Figure 2.2.7)
Annual maturity-at-age observed in the survey is used in the assessment (Table 2.2.11). Maturity
of the plus group is an average for the ages included in the plus group, weighted by abundance-
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at-age. Since no maturity data were collected in 2022, averages of the last three years (2019-2021)
were used in the assessment.

2.2.4.6  Natural mortality (Table 2.2.14, Figure 2.2.8)

In Northeast Arctic cod, cannibalism has been documented to be a significant source of mortality
that varies in relation to alternative food and in relation to the abundance of large cod. This might
also be the case for the coastal cod (Pedersen and Pope 2003a and b). In the 2005 coastal cod
survey 1125 cod stomachs were analysed (Mortensen 2007). The observed average frequency of
occurrence of cod in cod stomachs was around 4%. Other important predators on cod in coastal
waters are cormorants, harbour porpoises and otters (Anfinsen, 2002; Pedersen et al., 2007;
Mortensen, 2007). Young saithe (ages 2—4) has also been observed to consume post-larvae and 0-
group cod during summer/autumn (Aas, 2007). As detailed data on consumption of coastal cod
is lacking, natural mortality in the assessment is assumed dependent on cod size; M is calculated
based on stock weight-at-age, following the method by Lorenzen (1996). With this method, M
ranges from approximately 0.6 for age 2 to 0.2 for the plus group (Table 2.2.14).

2.2.5 Final assessment run

The 2023 assessment was run with the configuration decided upon at the 2021 benchmark (Table
2.2.16), with the necessary updates following decisions from WKNCCHCR (ICES, 2022a). These
decisions included replacing the acoustic index by age with a total biomass index, including age
8 in the Fbar range (previously F4-7, now F4-8), and reporting recruitment-at-age 3 (model starts
at age 2).

The main features of the configuration are: 1) Coupling of fishing mortality states for ages 7-9,
2) Coupling of survey catchability parameters for ages 5-9 in the swept-area index, 3) Separate
variance parameter for age 2 in the catch, 4) AR(1)-correlation between ages in the swept-area
index, and 5) Recruitment modelled as random walk. The log-likelihood, number of parameters
and AIC of the final run are presented in the table below together with the same estimates from
last year’s assessment. There were no problems with model convergence.

Model Log(L) #tpar AIC
2022 assessment -185.44 19 408.88
2023 assessment -194.08 19 426.16

The estimated survey catchabilities at age are presented in Table 2.2.16.

2.25.1 Model diagnostics (Figures 2.2.9-2.2.11)

A 5-year retrospective peel indicated that the model tends to systematically overestimate SSB
and consequently underestimate Fbar, though in most cases the peels do not fall far outside the
confidence interval of the 2023 run. The model has low precision in the recruitment (age 2) esti-
mate, particularly in the 2013-2017 period (Figure 2.2.9). The second half of the model period has
larger uncertainty as there is an additional survey index from bottom trawl that shows a different
trend than the acoustic index. Mohn's rho (average 5-year retrospective bias) was 0.2 for SSB,
—0.17 for Fbar, and 0.3 for recruitment. Thus, the model would have overestimated SSB and re-
cruitment and underestimated Fbar, particularly from 2013 and onwards, had it been run in these
years.

The process residuals were improved at the benchmark by splitting the acoustic index in two
parts and show no concerning patterns (Figure 2.2.10). The one-step-ahead residuals (Fig-
ure 2.2.11) were also improved by introducing correlations between ages in the survey indices.
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Evaluation of this correlation structure should be done at the next benchmark to see if the resid-
uals can be further improved, particularly since the correlation structure has recently been re-
moved from the acoustic index due to the removal of age information.

2.2.5.2 Model results (Tables 2.2.17-2.2.19, Figure 2.2.1)

SSB decreased with 1000 t from 2021 to 2022, but Fbar (ages 4-8) also decreased slightly reflecting
the decreased catches of older ages (Table 2.2.3c, 2.2.17, and 2.2.18). Fishing mortality for ages 1-
5 in 2022 were slightly higher than in 2020 and 2021, while Fs for ages 6 and above were lower
(Table 2.2.18). The weak 2018-cohort is reflected in the stock number estimate for age 4 in 2022,
which is the lowest in the time-series (Table 2.2.19). Stock numbers for ages 7-9 were rather low
and similar to the two preceding years, while the estimate of age 10+ fell further in 2022 (Ta-
ble 2.2.19). Stock numbers of ages 2 and 5 increased compared to 2021.

2.2.6 Reference points

Reference points were evaluated at the 2021 benchmark (ICES, 2021a). The estimated stock-re-
cruitment (age 2) relationship showed increasing recruitment with increasing SSB throughout
the model period, and the same pattern resulted from adding 2020 data in the assessment (ICES,
2021d). At the benchmark, Bim was therefore set near the highest SSB observed, based on the
reasoning that the lack of plateau in the SSB-recruit relationship indicated that the stock was
below full reproductive capacity.

At the 2022 evaluation of reference points and harvest control rules, this decision was re-evalu-
ated by looking closer at assessment data input and historical catch data. An extension of the
assessment model back in time indicated that the stock had not experienced severe recruitment
failure in the period examined. The stock also appeared to swiftly respond to decreased F, which
would not be expected from a severely depleted stock. At the same time, simulations demon-
strated a high sensitivity of the stock-recruit relationship, and therefore also Bim, to small
changes in the assessment model, though the estimates of SSB and F were rather consistent. The
workshop therefore concluded that it was not possible to set a Bim with the certainty required to
use it as a basis for estimating reference points in the ICES AR. Lacking such reference points,
the managers adopted a constant fishing mortality HCR (see below) in 2022.

2.2.6.1 Management plan

The Norwegian management plan was implemented in June 2022 and forms the basis for the
current advice (ICES, 2022a). The target F in the plan is set to Fo.1, a conservative proxy for Fmsy
that is expected to drive the stock towards and above Bmsy. This HCR was evaluated as precau-
tionary for all stock sizes above SSBiowerbound (lowest SSB observed in last c. 20 years) at WKINC-
CHCR (ICES, 2022a). No adjustment of target F is thus applied as long as SSB is above this value.
The HCR requires re-evaluation should the stock fall below SSBiowerbound.

2.2.7 Predictions

2.2.7.1 Input data (Tables 2.2.20a-b)

The built-in forecast option in SAM is used for short-term prediction. Since the fishery is not
quota regulated, status quo fishing is assumed for the interim year, i.e. same F as in the final year
of assessment (Table 2.2.20a). Process noise is included in the prediction (i.e. process-
NoiseF=FALSE). Averages from the last 5 years of the assessment are used for stock weights,
catch weights, maturity, and natural mortality-at-age (Table 2.2.20b). Recruitment-at-age 2 in
2023 and 2024 is the median resampled from the years 2013-2022 (Table 2.2.20a).
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2.2.7.2 Catch scenarios (Table 2.2.21, Figure 2.2.12)

The ICES advice basis for northern Norwegian coastal cod is the Norwegian management plan.
This leads to catch advice of no more than 26 612 tonnes in 2024 (commercial and recreational
catches combined). This catch level is expected to lead to an 14% increase in SSB relative to SSB
predicted for 2023, while the same level of fishing in 2024 as in 2022 is expected to give a 2.5%
increase in SSB. Zero catch in 2024 is expected to give a 32% increase in SSB (Table 2.2.21, Figure
2.2.12).

2273 Comparison of the present and last year’s assessments

Compared to last year’s assessment, SSB has been revised downwards (with a corresponding
upwards revision of F) going approximately five years back in time. SSB in 2021 was estimated
to be 7500 t less in the 2023 assessment compared to the 2022 assessment, which is similar to the
revision from 2021 to 2022 (ICES, 2023). The main reason for the downwards revision is that the
swept-area survey index in 2022 came in lower than expected for several ages, possibly indicat-
ing an increase in mortality that is not reflected in the catches.

2.2.8 Comments to the assessment and the forecast

The assessment model performs rather well despite uncertainties in survey data. However, as
both the stock and model are new, the assessment has so far been tested in a limited number of
situations. Both the data input and configuration should be improved leading up to the next
benchmark. Some areas of research that can potentially reduce uncertainty in the assessment
include (see Stock Annex for a more comprehensive list):

o Examining whether survey index uncertainty can be improved, e.g. by adjusting the sur-
vey design or the post-stratification applied to calculate indices.

o Extending the swept-area index back to 1995.

o Re-examining the coupling of ages applied in the swept-area index observation correla-
tion in SAM.

. Investigating inclusion of external variance estimates for survey indices in SAM.

o Considering the option of modelling natural mortality, stock weights, proportion mature
and catch weights as processes with error (as opposed to fixed values) in SAM

o Developing and applying methodology for estimation of catch in recreational and tourist
fishing.

2.2.9 Tables and figures

Table 2.2.1. Northern Norwegian coastal cod. Total commercial catch (t) by fishing areas in the last three years. The
numbers differ slightly from table 2.2.3 due to different spatial units used in the estimation.

Year 03 04 05 00 Total in Di-  TotalinDi-  Total
vision 1.b vision 2.a
(NOR area (NOR areas
03) 04+00+05)
2020 12245 12393 10832 7652 12245 30877 43122
2021 8244 6548 18542 4640 8244 29730 37974

2022 10738 8606 13601 4511 10738 26718 37456
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Table 2.2.2. Commercial catch of northern Norwegian coastal cod (t) in 2022 by gear and Norwegian statistical fishing
area. The numbers differ slightly from table 2.2.3 due to different spatial units used in the estimation.

Year 2022

Area 03 04 05 00 Total north of % by gear
67°N

Gillnet 1213 3762 6794 3426 15195 41

L.line/lig 4484 825 1104 495 6908 18

Danish seine 4455 3366 4968 578 13367 36

Trawl 575 645 735 7 1962 5

Others* 11 8 0 5 24 0.1

Total 10738 8606 13601 4511 37456

Table 2.2.3a. Northern Norwegian coastal cod. Estimated commercial landings in numbers (’000) at-age and total tonnes

by year.
Age Tonnes
Year 2 3 4 5 6 7 8 9 10+ Landed
1994 11 98 978 4394 3760 2756 1119 304 675 52579
1995 21 228 814 2743 4796 3164 1815 943 612 56907
1996 41 768 1415 2035 3130 3086 1210 542 584 41820
1997 57 1111 2106 1956 2344 2721 1856 565 746 46605
1998 436 1631 6433 4391 2784 835 779 377 393 45462
1999 79 912 3395 4938 2037 783 527 394 425 38743
2000 30 534 2549 3925 2240 826 376 112 273 33081
2001 10 330 1863 2242 1641 961 305 104 493 24470
2002 42 308 1551 2585 2391 1057 630 183 363 32188
2003 120 350 952 1859 2173 1206 582 308 252 29253
2004 23 179 1067 1520 2189 1570 784 328 371 31198
2005 13 241 924 1984 2003 1463 716 255 345 30097
2006 23 222 1276 1977 2619 1735 1017 402 396 36884
2007 36 376 1198 1667 1327 1088 477 277 279 26200
2008 63 387 997 1909 1549 1005 576 278 287 27711
2009 21 456 667 1177 1194 812 419 431 211 22988
2010 29 530 754 2832 1947 1055 528 283 857 34804
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Age Tonnes
Year 2 3 4 5 6 7 8 9 10+ Landed
2011 65 465 1209 1318 1239 1081 568 343 583 27982
2012 374 1017 1126 1118 1287 760 364 177 596 26778
2013 131 503 1024 1038 909 704 478 219 340 21376
2014 88 505 824 1258 839 676 523 297 397 22750
2015 331 1106 1411 1251 1700 1040 639 437 873 34483
2016 75 937 1988 1582 1723 2119 1174 640 1073 49503
2017 846 1577 2071 2323 2087 1491 1331 700 903 54273
2018 171 563 1465 1634 1525 1416 747 518 497 34532
2019 49 953 1299 1776 1585 1260 985 318 519 35861
2020 40 534 2205 2116 2538 1615 906 354 309 43133
2021 162 408 1914 3023 1801 1270 644 177 251 38347
2022 145 958 1252 2140 2622 1389 749 232 147 37482

Table 2.2.3b. Northern Norwegian coastal cod. Estimated catch number ("000) at-age in recreational and tourist catches.

Age Tonnes
Year 2 3 4 5 6 7 8 9 10+ landed
1994 2 17 170 764 654 479 195 53 117 9144
1995 3 37 131 441 771 508 292 151 98 9144
1996 9 166 305 439 675 666 261 117 126 9020
1997 11 215 408 378 454 527 359 109 144 9020
1998 87 326 1285 877 556 167 156 75 78 9082
1999 18 204 758 1102 455 175 118 88 95 8646
2000 8 136 652 1004 573 211 96 29 70 8460
2001 3 112 635 764 559 327 104 36 168 8335
2002 11 81 408 679 628 278 166 48 95 8460
2003 36 104 281 549 642 356 172 91 74 8646
2004 6 48 285 406 585 419 209 88 99 8335
2005 4 66 252 541 546 399 195 69 94 8211

2006 5 49 280 433 574 380 223 88 87 8087
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Age Tonnes
Year 2 3 4 5 6 7 8 9 10+ landed
2007 11 116 370 514 410 336 147 85 86 8087
2008 18 111 287 549 445 289 165 80 82 7962
2009 7 157 229 405 410 279 144 148 73 7900
2010 7 120 171 643 442 240 120 64 194 7900
2011 18 131 341 372 350 305 160 97 165 7900
2012 110 300 332 330 380 224 107 52 176 7900
2013 48 186 379 383 336 260 177 81 126 7900
2014 31 175 286 437 291 235 181 103 138 7900
2015 76 253 323 287 389 238 146 100 200 7900
2016 12 150 317 253 275 338 187 102 171 7900
2017 123 230 301 338 304 217 194 102 131 7900
2018 39 129 335 374 349 324 171 119 114 7900
2019 11 210 286 391 349 278 217 70 114 7900
2020 6 77 319 306 367 233 131 51 45 6233
2021 28 71 331 522 311 219 111 31 43 6623
2022 31 215 233 376 472 237 130 40 31 6459

Table 2.2.3c. Northern Norwegian coastal cod. Total estimated catch
tourist catches.

number ('000) at age, including recreational and

Age Tonnes
Year 2 3 4 5 6 7 8 9 10+ landed
1994 13 115 1148 5158 4414 3235 1313 356 793 61723
1995 24 264 945 3183 5567 3672 2106 1094 711 66051
1996 50 934 1720 2473 3805 3752 1471 659 709 50840
1997 68 1326 2514 2334 2797 3248 2215 674 890 55624
1998 523 1957 7718 5268 3341 1002 935 452 471 54544
1999 97 1116 4152 6040 2492 957 644 482 520 47390
2000 38 670 3201 4929 2812 1037 472 141 342 41541
2001 13 442 2497 3006 2199 1288 409 140 661 32806
2002 53 389 1959 3265 3019 1335 796 231 459 40648
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Age Tonnes
Year 2 3 4 5 6 7 8 9 10+ landed
2003 156 454 1234 2408 2815 1562 754 399 326 37900
2004 30 227 1352 1926 2774 1989 993 415 470 39533
2005 17 307 1176 2525 2550 1862 911 324 440 38308
2006 28 271 1556 2410 3193 2115 1240 490 482 44970
2007 47 492 1567 2181 1737 1423 624 362 365 34287
2008 81 498 1284 2458 1994 1294 741 358 369 35674
2009 28 612 896 1582 1605 1091 563 579 284 30888
2010 35 651 925 3474 2388 1295 647 347 1051 42704
2011 83 597 1550 1690 1588 1386 728 440 747 35882
2012 484 1317 1458 1447 1666 984 471 229 772 34678
2013 179 689 1403 1421 1245 965 655 300 466 29276
2014 119 680 1110 1695 1130 911 704 400 534 30650
2015 407 1360 1734 1537 2089 1278 785 537 1072 42383
2016 86 1086 2305 1835 1998 2458 1362 743 1244 57403
2017 969 1806 2373 2661 2391 1707 1525 802 1035 62173
2018 210 691 1800 2007 1873 1740 918 637 611 42432
2019 60 1163 1585 2167 1934 1537 1202 387 633 43761
2020 45 612 2524 2422 2905 1849 1037 405 353 49366
2021 190 479 2245 3545 2112 1490 755 207 294 44970
2022 176 1173 1485 2516 3093 1626 879 272 178 43941
Table 2.2.4. Northern Norwegian coastal cod. Mean catch weight at age (kg).
Age

Year 2 3 4 5 6 7 8 9 10+
1994 0.910 1.422 1.987 2.649 3.479 4.343 5.245 6.487 8.825
1995 0.784 1.272 1.708 2.236 3.073 4.203 5.228 6.121 9.469
1996 0.874 1.269 1.722 2.385 2.968 3.660 4.544 5.462 7.814
1997 1.115 1.490 1.902 2.497 3.219 3.930 4.738 5.616 7.768
1998 0.719 1.212 1.654 2.343 3.346 3.969 4.786 5.389 9.584
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Age

Year 2 3 4 5 6 7 8 9 10+
1999 0.989 1.512 1.975 2.501 3.331 4.032 4.923 5.415 8.339
2000 1.019 1.452 2.057 2.598 3.447 4.449 5.553 5.834 9.781
2001 1.014 1.448 1.905 2.593 3.266 3.756 4.498 4.794 7.711
2002 0.929 1.470 2.059 2.760 3.590 4.467 5.268 6.236 9.943
2003 1.082 1.687 2.180 2.944 3.754 4.672 5.417 5.713 9.070
2004 1.145 1.604 2.186 2.848 3.640 4.555 5.367 5.930 7.991
2005 1.112 1.622 2.249 3.017 3.539 4.371 5.233 5.981 8.320
2006 1.522 2.020 2.491 3.284 4.075 4.887 5.806 6.638 9.710
2007 1.072 1.546 2.168 2.968 3.987 4.925 5.781 6.871 9.771
2008 1.153 1.663 2.355 3.043 3.970 4.902 5.844 6.279 9.239
2009 1.331 1.761 2.502 3.328 4.196 5.218 6.178 6.516 9.248
2010 1.252 1.770 2.375 3.103 3.834 4.483 5.437 6.185 7.599
2011 1.080 1.689 2.310 3.031 3.906 4.681 5.941 6.422 8.346
2012 1.010 1.653 2.328 3.232 4.246 5.111 6.448 6.914 9.446
2013 1.107 1.674 2.295 3.122 3.997 4.873 5.892 6.800 10.104
2014 1.187 1.788 2.410 3.222 4.118 5.165 5.791 6.461 9.643
2015 1.055 1.545 2.192 3.030 3.745 4.724 5.601 6.482 9.044
2016 1.279 1.774 2.363 3.171 3.972 4.868 5.893 6.850 8.928
2017 1.316 1.785 2.468 3.225 4.077 5.014 5.977 6.933 9.356
2018 1.141 1.700 2.307 3.090 3.878 4.770 5.711 6.581 9.333
2019 1.431 1.904 2.615 3.254 4.116 4.868 5.748 6.562 8.561
2020 1.487 2.147 2.823 3.514 4.218 4.932 5.655 6.387 9.024
2021 1.189 1.847 2.513 3.360 4.387 5.442 6.391 7.285 8.998
2022 1.102 1.659 2.407 3.291 4.174 5.173 6.325 6.978 8.276
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Table 2.2.5. Northern Norwegian coastal cod. Acoustic total abundance and biomass indices (t) for ages 2+ from the
Coastal survey (A6335). Data from 2021 are highlighted in cursive due to high uncertainty leading to the decision to
remove this data point from the assessment (see ICES, 2023).

Year Abundance age 2+ 5% quantile 95% quantile Biomass age 5% quantile bi- 95% quantile

(millions) abundance abundance 2+ (tonnes) omass biomass
1995 33.395 28.062 38.729 53586 43397 64603
1996 31.513 26.741 36.286 38553 31598 48020
1997 47.938 36.740 59.136 45079 39186 51910
1998 29.757 24.069 35.446 39064 33020 46647
1999 13.154 10.789 15.519 16012 13438 18968
2000 24.871 20.649 29.092 35243 31182 40197
2001 17.500 12.168 22.832 27051 21134 33620
2002 11.695 8.802 14.587 21098 17500 25428
2003 13.128 10.076 16.179 23749 20263 28331
2004 11.593 9.613 13.572 17968 15832 20236
2005 8.253 6.720 9.785 14601 12719 16731
2006 10.989 8.299 13.679 21748 18146 25659
2007 15.494 12.653 18.335 33075 28672 38131
2008 7.476 5.937 9.016 15266 12998 17454
2009 9.128 7.363 10.894 18428 15714 21151
2010 11.022 9.203 12.840 21637 18777 24624
2011 10.425 8.591 12.259 22991 19439 26565
2012 10.581 8.703 12.458 20654 18418 22856
2013 10.131 8.146 12.117 20705 17766 23934
2014 16.259 13.220 19.299 36710 30858 44568
2015 10.942 9.227 12.657 22892 20541 25319
2016 14.157 12.567 15.747 30551 27801 32919
2017 12.782 10.546 15.018 25918 22094 30227
2018 10.298 8.268 12.327 22347 19450 24616
2019 13.753 11.212 16.295 29829 25725 34023

2020 12.701 10.251 15.151 26833 23162 30655
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Year Abundance age 2+ 5% quantile 95% quantile Biomass age 5% quantile bi- 95% quantile
(millions) abundance abundance 2+ (tonnes) omass biomass

2021 21.727 18.325 25.128 43571 38323 49365

2022 15.241 12.301 18.180 24858 21148 29051

Table 2.2.6. Northern Norwegian coastal cod. Swept-area abundance indices by age (in thousands), and abundance (thou-
sands) and biomass (t) for ages 1+ and 2+ from the Coastal survey (A6335). The split between coastal cod and Northeast

Arctic cod is uncertain for age 1. Ages 2-10+ are included in the assessment model.

Age
Year 1 2 3 4 5 6 7 8 9 10+ | Abun- Bio- Abun- Bio-
dance mass dance mass
age 1+ age 1+ age 2+ age 2+
2003 5254 3268 3763 4521 2700 2319 863 489 220 69 | 23467 33861 18212 33421
2004 2837 2201 2396 2602 1463 722 359 181 46 63 12868 15980 10033 15693
2005 665 1042 1988 1478 1268 746 157 107 68 54 | 7574 11379 6908 11311
2006 1802 2156 2623 2946 1554 1026 941 171 107 23 13349 22526 11547 22344
2007 446 911 853 1071 789 465 394 114 75 29 5146 11943 4701 11901
2008 2463 1822 2795 1883 1419 1145 580 348 161 94 | 12710 23090 10247 22846
2009 6642 2251 3570 3716 1584 868 712 466 204 160 | 20172 24986 13531 24504
2010 7412 2353 3268 3385 2397 784 383 733 317 328 | 21360 29875 13948 29451
2011 2322 3471 2498 2866 2095 1445 292 315 213 310 | 15827 27845 13505 27712
2012 4299 3218 4485 2784 1537 1042 930 411 200 346 | 19251 28587 14953 28278
2013 6382 4101 1706 2666 1887 1575 890 578 297 419 | 20502 32875 14119 32340
2014 5696 5448 4026 3034 3521 2016 1388 465 364 337 | 26296 43823 20599 43394
2015 4298 4733 4154 3727 2068 1818 902 506 397 222 | 22827 40385 18527 40049
2016 3944 4433 4522 2610 1995 746 735 413 203 210 | 19810 31320 15867 31057
2017 768 2891 2407 1563 1151 715 308 200 147 157 | 10308 18682 9539 18615
2018 4070 3197 1916 1879 1049 748 323 183 128 168 | 13661 18815 9591 18573
2019 2234 2114 2470 1508 1460 839 490 148 129 211 | 11601 19974 9369 19831
2020 560 1670 2599 2416 1188 611 291 177 49 72 | 9632 16780 9073 16736
2021 1412 2531 1367 1589 1367 732 289 239 82 81 | 9690 14699 8277 14584
2022 3627 2516 1709 727 1000 614 238 108 117 56 | 10712 11923 7085 11696
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Table 2.2.7. Northern Norwegian coastal cod. Swept-area abundance index coefficient of variation (CV, in %).

Age

Year 1 2 3 4 5 6 7 8 9 10
2003 23 23 16 14 12 12 24 32 25 69
2004 27 16 16 16 21 21 23 34 40 37
2005 21 28 30 22 16 25 24 25 45 58
2006 20 34 24 26 17 13 24 30 34

2007 23 28 30 18 17 15 24 31 44 87
2008 15 26 21 13 11 17 15 20 37 36
2009 16 16 18 14 14 18 15 21 24 27
2010 9 16 19 21 16 18 26 27 21 16
2011 20 24 27 19 23 17 25 23 23 35
2012 9 37 24 13 12 13 16 17 23 20
2013 14 17 15 23 20 21 16 17 31 38
2014 17 30 17 16 17 26 14 15 22 39
2015 19 17 18 27 29 22 30 19 19 23
2016 20 13 13 10 9 13 16 24 20 20
2017 30 20 17 15 9 17 18 39 30 27
2018 15 19 16 15 12 11 15 27 19 19
2019 15 16 16 13 10 9 12 17 25 30
2020 21 14 16 13 13 16 15 19 31 41
2021 28 19 21 16 21 18 13 16 25 35
2022 18 14 15 12 13 15 15 25 25 37

Table 2.2.8. Proportion Norwegian coastal cod by age among all aged cod in the Norwegian coastal survey north of 67°N.
The split between coastal cod and Northeast Arctic cod is uncertain for age 1.

Age Total
number
Year 1 2 3 4 5 6 7 8 9 10 aged

1995 0.92 0.98 0.94 0.86 0.60 0.54 0.60 0.56 0.90 1.00 2236

1996 0.87 0.96 0.89 0.81 0.68 0.60 0.41 0.42 0.27 0.25 2289

1997 0.88 0.91 0.86 0.79 0.71 0.64 0.43 0.26 0.14 0.75 1774

1998 0.89 0.85 0.80 0.74 0.80 0.69 0.50 0.34 0.32 0.60 2639
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Age Total
number

Year 1 2 3 4 5 6 7 8 9 10 aged
1999 0.88 0.90 0.81 0.64 0.58 0.62 0.52 0.20 0.22 0.13 2911
2000 0.97 0.91 0.85 0.76 0.65 0.57 0.42 0.46 0.18 0.08 4325
2001 0.88 0.84 0.74 0.71 0.65 0.55 0.45 0.41 0.21 0.31 3282
2002 0.84 0.86 0.78 0.68 0.54 0.34 0.32 0.29 0.10 0.18 2265
2003 0.90 0.94 0.87 0.88 0.85 0.75 0.65 0.59 0.52 0.57 2953
2004 0.86 0.76 0.77 0.59 0.67 0.57 0.60 0.49 0.41 0.63 2287
2005 0.65 0.81 0.76 0.76 0.65 0.59 0.48 0.56 0.50 0.44 1209
2006 0.98 0.93 0.94 0.83 0.75 0.71 0.68 0.68 0.57 0.00 1419
2007 0.73 0.81 0.76 0.82 0.73 0.61 0.69 0.43 0.83 0.50 1021
2008 0.99 0.99 0.99 0.83 0.89 0.84 0.78 0.67 0.94 0.75 1448
2009 0.94 0.94 0.83 0.69 0.55 0.58 0.75 0.76 0.73 0.72 1944
2010 0.94 0.94 0.89 0.75 0.66 0.49 0.60 0.86 0.90 0.97 2093
2011 0.90 0.93 0.91 0.89 0.77 0.66 0.52 0.73 0.80 0.83 1577
2012 0.94 0.89 0.90 0.82 0.83 0.73 0.71 0.61 0.88 0.84 1831
2013 0.93 0.94 0.88 0.77 0.79 0.83 0.74 0.79 0.73 1.00 1920
2014 0.99 0.99 0.99 0.96 0.93 0.90 0.93 0.87 0.87 0.88 2361
2015 0.89 0.93 0.89 0.86 0.75 0.73 0.65 0.73 0.82 0.96 1859
2016 0.99 0.98 0.99 0.90 0.84 0.69 0.75 0.80 0.71 0.83 2041
2017 1.00 0.98 0.95 0.93 0.86 0.74 0.78 0.68 0.84 1.00 1732
2018 0.99 0.97 0.91 0.86 0.88 0.82 0.72 0.68 0.87 0.90 2395
2019 0.95 0.99 0.97 0.88 0.84 0.83 0.84 0.76 0.82 0.91 2107
2020 1.00 0.84 0.85 0.81 0.71 0.70 0.75 0.83 0.78 0.64 2504
2021 0.97 0.93 0.85 0.84 0.76 0.79 0.81 0.83 0.84 0.83 2405
2022 0.97 0.98 0.96 0.79 0.83 0.76 0.78 0.77 0.86 1.00 2670
Aver- 0.92 0.92 0.88 0.80 0.74 0.67 0.64 0.61 0.63 0.66 2196
age 95—

22
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Table 2.2.9. Northern Norwegian coastal cod. Mean length (cm) at-age from Coastal survey data (A6335). Mean lengths
of ages > 7 have higher uncertainty due to few samples. The split between coastal cod and Northeast Arctic cod is uncer-
tain for age 1. For the plus group, mean length is the average mean length for ages 10+, weighted by abundance-at-age.

Age
Year 1 2 3 4 5 6 7 8 9 10+
1995 18.9 314 42.1 51.8 58.8 64.3 77.5 82.4 87.1 105.7
1996 16.7 28.3 41.3 51.9 58.1 65.2 74.8 86.7 99.6 115.0
1997 16.6 29.6 40.7 52.0 58.1 66.9 66.8 68.6 102.0 92.0
1998 17.8 30.3 44.0 52.0 60.3 67.8 74.9 82.2 83.8 107.8
1999 19.4 31.2 44.1 54.1 58.7 65.4 74.0 89.0 88.2 72.7
2000 20.0 325 44.0 54.0 61.4 64.5 73.8 81.9 80.3 90.3
2001 20.0 33.7 45.7 55.4 61.1 65.2 67.6 76.1 87.2 109.7
2002 21.6 32.6 45.0 54.5 62.0 68.8 724 70.5 66.7 91.8
2003 19.3 333 43.8 52.6 60.9 67.7 73.7 78.8 81.9 107.9
2004 21.1 32.7 44.0 54.5 59.2 67.7 70.5 75.5 74.2 79.5
2005 21.6 35.7 44.7 554 60.5 62.6 714 71.7 80.3 105.9
2006 20.6 34.1 46.2 55.0 60.0 68.8 71.4 74.6 89.0 117.6
2007 21.2 35.9 47.2 56.8 62.7 67.3 73.7 83.4 100.5 99.3
2008 221 354 48.3 57.9 68.5 69.1 75.8 75.8 71.7 82.3
2009 19.8 329 46.7 57.1 64.7 71.4 76.6 76.9 81.2 76.7
2010 18.9 36.9 47.8 56.9 64.1 71.2 76.4 75.5 82.1 83.1
2011 19.1 34.6 48.7 61.0 67.6 71.2 78.1 80.8 80.5 81.6
2012 20.3 329 48.3 59.3 65.5 71.4 76.4 80.7 82.2 83.5
2013 21.2 34.3 45.6 56.9 67.7 70.9 73.3 77.3 82.4 88.4
2014 21.1 33.7 48.8 58.0 66.9 72.8 77.5 81.7 80.8 91.4
2015 19.9 34.6 48.3 60.3 67.8 72.6 77.9 79.9 82.2 84.8
2016 20.3 33.1 48.2 58.0 69.5 73.5 76.9 82.5 87.5 87.7
2017 20.3 37.0 47.6 58.7 66.7 74.0 79.5 86.0 84.0 92.8
2018 17.0 37.6 48.0 60.1 68.7 71.5 81.1 84.7 92.1 84.1
2019 19.6 33.7 49.0 59.0 68.2 73.5 80.4 84.4 84.1 95.4
2020 20.8 33.2 46.9 58.3 66.5 72.3 77.4 83.9 93.2 85.3

2021 20.9 33.2 44.5 56.5 65.3 73.3 76.2 82.4 80.0 91.9
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Age
Year 1 2 3 4 5 6 7 8 9 10+
2022 20.1 36.0 46.8 54.7 65.3 71.2 76.6 79.2 80.9 91.4

Table 2.2.10. Northern Norwegian coastal cod. Mean weight (g) at-age from Coastal survey data (A6335). Mean weights
of ages > 7 have higher uncertainty due to few samples. The split between coastal cod and Northeast Arctic cod is uncer-
tain for age 1. For the plus group, mean weight is the average mean weight for ages 10+, weighted by abundance-at-age.

Age

Year 1 2 3 4 5 6 7 8 9 10+
1995 58 282 719 1395 2091 2767 4693 5905 7211 13022
1996 41 216 672 1349 1939 2779 4223 6638 11146 20000
1997 41 244 655 1393 1914 2921 2988 3768 9600 7779
1998 49 259 840 1406 2261 3173 4320 5275 5896 15476
1999 63 272 793 1508 1964 2759 4257 7262 6561 5934
2000 69 322 826 1561 2363 2811 4260 5977 6061 7553
2001 74 377 933 1660 2320 2998 3338 4478 7193 13677
2002 88 357 918 1595 2377 3468 4415 3868 3588 10135
2003 68 361 820 1427 2269 3127 4114 5493 6350 13767
2004 88 338 877 1646 2153 3197 3810 4656 4184 5457
2005 99 436 878 1727 2205 2542 3666 3520 5562 14216
2006 83 400 989 1649 2231 3502 3992 4445 8004 21921
2007 97 486 1066 1865 2579 3168 4520 6363 11111 13111
2008 97 427 1109 1971 3327 3393 4543 4921 4270 6451
2009 74 357 1032 1878 2695 3803 4599 5146 5349 5205
2010 63 502 1088 1872 2745 3586 4684 5096 6263 6698
2011 59 401 1165 2279 3109 3702 5163 5593 6174 5963
2012 73 355 1141 2026 2907 3690 4688 5549 6118 6504
2013 85 384 918 1817 3041 3438 3963 4926 5662 8265
2014 80 359 1122 1894 2929 3690 4646 5562 5550 8639
2015 73 406 1115 2145 2987 3774 4839 5299 5869 6708
2016 73 347 1101 1904 3327 3928 4689 5885 7273 8108
2017 83 504 1058 1969 2943 3997 4676 6985 6306 8472

ICES



ICES | AFWG 2023

Age
Year 1 2 3 4 5 6 7 8 9 10+
2018 52 522 1109 2094 3206 3763 5391 5818 8438 6378
2019 62 372 1131 1984 2983 3815 5141 5908 6420 9215
2020 95 380 1012 1932 2963 3741 4908 6307 9287 7126
2021 79 348 853 1704 2542 3756 4421 5840 5231 7967
2022 65 450 1003 1572 2658 3561 4559 4826 5471 8172

Table 2.2.11. Northern Norwegian coastal cod. Maturity-at-age as determined from maturity stages observed in the
coastal survey (A6335). Maturity for age 10+ is the average proportion mature for ages 10 and above, weighted by abun-
dance-at-age. The split between coastal cod and Northeast Arctic cod is uncertain for age 1. No maturity data were col-
lected in 2022, and the value presented and used in the assessment is the average of 2019-2021.

Age
Year 1 2 3 4 5 6 7 8 9 10+
1995 0.00 0.00 0.13 0.51 0.60 0.78 0.86 0.99 1.00 1.00
1996 0.00 0.02 0.14 0.38 0.74 0.84 0.92 1.00 1.00 1.00
1997 0.03 0.06 0.25 0.36 0.64 0.93 0.92 0.86 1.00 1.00
1998 0.01 0.03 0.13 0.24 0.56 0.70 0.98 0.93 0.88 1.00
1999 0.00 0.02 0.06 0.27 0.52 0.69 0.74 1.00 0.57 1.00
2000 0.00 0.00 0.06 0.20 0.51 0.68 0.80 0.92 1.00 1.00
2001 0.00 0.00 0.04 0.27 0.76 0.96 0.97 0.97 1.00 1.00
2002 0.00 0.01 0.11 0.30 0.78 0.89 0.98 0.94 1.00 1.00
2003 0.00 0.00 0.03 0.28 0.55 0.88 0.95 0.93 1.00 1.00
2004 0.00 0.01 0.11 0.30 0.78 0.92 0.94 1.00 1.00 1.00
2005 0.00 0.00 0.11 0.37 0.56 0.83 0.94 0.97 1.00 1.00
2006 0.00 0.01 0.19 0.53 0.72 0.93 0.90 0.96 1.00 1.00
2007 0.00 0.00 0.16 0.54 0.72 0.93 0.96 1.00 1.00 1.00
2008 0.00 0.02 0.10 0.30 0.73 0.88 0.97 1.00 1.00 1.00
2009 0.00 0.00 0.05 0.21 0.39 0.64 0.77 0.90 0.97 0.94
2010 0.00 0.00 0.03 0.27 0.57 0.78 0.92 0.99 0.98 1.00
2011 0.02 0.00 0.05 0.31 0.63 0.74 0.89 0.90 0.88 1.00
2012 0.00 0.01 0.04 0.28 0.57 0.86 0.89 1.00 0.96 1.00

2013 0.00 0.00 0.02 0.22 0.57 0.86 0.99 0.94 0.96 1.00
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Age
Year 1 2 3 4 5 6 7 8 9 10+
2014 0.00 0.00 0.03 0.15 0.56 0.78 0.90 0.98 1.00 1.00
2015 0.00 0.01 0.04 0.19 0.48 0.74 0.78 0.93 0.95 1.00
2016 0.00 0.00 0.06 0.28 0.61 0.85 0.91 0.98 1.00 1.00
2017 0.00 0.00 0.05 0.29 0.60 0.83 0.95 1.00 0.91 1.00
2018 0.00 0.00 0.07 0.24 0.60 0.79 0.94 1.00 1.00 1.00
2019 0.00 0.00 0.05 0.23 0.50 0.73 0.89 1.00 0.97 1.00
2020 0.00 0.02 0.07 0.33 0.60 0.88 0.97 0.98 1.00 1.00
2021 0.00 0.00 0.07 0.29 0.58 0.88 0.89 0.96 1.00 1.00
2022 0.00 0.01 0.06 0.28 0.56 0.83 0.92 0.98 0.99 1.00

Table 2.2.12. Northern Norwegian coastal cod. Tuning data used in the final SAM run.

Norw-Coast-Ac-Q4-1995 (Aco)

1995

Norw-Coast-Ac-Q4-2003 (Aco)

1

'
[y

L e O = N =)

2003

1

'
[y

B R R R R R R R R R R R

2002
1

-1
53586
38553
45079
39064
16012
35255
27051
21098

2022
1

-1
23749
17968
14601
21748
33075
15266
18428
21637
22991
20654
20705
36710

0.8

0.8

0.8

0.8
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Norw-Coast-Ac-Q4 (BTr)

2003

1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

22892
30551
25918
22347
29829
26833

NA
24858

2022
1

10
3.268
2.201
1.042
2.156
0.911
1.822
2.251
2.353
3.471
3.218
4.101
5.448
4.733
4.433
2.891
3.197
2,114
1.670
2.531
2.516

0.8

3.763
2.396
1.988
2.623
0.853
2.795
3.570
3.268
2.498
4.485
1.706
4.026
4.154
4.522
2.407
1.916
2.470
2.599
1.367
1.709

0.8

4.521
2.602
1.478
2.946
1.071
1.883
3.716
3.385
2.866
2.784
2.666
3.034
3.727
2.610
1.563
1.879
1.508
2.416
1.589
0.727

2.700
1.463
1.268
1.554
0.789
1.419
1.584
2.397
2.095
1.537
1.887
3.521
2.068
1.995
1.151
1.049
1.460
1.188
1.367

2.319
0.722
0.746
1.026
0.465
1.145
0.868
0.784
1.445
1.042
1.575
2.016
1.818
0.746
0.715
0.748
0.839
0.611
0.732
0.614

0.863
0.359
0.157
0.941
0.394
0.580
0.712
0.383
0.292
0.930
0.890
1.388
0.902
0.735
0.308
0.323
0.490
0.291
0.289
0.238

0.489
0.181
0.107
0.171
0.114
0.348
0.466
0.733
0.315
0.411
0.578
0.465
0.506
0.413

0.2
0.183
0.148
0.177
0.239
0.108

0.220
0.046
0.068
0.107
0.075
0.161
0.204
0.317
0.213
0.200
0.297
0.364
0.397
0.203
0.147
0.128
0.129
0.049
0.082
0.117

0.069
0.063
0.054
0.023
0.029
0.094
0.160
0.328
0.310
0.346
0.419
0.337
0.222
0.210
0.157
0.168
0.211
0.072
0.081
0.056
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Table 2.2.13. Northern Norwegian coastal cod. Stock mean weight-at-age (kg) as used in the assessment model. Mean
weights at age in the catch are used in place of stock weights for ages 8—-10+. Mean weights in 1994, when the survey
had not yet started, are means of stock weights in the years 1995-1997 for ages 2-7 and set to weight in catch for ages

8-10+.
Age

Year 2 3 4 5 6 7 8 9 10+
1994 0.247 0.682 1.379 1.981 2.822 3.968 5.245 6.487 8.825
1995 0.282 0.719 1.395 2.091 2.767 4.693 5.228 6.121 9.469
1996 0.216 0.672 1.349 1.939 2.779 4.223 4.544 5.462 7.814
1997 0.244 0.655 1.393 1.914 2.921 2.988 4.738 5.616 7.768
1998 0.259 0.840 1.406 2.261 3.173 4.320 4.786 5.389 9.584
1999 0.272 0.793 1.508 1.964 2.759 4.257 4.923 5.415 8.339
2000 0.322 0.826 1.561 2.363 2.811 4.260 5.553 5.834 9.781
2001 0.377 0.933 1.660 2.320 2.998 3.338 4.498 4.794 7.711
2002 0.357 0.918 1.595 2.377 3.468 4.415 5.268 6.236 9.943
2003 0.361 0.820 1.427 2.269 3.127 4114 5.417 5.713 9.07
2004 0.338 0.877 1.646 2.153 3.197 3.810 5.367 5.93 7.991
2005 0.436 0.878 1.727 2.205 2.542 3.666 5.233 5.981 8.32
2006 0.400 0.989 1.649 2.231 3.502 3.992 5.806 6.638 9.71
2007 0.486 1.066 1.865 2.579 3.168 4.520 5.781 6.871 9.771
2008 0.427 1.109 1.971 3.327 3.393 4.543 5.844 6.279 9.239
2009 0.357 1.032 1.878 2.695 3.803 4.599 6.178 6.516 9.248
2010 0.502 1.088 1.872 2.745 3.586 4.684 5.437 6.185 7.599
2011 0.401 1.165 2.279 3.109 3.702 5.163 5.941 6.422 8.346
2012 0.355 1.141 2.026 2.907 3.690 4.688 6.448 6.914 9.446
2013 0.384 0.918 1.817 3.041 3.438 3.963 5.892 6.800 10.104
2014 0.359 1.122 1.894 2.929 3.690 4.646 5.791 6.461 9.643
2015 0.406 1.115 2.145 2.987 3.774 4.839 5.601 6.482 9.044
2016 0.347 1.101 1.904 3.327 3.928 4.689 5.893 6.850 8.928
2017 0.504 1.058 1.969 2.943 3.997 4.676 5.977 6.933 9.356
2018 0.522 1.109 2.094 3.206 3.763 5.391 5.711 6.581 9.333
2019 0.372 1.131 1.984 2.983 3.815 5.141 5.748 6.562 8.561
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Age
Year 2 3 4 5 6 7 8 9 10+
2020 0.380 1.012 1.932 2.963 3.741 4.908 5.655 6.387 9.024
2021 0.348 0.853 1.704 2.542 3.756 4421 6.391 7.285 8.998
2022 0.450 1.003 1.572 2.658 3.561 4.559 6.325 6.978 8.276

Table 2.2.14. Northern Norwegian coastal cod. Natural mortality-at-age as used in the assessment model. Estimated from
mean weights at age (Table 2.2.14) by the Lorenzen (1996) method.

Age

Year 2 3 4 5 6 7 8 9 10+

1994 0.687 0.504 0.407 0.364 0.327 0.295 0.271 0.254 0.231
1995 0.661 0.496 0.405 0.358 0.329 0.280 0.271 0.258 0.226
1996 0.716 0.507 0.410 0.367 0.329 0.289 0.283 0.267 0.240
1997 0.690 0.511 0.406 0.368 0.324 0.321 0.279 0.265 0.240
1998 0.677 0.473 0.404 0.350 0.316 0.287 0.278 0.268 0.225
1999 0.668 0.482 0.396 0.365 0.329 0.288 0.276 0.268 0.235
2000 0.634 0.476 0.392 0.345 0.327 0.288 0.266 0.262 0.224
2001 0.604 0.458 0.384 0.347 0.321 0.311 0.284 0.278 0.241
2002 0.615 0.461 0.389 0.345 0.307 0.285 0.270 0.257 0.223
2003 0.612 0.477 0.403 0.350 0.317 0.292 0.268 0.264 0.229
2004 0.625 0.467 0.386 0.355 0.315 0.298 0.269 0.261 0.238
2005 0.578 0.467 0.380 0.353 0.338 0.302 0.271 0.260 0.235
2006 0.594 0.450 0.385 0.351 0.306 0.294 0.262 0.252 0.224
2007 0.559 0.440 0.371 0.336 0.316 0.283 0.263 0.249 0.224
2008 0.582 0.435 0.365 0.311 0.309 0.283 0.262 0.256 0.228
2009 0.614 0.444 0.370 0.332 0.299 0.282 0.258 0.253 0.228
2010 0.554 0.437 0.371 0.330 0.304 0.280 0.268 0.257 0.242
2011 0.593 0.428 0.349 0.318 0.301 0.272 0.261 0.255 0.235
2012 0.615 0.431 0.362 0.324 0.301 0.280 0.254 0.249 0.226
2013 0.601 0.461 0.374 0.320 0.308 0.295 0.261 0.250 0.222
2014 0.613 0.433 0.369 0.323 0.301 0.281 0.263 0.254 0.225

2015 0.591 0.434 0.356 0.321 0.299 0.277 0.265 0.254 0.229
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Age

Year 2 3 4 5 6 7 8 9 10+

2016 0.620 0.436 0.369 0.311 0.296 0.280 0.261 0.250 0.230
2017 0.553 0.441 0.365 0.323 0.294 0.280 0.260 0.249 0.227
2018 0.547 0.435 0.358 0.315 0.300 0.268 0.264 0.253 0.227
2019 0.607 0.432 0.364 0.322 0.298 0.272 0.263 0.253 0.233
2020 0.603 0.447 0.367 0.322 0.300 0.276 0.265 0.255 0.229
2021 0.619 0.471 0.381 0.338 0.300 0.285 0.255 0.245 0.230
2022 0.573 0.448 0.391 0.333 0.305 0.283 0.256 0.248 0.236

Table 2.2.15. Northern Norwegian coastal cod. SAM configuration.

Model used: SAM (State—space assessment model; https://www.stockassessment.org; Nielsen and Berg 2014).
Software used: Template Model Builder (TMB) and R.

Age range of assessment: 2—-10, where 10 is a plus group.

Start year of assessment: 1994

Last change of configuration: WKNCCHCR 2022

The assessment is available at www.stockassessment.org under the name NCCN67_AFWG2023

# Configuration saved: Thu Oct 21 15:33:05 2021

# Where a matrix is specified rows corresponds to fleets and columns to ages. Same number indicates same parameter

# used. Numbers (integers) starts from zero and must be consecutive. Negative numbers indicate that the parameter is not
# included in the model

SminAge

# The minimium age class in the assessment

2

SmaxAge
# The maximum age class in the assessment
10

SmaxAgePlusGroup
# Is last age group considered a plus group for each fleet (1 yes, or 0 no).
1001

SkeyLogFsta
# Coupling of the fishing mortality states processes for each age (normally only the first row (= fleet) is used). Sequential
# numbers indicate that the fishing mortality is estimated individually for those ages; if the same number is used for two or
# more ages, F is bound for those ages (assumed to be the same). Binding fully selected ages will result in a flat selection
# pattern for those ages.
012345556
1 -1 -
1 -1 -
11 -

(SN

AN
N
[
T
RS
N =
e

ScorFlag

ICES
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# Correlation of fishing mortality across ages (0 independent, 1 compound symmetry, 2 AR(1), 3 separable AR(1).

#0: independent means there is no correlation between F across age 1: compound symmetry means that all ages are equally
# correlated; 2: AR(1) first order autoregressive - similar ages are more highly correlated than ages that are further apart,
# so similar ages have similar F patterns over time. if the estimated correlation is high, then the F pattern over time for each
# age varies in a similar way. E.g if almost one, then they are parallel (like a separable model) and if almost zero then they
# are independent. 3: Separable AR - Included for historic reasons ... more later

2

SkeyLogFpar
# Coupling of the survey catchability parameters (nomally first row is not used, as that is covered by fishing mortality).

-1-1-1-1
0-1-1-1
-1

-1-1-1-1-1
-:1-1-1-1-1
-:1-1-1-1-1

1-1-1
234555556

SkeyQpow

# Density dependent catchability power parameters (if any).
-1-1-1-1-1-1-1-1-1
-1-1-1-
-1 -1

1-1-1-1-
1-1-1-1-
-1-1 1-1-1-1-

e T
R =

-1 - -
-1 - -
SkeyVarF
# Coupling of process variance parameters for log(F)-process (Fishing mortality normally applies to the first (fishing) fleet;
# therefore only first row is used)
00000O0O0O0OO
-1-1-1-
-1-1-1-1-
1-1-1-1-

[y

S
N
[
N
T

SkeyVarLogN

# Coupling of the recruitment and survival process variance parameters for the log(N)-process at the different ages. It is
# advisable to have at least the first age class (recruitment) separate, because recruitment is a different process than

# survival.

011111111

SkeyVarObs
# Coupling of the variance parameters for the observations. First row refers to the coupling of the variance parameters for
# the catch data observations by age. Second and further rows refers to coupling of the variance parameters for the index
# data observations by age
00000O0OO0OO0OO
1-1-1-1-1-1-1-
2-1-1-1-1-1-1-
333333333

1-1
1-1

SobsCorStruct

# Covariance structure for each fleet ("ID" independent, "AR" AR(1), or "US" for unstructured). | Possible values are: "ID",
#"AR", "US"

"ID" "ID" "ID" "AR"

SkeyCorObs

# Coupling of correlation parameters can only be specified if the AR(1) structure is chosen above. NA's indicate where
# correlation parameters can be specified (-1 where they cannot).

#2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10

NA NA NA
-1-1-1-1
-1-1-1-1
0111

NA NA NA NA NA
-1-1-1-1
-1-1-1-1
2 333
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SstockRecruitmentModelCode
# Stock recruitment code (O for plain random walk, 1 for Ricker, 2 for Beverton—Holt, and 3 piece-wise constant).
0

SnoScaledYears
# Number of years where catch scaling is applied.
0

SkeyScaledYears
# A vector of the years where catch scaling is applied.

SkeyParScaledYA
# A matrix specifying the couplings of scale parameters (nrow = no scaled years, ncols = no ages).

SfbarRange
# lowest and higest age included in Fbar
48

SkeyBiomassTreat

# To be defined only if a biomass survey is used (0 SSB index, 1 catch index, 2 FSB index, 3 total catch, 4 total landings and
# 5 TSB index).

-155-1

SobsLikelihoodFlag
# Option for observational likelihood | Possible values are: "LN" "ALN"
LN LN LN® LN

SfixVarToWeight
# If weight attribute is supplied for observations this option sets the treatment (0 relative weight, 1 fix variance to weight).
0

SfracMixF

# The fraction of t(3) distribution used in logF increment distribution
0

SfracMixN

# The fraction of t(3) distribution used in logN increment distribution
0

SfracMixObs

# A vector with same length as number of fleets, where each element is the fraction of t(3) distribution used in the
# distribution of that fleet

0000

SconstRecBreaks
# Vector of break years between which recruitment is at constant level. The break year is included in the left interval. (This
# option is only used in combination with stock—recruitment code 3)

SpredVarObsLink

# Coupling of parameters used in a prediction-variance link for observations.
-1-1-1-1-1-1-1-1-1

NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA

-1-1-1-1-1-1-1-1-1

ShockeysStickCurve
#
20

ICES



ICES

AFWG 2023 | 71

SstockWeightModel

# Integer code describing the treatment of stock weights in the model (0 use as known, 1 use as observations to inform
# stock weight process (GMRF with cohort and within year correlations))

0

SkeyStockWeightMean
# Coupling of stock-weight process mean parameters (not used if stockWeightModel==0)
NA NA NA NA NA NA NA NA NA

SkeyStockWeightObsVar
# Coupling of stock-weight observation variance parameters (not used if stockWeightModel==0)
NA NA NA NA NA NA NA NA NA

ScatchWeightModel

# Integer code describing the treatment of catch weights in the model (0 use as known, 1 use as observations to inform
# catch weight process (GMRF with cohort and within year correlations))

0

SkeyCatchWeightMean
# Coupling of catch-weight process mean parameters (not used if catchWeightModel==0)
NA NA NA NA NA NA NA NA NA

SkeyCatchWeightObsVar
# Coupling of catch-weight observation variance parameters (not used if catchWeightModel==0)
NA NA NA NA NA NA NA NA NA

SmatureModel

# Integer code describing the treatment of proportion mature in the model (0 use as known, 1 use as observations to inform
# proportion mature process (GMRF with cohort and within year correlations on logit(proportion mature)))

0

SkeyMatureMean

# Coupling of mature process mean parameters (not used if matureModel==0)

NA NA NA NA NA NA NA NA NA

SmortalityModel

# Integer code describing the treatment of natural mortality in the model (0 use as known, 1 use as observations to inform
# natural mortality process (GMRF with cohort and within year correlations))

0

SkeyMortalityMean
#
NA NA NA NA NA NA NA NA NA

SkeyMortalityObsVar
# Coupling of natural mortality observation variance parameters (not used if mortalityModel==0)
NA NA NA NA NA NA NA NA NA

SkeyXtraSd
# An integer matrix with 4 columns (fleet year age coupling), which allows additional uncertainty to be estimated for the
specified observations
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Table 2.2.16. Northern Norwegian coastal cod. SAM output. Estimated catchability at age for each fleet. The two parts
of the acoustic biomass index have one catchability parameter each as the biomass index is not split by age. In the swept-
area index, catchabilities are coupled (set equal) in the SAM configuration for ages 5-9.

Fleet/Age 2

3 4 5 6 7 8 9 10+

2+

Acoustic
biomass
index pt.
1

0.131

Acoustic
biomass

index pt.

2

0.085

Swept-
areain-
dex

0.000060

0.000099 0.000139 0.000156 0.000156 0.000156 0.000156 0.000156 0.000191

ICES



ICES

AFWG 2023

Table 2.2.17. Northern Norwegian coastal cod. SAM output. Estimated recruitment (1000’s), Spawning-stock biomass (SSB, t), average fishing mortalities for ages 4-8 (Fbar(4-8)), and Total-

stock biomass (TSB, t).

Year/Age R (age 3) Low High SSB Low High Fbar (4-8) Low High TSB Low High

1994 34736 27309 44181 131682 97542 177770 0.277 0.222 0.346 320128 274839 372881
1995 40641 32895 50211 111730 83789 148988 0.363 0.297 0.444 304622 265606 349370
1996 51097 42281 61751 89198 71111 111886 0.363 0.297 0.443 251105 224031 281451
1997 63009 52108 76191 68899 55713 85207 0.454 0.373 0.554 226735 204148 251821
1998 53062 44557 63191 58127 46308 72962 0.468 0.389 0.564 241433 217963 267430
1999 55499 46372 66422 47072 38965 56866 0.431 0.349 0.532 219976 199755 242244
2000 53687 45005 64043 51688 44240 60391 0.331 0.267 0.412 230754 209560 254093
2001 45501 38228 54157 67442 59799 76062 0.274 0.224 0.335 234949 213487 258568
2002 46214 38623 55297 81263 72109 91580 0.306 0.253 0.369 252248 229009 277845
2003 47706 40051 56823 67539 59553 76595 0.298 0.247 0.359 235186 213204 259435
2004 42639 36400 49947 76736 67442 87311 0.324 0.267 0.394 237475 214313 263141
2005 44249 37789 51813 68962 60110 79119 0.288 0.237 0.352 229899 206991 255342
2006 35171 30042 41175 87510 75521 101402 0.334 0.271 0.412 238930 214663 265941
2007 32754 27913 38434 94203 80486 110256 0.234 0.188 0.292 247918 221505 277481
2008 42766 36371 50286 94224 79855 111178 0.221 0.179 0.274 265280 236627 297402
2009 40809 34978 47612 73138 60777 88014 0.184 0.148 0.228 258614 230243 290480
2010 37390 32103 43547 84755 71095 101040 0.226 0.183 0.279 270351 242157 301827
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Year/Age R (age 3) Low High SSB Low High Fbar (4-8) Low High TSB Low High

2011 35951 30595 42244 95598 80667 113292 0.206 0.166 0.256 291300 261070 325030
2012 44979 38669 52319 100408 84414 119432 0.166 0.135 0.205 285082 255684 317861
2013 33938 29032 39674 101368 85584 120064 0.143 0.116 0.176 273881 246002 304920
2014 39951 34386 46417 105914 90480 123981 0.14 0.115 0.171 293369 264914 324879
2015 39798 34190 46326 97475 83444 113865 0.2 0.166 0.242 312083 282815 344379
2016 41741 35423 49187 101657 87895 117573 0.287 0.24 0.345 303298 274021 335702
2017 41481 34827 49406 84407 72527 98234 0.377 0.316 0.448 292696 261695 327370
2018 40241 32970 49116 79120 67583 92626 0.33 0.274 0.398 289181 253233 330233
2019 51246 40497 64849 67666 56375 81218 0.365 0.299 0.446 274685 234492 321767
2020 41708 31527 55178 77487 61430 97740 0.399 0.312 0.511 259402 213701 314877
2021 28673 20514 40078 72888 53826 98702 0.318 0.231 0.438 233023 182745 297135
2022 45595 30874 67336 71599 48215 106324 0.308 0.204 0.464 249818 184321 338590
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Table 2.2.18. Northern Norwegian coastal cod. SAM output. Estimated fishing mortalities at age. F for ages 7-9 are cou-

pled (set equal) in the SAM configuration.

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

1994 0 0.005 0.038 0.16 0.325 0.431 0.431 0.431 0.324
1995 0 0.009 0.055 0.182 0.388 0.596 0.596 0.596 0.416
1996 0.001 0.018 0.091 0.228 0.399 0.548 0.548 0.548 0.415
1997 0.001 0.025 0.12 0.277 0.532 0.672 0.672 0.672 0.539
1998 0.003 0.053 0.244 0.469 0.624 0.502 0.502 0.502 0.413
1999 0.001 0.027 0.169 0.385 0.539 0.53 0.53 0.53 0.448
2000 0.001 0.016 0.126 0.32 0.406 0.402 0.402 0.402 0.402
2001 0 0.01 0.084 0.221 0.342 0.361 0.361 0.361 0.617
2002 0.001 0.012 0.082 0.212 0.377 0.429 0.429 0.429 0.807
2003 0.001 0.013 0.067 0.179 0.331 0.456 0.456 0.456 0.817
2004 0.001 0.008 0.05 0.145 0.324 0.551 0.551 0.551 0.965
2005 0 0.008 0.054 0.151 0.279 0.479 0.479 0.479 1.063
2006 0.001 0.011 0.068 0.19 0.329 0.542 0.542 0.542 1.475
2007 0.001 0.016 0.076 0.182 0.25 0.332 0.332 0.332 0.89

2008 0.001 0.018 0.073 0.203 0.259 0.285 0.285 0.285 0.604
2009 0.001 0.015 0.046 0.152 0.237 0.241 0.241 0.241 0.394
2010 0.001 0.018 0.055 0.184 0.298 0.297 0.297 0.297 0.542
2011 0.002 0.022 0.064 0.142 0.221 0.301 0.301 0.301 0.511
2012 0.005 0.039 0.08 0.132 0.185 0.218 0.218 0.218 0.418
2013 0.003 0.026 0.062 0.107 0.15 0.198 0.198 0.198 0.342
2014 0.003 0.023 0.061 0.103 0.143 0.196 0.196 0.196 0.358
2015 0.005 0.04 0.096 0.145 0.209 0.276 0.276 0.276 0.542
2016 0.003 0.03 0.098 0.159 0.286 0.447 0.447 0.447 0.749
2017 0.009 0.058 0.15 0.224 0.362 0.573 0.573 0.573 0.809
2018 0.003 0.026 0.089 0.166 0.285 0.556 0.556 0.556 0.66

2019 0.002 0.021 0.084 0.169 0.306 0.633 0.633 0.633 0.717
2020 0.001 0.019 0.092 0.199 0.389 0.658 0.658 0.658 0.657
2021 0.002 0.025 0.106 0.203 0.321 0.48 0.48 0.48 0.547
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Year/Age 2 3 4 5 6 7 8 9 10+
2022 0.003 0.03 0.117 0.198 0.331 0.446 0.446 0.446 0.437
Table 2.2.19. Northern Norwegian coastal cod. SAM output. Estimated stock numbers-at-age (1000’s).
Year/Age 2 3 4 5 6 7 8 9 10+
1994 81825 34736 38991 36079 17743 10182 4876 1126 3132
1995 99166 40641 21040 25034 21230 9228 4919 2440 2433
1996 124960 51097 24258 13365 14671 10315 3833 2056 2324
1997 106521 63009 29788 14529 7388 7153 4444 1682 2151
1998 111966 53062 37841 17406 7615 3137 2664 1689 1642
1999 103725 55499 31311 20177 7600 2959 1429 1225 1640
2000 86352 53687 32807 17790 9689 3178 1306 632 1395
2001 82968 45501 33181 19214 9072 4727 1578 656 1082
2002 87736 46214 28074 20911 10741 4645 2447 835 821
2003 81403 47706 29556 17248 12098 5347 2268 1214 696
2004 80479 42639 30118 18647 10230 6243 2512 1083 847
2005 61881 44249 25901 19679 11621 5405 2664 1090 737
2006 60073 35171 27691 16641 12032 6319 2525 1263 712
2007 72978 32754 22554 17438 9714 6524 2708 1140 690
2008 72655 42766 20644 14147 10471 5533 3594 1499 865
2009 67613 40809 27980 13310 8347 5943 3138 2130 1254
2010 62728 37390 25554 18863 8255 4861 3530 1890 2016
2011 79092 35951 23989 16524 11299 4554 2734 2022 2047
2012 66095 44979 23368 15683 10446 6667 2603 1528 2140
2013 74048 33938 28641 15222 10144 6441 4032 1625 2054
2014 74296 39951 20697 18809 10099 6411 3957 2557 2188
2015 77087 39798 25266 13384 12343 6553 3943 2520 2822
2016 75527 41741 24537 16084 8390 7459 3824 2292 2771
2017 74094 41481 24970 15528 9881 4761 3598 1888 2165
2018 87754 40241 25491 14719 9063 5046 2063 1562 1587
2019 74797 51246 24794 16288 9202 5019 2199 917 1350
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Year/Age 2 3 4 5 6 7 8 9 10+
2020 54408 41708 32311 15968 9789 5093 2022 890 892
2021 84070 28673 26462 20285 9579 4837 2045 786 721
2022 90998 45595 16912 16620 11809 5137 2247 989 699

Table 2.2.20a. Northern Norwegian coastal cod. Assumptions for the interim year and in the forecast: Fbar, recruitment,

SSB and catch.

Variable Value Notes

Fages 4-3 (2023) 0.31 Fsq = median fishing mortality in 2022.

SSB (2023) 74 654 Short-term forecast fishing at status quo (Fq); Tonnes.

Rage2 (2023 and 2024) 75527 Median resampled recruitment (2013-2022). The
youngest age in the model is age 2. Other reported re-
cruitments are at age 3 when the fish enter the fishery;
thousands.

Total catch (2023) 43 978 Short-term forecast fishing at Fq; Tonnes.

Table 2.2.20b. Northern Norwegian coastal cod. Assumptions for the interim year and in the forecast: mean weights in
catch and stock, maturity-at-age, and natural mortality-at-age (last 5-year averages).

Age Weight in catch (kg)  Weight in stock (kg)  Proportion mature Natural mortality

2 1.270 0.414 0.007 0.590

3 1.851 1.022 0.063 0.447

4 2.533 1.857 0.275 0.372

5 3.302 2.870 0.569 0.326

6 4.155 3.727 0.823 0.301

7 5.037 4.884 0.923 0.277

8 5.966 5.966 0.982 0.260

9 6.759 6.759 0.992 0.250

10+ 8.838 8.838 1.000 0.230

Table 2.2.21. Northern Norwegian coastal cod. Catch scenarios.
Basis Total catch Fiota (2024) SSB (2024)* % SSB % advice % probability
(2024) change** change*** of SSB falling

below
SSBiower bound
in 2024

ICES advice basis

Management plan® 26 612 0.176 85 209 14 -9.3 18
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Basis Total catch Frotal (2024) SSB (2024)* % SSB % advice % probability
(2024) change** change*** of SSB falling

below
SSBInwer bound
in 2024

Other scenarios

F=0 0 0 98 633 32 -100 5.2

F = Fy022 44 395 0.31 76 490 2.5 51 32

*For this stock, SSB is calculated at the time of survey (October) as maturity ogives and stock weights are from the

survey. Thus SSB is influenced by fisheries between 1January and 1 October. The actual spawning time is March—

June.

** SSB in October 2024 relative to SSB in October 2023 (74 654 tonnes).

*** Advice for 2024 relative to advice for 2023 (29 347 tonnes).

~According to the harvest control rule (HCR) in the MP (ICES, 2022a).
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Figure 2.2.1. Northern Norwegian coastal cod. Standard figures. SAM estimates of a) SSB, b) Fbar(4-8), c) recruitment
(age 3), and d) catch input data.
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Acoustic survey index
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Figure 2.2.2. Northern Norwegian coastal cod. Acoustic abundance index by age (colours) from the Coastal survey in
October—November (survey code A6335). 2021 estimates are indicated by stars because of the decision to exclude that
year’s index from the assessment (see ICES, 2023). Note that starting in 2022, the acoustic index is included in the assess-
ment model as a total biomass index rather than numbers-at-age.
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Figure 2.2.3. Northern Norwegian coastal cod. Acoustic and swept-area biomass indices (ages 2+) from the Coastal survey
in October-November. Biomass for ages 1+ are reported in Table 2.2.5. The acoustic biomass index for ages 2+ is included
as a tuning series in the assessment model, while the swept-area index is included by age (see Figure 2.2.4). Note that
the 2021 data point was excluded from the assessment (see ICES, 2023).
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Figure 2.2.4. Northern Norwegian coastal cod. a) Swept-area abundance index by age (colours) from the Coastal survey
in October—November (survey code A6335), and b) cohort-tracking of log-abundance swept-area indices. Colours repre-
sent cohorts and numbers indicate ages.
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Figure 2.2.5. Northern Norwegian coastal cod. Survey mortality (Z) at age (colours) in the acoustic index (top) and swept-
area index (bottom). Z was estimated as -log(A..1,+2/Aay), Where A, is abundance of age a in year y. 2020-2021 and
2021-2022 estimates from the acoustic index are indicated by stars because of the decision to exclude the 2021 index
from the assessment (see ICES, 2023).
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Weight at age, survey
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Figure 2.2.6. Northern Norwegian coastal cod. Mean weight-at-age in the coastal survey. Few individuals of ages 10+
were sampled at the beginning of the time-series, leading to extremely large variation in mean weights. In the stock
assessment model, stock weights for ages 8-10+ are set equal to mean weight of these ages in the catch.
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Figure 2.2.7. Northern Norwegian coastal cod. Proportions mature-at-age as observed in the Coastal survey. Since the
survey takes place in October-November and the main spawning season is in March-April, spent/resting individuals are
included as mature when calculating these proportions. No maturity data were collected in 2022, and averages of the
last 3-years were therefore used in the assessment (Table 2.2.11) .
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Natural Mortality at age

— Age 10+

Figure 2.2.8. Northern Norwegian coastal cod. Natural mortality-at-age estimated from stock weights-at-age by the Lo-
renzen (1996) method.
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Figure 2.2.9. Northern Norwegian coastal cod. Northern Norwegian coastal cod. 5-year retrospective peel: a) SSB, b) Fbar,
c) recruitment, and d) catch. The Mohn’s rho value (5-year average retrospective bias) is indicated in the upper right
corner of each panel.
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2.3 Southern Norwegian coastal cod

2.3.1 Stock status summary

An assessment based on the decisions of the 2021 WKBARFAR benchmark (ICES, 2021a) is pre-
sented for this stock.

Commercial catches have decreased since 2008 (Figure 2.3.1). To some extent this is explained by
decreasing effort until 2013, but catches have continued to decrease after 2013 when the effort
has been stable or increasing (Figures 2.3.9 and 2.3.10). Estimates of recreational catch are very
uncertain but assumed to be on a similar scale as the commercial fishery and an increasing pro-
portion of the overall total (Figure 2.3.1 and Table 2.3.3). A priority for more accurate future
assessments is a better estimation of the recreational catches.

Catch advice for southern Norwegian coastal cod (62-67°N) follows the “rfb” rule for category 3
stocks (ICES, 2020c, 2022c). The “rfb” rule is primarily driven by the trend in the coastal reference
fleet gillnet CPUE index (more controlled than a full fleet CPUE, Section 2.3.3). Thus, the advice
depends heavily on changes to the CPUE index reflecting changes in population abundance
(Fischer et al., 2020). Catch advice under the “rfb” rule is given every other year because “’setting
the advice more frequently does not necessarily lead to better management performance and can
increase the risks of the stock falling below Bim” (ICES, 2022c¢). Therefore, the catch advice given
in 2022 for 2023 also applies for 2024 and has not been updated (Table 2.3.7).

A stochastic length-based spawning potential ratio (LBSPR) model and survey-based indices are
presented as additional information. The LBSPR was previously used to assess the need for a
20% precautionary buffer in the “2 over 3” rule, although ICES lacks a framework for using the
LBSPR directly as a basis for catch advice. ICES recommends the use of the surplus production
model SPiCT for category 3 stocks, but the SPiCT fit was determined to be unsatisfactory in the
2021 benchmark and has not been updated here (ICES, 2021a).

The LBSPR model estimates that stock size is below, and fishing pressure is above, possible MSY
reference points (Figures 2.3.11 and 2.3.12). From 2010-2022, the “spawning potential ratio”
(SPR), i.e. the ratio between the spawning potential of the current stock and the theoretical
spawning potential without fishing, fluctuated between 20-40% with an overall downward
trend. SPR in 2022 was estimated as 0.25 (95% CI: 0.19-0.29). One change to the benchmark SPR
estimation method this year is that length at 50% maturity, Lso, was estimated using only data
from the southern stock area, i.e. 62-67°N. Coastal cod grow faster and mature earlier further
south, so this resulted in a decrease in Lso used in the SPR estimation from 62.8 cm to 57.6 cm and
a perceived improvement in status, an increase in SPR of about 0.04 in all years. Still, SPR = 0.25
in 2022 means the stock is below generally accepted target values (SPR = 0.30-0.40). Thus, the
SPR analysis of length data depicts a somewhat depleted and worsening stock status.

One positive sign is that the proportion of immature fish in the commercial catch has declined
over the last two decades (Figure 2.1.2). In addition, managers have proposed increasing the
minimum size to further reduce catch of immature coastal cod.

Priorities for more accurate future assessments are 1) better estimation of recreational catches,
and 2) re-evaluation of available survey data that could be used as indices. Possible model im-
provements include 1) accounting for uncertainty in the index, 2) combining the multiple avail-
able indices, and 3) attempting to fit SPiCT or SAM.

The catch advice for 2022 was 7613 tonnes. The advice for 2023 and 2024 is that catches should
be no more than 9136 tonnes. Assuming recreational catches of 4420 tonnes, this implies a com-
mercial catch of no more than 4716 tonnes.
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2.3.2 Fisheries (Table 2.3.2-Table 2.3.4)

Coastal cod is fished throughout the year but the main (about 70%) commercial fishery for coastal
cod in the area between 62°N and 67°N takes place during February—April. The main fishing
areas are along the coast of Helgeland including Treena and Lovund, Vikna, Halten bank, and
further along the coast of Trendelag and Mere and Romsdal counties. Except for the
Borgundfjord at Mere, the quantities fished inside fjords are quite low.

In the 1990s the average percentage share between gear types in the estimated coastal cod com-
mercial landings was around 65% gillnet, 26% longline/handline, 8% Danish seine, and 1% bot-
tom trawl. In 2022 this share was 53% gillnet, 17% longline/handline, 25% Danish seine, and 2%
bottom trawl (Table 2.3.4).

Recreational and tourist fisheries take an important fraction of the total catches in some local
areas, especially near the coastal cities, and in some fjords where commercial fishing activity is
low. In 2022, 60% of total NCC catch between 62—67°N were estimated to come from the recrea-
tional fishery (Table 2.3.3). However, several strong assumptions are required to construct a
time-series of recreational catches. For further details on the estimation of recreational catch, see
WD 04 and the Stock Annex.

Discarding is known to take place. Two studies have tried to estimate the level of discarding and
misreporting from coastal fishing vessels in two periods (2000 and 2002-2003, WD 14 at 2002
WG). The amount of discards was calculated, and the report from the 2000-investigation con-
cluded there was both discard and misreporting by species in 2000, in the gillnet fishery approx-
imately 8-10% relative to reported catch. One-third of this was probably coastal cod. The last
report concluded that misreporting in the Norwegian coastal gillnet fisheries have been reduced
significantly since 2000.

According to Berg and Nedreaas (2021), between 2-5% was discarded in the commercial gillnet
fishery in the area 62-67°N during 2012-2018, and about 7% in the rod and line sector of the
recreational fishery. The latter estimate is based on reporting to the Directorate of Fisheries in
2019 showing that about 35% of the reported rod and line catch was released with an assumed
mortality of 20% of the released cod (Section 2.1). Discarding is not included in the commercial
catch in this report but discarding in the rod and line (from boat) sector of the recreational fishery
is included in the recreational catch estimate.

23.2.1 Estimated catches and catch-at-age (Tables 2.3.2-2.3.4, Figures 2.3.1-
2.3.3)
The assessment area for southern Norwegian coastal cod covers the Norwegian catch reporting

areas 6 and 7 (Figure 2.0.1). Estimated commercial and recreational catches of NCC and North-
east Arctic cod (NEAC) in the stock area are shown in Table 2.1.1 and Figures 2.3.1-2.3.3.

The estimated commercial catch-at-age (2-10+) is given in Table 2.3.2 and Figure 2.3.2. Table 2.3.3
shows the total catch numbers-at-age when recreational and tourist fishing is included, where
the proportions-at-age for the recreational catch are assumed equal to those from the commercial
catch. The commercial catches by gear and Norwegian statistical area are presented in Table
2.34.

2.3.2.2  Catch weights-at-age (Table 2.3.5)

Mean weight-at-age in catches is derived from the commercial sampling and is shown in Table
2.3.5. See WD 04 for a description of how tourist and resident recreational catch weights-at-age
are estimated.
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23.23  Recreational catches in 2023-2024

To split the 2023-2024 catch advice into commercial and recreational components, we assume
continued recovery of the tourist/recreational catch towards the pre-Covid level. The assumed
recreational catch in 2021 was 4039 t, and for 2022 we assume halfway between this and the pre-
Covid level (4800 t), which is 4420 t.

2.3.3 Reference fleet

The Norwegian Reference Fleet is a group of active fishing vessels paid and tasked with provid-
ing information about catches (self-sampling) and general fishing activity to the Institute of Ma-
rine Research. The fleet consists of both high seas and coastal vessels that cover most of the Nor-
wegian waters. The Highseas Reference Fleet began in 2000 and was expanded to include coastal
vessels in 2005 (Clegg and Williams, 2020). The Coastal reference fleet reports catch-per-gillnet
soaking time (CPUE) from their daily catch operations (WD 07 in ICES, 2021a).

These fleets catch both NCC and NEAC, and cod type is determined based on otolith shape (Sec-
tion 2.1.2). Size distribution of individuals is sampled from a subset of fishing events and, within
the size samples, individuals are sampled for otolith in a presumably random way.

2.3.4 Standardized CPUE index (Table 2.3.6 and Figures 2.3.3-2.3.7)

To derive an index of NCC abundance in the stock area, 62-67°N, we follow these steps:

1. Estimate the proportion NCC vs. NEAC by year, quarter, and area.
2. Estimate total cod CPUE by year, quarter, and area.
3. Multiply the output from the previous two steps.

In this update assessment, we only use the models selected in the benchmark (ICES, 2021a), af-
ter confirming that model diagnostics were satisfactory (Figures 2.3.4 and 2.3.6). To calculate
the CPUE index between 62-67°N we only use quarters 3—4 because at that time of year there
are few NEAC caught in the area (Figure 2.3.5).

Here we define important terms used in the CPUE standardization:

Standardized effort (gillnet day) = gear count x soaking time (hours) / 24 hours

CPUE (per gillnet day) = catch weight / standardized effort

ICES
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Step 1: Proportion coastal vs. NEA cod

To determine the proportion of NCC, we use all reference fleet gillnet data north of 62°N (i.e.
ICES Subarea 2.a.2; Norwegian statistical areas 3, 4, 5, 0, 6, 7) with information on otolith type.
Otolith types 1 and 2 were categorized as coastal cod and types 3-5 as NEA cod. Around 2500
otolith samples have been read per year since 2010. Covariate combinations (i.e. gear x quarter x
area x year) with less than three observations were removed to ensure estimability.

We then fit a binomial model with logit link using four categorical explanatory variables: year,
area, quarter, and gear, with an area-year interaction effect. In other words, the probability that
individual cod i is classified as coastal, m;, is given by:

Z; ~ Bernoulli(r;), (eq1)

logit(m;) = a + Z Bq Area; + Z By Year; + z By Gear; + Z B4 Quarter; + Z Z Ba,y Area;Year;
a y g q y a

where Z; is a binary variable that equals 1 if cod i was coastal and 0 if not. Likewise, Area;, Year;,
Gear;, and Quarter; are 1 if cod i was caught in that area, year, gear, and quarter and 0 if not.

There were no issues with the diagnostics (Figure 2.3.4). We then predict the proportion of NCC
expected in areas 6 and 7, during quarters 3 and 4, between 2007-2022 (Figure 2.3.5).

Step 2: Total cod CPUE standardization

The final lognormal GLMM selected in the benchmark was fitted to total cod CPUE data (no
distinction between coastal and NEA cod) in areas 6-7 and quarters 3—4 between 2007-2022
(ICES, 2021a). As in the benchmark, data were filtered to remove gears with less than 3 observa-
tions or only used in one year. Three zero catch observations were removed. We fit the model:

log(Y]-) ~N(uj = a+X,pP,Area; + ¥, B, Year; + Y, B, Gear; + Y, f, Quarter; +
bAranearjAreayearj + bQuarterYearjQuarteryearj)/

bAranearj ~ N(O' ajranear)r (eq 2)

2
bQuarterYearj ~ N(O' aQuarterYear)'

where Y} is the CPUE of gillnet set j, § are categorical fixed effect terms for each area, year, gear,
and quarter (as in equation 1), and b are random effect intercept terms for area-year and quarter-
year interactions. The AreaYear; indicates that the area and year variables were concatenated
into a single variable and considered as a random effect acting on the intercept, and likewise for
QuarterYear;. The total cod CPUE model showed reasonable diagnostics (Figure 2.3.6).

Step 3: Joining steps 1-2 to create a standardized coastal cod CPUE
We combined the predicted proportion coastal cod, ), ,, and total cod CPUE, ¥, ,,
year y, quarter g, and area 2 combination from the two models above to estimate the standardized

coastal cod CPUE index, I 4 4:

for each

Lyga = flyqa*Yyqa (eq3)

The variance of I, ; , was calculated as:

~ 2 5 2
V(lyga) = (Byaa) V(Vyaa) + (Baa) V(Tyga) (eq4)
The resulting standardized coastal cod CPUE indices for areas 6 and 7 are shown in Figure 2.3.7,

where quarters 3 and 4 are weighted equally. To combine the indices for areas 6 and 7, we
weighted the indices in proportion to the surface area within 12 nm (0.587 for area 6, 0.413 for
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area 7). The composite standardized coastal cod CPUE index for the entire southern stock area
is shown in Figure 2.3.8 and Table 2.3.6.

2.3.5 Stochastic LBSPR (Table 2.3.1)

Given the uncertainty in parameters and the demonstrated sensitivity of the length-based
spawning potential ratio (LBSPR) model to input parameters (Hordyk et al., 2015b; 2015a), the
AFWG developed a stochastic LBSPR approach at the last benchmark (ICES, 2021a), similar to
the one developed for anglerfish (Section 9). While the LBSPR assumes that key life-history pa-
rameters (growth, natural mortality, and maturity; described below) are known, our approach
includes uncertainty and correlation in these parameters by fitting the LBSPR model 1000 times
using randomly sampled values from their estimated distributions. Observation uncertainty of
the annual length distributions is also included by random resampling (bootstrapping) the
length data.

We re-estimated each of the life-history parameter models selected in the benchmark with data
updated through 2022 (Table 2.3.1). All parameter estimates and residual diagnostics were very
similar to those from the benchmark, except for maturity (Section 2.3.5.3).

2.3.5.1 Growth (k, Linf)

The von Bertalanffy growth model parameters Lint (asymptotic length) and k (growth coefficient)
were estimated using non-least squares fit to length and decimal age data from the reference
fleet. The value for the theoretical age when size is zero, to=-0.0387, was borrowed from northern
coastal cod (north of 67°N). To account for biases from size selective sampling, we used compo-
site weights based on the product of 1) calibrated weights (size-selective ageing among individ-
uals sampled for size; Perreault ef al., 2020) and 2) weights correcting for size selectivity-at-age
in the catch (loosely based on model 1 in Taylor et al., 2005), using selectivity parameters esti-
mated using LBSPR and parameters borrowed from northern coastal cod.

2.3.5.2  Natural mortality (M)

One of the most critical parameters for the performance of LBSPR is M/k. For southern coastal
cod we had a reasonable estimate of k but no a priori information on M/k. The benchmark evalu-
ated four methods of estimating M based on life history and selected the size-varying M follow-
ing Lorenzen (1996) due to its consistency with cannibalism-driven mortality in the partially
sympatric NEA cod and that it estimated similar SPR and F/M to assuming M =0.2.

2.3.5.3 Maturity (LMso, LMos)

The maturity parameters LMso and LMo (length at 50% and 95% maturity) were estimated by
fitting a binomial GLM with covariate length to yearly bootstrapped maturity data from the au-
tumn coastal survey. Since coastal cod grow faster and mature earlier further south, we esti-
mated LMso and LMos using only data from the southern stock area, i.e. 62-67°N instead of all
data north of 62°N as in the benchmark. This resulted in a decrease in Lso used in the SPR esti-
mation from 62.8 cm to 57.6 cm and a perceived improvement in status, an increase in SPR of
about 0.04 in all years. For consistency with the choices made for the northern stock, resting
individuals (stage 4) were considered mature.
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Table 2.3.1. Life-history parameter distributions estimated using data through 2022, used as inputs in the LBSPR model.
Other required LBSPR parameter values not included here were left at their default values.

Parameter Mean (sd) Description

v 0.230 (0.001) Natural mortality (year?) at asymptotic length (Liy). Size-varying M following Lorenzen
(1996) fit to resampled reference fleet commercial sampling data.

Moow 0.959 (0.004) aka exponent c, eqn. 17 in Hordyk et al. (2016): parameterization of the size-varying M
in LBSPR, following Lorenzen (1996) fit to resampled reference fleet commercial sam-
pling data.

k 0.255 (0.003)*  von Bertalanffy growth coefficient

M/k 0.903 (0.007) M/k at Lint, derived from the above estimates

Linf 94.1 (0.446)* Asymptotic length (cm) as defined in the von Bertalanffy growth function

to -0.0388 Theoretical age when length = 0 in the von Bertalanffy growth function. Not used in

the LBSPR model, but used in the estimation of k and L;s (above). Borrowed from
northern coastal cod.

CVling 0.155 (0.001) Coefficient of variation of Ly, encompasses all inter-individual growth variability of
LBSPR. The values used are borrowed from northern coastal cod, estimated and ran-
domly generated on the log scale (mean =-1.862; s.d. = 0.0039).

LMsg 57.6 (3.296)t Length (cm) at 50% maturity. Estimated from resampled coastal survey data (1995—
2022, only data in 62—-67°N stock area) using a binomial glm.

LMgs 72.6 (6.395)f Length (cm) at 95% maturity. Estimated from resampled coastal survey data (1995—
2022, only data in 62—-67°N stock area) using a binomial glm.

*randomly generated preserving the correlation structure between k and Lint using a multinormal distribution.
tpairs (LM50, LM95) estimated from the same bootstrapped dataset, drawn together to preserve the correlation be-

tween the two parameters and avoid using a parameterization based on the distribution of ALM = LMos — LMso.

2354 Length distribution resampling

The LBSPR model is fitted to 1000 bootstrapped length data and parameter sets. While input
parameters were randomly generated/drawn as per Table 2.3.1, the generation of the random-
ized datasets is twofold:

1. random attribution of unclassified individuals as coastal and NEA cod, using a binomial
random generator based on the GAM,

gam(is_coastal ~ s(length) + factor(area) * factor(year) + factor(quarter) +
factor (gear), family=binomial (link = "logit"))

2. bootstrap of the length composition within each year, i.e. draw the number of individuals
sampled within each year of data from step 1, with replacement.

For each of the 1000 randomized data and parameter sets, the LBSPR model estimates SPR, F/M,
and the lengths at 50% and 95% selectivity, SLso and SLss.
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2.3.6 Results of the assessment (Figure 2.3.6—Figure 2.3.13)

23.6.1 Standardized CPUE index

In recent years, the standardized CPUE index for coastal cod based on the reference fleet gillnet
data has generally increased in area 6 (northern subarea, 64-67°N) and decreased in area 7
(southern subarea, 62-64°N; Figure 2.3.7). The composite CPUE index combining areas 6 and 7
decreased from 2007-2013 and has increased since 2013, with large uncertainty (95% Cls extend
to 0 in all years; Figure 2.3.8). The composite CPUE index in 2020-2021 was higher than from
2017-2019, and so the “2 over 3” ratio that largely determines the catch advice increased from
the previous assessment. CPUE in 20202022 was similar to 2007-2008, the beginning of the time-
series.

2.3.6.2 Effort and CPUE from official landings statistics

We have also calculated CPUE from the full fleet, although this is less controlled for fishing be-
haviour and uses a less precise measure of effort than the reference fleet CPUE. Still, it is valuable
to consider because it covers the entire commercial fleet instead of just a few boats in the refer-
ence fleet.

Calculating fishing effort for the full fleet is much less precise than for the reference fleet, where
we can calculate kg cod caught per gillnet per day. The number of sales notes has been shown to
give an overestimation of the fishing effort, since a trip can give several sales notes by splitting
the entire trip catch into several sales, each with its own sales note. We therefore consider a “trip”
by combining the vessel’s "Registration mark" in the sales note statistics with "Last catch date",
and define effort as the number of sales note trips.

2018 2019 2020
Vessel size group Number of Landed Number of Landed Number of Landed round

trips round weight trips round weight trips weight (t)

(t) (t)

LG1: (blank) 680 29 605 30 603 33
LG2:<11m 4203 229 3814 191 4311 298
LG3:11-14.99 m 1107 129 1221 145 1125 114
LG4:15-20.99 m 89 24 99 20 71 19
LG5:21-27.99 m 3 2 1 1 32 15
LG6: >=28 m 1 3 1 0 8 1

The table above shows the number of trips and cod landings (round weight in tonnes) from in-
side 12 nautical miles during the second half-year during 2018-2020, per vessel size group, all
gears. This shows that the vessel size groups <11 and 11-14.99 m, represented by the coastal
reference fleet (Section 2.3.3), are responsible for most of the effort and cod landings. The 9-15 m
vessels in the reference fleet represent the gear and vessel size group responsible for about 60%
of the total annual cod commercial catches in the stock area, and 88% of the effort (fishing trips)
and 86% of cod catches in the second half of the year.

Figures 2.3.9 and 2.3.10 show the effort and CPUE from official landings statistics from 2007-
2020. The recent gillnet CPUE trends differ by vessel size group, with some increasing and some
decreasing (Figure 2.3.10).
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2.3.6.3 Stochastic LBSPR outputs and interpretation

SPR has fluctuated between 20 and 40% with an overall downward trend (Figure 2.3.11). In most
years SPR was estimated below common target values (30-40%) and in 2019-2020 SPR was near
the limit reference point (generally accepted to be 20% in the absence of further information on
the stock dynamics; ICES, 2018; Prince et al., 2020; Mace and Sissenwine, 1993). SPR in 2022 was
estimated as 0.25 (95% CI: 0.19-0.29). In all years 2010-2022, the relative fishing mortality F/M
was estimated above the value which achieve long-term SPR = 40%, or the more usual proxy
F/M =1 (Figure 2.3.12). F/M in 2022 was estimated as 2.14 (95% CI: 1.73-2.60). Concomitant with
the decrease in SPR, the size-based indicators Lmaxs (mean length of the largest 5% of individu-
als) and L (mean length) also declined from 2010-2022 (Figure 2.3.13). These all together depict
a somewhat depleted and worsening stock status.

In the absence of clear information on the stock-recruitment relationship, a more legitimate ref-
erence point cannot be estimated and even a SPR of 30% should be considered as a potentially
non-precautionary level, with SPR = 40% preferred as Bmsy proxy (Clark, 2002; Hordyk et al.,
2015a). In conformity with ICES guidelines (ICES, 2018) and commonly used SPR-based proxies
(Prince et al., 2020; Mace and Sissenwine, 1993), the corresponding limit reference point (proxy
for Biim = Bmsy/2) should be SPR =20%. A simulation function in the LBSPR package also allowed
us to estimate Fspraos/M = 1.04 (95% CI: 0.87-1.17), which is the F/M that leads to SPR = 40% given
equilibrium and the parameter values (Figure 2.3.11). This also produces the expected mean
length at SPR = 40%, Lgpr=40%, Which could be evaluated for use as a target/reference length in
the fishing pressure proxy part of the ICES ‘rfb” rule.

2.3.7 Additional information

2.3.7.1 Total mortality (Z) from catch curves

Since catch numbers-at-age data are available for this stock for a longer period (1994-2022; Tables
2.3.2 and 2.3.3) it is possible to estimate the total mortality from catch-curve analyses. The as-
sumptions usually made for catch-curve analysis are that (1) there are no errors in the estimation
of age composition, (2) recruitment is constant or at least varies without trend over time, (3) Z is
constant over time and across ages, and (4) above some determined age, all animals are equally
available and vulnerable to the fishery and the sampling process. The catch-curve estimates a
single total mortality rate for all years/ages that compose its synthetic cohort, and this total mor-
tality estimate is generally similar to the average of the true total mortality rate.

We estimated the average total mortality of ages 5-14 for the years 1994-2020. Note that Tables
2.3.2 and 2.3.3 only present data up to age group 10+ but catch-at-age data were available to the
AFWG up to age group 15+. Figure 2.3.14 shows a very stable level of the total mortality during
the entire time-series, varying without trend around the long-term average of Z = 0.75. With
M =0.23 (Table 2.3.1), this implies fishing mortality around 0.5.

2.3.7.2  Additional indices: coastal acoustic-trawl survey

The last benchmark considered and rejected indices calculated from the main survey covering
coastal cod, the autumn coastal acoustic-trawl survey (A6335, NOcoast-Aco/BTr-Q4), due to con-
cerns about poor and inconsistent coverage south of 67°N (WD33 in ICES, 2021a). The reference
fleet CPUE index was used instead (Section 2.3.4), although the reviewers commented that it was
“not entirely clear that this was justified” (ICES, 2021a). Here, we update and present two indices
of aggregate (across ages 2+) biomass from the coastal survey: acoustic and trawl swept-area.
Methods for estimating these indices are described for northern coastal cod in Section 2.2.3. We
note that it is possible that the coastal survey data may not provide reliable abundance-at-age
indices, yet still produce useable aggregate (across ages) biomass indices. This was the conclu-
sion of Aglen et al. (2021), who wrote, “for subareas B and C [62-67°N], acoustic and trawl indices
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of biomass of age 2+ may be used in biomass models or to assess changes in stock abundance
from year to year, using methods for data-poor stocks.”

The coastal survey acoustic and trawl indices are shown in Figure 2.3.15, together with the ref-
erence fleet CPUE index. There are notable differences from the reference fleet CPUE index:

1. The survey indices extend further back in time (acoustic index begins in 1995, trawl index
begins in 2003, reference fleet CPUE index starts in 2007).

2. The 95% Cls are much smaller for the survey indices. The acoustic index Cls are unreal-
istically small.

3. The trends differ. The acoustic index starts high in the mid-1990s and declines until the

2000s, then is noisy without clear trend. The trawl index has no clear trend from 2003 to
about 2015, then declines in the last ten years to a very low level in 2021-2022. The refer-
ence fleet CPUE decreases from 2007-2013 and increases 2013-2022, with high uncer-
tainty.

2.3.7.3  Additional indices: shallow net survey

IMR established a shallow net survey using small, passive meshed gear in 2013 in the hope that
it would provide information on fish abundance in nearshore habitat not sampled by the main
coastal survey, especially for young cod ages 1-3 (Eidset 2019; WD 13 in ICES, 2023). Here we
update indices-at-ages 0-5 and an aggregate (ages 2-5) biomass index from the shallow net sur-
vey data.

The shallow net survey aggregate biomass index has declined from 2013 to 2022 (Figure 2.3.15),
with CV between 0.2 and 0.3 (Figure 2.3.16). The survey is conducted in north (62-65°N) and
south (65-68°N) subareas in alternate years and a spatio-temporal model is used to interpolate
non-sampled area-year combinations and construct indices. Since the density of coastal cod is
higher in the north, the index CVs are lower in years where the northern subarea is sampled
(2013, 2016, 2018, 2020, 2022; Figures 2.3.16 and 2.3.18). The shallow net survey appears to pro-
vide precise enough estimates of abundance-at-ages 1-3 to generate useful indices, with CVs
between 0.15-0.20 (Figure 2.3.18). CVs for ages 0 and 4 were about 0.30, and the CV for age 5 was
0.40. The survey can reasonably track cohorts—the correlations from one age/year to the next
were about 0.45-0.60 for ages 0-5, except for age-2 to age-3, which was about 0.15.

2.3.7.4  Comparison of all available indices

The CPUE index has high uncertainty, with 95% Cls extending to 0 in all years (Figures 2.3.7 and
2.3.8) and CV between 0.7-0.85 (Figure 2.3.16). The trawl and shallow net index CVs are 0.2-0.4
and the CV for SPRis 0.1 (Figure 2.3.16). The correlations of the CPUE index with all other indices
are small or negative, whereas the trawl index, shallow net index, and SPR are positively corre-
lated (0.55 and 0.42; Figure 2.3.17). In contrast to the age-aggregated trawl index, the trawl index-
at-age probably is too uncertain to be useful (CVs > 0.3-0.4 for most ages and years; Figure 2.3.18).

The coastal trawl and shallow net survey indices have both declined for all ages 0-5 over the
period 2013-2022, with the coastal survey estimating steeper declines for all ages (Figure 2.3.19).
The coastal trawl survey indices-at-age were stable or increasing for all ages in the decade before
the shallow water survey was initiated, 2003-2012 (Figure 2.3.19).

Further exploration of how to produce or combine indices from the available survey data is war-
ranted, as well as which indices are most likely to reflect changes in coastal cod abundance. The
coastal survey index CVs reported here may not be reliable as they do not take into account
variable spatial coverage by year. Still, the consistency between the trawl index, shallow net in-
dex, and SPR, and the lower CV of the survey indices, indicates that they may be more appro-
priate than the reference fleet CPUE for assessing southern coastal cod.
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2.3.8 Comments to the assessment

The assessment remains rather uncertain. The reasons for this include highly uncertain data for
the recreational catch and uncertainty in the catch split between Northeast Arctic cod and coastal
cod, although the CPUE series is calculated for the second half of the year to minimize the mixing
of the two stocks in the dataseries. The assessment also depends on the representativeness of the
coastal reference fleet gillnet CPUE index. Gillnets are responsible for most of the catches, and
the 9-15 m vessels in the reference fleet represent the gear and vessel size category responsible
for about 60% of the total annual cod commercial catches in the area, and 88% of the effort (fish-
ing trips) and 86% of cod catches in the second half of the year. Still, the reference fleet CPUE
increasing trend in recent years is not consistent with decreases in the SPR, coastal survey trawl
index, and shallow net survey index.

ICES catch advice is based on the “rfb” rule for Category 3 stocks, which relies primarily on the
reference fleet CPUE. While the reference fleet CPUE has increased since 2013, the SPR, coastal
survey swept-area index, and shallow water survey index have decreased and are presented as
additional information.

Priorities for more accurate future assessments are 1) better estimation of recreational catches,
and 2) re-evaluation of available survey data that could be used as indices. Possible model im-
provements include 1) accounting for index uncertainty in the ‘rfb’ rule, and 2) combining index
and length data in one model.

2.3.9 Reference points

No biological reference points are established except the SPR and F/M reference levels often re-
ferred to in literature. See section 2.3.6.1 above.

2.3.10 Catch scenarios for 2023 and 2024

The ICES Guidance for completing single-stock advice for category 3 stocks was applied (ICES,
2020c, 2022c). Catch advice under the “rfb” rule is given every other year, so the catch advice
given in 2022 for 2023 also applies for 2024 and has not been updated. The catch advice for 2023
and 2024 is estimated to 9136 tonnes (Table 2.3.7). Assuming recreational catches at 4420 tonnes,
this implies a commercial catch of no more than 4716 tonnes.

2.3.11 Management considerations

Applying the official ICES Guidance for catch advice resulted in an increase of 20% for 2023 and
2024 relative to 2022. Several caveats should be considered:

o Uncertainty of the CPUE index used in the ‘rfb” rule is high, with 95% confidence inter-
vals extending to 0 in all years (Figure 2.3.8). This is not taken into account when calcu-
lating the advice.

o The CPUE index increase is driven by area 6. The index is lower and has decreased in
area 7 (Figure 2.3.7).

o The LBSPR results indicate fairly poor status: SPR = 0.25 (95% CI: 0.19-0.29) and F/M =
2.14 (95% CI: 1.73-2.60; Figures 2.3.11 and 2.3.12).

o Length-based indicators in the reference fleet data have declined over the past decade

(Figure 2.3.13). Mean length decreased from ca. 70 to 60 cm from 2010 to 2020 but has
increased back to 70 cm in 2022. Lmaxs% (mean length of the largest 5% of individuals) has
slightly declined.
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o The minimum legal size (44 cm) is well below the length at 50% maturity (55.8 cm using
all data, 57.6 cm using only coastal survey data). Although most of the catch is taken by
gillnet and is above the length at 50% maturity, there is opportunity to reduce catch of
immature coastal cod by Danish seine and longline gear (Figures 2.1.1 and 2.1.2).

o Commercial catches have decreased over the last 15 years while effort has probably re-
mained stable or increased since 2013 (Figures 2.3.1, 2.3.9, and 2.3.10).
o SPR and abundance indices from the coastal trawl survey and shallow net survey have

all decreased from 2013-2022, in contrast to the CPUE index (Figure 2.3.15).

ICES finds it difficult to give precise catch advice when the recreational catches, likely contrib-
uting more than 50% of total catches, are poorly estimated. A prerequisite for more accurate
future assessments is a better estimation of the recreational catches. In addition to total recrea-
tional catch, ICES needs estimates of recreational catch numbers- and weight- at age (i.e. at least
representative length distributions, and ideally, proportions-at-age) to develop an age-based as-
sessment. Otoliths and/or genetic samples are needed to separate NCC from NEAC catches.

2.3.12 Management plan

Following the splitting of NCC into two stocks at 67°N (ICES, 2021a), a new management plan
for northern NCC (cod.27.1-2coastN) was recently evaluated as precautionary by ICES and
adopted for management (ICES, 2022). However, there is still no management plan for southern
NCC. Since NCC cannot be visually distinguished from NEAC, a direct TAC cannot be estab-
lished and both coastal cod stocks are managed by technical regulatory measures, i.e. restrictions
on gear, area, season, and minimum size. These actions have not led to significantly reduced
fishing mortality.

For southern NCC, stock status remains unknown, although SPR is estimated below common
targets (Figure 2.3.11). Efforts to improve data collection (especially of the recreational fishery),
reassess how to model existing survey and reference fleet data, and develop an age-based or
production stock assessment model are needed to determine reference points and stock status.
In the meantime, managers should continue to develop measures to reduce fishing pressure on
coastal cod. Given the difficulties of estimating catch and controlling fishing pressure with a
TAC, two measures are particularly worth considering: (1) protecting known spawning grounds,
(2) increasing the minimum size limit above the size of maturity. In addition, there is a complex
structure of substocks within this stock unit (ICES, 2022a) and management measures are needed
to avoid local depletion and maintain diversity, e.g. of potential local substocks in inner fjord
areas.

2.3.13 Recent ICES advice

For the years 2004-2011, the advice was; No catch should be taken from this stock and a recovery
plan should be developed and implemented. For 2012-2021 the advice was to follow the rebuild-
ing plan.

The catch advice for 2022 was 7613 tonnes (ICES, 2021a).
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2.3.14

Table 2.3.2. Cod (Gadus morhua) in Subarea 2 between 62°N and 67°N, Southern Norwegian coastal cod. Estimated com-

Figures and tables

mercial landings in numbers ("000) at-age, and total tonnes by year.

Age Tonnes
2 3 4 5 6 7 8 9 10+ Landed
1994 1 7 111 288 361 279 158 71 112 6381
1995 3 32 210 399 491 467 267 114 96 8936
1996 2 64 242 384 304 253 130 36 44 6207
1997 2 117 171 212 189 185 131 44 33 4746
1998 20 177 446 496 332 109 82 22 23 6200
1999 3 116 313 308 255 123 53 66 26 5522
2000 2 242 697 411 159 57 51 17 37 5838
2001 2 94 423 457 304 149 52 17 86 5250
2002 9 88 360 409 441 138 52 12 16 6937
2003 23 204 237 571 398 380 112 22 53 8905
2004 5 112 334 260 400 232 139 35 26 6866
2005 2 65 381 522 445 262 122 37 19 8005
2006 10 48 308 617 565 179 99 54 50 8612
2007 11 154 364 497 379 113 51 23 29 7695
2008 31 103 893 665 195 265 69 38 47 9889
2009 1 224 663 259 311 107 74 42 20 7145
2010 5 115 400 434 245 260 50 36 45 7634
2011 3 59 310 484 267 194 65 36 35 7128
2012 28 113 268 501 317 279 73 36 36 8187
2013 5 54 239 214 248 169 80 27 16 5131
2014 1 56 166 390 265 226 79 43 38 6244
2015 21 149 257 229 263 120 69 37 41 5004
2016 1 83 248 313 206 200 121 66 83 5962
2017 13 73 275 279 157 97 70 24 34 4159
2018 9 57 131 298 255 141 90 36 32 4436
2019 4 34 85 101 128 121 77 21 24 2965

97



98 |

ICES SCIENTIFIC REPORTS 5:63

Age Tonnes

2 3 4 5 6 7 8 9 10+ Landed
2020 1 46 164 140 144 79 84 37 16 3481
2021 34 173 198 228 114 78 50 27 33 3696
2022 0 92 234 179 137 52 23 18 9 2827

Table 2.3.3. Cod (Gadus morhua) in Subarea 2 between 62°N and 67°N, Southern Norwegian coastal cod. Total estimated

catch number ('000) at age, including recreational and tourist catches.

Age Tonnes Hereof
2 3 4 5 6 7 8 9 10+ landed rec. (t)
1994 2 14 207 538 676 523 296 132 210 11937 5556
1995 4 51 341 647 797 757 433 184 155 14492 5556
1996 3 120 455 723 572 476 245 68 82 11687 5480
1997 5 253 369 456 407 399 283 95 72 10226 5480
1998 38 334 842 937 628 207 155 42 43 11718 5518
1999 5 226 610 600 497 240 103 128 51 10776 5254
2000 3 456 1311 773 299 107 96 32 69 10979 5140
2001 3 184 832 897 598 293 101 34 169 10315 5065
2002 15 153 627 711 768 240 91 22 28 12077 5140
2003 36 325 377 907 633 605 178 35 85 14159 5254
2004 9 194 581 451 695 403 242 60 45 11931 5065
2005 3 105 619 848 722 426 197 61 31 12994 4989
2006 16 76 484 968 888 282 156 84 79 13525 4913
2007 18 252 597 814 620 185 83 38 47 12609 4913
2008 46 153 1330 990 290 395 103 56 71 14727 4838
2009 1 375 1109 433 519 178 124 70 34 11945 4800
2010 7 187 651 706 398 423 81 58 74 12434 4800
2011 5 98 518 811 447 325 109 59 58 11928 4800
2012 45 179 425 795 502 442 115 57 58 12987 4800
2013 9 105 463 414 480 327 154 52 31 9931 4800
2014 1 100 293 690 469 400 140 76 68 11044 4800
2015 41 293 503 449 515 234 135 72 80 9804 4800
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Age Tonnes Hereof

2 3 4 5 6 7 8 9 10+ landed rec. (t)
2016 2 151 448 566 371 360 218 120 150 10762 4800
2017 28 158 592 600 337 208 152 51 73 8959 4800
2018 19 118 272 620 532 293 187 75 66 9236 4800
2019 12 88 223 265 336 316 201 54 63 7765 4800
2020 1 97 342 293 301 166 177 78 34 7287 3806
2021 72 361 414 477 239 163 104 56 70 7735 4039
2022 9 272 565 447 376 140 67 45 29 7075 4248

Table 2.3.4. Cod (Gadus morhua) in Subarea 2 between 62°N and 67°N, Southern Norwegian coastal cod. Commercial
catch in 2022 by gear and Norwegian statistical fishing area. Both fishing areas lie within ICES Division 2.a.

Gear Area 06 Area 07 Total 62-67°N % by gear
Gillnet 752 757 1509 53.4
Longline/Handline 243 229 472 16.7
Danish seine 0 698 698 24.7
Trawl 12 37 49 1.7
Others 0 99 99 35

Total 1007 1820 2827

Table 2.3.5. Cod (Gadus morhua) in Subarea 2 between 62°N and 67°N, Southern Norwegian coastal cod. Mean weight
at age in the commercial catch.

CWT 2 3 4 5 6 7 8 9 10+
1994 1.028 1.537 2.206 2.985 3.822 4.908 5.954 7.468 9.571
1995 0.845 1.392 1.950 2.603 3.649 4.811 6.076 7.404 10.566
1996 1.177 1.975 2.554 3.392 4.186 5.242 6.429 7.283 11.591
1997 1.348 2.004 2.611 3.439 4.282 5.387 6.563 7.467 10.828
1998 1.007 1.737 2.454 3.373 4.483 5.484 6.914 7.825 14.092
1999 1.459 2.231 2.927 3.800 4.854 6.032 7.009 8.257 12.088
2000 1.344 1.971 2.811 3.568 4.610 5.588 6.860 7.815 11.806
2001 0.565 0.981 1.533 2.250 3.129 4.160 5.375 6.722 16.118
2002 1.372 2.330 3.302 4.199 5.225 6.290 7.226 9.768 13.031

2003 1.312 2.143 2.962 3.899 4.702 5.648 6.616 7.425 11.376
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CWT 2 3 4 5 6 7 8 9 10+
2004 1.368 2.124 2.758 3.684 4.705 5.858 6.874 7.901 11.117
2005 1.488 2.332 2.990 3.701 4.562 5.637 6.699 7.703 10.364
2006 1.526 2.158 2.866 3.790 4.703 5.769 6.725 7.876 10.103
2007 1.613 2.295 3.285 4.337 5.744 7.105 8.397 9.991 12.359
2008 1.455 2.221 3.179 3.932 5.443 6.533 7.990 8.341 11.107
2009 1.667 2.135 3.234 4.207 5.279 6.527 7.568 7.606 11.305
2010 1.480 2.262 3.325 4.431 5.534 6.335 7.598 9.048 9.543
2011 1.381 2.127 3.172 4.263 5.511 6.510 8.012 9.032 11.065
2012 1.214 2.012 3.011 4.302 5.520 6.686 8.188 9.569 11.635
2013 1.269 2.027 3.092 4.024 5.268 6.370 7.524 8.918 12.241
2014 1.304 2.194 3.047 3.998 4.959 6.115 7.181 8.234 11.537
2015 1.219 1.832 2.726 3.797 4.627 5.845 7.009 8.195 10.981
2016 1.339 1.930 2.617 3.578 4.471 5.421 6.429 7.445 9.132
2017 1.529 2.022 2.750 3.663 4.543 5.612 6.542 7.489 9.678
2018 1.190 1.848 2.547 3.434 4.265 5.301 6.375 7.333 9.393
2019 1.662 2.283 3.120 3.895 4.840 5.796 6.743 7.737 9.548
2020 1.660 2.395 3.150 3.922 4.707 5.505 6.313 7.130 8.993
2021 1.325 2.049 2.827 3.696 4.692 5.835 6.755 7.672 11.064
2022 1.086 1.94 2.811 3.717 4.677 5.723 6.962 7.945 9.237

Table 2.3.6. Cod (Gadus morhua) in Subarea 2 between 62°N and 67°N, Southern Norwegian coastal cod. Composite
standardized CPUE index from the coastal reference fleet (quarters 3—4, gillnet only). SE = standard error. 95% confidence

intervals (Cl) calculated using the approximation CPUE +/- 1.96 SE.

Year CPUE index SE Cl low (2.5%) Cl high (97.5%)
2007 0.39 0.38 0 1.13
2008 0.40 0.29 0 0.96
2009 0.28 0.19 0 0.65
2010 0.18 0.12 0 0.42
2011 0.28 0.21 0 0.69
2012 0.34 0.34 0 1.02
2013 0.07 0.05 0 0.16

ICES



ICES

AFWG 2023
Year CPUE index SE Cl low (2.5%) Cl high (97.5%)
2014 0.15 0.10 0 0.35
2015 0.34 0.25 0 0.83
2016 0.40 0.29 0 0.96
2017 0.52 0.50 0 1.49
2018 0.21 0.17 0 0.55
2019 0.24 0.20 0 0.63
2020 0.41 0.33 0 1.06
2021 0.32 0.27 0 0.84
2022 0.47 0.40 0 1.26

Table 2.3.7. Cod (Gadus morhua) in Subarea 2 between 62°N and 67°N, Southern Norwegian coastal cod. Values used for
calculating catch advice under the ICES “rfb” rule (ICES, 2022a).*

Quantity Value
A,: Previous year catch advice 7613t
Stock biomass trend

Index A (average CPUE 2020-2021) 0.342
Index B (average CPUE 2017-2019) 0.225

r: Stock biomass trend (ratio A/B) 1.52
Fishing pressure proxy

Mean catch length (Lmean= L2021)** 67.7 cm
MSY proxy length (Lr=m)*** 66.2 cm
f: Fishing pressure proxy relative to MSY proxy (Lzo21/Lr=m) 1.02
Biomass safeguard

Last index value (l2021) 0.297
Index trigger value (lirigger=liossx1.4) 0.058
b: index relative to trigger value, min{l021/lirigger, 1} 1
Precautionary multiplier to maintain biomass above By;,, with 95% probability

m: multiplier (generic multiplier based on life history) 0.9

rfb rule catch advice**** 10643t
Stability cap (+20%/-30% compared to A,, only applied if b>1) Applied

Discard rate

Not quantified
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Quantity Value
Catch advice for 2023 and 2024 9136 t
+20%

% advice change”®

* The figures in the table are rounded. Calculations were done with unrounded inputs, and computed values may

not match exactly when calculated using the rounded figures in the table.
** Calculated as per ICES (2022a), only using lengths greater than L..

*** Equation A.3 in Jardim et al. (2015).

% [Ay xrx f x b x m]

A Advice value for 2023 and 2024 relative to the advice value for 2022.
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Figure 2.3.1. Cod (Gadus morhua) in Subarea 2 between 62°N and 67°N, Southern Norwegian coastal cod. Commercial
landings and recreational catches. Recreational catches are fixed from 2009-2019 at 4800 tonnes and then reduced from

2020-2021 due to COVID-19 impacts on tourist fishing.
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Figure 2.3.2. Cod (Gadus morhua) in Subarea 2 between 62°N and 67°N, Southern Norwegian coastal cod. Commercial

landings in numbers-at-age.
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Figure 2.3.3. Estimated commercial landings of Northeast Arctic cod (NEAC, Gadus morhua) in Subarea 2 between 62°N
and 67°N. NEAC catch in 2022 was the lowest observed, 188 t.
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Figure 2.3.4. Residual diagnostic plots for the final binomial model to differentiate coastal cod vs. NEAC. The panel on
the left is a standard output from the residual diagnostics using the R package DHARMa. The panel on the right plots the
model standardized residuals against available covariates. Both panels indicate no significant issues with the final model.
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Figure 2.3.7. Standardized reference fleet CPUE (kg per gillnet per day) index for coastal cod in areas 6 and 7 during
quarters 3 and 4. The grey shaded polygon represents the 95% confidence interval (calculated using the approximation:
mean +/- 1.96 SE).
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Figure 2.3.8. Composite reference fleet CPUE (kg cod per gillnet per day) index for southern Norwegian coastal cod, areas
6 and 7 combined. 95% confidence intervals are calculated using the approximation: mean +/- 1.96 SE.
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m and LG3 = 11-14.99 m, for areas 62—-67°°N in the second half of the year. Left panel: all gears; right panel: gillnet only.
Note different y-axes.
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Figure 2.3.10. Full commercial fleet CPUE (kg cod per sales note trip) per boat size (LG1-LG6) for area 62—67°N in the
second half of the year. Left panel: all gears; right panel: gilinet only.
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Figure 2.3.11. Spawning potential ratio (SPR) per year estimated by the length based spawning potential ratio (LBSPR)
model. Mean (black line) and confidence intervals (dark shaded area, 95% interquartile range [IQR]), based on the sto-
chastic LBSPR. The light shaded area delimits the SPR3¢.40% ZOne (common targets) and the red dashed horizontal line
the SPRygy limit reference point.
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Figure 2.3.12. Estimated fishing mortality relative to natural mortality (F/M) per year estimated by the length based
spawning potential ratio (LBSPR) model. Mean (black line) and confidence intervals (dark shaded area, 95% IQR), based
on the stochastic LBSPR. Red dashed line indicates F/M = 1, and grey dashed line indicates Fsoyspr/M (with 95% IQR, light
shaded area), common target reference points.
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Figure 2.3.13. Length-based indicators Lmaxsx and mean catch length (L) in relation to their reference points (mean and
95%Cl). The reference points were estimated using the LBSPR simulation model together with the stochastic parameters
detailed in Table 2.3.1 (mortality scenario following Lorenzen, 1996) and SPRs of 40% and 100% (unfished).
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Figure 2.3.14. Total mortality (Z) estimated from catch curves (average over ages 5-14 in commercial and recreational
catches) 1994-2020.
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Figure 2.3.15. Reference fleet CPUE index (panel 3, green) in relation to other available indices: coastal survey acoustic
biomass (panel 1, red), coastal survey trawl swept-area (panel 2, olive), shallow net survey biomass (panel 4, blue) and
spawning potential ratio (SPR, panel 5, pink). All indices are mean-standardized. Shading depicts 95% confidence inter-

vals.

Index (standardized to mean)

(onsnooe) AsAINs |B}sE0)

(Imeny) AaAins |ejseo)

3ANdO 198l Joy

AaAINs 19U Moj|BYS

dds

1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021
Year

ICES



ICES |

AFWG 2023

0.75+

> J
5 0.50

0.25+

= Coastal survey (acoustic)

= Coastal survey (trawl)

= Ref fleet CPUE

=== Shallow net survey

SPR

0.00 L+
1995

1997 1999 2001

2003 2005 2007 2009

Year

2011 2013 2015

2017 2019

2021

Figure 2.3.16. Coefficient of variation (CV) of the reference fleet CPUE index compared to other available indices.
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Figure 2.3.17. Correlation between the reference fleet CPUE and other available indices. SPR = spawning potential ratio,
Acoustic = coastal survey acoustic biomass age 2+, Trawl = coastal survey trawl swept-area biomass age 2+, Shallow net

= shallow net survey biomass ages 2-5.
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Figure 2.3.18. Coefficient of variation (CV) for additional survey indices-at-age, by year. Green: coastal survey swept-area
(trawl). Orange: shallow net (garn ruse) survey, split into north (dotted lines) and south (dashed lines) subareas. Black

dashed horizontal line indicates CV = 0.3, a commonly used upper threshold for considering indices to be informative on
stock trends.
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Figure 2.3.19. Southern Norwegian coastal cod indices-at-age from two available surveys, standardized to their means.
Green: coastal survey swept-area (trawl). Orange: shallow net (garn ruse) survey. Lines are linear model fits from 2013-
2022.
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