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i Executive summary 

The objective of this benchmark process was to propose and evaluate assessment methods and 
the data upon which they depend for the four stocks: 1) Greenland halibut in subareas 1 and 2; 
2) Greenland halibut in subareas 5, 6, 12, and 14; 3) golden redfish in subareas 5, 6, 12, and 14; 
and 4) beaked redfish in Subarea 14 and Division 5.a. Greenland halibut in subareas 1 and 2 was 
previously assessed by the AFWG-Arctic Fisheries Working Group (Greenland halibut in subar-
eas 1 and 2) using a Gadget model, while the others were assessed by the NWWG-Northwest 
Working Group using either a surplus production model (Greenland halibut in subareas 5, 6, 12, 
and 14), a Gadget model (golden redfish), or an ICES category 3 assessment method (beaked 
redfish).  

For both Greenland halibut stocks, age data were sparse and diverse data sources were compiled 
to fit Gadget length- and age-based models, which was also sex dependent for Greenland halibut 
in subareas 1 and 2 due to sex-dependent life history variation. Both Gadget models were im-
provements from previous assessment methods, although the lack of age data creates high un-
certainty. A SAM model was proposed for golden redfish, which was tuned using survey data 
from Iceland, Greenland, and the Faroe Islands. The SAM model showed better diagnostic re-
sults and resulted in higher current biomass levels than the previous model, but also confirms 
the previous view that recruitment has been consistently poor in recent years. Beaked redfish 
has sparse age data and was also assessed using the Gadget framework, tuned to surveys in 
Icelandic Waters, and indicates that the stock is below Blim and shows consistently low recruit-
ment in recent years. It is recommended that migration and stock mixing be evaluated in future 
and that efforts be made to increase age data availability. 

Reference points were calculated according to the ICES category 1 methods. Harvest control 
rules proposed and evaluated were based on the ICES MSY advice rule. The current harvest 
control rule used for golden redfish was considered precautionary. 
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1 Description of the benchmark process 

This benchmark process covers four stocks that are assessed during regular cycles of the North-
west Working Group (NWWG, three stocks) and Arctic Fisheries Working Group (AFWG, one 
stock) and have relatively wide distributions for demersal species, due to high mobility and dis-
tant migrations. These stocks include Greenland halibut (Reinhardtius hippoglossoides) in subareas 
1 and 2 (Northeast Arctic, ghl.27.1-2), Greenland halibut (Reinhardtius hippoglossoides) in subareas 
5, 6, 12, and 14 (Iceland and Faroes grounds, West of Scotland, North of Azores, East of Green-
land, ghl.27.561214), Golden redfish (Sebastes norvegicus) in subareas 5, 6, 12, and 14 (Iceland and 
Faroes grounds, West of Scotland, North of Azores, East of Greenland, reg.27.561214), and 
Beaked redfish (Sebastes mentella) in Subarea 14 and Division 5.a, Icelandic slope stock (Iceland 
grounds, reb.27.5a14). At a previous NWWG meeting (ICES, 2021c), exploratory assessments for 
beaked redfish were presented to begin the process of benchmark planning. A data evaluation 
workshop was held in Hafnarfjörður, Iceland, with a hybrid online format on 28 November–2. 
December 2022 to analyse data availability and quality, consider methods for treating limited 
age data, and consider possible assessment methods. At least one stock coordinator for each 
stock attended in person, as well as others working on the stock or contributing data or methods 
(7 participants present, 14 contributing remotely). Because these stocks are relatively wide-rang-
ing (except beaked redfish), the data evaluation was used to compile and discuss the treatment 
of several survey indices. The key issues raised at the data evaluation workshop included avail-
ability and quality of age readings in Greenland halibut stocks, the relatively short time-series of 
data considering the long lifespan of redfish stocks, and the tendency for dense hauls to overly 
influence the survey indices in all stocks. The main stock assessment frameworks being consid-
ered were the length- and age-based modelling framework Gadget (Begley and Howell, 2004; 
Begley 2005; Elvarsson, et al., 2018) and state-space age-based models using SAM (Nielsen and 
Berg, 2014; Berg and Nielsen, 2016; Nielsen et al., 2020). Before the benchmark, all stocks except 
beaked redfish were assessed using category 1 framework using either a surplus production 
model (Greenland halibut subareas 5, 6, 12, and 14) or Gadget models (Greenland halibut in 
subareas 1 and 2 and golden redfish). Icelandic slope beaked redfish was assessed using a cate-
gory 3 framework. To evaluate whether category 1 assessment methods could be used, the 
benchmark meeting took place on 13–17 February 2023, in Hafnarfjörður Iceland, with a hybrid-
online format, along with a preparatory online meeting on 18 January 2023. The benchmark 
meeting with 25 participants, including 2 external reviewers, an ICES facilitator, 8 participants 
in person, and 14 people that attended remotely for various portions of the benchmark. The main 
outcomes of the benchmark meeting included a reconfiguration of data sources and improve-
ments to the model structure used for Greenland halibut in subareas 1 and 2; evaluation of avail-
able data and a change in modelling framework for Greenland halibut in subareas 5, 6, 12, and 
14; the calculation and usage of several survey indices combined so assess golden redfish in sub-
areas 5, 6, 12, and 14 in a new modelling framework; and an update from a category 3 assessment 
framework to a category 1 assessment framework for beaked redfish. In all cases, ICES category 1 
frameworks were proposed, and reference points were calculated based on corresponding ICES 
guidelines (ICES, 2021b). 

 

https://sid.ices.dk/ViewStock.aspx?key=3122
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2 Northeast Arctic Greenland halibut 

ghl.27.1-2 – Reinhardtius hippoglossoides in subareas 1 and 2 

2.1 Stock description and issues 

The Northeast Arctic Greenland halibut stock (NEA G. halibut) is defined within ICES areas 1 
and 2, with the continental slope between the Barents Sea and the Norwegian Sea as its most 
important area (Figure 2.1). It is also found in wider range of the northern Kara Sea, Barents Sea 
and Norwegian Sea at different life stages (Benzik et al., 2022). Spawning area is at the slope 
between Norway and Svalbard. Egg and larvae drift northwards and the main nursery area is 
north and east of Svalbard towards Franz Josef Land. There are growing evidence that the stock 
might extend further south and west (Albert and Vollen, 2015; Westgaard et al., 2016), but ongo-
ing work on stock structure is not at the stage to be issue for the current benchmark.  

 

Figure 2.1. Distribution of G. halibut in ICES areas 1 and 2, also showing the spawning area1. 

NEA G. halibut supports fisheries of substantial commercial value. The stock is harvested mainly 
by Norway and Russia in trawl, gillnets and longline fisheries, with in comparison minor catches 
in other gears and/or by other countries (Figure 2.2).  

 
1 https://www.hi.no/hi/temasider/arter/nordostarktisk-blakveite/ 
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Figure 2.2. NEA Greenland historical halibut landings (Nedreaas and Smirnov, 2004; ICES, 2022). 

Bulk of the aimed catches are taken at the slope (Figure 2.3) overlapping with the spawning 
grounds where males dominate in numbers in the size range up to around 55 cm, before they 
start to die out. Then gradually females become mature (L50 ≈ 61 cm) and dominate in numbers 
in the larger sizes at the spawning grounds, and consequently also in the catches. 

Figure 2.3. Spatial distribution of Norwegian catches where Greenland halibut was the dominant part of the total catch, 
according to logbooks from 2021. Bubble area is proportional to the size of single catches expressed in metric tonnes. 
The panels show longline (A), gillnet (B) and trawl (C) catches (ICES, 2022).  

Table 2.1 shows advice, TAC and catches of NEA G. halibut. For the years 2010 to 2021, catches 
exceeded ICES advice in the range of 2229 to 9748 t (17–65%).  

Table 2.1. NEA G. halibut in subareas 1 and 2. ICES advice and official catches 2010 and onwards. All weights are in tonnes 
(table from ICES advice sheet 2021, modified and updated). 

Year ICES advice Catch corre-
sponding to ad-
vice 

Agreed TAC – 
Norway/JNRFC 

TAC to Norway –
EU zone in ICES 
subareas 2 and 6 
^ 

Official catches 

2010 Same advice as previous year < 13000 15000* 350 15229 

2011 Same advice as previous year < 13000 15000* 350 16606 

2012 No increase in catches < 15000 18000* 350 20288 
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Year ICES advice Catch corre-
sponding to ad-
vice 

Agreed TAC – 
Norway/JNRFC 

TAC to Norway –
EU zone in ICES 
subareas 2 and 6 
^ 

Official catches 

2013 No increase in catches < 15000 19000* 824 22167 

2014 No new advice, same as for 
2013 

< 15000 19000* 1000 23025 

2015 Same as for 2014 < 15000 19000* 1000 24748 

2016 Precautionary approach < 19800 22000* 1100 24948 

2017 Same advice as previous year < 19800 24000* 1100 26380 

2018 Precautionary approach < 23000 27000* 1100 28438 

2019 Same advice as previous year < 23000 27000* 1250 28832 

2020 Precautionary considerations < 23000 27000* 1250 28713 

2021 Same advice as previous year < 23000 27000* 1800 28431 

2022 Precautionary approach ≤ 19094 25000*   

2023 Precautionary approach ≤ 18494 25000*   

* Set by the Joint Norwegian–Russian Fisheries Commission (JNRFC). 

^ UK after 2020 

The NEA G. halibut assessment covers the G. halibut stock in ICES areas 1 and 2. The NEA G. 
halibut stock in the majority of areas 1 and 2 is managed by the Joint Norwegian-Russian fisher-
ies commission that sets a TAC which then is divided 51% to Norway, 45% to Russia and 4% to 
other nations. In the south, ICES Area 2.a includes part of the UK EEZ and in 2022 a TAC of 
2751 t was set by UK/EU for ICES areas 6; UK and Union waters of 4; UK waters of 2.a; UK and 
international waters of 5.b2. Out of this TAC 600 t were allocated to Norway catching mainly in 
UK part of 2.a. 

Catches in the UK EEZ part of ICES 2.a are included in the stock assessment of NEA G. halibut 
and it is not possible to separate out these catches in the historical catch data. The total advised 
catches, therefore, include both those in the area managed by the JNRFC and those in UK waters 
in 2a. It is recommended that in the ICES advice sheets, managers are made aware that when 
setting TACs they need to consider that catches from this assessment occur in two different ju-
risdictions. 

Main aims for the benchmark are to upgrade the Gadget model used for assessment since the 
2015 ICES Inter Benchmark Process (IBHALI), which is age–length based but tuned only to 
length data. The revised model is extended further back in time, and available age readings are 
added, among other improvements. In addition to improved analysis of stock dynamics, the goal 
is to get better-defined reference points and to establish basis for a harvest control rules (HCL). 
The upgrade is a recoded model which is run in the renewed Gadget3 framework (Lentin et al., 
2022).  

 
2 https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32022R0515&qid=1650982320384&from=en,last 

accessed 27. March 2023. 
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2.2 Multispecies, mixed-fisheries issues, and ecosystem 
drivers 

NEA G. halibut is mostly fished in direct fisheries with minor bycatch of other species. It is to 
some extend taken as bycatch in other fisheries in the Barents Sea, and bycatch regulations are 
in place. It is a valuable species and discards are considered negligible.  

Greenland halibut is a large fish predator that occurs over a wide range of depths (from 20 to 
2200 m) and temperatures (from −1.5 to 10˚C; Vihtakari et al., 2021). Food composition of the 
Greenland halibut in the Barents Sea includes more than 40 prey species (Haug and Gulliksen, 
1982; Michalsen et al., 1998; Dolgov and Smirnov, 2001; Hovde et al., 2002; Vollen et al., 2004). 
Investigations over a wide area of the continental slope up to Novaya Zemlya show that the main 
food source of Greenland halibut consists of fish, mostly capelin (Mallotus villosus villosus), polar 
cod (Boreogadus saida) and herring (Clupea harengus), and cephalopods and shrimp (Pandalus bo-
realis). During the 1990s an important component of the diet was waste products from fisheries 
for other species (heads, guts, etc.). Ontogenetic shift in prey preference was clear with decreas-
ing proportion of small prey (shrimps and small capelin) and increasing proportion of larger fish 
with increasing predator length. The largest Greenland halibut (length more than 65–70 cm) had 
a rather big portion of cod and haddock in the diet.  

Given a Greenland halibut stock of nearly 100 000 tonnes, the total food consumption of the NEA 
stock was estimated to be about 280 000 tonnes (Dolgov and Smirnov, 2001). The biomass of 
commercial species consumed (shrimp, capelin, herring, polar cod, cod, haddock, redfish (Sebas-
tes sp.), long rough dab (Hippoglossoides platessoides) did not exceed 5000–10 000 tonnes per spe-
cies. The effect of Greenland halibut as predator on other commercial species in the Barents Sea 
may thus be minor. 

According to Russian data (Dolgov and Smirnov, 2001), among the variety of fish, seabirds and 
marine mammals investigated, Greenland halibut were found in the diet of three species; Green-
land shark (Somniosus microcephalus), cod (Gadus morhua morhua) and Greenland halibut itself. 
Additionally, killer whale (Orcinus orca), grey seal (Halichoerus grypus) and narwhal (Monodon 
monoceros) are potential predators. However, the presence of Greenland halibut in the diet of the 
above species was minor. Predators fed mainly on juvenile Greenland halibut up to 30–40 cm 
long. 

The mean annual percentage of Greenland halibut in cod diet in 1984–1999 constituted 0.01–
0.35% by weight (0.05% on average; Dolgov and Smirnov, 2001). Cannibalism was highest in 
1960s (up to 1.2% in frequency of occurrence) according to Russian stomach content data. During 
the 1980s frequency of occurrence of juveniles in the stomachs did not exceed 0.1%. During the 
1990s, the portion of juveniles (by weight) was at the level of 0.6–1.3%. Low levels of consump-
tion of juveniles are related to the distribution pattern of juvenile Greenland halibut. Young 
Greenland halibut occur mostly in the northeastern Barents Sea (Spitsbergen archipelago and 
further east to Franz Josef Land and Northern Kara Sea; Albert et al., 2001; Ådlandsvik, 2004; 
Benzik et al., 2022) where the presence of adult Greenland halibut and other main predators ap-
pear minimal in most years. Therefore, the observed variability of recruitment may be driven 
mainly by environmental factors. However, in some years predation might affect recruitment, 
and the resent northward extension in distribution of potential predators such as cod, and high 
abundance of cod, is a concern in that respect (Fossheim et al., 2015). Predation on eggs and larvae 
is unknown, and a future research topic. 
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2.3 Data 

All input data, both commercial and fisheries independent, have been scrutinised and indices 
are recalculated, as presented to the WKBNORTH data workshop. Detailed information on data, 
and data revision, can be found in WD2 and WD3. 

Due to sexual dimorphism the assessment model is constructed to account for differences for 
sexes, and data divided by sex when possible. 

2.4 Commercial data 

Available commercial data consist of catch data and different sampling strategies for biology and 
live history data.  

The catch data originate from national institutes but through the years they have been collected 
in different manner, either reported to ICES by countries’ official and preliminary ICES statis-
tics3, uploaded to ICES InterCatch database4 or reported to the AFWG by group members. In the 
new model approach Norwegian catches are obtained from the IMR databases through a fully 
transparent process for those working within the institute and show very minor discrepancy 
compared to the Norwegian catch data used in previous assessments (WD2).  

Five aggregated fleets are defined in the assessment (WD2).  

1. TrawlNor: Norwegian trawl catches (bottom trawls).  
2. TrawlRus: Russian Trawl (bottom trawls).  
3. OtherNor: Norwegian catches other than in bottom trawls (mainly gillnets and longlines, 

some purse-seine and Danish seine). 
4. OtherRus: Russian catches other than in trawl (gillnets and longlines).  
5. Internat: International, i.e. catches from other countries than Norway and Russia (bottom 

trawls).  

Russian and Norwegian CPUE series for NEA G. halibut were scrutinised at the last benchmark, 
and it was concluded that they were consistent for years until strong regulations were imple-
mented in 1992 (Nedreaas, 2013). A standardized version of the Russian trawl fleet CPUE was 
provided by Kovalev and Tretyakov (2015), and it shows clear similarity in trends to the inde-
pendently derived Norwegian trawl fleet CPUE series in years when they overlap (Figure 2.4). 
The Russian CPUE series in years 1980 (start of the model) to 1991 was included in trial runs in 
the revised assessment, but the conclusion was that it was not clear that it improved the model 
and due to time constraints at the benchmark it was therefore excluded from the final model. 
This series might come in use if the model were to be extended even further back in time. 

 
3 https://www.ices.dk/data/dataset-collections/Pages/Fish-catch-and-stock-assessment.aspx 

4 https://www.ices.dk/data/data-portals/Pages/InterCatch.aspx 
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Figure 2.4. Russian (GLM15) and Norwegian CPUE series for NEA G. halibut, from before the partial moratorium regula-
tion in 1992. 

2.4.1 Survey data 

No survey covers the whole stock distribution area. In the previous assessment data from three 
surveys were applied, and these are also used in the revived assessment model (also see WD2 
and WD3):  

• EggaN: Norwegian Sea continental slope survey in autumn (G1165). Yearly 1996–2009, 
biennially since then, along the continental slope approx. 68–80°N, depths 400–1500 m 
(but only 500–1000 m used in the index).  

• RussianS: Russian autumn bottom-trawl survey in the Barents Sea (G5348). 1984–2020, 
slope approx. 71–80°N and central Barents Sea, depths down to 900 m.  

• EcoS: Joint Russian-Norwegian ecosystem autumn survey in the Barents Sea and adja-
cent waters (A5216). 2003–present, Barents Sea, depths down to 500 m. As this survey 
covers the nursery area it is divided into two indices by length < 35 cm that is not split 
by sex (approximately represents juveniles) and > 35 cm split by sex. 

Additional two surveys were examined that are not used in the previous assessment: 

• WinterS: Joint Russian-Norwegian ecosystem spring survey in the Barents Sea (A6996). 
1986–present, ice-free Barents Sea (west of Svalbard included 2014 and since), mainly 
100–500 m. Split by sex. Due to varying coverage throughout the time-series consistent 
strata had limited overlap with G. halibut distribution and the biomass index from the 
survey was rejected. More advanced analyses, like VAST, might improve the index esti-
mations but due to time constraints at the benchmark this option was not examined fur-
ther. However, in the revised model length distributions from this survey are included. 

• EggaS: Norwegian Sea continental slope survey in spring (G5678). 2009, 2012 and bien-
nially since then, along the continental slope approx. 62–74°N, depths 400–1500 m (but 
only 500–1000 m used in the index). This survey was included in trial runs in the revised 
assessment, but it was not clear that it improved the model and due to time constraints 
at the benchmark the biomass index was therefore excluded from the final model. This 
is a short time-series, and it might come into use with added years in future. However, 
in the revised model length distributions from this survey are included. 
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More detailed information on Norwegian and the joint Norwegian-Russian surveys, and the re-
calculations of these, can be found in WD2, and in Russkikh et al. (ICES, 2021a; WD12) for the 
Russian slope survey. 

2.4.2 Age data 

Aging of Greenland halibut is not trivial and there will be some differences between age readers 
and a variation in the results (WD2). Two workshops on age reading of Greenland halibut have 
been held by ICES (ICES, 2011; ICES, 2017; WD3 of this document), with aim to develop and 
validate new age reading methods. The latter (WKARGH2) had in its recommendations that 
“While it is recognized that some ageing issues remain to be resolved, the WKARGH2 recom-
mends that either the frozen whole right otolith or thin-section method can be used to provide 
age estimates for stock assessments.”, and further “Recognizing some bias and low precision in 
methods, the WKARGH2 recommends that an ageing error matrix or growth curve with error 
be provided for use in future stock assessments.”.  

At IMR the “frozen whole right otolith method” was implemented in mid-2000s and a previously 
used method abandoned. Not all otoliths collected by new sampling protocol for the new aging 
method have been aged, and as the otoliths need to be kept frozen from when they are collected 
to age reading it is not possible to age old dry otoliths with this new method. Table 2.2 gives an 
overview of age readings that are currently available, but as numbers aged are most consistent 
for the EggaN survey only age from this survey was used in the assessment.  

Table 2.2. Number of aged otoliths available to the revived assessment, by year, survey, and from catch sampling (for 
survey names abbreviations see section 2.3.2). 

Year EggaN EggaS EcoS WinterS Other 
surv. 

Total surv. Catch SUM 

2001 200 

    

200 

 

200 

2006 

  

499 

  

499 

 

499 

2007 316 

    

316 

 

316 

2008 502 

 

393 

  

895 

 

895 

2009 

  

124 

  

124 

 

124 

2011 1159 

 

369 

  

1528 

 

1528 

2013 996 

 

70 

  

1066 

 

1066 

2014 

 

351 74 

  

425 

 

425 

2015 1906 

 

48 

 

13 1967 894 2861 

2016 

 

570 68 

 

86 724 1101 1825 

2017 770 

 

114 228 

 

1112 135 1247 

2018 

 

777 302 

  

1079 604 1683 

2019 2058 

 

58 185 

 

2301 712 3013 

SUM 7907 1698 2119 413 99 12236 3446 15682 
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Age estimation by modes in length distributions from the nursery area are possible for at least 
age groups one and two (Albert et al., 2009). It is therefore possible to distinguish these age 
groups in the nursery area in northern Barents Sea (Figure 2.5). Based on these length distribu-
tions length range for 1 and 2 years old in the data are approximated L1=0–17 and L2=18–27 to 
construct a juvenile biomass index (WD2). Specimens less than approximately 10 cm are few in 
the data due to gear selectivity, and they are insignificant in terms of biomass in the assessment. 

 

 

Figure 2.5. Length distribution (upper panel) from surveys 1996–2018 in the nursery area (defined as Barents Sea north 
of 76.5 °N), and average length (lover panel) for each mode in the distribution (Hallfredsson and Vollen, 2015, updated). 

2.5 Conclusions from data evaluation workshop 

Revised survey indices and catch data were presented to the data evaluation workshop (WD2). 
Several topics were discussed regarding survey index data including whether changes in depth 
and location restrictions in the definition of survey indices were appropriate, and what form of 
survey index calculations should be included given the current restrictions in data availability 
from Russian surveys. It was decided that 1 recruitment index and five adult indices were ap-
propriate to examine in the model. With regards to Russian data availability, the original indices 
available from the 1980s but calculated in 5 cm intervals would be better to use than a shorter 
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revised time-series (1992–2020) with a higher resolution of 1 cm intervals, as other surveys do 
not extend as far back in time.  

Age data were also discussed as being available only since early 2000s and for selected surveys 
and catches. However, the change in ageing methodology could affect the ability to detect 
changes in growth over time, as well as natural mortality estimates. Growth and longevity also 
differed greatly by sex. Estimations of natural mortality using data-limited methods were pre-
sented to the data evaluation workshop (WD1). It was decided that the proposed method for 
setting M, which relied more heavily on using growth life history information rather than lon-
gevity information, was sufficient when set by sex, but that it would be a good idea to explore 
its effect on the model through sensitivity analyses and to consider other longevity-based meth-
ods for estimating M, both of which were done before the final model configuration being cho-
sen. 

The possibility of extending age data back in time was also considered, either by calculating a 
conversion based on data read using each method by the same person or by comparing readings 
within a short window of time to avoid biases due to time-varying growth. However, this possi-
bility was abandoned after further exploration suggested relatively poor data quality available 
for this purpose.  

2.6 Proposed stock assessment 

In ICES NEA G. halibut used to be assessed by XSA but this age-based approach was abounded 
in 2000s due to concerns that the age readings were not correct, with the growth rate considerably 
overestimated (Albert et al., 2005). Intermediately the stock was assessed as ICES category 3 stock 
by trends in two surveys until a Gadget model, only tuned to length data, was accepted at the 
ICES IBPHALI benchmark in 2015 (ICES, 2015).  

Assessments of NEA G. halibut using production models have been presented to ICES on earlier 
occasions by Bakanev in 2013 (ICES WKBUT 2013, WD4), Mikhaylov in 2016 (ICES AFWG 2016, 
WD14) with update in 2019 (ICES AFWG 2019, WD21), and a SPiCT approach was presented to 
the AFWG 2018 meeting by Hallfredsson (ICES AFWG 2018 report). The AFWG has concluded 
that in principle, a production model could be used in conjunction with the Gadget assessment 
model to extend the simulations back in time and provide better estimates for Blim. However, 
the inability of production models to follow variable recruitment, and especially runs of above 
or below average recruitment, limits their ability to give advice for this stock (ICES AFWG 2019 
report). 

Advice for the stock is given biennially, where last advice applies for 2022 and 2023, and this 
practice is proposed to be continued.  

An updated Gadget (Begley and Howell, 2004; Begley, 2005) age- and length-based model in the 
new Gadget 3 framework (Lentin et al., 2022) was considered as most appropriate to the stock.  

Model structure: 

• Model used: Gadget 3. 
• Start year 1980. 
• One year time-step. 
• Single area model, with variable distributions handled through fleet selectivity (“fleets 

as areas” approach) 
• Two sexes, split into mature and immature stock components 
• Logistic maturity estimated for each sex 
• 1 cm length classes and 1-year age classes 
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o Lengths: females; immature 1–100 cm, mature 1–120 cm - males; immature 1–65 cm, 
mature 1–90 cm  

o Age: immature 1–25+, mature 3–25+ 
• Von Bertanlanffy growth estimated separately for males and females, with Linf for males 

fixed to 68 cm. Length-at-age one fixed. 
• Natural mortality set to 0.12 for females and 0.16 for males 
• Initial size of recruits fixed at 14 cm (model has proved unable to estimate this) 
• Recruitment modelled as annual numbers, no relationship with SSB (estimated directly), 

assumed equal recruitment of male and female 
• Initial population follows a simplifying assumption of constant recruitment, M and F, 

giving an exponential decay by age. A fixed maturity ogive is used to split immature and 
mature proportions. S.d. of lengths-at-age is externally fixed. 

• Fisheries and surveys are modelled with fixed catch in tonnes per fleet, and sex-specific 
selectivity estimated using length distribution data and sex-at-length data.  

• Five aggregated commercial fleets (as described above), each with sex-specific logistic 
selectivity  

• Five aggregated commercial fleets (as described above), each with sex-specific logistic 
selectivity  

• Three surveys used for indices (EcoS, EggaN and RussianS), with logistic selectivity (but 
with a min:max length range to avoid bias in indices on fish suspected to be poorly se-
lected) 

• Only length distributions used from Winter and EggaS surveys 

More detailed model description, as well as outputs and diagnostics are shown in WD17.  

2.7 Short-term forecast methods 

Five-year projections conducted using the Gadget 3 assessment model under the following as-
sumptions: 

• Split between fleets are assumed to remain unchanged from the average of the previous 
two years; 

• Fishing intensity in the current year assumed to be the average of the intensity in previ-
ous two years; 

• Two years of forecast will be used to give two years of catch advice using reference points 
below 

• Results are presented for 1 January the following year. 

These procedures are preliminary. As the harvest control rule has not been finalized, short-term 
projection methods will also be finalized later. 

2.8 Reference points 

Trends and biomass levels in stock dynamics are stable in the revised assessment. Therefore, the 
suggested reference points are for ICES category 1 stock (ICES, 2021b).  

2.8.1 Bpa/Blim 

The stock–recruitment relationship was considered to resemble an ICES Stock Type 5 pattern 
(ICES, 2021b), characterized as having no sign of recruitment failure but also no clear relationship 
between stock size and number of recruits. At the meeting it was agreed that the biomass to be 
used in this calculation is the mature female biomass, given that females mature later and live 
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longer than males. Blim was therefore considered to be the lowest observed female mature stock 
size (25 031 in 1992), and Bpa was calculated as Blim *1.4 , or 35 043 t.  

2.8.2 Fishing pressure 

A Management Strategy Evaluation (MSE) was conducted for Greenland halibut in subareas 1 
and 2 (WD17). The evaluation followed ICES procedures using the ICES advice rule (ICES, 
2021b). Simulations were based on fleet selectivities set to be the same as estimated by the model 
with catch proportions by fleet fixed to the average of last 4 years. Advice error in the simulations 
was implemented as autocorrelated lognormal variations in F, with a CV of 0.212 and 𝜌𝜌 of 0.423. 
From these simulations, reference points were calculated for the stock according to ICES cate-
gory  1 guidelines (ICES 2021). 

The fishing pressure reference points, defined in terms of harvest rate applied to an estimated 
reference biomass of all Greenland halibut greater than or equal to 45 cm length (B≥45) as proxy 
for fishable biomass, were estimated in accordance with the ICES guidelines. Recruitment was 
drawn from historical estimates between 1990 and 2017 using a 7-year block-bootstrap to account 
for autocorrelation. The recruitment had a breakpoint as a hockey-stick function set to B𝑙𝑙𝑙𝑙𝑙𝑙 from 
which it decreased linearly to zero. This resulted in an estimate of HR𝑙𝑙𝑙𝑙𝑙𝑙 of 0.190, HRPA of 0.162 
and HR𝑙𝑙𝑚𝑚𝑚𝑚 of 0.154. Using the ICES advice rule for Greenland halibut in subareas 1 and 2, based 
on a harvest rate HR𝑙𝑙𝑚𝑚𝑚𝑚 of 0.154 applied to B≥45, modified by the ratio SSB𝑚𝑚 /MGT B𝑚𝑚𝑡𝑡𝑙𝑙𝑚𝑚𝑚𝑚𝑡𝑡𝑡𝑡 when 
SSB𝑚𝑚 < MGT B𝑚𝑚𝑡𝑡𝑙𝑙𝑚𝑚𝑚𝑚𝑡𝑡𝑡𝑡, maintains a high yield while being precautionary as it results in lower than 
5% probability of SSB < B𝑙𝑙𝑙𝑙𝑙𝑙 in the medium and long term. 

In short, the HRtarget is set to HRmsy which equals 0.154. The fishable biomass is taken to be the 
> 45 cm biomass. The Btrygger in the ICES Advice Rule is set to be Bpa, which equals 34 043 t. Bmsy 
has not been calculated.  

2.9 Comments to the assessment 

An overview of model exploration before, and at, the benchmark is given in WD 17. 

Between the end of the physical benchmark meeting and completion of the final model the fol-
lowing adjustments were made: Recalculation of data weighting, and flat top selectivity applied 
to all fleets. 

Within the fisheries in the Barents Sea and associated slope, fish tend to move to the slope as 
they mature. This means that fisheries on the shelf tend to fewer of the large mature fish. The 
Barents Sea Greenland halibut Gadget model was designed to be a “fleets as areas model”, where 
fleet selectivity would take care of the issue of the larger fish moving out of the areas covered by 
some fleets and surveys. However, the dome shaped selectivity required for this was problem-
atic. The model employing the dome shaped selectivity was unstable, with a large pattern in the 
jitter analysis indicating that the model was unable to converge to a single solution. The reasons 
for this are unclear, but it was clear that the dome-shaped selectivity model cannot be used at 
present as the basis for advice. The model presented here therefore uses exponential (“flat 
topped”, “S-shaped”) selectivity curves for all fleets and surveys. The ecosystem survey index is 
expected to be affected by this issue, and the survey index has been computed over a range of 
sizes (28–65cm) to avoid this and ensure that the movement of fish does not cause undue bias. It 
is clear in the data, that the trawl fleets catch fewer large fish than the other gears (which are 
more concentrated along the slope) and there is therefore a slight mis-match here between model 
and data. The fits to the length distributions are otherwise good for these fleets, and the issue of 
dome shaped selectivity is therefore a research recommendation for future improvements in the 
model. 
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2.10 Future research and data requirements 

Efforts to improve stock assessment in future should include: 

• Develop a harvest control rule. 
• Gather age data over more years. 
• Further examine consequences of using of dome-shaped vs. logistic selectivity in the 

Gadget model. 
• Examine further Norwegian and joint Norwegian/Russian survey indices using VAST or 

similar statistical analysis. 
• Implement a revised Russian survey index. 
• Review stock structure for Greenland halibut in the North Atlantic, reflecting the results 

from an ongoing international project (NORSUTAIN).  
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3 Greenland halibut in Iceland and Faroes grounds, 
West of Scotland, North of Azores, and East of 
Greenland 

ghl.27.561214 – Reinhardtius hippoglossoides in subareas 5, 6, 12, and 14 

3.1 Stock description and issues 

The primary motivation for the benchmarking of the stock was the recent availability of age dis-
aggregated information. Until last year the assessment was a biomass production model based 
on annual catch and survey data. Since around 2000, age readings ceased due to conflicting per-
ception of the readings. The annual otoliths sampling in the field has however been kept. In 
recent years new methods of otolith reading have been agreed among institutes in the North 
Atlantic and an effort to read historic samples are initiated in most institutes. Additional moti-
vations for the benchmark include re-evaluation of the catch-per-unit-effort series used as the 
basis for the assessment, and the inclusion of catch composition data from the whole of fishery 
operations in assessment. 

Greenland halibut in ICES Subareas 5, 6, 12 and 14 (Iceland and Faroes grounds, West of Scot-
land, North of Azores, East of Greenland) are assessed as one stock. 

In Icelandic Waters, it is found on the continental shelf around Iceland with the highest abun-
dance west, north and east off the coast in deeper and colder waters. It is mainly found on a 
muddy substratum at depths ranging from 200–1500 m. The main spawning grounds are located 
west off the coast at around 1000 m depth and eggs and larvae drift mainly between Iceland and 
the east coast of Greenland until juveniles seek bottom post metamorphosis. After spawning, 
Greenland halibut migrates further north and east to their main feeding grounds. No juvenile 
grounds are known within the assessment area, and substantial migration is known to occur 
with adjacent management units (Vihtakari et al., 2022). 

In the waters of East Greenland it mainly found at depths between 600 m and 1400 m along the 
steep continental slope from whereas in the Faroes it is mainly found North and East of the is-
lands at 200 to 600 m. 

The stock unit has historically been questioned; spawning grounds have not been well docu-
mented and major nursery grounds have never been observed within the stock area as defined 
by ICES. Under a project, NORSUSTAIN, funded by the Council of Nordic Ministers a recent 
published study using a compilation of historic tag-recapture data from the entire North Atlantic 
show a migratory behaviour between the stocks defined by ICES and NAFO. Also, genetic stud-
ies reveal continuous patterns along an east-west gradient suggesting less strict stock definition. 
More approaches on studies of the stock structure are ongoing and will be collectively concluded 
in near future. Until then the stock in subareas 5, 6, 12, and 14 is considered a stock unit.  
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Figure 3.1. Greenland halibut. Catch distribution in 2021. 

3.2 Multispecies, mixed-fisheries issues, and ecosystem 
drivers 

The fishery in Icelandic Waters started in the 1960s, and it is believed to be fairly targeted and 
seasonal at the beginning. Changes in the fishing practices in recent years in Icelandic Waters 
has led to an effort that is more evenly distributed through the year while remaining targeted 
towards Greenland halibut. The main bycatch species are cod and deep-water redfish. In Green-
land waters along the East Greenland shelf and slope an international fishery started in 1962. 
Information on bycatch in Greenland and Faroese waters are not available, but the catch compo-
sition is not believed to be substantially different from that observed in Icelandic Waters.  

A recent study of the deep-sea fish community in East Greenland (Emblemsvåg et al., 2022) ob-
served a change over the past decades for more boreal fish species and a loss in species diversity 
due to sea warming. It is suggested that such development may affect the ecosystem to be less 
resilient to pressures such as fishery and a more precautionary approach to fishery management 
is advocated for. 

3.3 Data 

3.3.1 Commercial data 

Overview of the available commercial data are available in WD4 and WD15. Main features, catch 
composition is available from all fishing grounds, while sampling effort in Icelandic Waters has 
been highest. Sampling has improved on other fishing grounds in recent years. Age information 
from commercial samples is only available from Icelandic Waters, while aging has started both 
in Greenland and Faroe Islands and will become available in the coming years. 

Landings data were revised during the benchmark, and now based on ICES catch statistics.  

3.3.2 Survey data 

Scientific surveys are conducted in the three areas, namely East Greenland, Iceland and the Fa-
roes. The East Greenland survey was ceased since 2017 but has resumed in 2022 with a new 



16 | ICES SCIENTIFIC REPORTS 5:33 | ICES 
 

 

research vessel. The trawl gear has changed from the gear used up to 2016 and calibration anal-
yses are currently being conducted. 

Only the Icelandic and Greenlandic surveys are used for the analytical assessment as the design 
of the Faroese survey is not compatible with the other two.  

Age data are currently only available from the Icelandic autumn survey. 

3.4 Proposed stock assessment 

Past assessment was based on a Bayesian stock production model that synthesized three data 
sources, commercial CPUE from the Icelandic trawler fleet, a combined autumn survey and total 
catches. The representativeness of the CPUE series had diminished over the years as the propor-
tion of the catch taken by the Icelandic trawlers had decreased substantially and with the in-
creased gillnet effort towards Greenland halibut north of Iceland the area available to trawling 
decreased.  

The development of new assessments for Greenland halibut focused mainly on including the 
new age data into the assessment (see Section 3.1). Two approaches were considered, an age-
based model in the SAM framework and an age- and length-based model developed in the 
Gadget3 framework.  

The SAM model, discussed in WD5 and WD15, was not taken forward as it relied heavily on 
assumptions on constant ALK for observations prior to 2015 which may not be representative 
for the data that is expected to be used by the model in the coming years. The assumption of 
constant ALK did result in catch and survey matrices with no internal consistency in following 
cohorts. Development of this model will however continue with addition of new age data. 

An age- and length-based model was considered most appropriate to the assessment of the stock 
(Gadget, Lentin et. al, 2023, Begley and Howell, 2004, Begley 2005). The model estimates are 
based on a synthesis of key commercial size composition data and survey age and size composi-
tions. The model was fit to total biomass series from the combined autumn survey assuming a 
non-linear relationship (WD6 and WD9). Key model features included: 

• Start year 1985 
• Two time-steps, equal in length, within the year 
• Age range: 1 to 20+ 
• Size range: 4–100 cm, 1 cm length groups 
• Growth:  

o Length based von Bertalanffy size update (𝑘𝑘, 𝐿𝐿∞)  
o Beta-binomial size dispersal with a maximum length group growth set as 15 cm (𝛽𝛽)  
o Length–weight relationship estimated externally  

• Natural mortality set as 0.15  
• Initial population and recruitment  

o Annual recruitment occurs in the first time-step, one parameter per year 𝑅𝑅𝑚𝑚 .  
o Mean length and standard deviation at recruitment is estimated  
o Initial population set to represent a realistic distribution according to natural mortal-

ity and fishing mortality 
o Initial mean length-at-age is defined using the Von B growth curve, and initial num-

bers at length are dispersed assuming a normal distribution around the mean length 
with a fixed CV.  

• Fishing split by fleet:  
o 6 fleets, 1 survey, 3 bottom trawls (Greenland, Iceland and Faroese), gillnet and long-

lines in Iceland  
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o Logit selectivity for each fleet (𝛼𝛼𝑓𝑓 , 𝑙𝑙50,𝑓𝑓 )  
• Maturity at length estimated externally based on autumn survey samples  
• Likelihood functions:  

o Survey indices are fit assuming a linear or power relationship.  
o Composition data are assumed randomly sampled and fit using sums of squares of 

proportions  
• Uncertainties are estimated using a spatial bootstrap for the composition data and simu-

lated survey indices based on estimated survey CV. 

3.5 Short-term forecast methods 

Short-term forecasts for Greenland halibut in subareas 5, 6, 12, and 14 will be conducted using 
the settings described below.  

• Model used: Age–length forward projection using Gadget software 
• Initial stock size: abundance-at-age and length for all ages  
• Maturity: Estimated outside the model, based on a fixed maturity ogive by length 
• F and M before spawning: NA 
• Weight-at-age in the stock: Gadget uses a weight–length relationship and von Bertalanffy 

growth (no weights-at-age are supplied to Gadget) 
• Weight-at-age in the catch: Gadget uses a weight–length relationship and von Bertalanffy 

growth (no weights-at-age are supplied to Gadget) 
• Exploitation pattern: 

o Landings: logistic selection-at-length by fleet, with parameters estimated within 
Gadget. No discards assumed. 

o Proportion of harvest rates allocated to fleets are based on three-year average. 
o Intermediate year assumptions: Catch is set equal to the TAC during the fishing sea-

son and projections for the following year run at a selected harvest rate that corre-
sponds to the selected fishing mortality.  

• Stock–recruitment model used: Fixed hockey-stick recruitment function, with geometric 
mean recruitment set as the asymptote. 

3.6 Reference points 

A Management Strategy Evaluation (MSE) was conducted for Greenland halibut in subareas 5, 
6, 12, and 14 (WD6). Simulations were based fitting the model to spatially bootstrapped compo-
sitional data and survey indices with randomly generated lognormal error. This series of oper-
ating models were used to generates the “true” future populations with simulations to account 
for observation error and estimate processes such as maturity, growth, and length-weight rela-
tionships used in the forecast. Similarly, fleet selectivities are the same as estimated by the model 
with catch proportions by fleet fixed to the average of last 5 years. Advice error in the simulations 
was implemented as autocorrelated lognormal variations in F, with a CV of 0.212 and 𝜌𝜌 of 0.423. 
Recruitment was drawn from historical estimates after 1995 using a 7-year block-bootstrap from 
the bootstrap model estimates in the whole reliable time-series (after 1995) to account for auto-
correlation. The recruitment had a breakpoint as a hockey-stick function set to B𝑙𝑙𝑙𝑙𝑙𝑙 from which it 
decreased linearly to zero. 

From these simulations, reference points were calculated for the stock according to ICES cate-
gory 1 guidelines (ICES 2021). This resulted in Blim of 15 700 t, based on the lowest estimate of 
SSB observed (1994), and Bpa = Blim𝑡𝑡1.645𝜎𝜎𝐵𝐵  of 21 000 t, with 𝜎𝜎𝐵𝐵 being set to 0.19. The fishing pres-
sure reference points, defined in terms of fishing mortality applied to ages from 9–14, were esti-
mated in accordance with the ICES guidelines. This resulted in an estimate of F𝑙𝑙𝑙𝑙𝑙𝑙 of 0.5, FPA of 
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0.38 and F𝑙𝑙𝑚𝑚𝑚𝑚 of 0.24. Using the ICES advice rule for Greenland halibut in subareas 5, 6, 12, and 
14, based on a fishing mortality 𝐹𝐹𝑙𝑙𝑚𝑚𝑚𝑚 of 0.24 applied to age 9–14 modified by the ratio SSB𝑚𝑚 /MGT 
B𝑚𝑚𝑡𝑡𝑙𝑙𝑚𝑚𝑚𝑚𝑡𝑡𝑡𝑡 when SSB𝑚𝑚 < MGT B𝑚𝑚𝑡𝑡𝑙𝑙𝑚𝑚𝑚𝑚𝑡𝑡𝑡𝑡, maintains a high yield while being precautionary as it results 
in lower than 5% probability of SSB < B𝑙𝑙𝑙𝑙𝑙𝑙 in the medium and long term. 

3.7 Future research and data requirements 

Efforts to improve stock assessment in future should include: 

• Review stock structure for Greenland halibut in the North Atlantic, reflecting the results 
from an ongoing project (NORSUTAIN).  

• Improve sampling: biological and fishery data are required from Division 5b and Sub-
area 14. 

• Find methods for and conduct ageing of historic samples of otoliths to improve the age–
length-keys currently used for the stock. This is especially important for Division 5b and 
Subarea 14. 

• Evaluate the ‘new’ survey in 14 conducted by the RV Tarajoq with regards to catchability 
and selectivity compared with the old survey series for that area. 
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4 Golden redfish in Iceland and Faroes grounds, West 
of Scotland, North of Azores, and East of Greenland 

reg.27.561214 – Sebastes norvegicus in subareas 5, 6, 12, and 14 
 

4.1  Stock description and issues 

Golden redfish (Sebastes norvegicus) in ICES division 5.a (Iceland), 5.b (Faroe Islands) and subar-
eas 12 and 14 (East Greenland) have been considered as one management unit (reg.27.561214). 
Catches in ICES Subarea 6 have traditionally been included in the NWWG report but not used 
in the assessment. Data from ICES Subarea 6 are, however, not used in the assessment, as catches 
are very low. Like other Sebastes species, golden redfish is slow growing, long-lived, and late-
maturing, and display various kind of pelagic and demersal behaviour during their lifespan. 

This stock has been assessed previously using a Gadget model with annual advice provided in 
accordance with the ICES framework (Category 1). For more information on stock description 
and issues, refer to WD7 and WD12. 

4.2 Multispecies, mixed-fisheries issues, and ecosystem 
drivers 

For more information on multispecies, mixed-fisheries and ecosystem drivers, refer to WD7 and 
WD12.  

4.3 Data 

For more information on data available, refer to WD7 and WD12. 

4.3.1 Conclusions from data evaluation workshop 

At the data evaluation workshop, discussion surrounding golden redfish approached topics in-
cluding 1) the decision to exclude area 6 from survey indices as little fishing is observed there 
and the connection between other areas are unknown 2) the difficulty in specifying M in long-
lived species, which could be approached using a profile likelihood profile or by tracking specific 
cohorts through time where they are visible in length distributions, 3) whether survey indices 
could be treated to avoid being overly influenced by dense hauls using Winsorization, means 
over stations, T-distribution methods, means over stations, or VAST modelling, whether differ-
ent error structures should be implemented for different surveys using VAST, and 5) whether it 
would be helpful to implement different growth parameters for different periods.  

4.4 Proposed stock assessment 

The current assessment, which is based on a Gadget model, has shown a historical retro and 
progressively worse fits to survey length distribution data over time. Since its development, a 
longer series of age data have become available so that comparisons with age-structured models 
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could be performed. Early explorations of improved Gadget models indicated greater difficulty 
than the age-based model SAM in tracking changes in growth of both smaller and larger golden 
redfish over the past decade, as well as changes in selectivity of the commercial fleet. Therefore, 
the Gadget model development was discontinued for the time being in favour of development 
of the SAM model for annual assessment. The assessment model proposed at WKBNORTH 2023 
is therefore an age-based SAM model (Berg and Nielsen, 2014; Nielsen and Berg, 2016; Nielsen 
et al., 2020). Key model features include (WD11 and WD14): 

• Year range of 1966–2022, and age range of 6–25+ 
• Input data included: 

o Catch-at-age data in years 1966, 1972, and 1995–2021. The two earlier years of data 
are likely to be inaccurate but stabilize model optimization. 

o Total catch series where catch-at-age data are not available, which is equivalent to 
landings due to a discard ban, for years 1967–1971 and 1973–1994. 

o Autumn survey numbers-at-age 1996–2021, based on age data from Icelandic sur-
veys applied to numbers combined across surveys conducted in Icelandic, Faroese 
and Greenlandic waters. 

o A total biomass spring survey index series, combined across surveys conducted in 
Icelandic, Faroese and Greenlandic waters. 

o Maturity-at-age, calculated from a static length-based maturity ogive applied to 
length distributions observed within years and averaged by age. 

• Recruitment is estimated directly as annual numbers-at-age 6. 
• Autoregressive parameters (lag1) were estimated in residuals of the autumn survey 

numbers-at-age data. 
• Autumn survey catchabilities were estimated by age except for ages 15–25+, which were 

estimated by a single parameter. All catchabilities were estimated as linear relationships. 
• Observation variances were estimated within certain groups of ages for autumn survey 

numbers-at-age and catch-at-age data. 
• Breaks in the recruitment series, which is modelled as a random walk, were inserted at 

years 1994, 2001, and 2014, to allow for shifts in the mean recruitment through time. 
• Natural mortality was assumed 0.05 for all ages except the plus group, which was set to 

0.1. 

During the workshop and the exchanges between the Icelandic scientists and the reviewers, the 
main discussion points included 1) whether Winsorization was appropriate treatment of the 
data, 2) whether it was appropriate to apply age–length keys from the autumn survey to both 
the spring and autumn survey numbers-at-length series and fit the model with two survey-at-
age series, and 3) whether survey catchabilities of older fish should be fixed to the same param-
eter value. It was concluded that 1) Winsorization does not appear necessary at this time, and 
could instead remove informative data, 2) using the same age–length keys twice to create survey 
input data could inaccurately reduce uncertainty, and 3) fixing catchabilities of older fish to the 
same value is likely to be biological realistic and avoid some possible problems related to over-
estimation of biomass levels. Another important topic considered was whether recent low re-
cruitment is indicative of a productivity shift, and it was decided that for a long-lived species 
such as golden redfish, the time-series of low recruitment must be longer to indicate a long-term 
productivity shift. 

The final assessment showed that total biomass peaked 2013–2015 and has since then declined. 
Trends in spawning-stock biomass indicate a slightly later peak and decline because of changes 
in growth, and consequently maturity, over the past decade (WD8). This recent peak is the result 
of a period of high recruitment spanning 2002–2012. However, recruitment levels over the past 
8 years have been consistently lower than any recruitment values observed in the rest of the time-
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series, indicating that the stock will continually decline roughly over the next decade, likely sur-
passing Blim, unless strong recruitment will be observed.  

4.5 Short-term forecast methods 

Short-term projections are performed using the standard procedure in SAM using the forecast 
function. Three-year averages are used for stock and catch weights, and maturity. From this pro-
jection the advice is derived. The advice is based on the Icelandic fishing year starting in Septem-
ber each year. This causes a mismatch between the assessment model, which is based on the 
calendar year. To provide advice for the fishing year, the standard calculating of fishing mortal-
ity used in the projection procedure in SAM is adapted (WD8). As recruitment over the past 
8 years has been consistently lower than historical values, the stock is projected as the mean re-
cruitment over the previous 5 years, continuing current practice from recent years. 

4.6 Reference points 

A Management Strategy Evaluation (MSE) was conducted for golden redfish in subareas 5, 6, 12, 
and 14 (WD8). The operating model, which generates the “true” future populations in the simu-
lations, was based on equilibrium simulations (eqsim). Selection, maturity and stock weights 
were based on the resampling of estimates by age from previous 20 years. Recruitment was pro-
jected using a mean value equal to the mean of estimated recruits in the whole reliable time-
series (after 1989) and a multiplicative lognormal error based on the CV and autocorrelations 
estimated by the assessment model. However, as the estimated CV of recruitment was unrealis-
tically large using this procedure, recruitment variation was truncated to fall close to the range 
of recruitment estimates observed in the past. The recruitment had a breakpoint in B𝑙𝑙𝑙𝑙𝑙𝑙 from 
which it decreased linearly to zero. Advice error in the simulations was implemented as auto-
correlated lognormal variations in F, with a CV of 0.212 and 𝜌𝜌 of 0.423.  

From these simulations, reference points were calculated for the stock according to ICES cate-
gory 1 guidelines (ICES, 2021b). This resulted in Blim of 111 000 t, based on the lowest estimate of 
SSB observed (1994), and Bpa = Blim𝑡𝑡1.645𝜎𝜎𝐵𝐵  of 154 000 t, with 𝜎𝜎𝐵𝐵 being set to the ICES default of 0.2. 
The fishing pressure reference points, defined in terms of fishing mortality applied to ages from 
9 to 19, were estimated in accordance with the ICES guidelines. This resulted in an estimate of 
F𝑙𝑙𝑙𝑙𝑙𝑙 of 0.167, FPA of 0.114 and F𝑙𝑙𝑚𝑚𝑚𝑚 of 0.112.  

There is no accepted current harvest control rule for golden redfish. The previous harvest control 
rule used has the same functional structure as the ICES advice rule, which sets a TAC for the 
fishing year y/y+1 based on a fishing mortality 𝐹𝐹𝑙𝑙𝑚𝑚𝑚𝑚 of 0.097 applied to ages 9 to 19 modified by 
the ratio SSB𝑚𝑚 /MGT B𝑚𝑚𝑡𝑡𝑙𝑙𝑚𝑚𝑚𝑚𝑡𝑡𝑡𝑡 when SSB𝑚𝑚 < MGT B𝑚𝑚𝑡𝑡𝑙𝑙𝑚𝑚𝑚𝑚𝑡𝑡𝑡𝑡. B𝑚𝑚𝑡𝑡𝑙𝑙𝑚𝑚𝑚𝑚𝑡𝑡𝑡𝑡 is set to 220 000 t. As Fmgt is less than 
the Fmsy reference point used in the ICES advice rule and a B𝑚𝑚𝑡𝑡𝑙𝑙𝑚𝑚𝑚𝑚𝑡𝑡𝑡𝑡 of 220 000 t exceeds MSY Btrigger 
(see Section 4.6), then the previous harvest control rule, as well as the ICES advice rule, can be 
considered to maintain high yield while being precautionary as it results in lower than 5% prob-
ability of SSB < B𝑙𝑙𝑙𝑙𝑙𝑙 in the medium and long term. 

4.7 Future research and data requirements 

Efforts to improve stock assessment in future should include: 

• Studies aimed at understanding causes of apparent changes in growth for both younger 
and older golden redfish. 

• A more detailed comparison of autumn and spring survey data to understand why they 
indicate diverging trends in biomass over the past decade. 
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• Determine whether using alternative methods (e.g. VAST) would be useful in creating 
survey indices. 

• Monitoring of changes in selectivity-at-age. 
• Studies on natural mortality. 
• Continued and/or greater sampling of otoliths. 
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5 Beaked redfish East of Greenland and Iceland 
grounds (Icelandic slope stock) 

reb.27.5a14 – Sebastes mentella in Subarea 14 and Division 5.a 

5.1 Stock description and issues 

Icelandic slope beaked redfish Sebastes mentella (reb.27.5a14) is a redfish species which is similar 
in appearance to golden redfish (Sebastes norvegicus). There are some characteristic features that 
distinguish those two species apart, and the depth is one of them, with Icelandic slope beaked 
redfish inhabiting deeper waters (>400 m). Around Iceland the species is mainly found in the 
warmer waters in the western, southern, and southeastern parts of continental slope. Beaked 
redfish is a slow growing, long-lived, and late maturing. Mainly fish larger than 30 cm are found 
in Icelandic Waters, whereas the East Greenland shelf is most likely the main nursery area. 

The Icelandic slope beaked redfish in 5a and 14 has been considered a data-limited stock with 
annual advice provided in accordance with the ICES framework (Category 3.2). For more infor-
mation on stock description and issues, refer to WD10 and WD11.  

5.2 Multispecies, mixed-fisheries issues, and ecosystem 
drivers 

For more information on mixed-fisheries issues and ecosystem drivers, refer to WD10 and WD11.  

5.3 Data 

For more information data available, refer to WD10 and WD11.  

5.3.1 Conclusions from data evaluation workshop 

At the data evaluation workshop, discussion surrounding beaked redfish approached topics in-
cluding 1) the decision to start the model from 1976 instead of 1970 to avoid problems regarding 
changes in the fleet when the Icelandic EEZ was implemented in 1976, 2) if there were any 
thoughts regarding what stock–recruitment relationship would be implemented, 3) generally 
how different sources of data contribute to model fitting.  

5.4 Proposed stock assessment 

The current assessment, which is based on survey trends, is not considered to capture the true 
state of the stock. The assessment model proposed at WKBNORTH 2023 is a statistical age- and 
length-based model implemented using the Gadget modelling framework (Lentin et al., 2023; 
Begley and Howell, 2004; Begley, 2005; Elvarsson et al., 2018). Key model features include (WD11 
and WD14): 

• Year range of 1975–2021 with a biannual time-step.  
• Immature and mature substocks, with age ranges of 3–20 and 5–50, respectively. 
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• Movement from the immature component to the mature component via maturation (a 
length-based ogive) and ageing (knife-edged movement from age 20). 

• Fitting to the following datasets: length- and age–length distributions from commercial 
catches and the autumn survey; 5 length-disaggregated survey indices (Autumn survey); 
maturation data (Autumn survey).  

• Recruitment is estimated directly as annual numbers-at-age 3. 
• Growth is estimated through a von Bertalanffy function, length at recruitment, and var-

ious parameters implementing variability. 
• Commercial landings encompassing the period are assumed known to the model and 

removed without error.  
• Selectivity is estimated as a logistic curves individual to commercial and survey fleets. 
• Catchability is estimated as a power relationship for the survey index that represent the 

smallest length group fish, and a linear relationship for each of the three larger length-
group indices. 

• Natural mortality was assumed 0.05 for all ages. 

During the workshop and the exchanges between the Icelandic scientists and the reviewers, the 
main discussion points included (1) boundary issues during the estimation process, and (2) as-
sumptions regarding key parameter values (natural mortality). Regarding the former point, an 
alternative simplified configuration for the initial conditions (numbers-at-age) was tested. This 
greatly reduced the number of estimable parameters for the initial conditions, and whereas it 
also reduced the flexibility of the model, differences in the output between the two configura-
tions was negligible. Convergence with the updated configuration was also improved and thus 
it was deemed preferable for the assessment model. Regarding the parameter assumptions, a 
likelihood profile was run testing a suite of values for natural mortality. This showed little vari-
ation in the likelihood scores for natural mortality values and therefore the value of 0.05 was 
maintained. 

The final assessment showed that the spawning-stock biomass has continually declined from the 
early 1990s to present and is currently at its lowest point in the time-series. Since a recruitment 
spike in 2003, annual recruitment has also steadily declined, and furthermore, since 2010 recruit-
ment has remained at exceptionally low values resulting in a declining total stock size and a 
stock composition that is increasingly dominated by older, mature fish. 

5.5 Short-term forecast methods 

Short-term forecasts for Greenland halibut in subareas 5, 6, 12, and 14 will be conducted using 
the settings described below.  

• Model used: Age–length forward projection using Gadget software. 
• Initial stock size: abundance-at-age and length for all ages.  
• Maturity: Estimated outside the model, based on a fixed maturity ogive by length. 
• F and M before spawning: NA. 
• Weight-at-age in the stock: Gadget uses a weight–length relationship and von Ber-

talanffy growth (no weights-at-age are supplied to Gadget). 
• Weight-at-age in the catch: Gadget uses a weight–length relationship and von Ber-

talanffy growth (no weights-at-age are supplied to Gadget). 
• Exploitation pattern: 

o Landings: logistic selection-at-length by fleet, with parameters estimated within 
Gadget. No discards assumed. 

o Proportion of harvest rates allocated to fleets are based on three-year average. 
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o Intermediate year assumptions: Catch is set equal to the TAC during the fishing 
season and projections for the following year run at a selected harvest rate that 
corresponds to the selected fishing mortality.  

• Stock–recruitment model used: Fixed hockey-stick recruitment function, with geometric 
mean recruitment set as the asymptote. 

5.6 Reference points 

A Management Strategy Evaluation (MSE) was conducted for beaked redfish in Division 5a and 
Subarea 14 (WD11). Simulations were based fitting the model to spatially bootstrapped compo-
sitional data and survey indices with randomly generated lognormal error. This series of oper-
ating models were used to generates the “true” future populations with simulations to account 
for observation error and estimate processes such as maturity, growth, and length-weight rela-
tionships used in the forecast. Similarly, fleet selectivity is the same as estimated by the model 
with catch proportions by fleet fixed to the average of last 5 years. Advice error in the simulations 
was implemented as autocorrelated lognormal variations in F, with a CV of 0.212 and 𝜌𝜌 of 0.423. 
Recruitment was e drawn from historical estimates after 1995 using a 7-year block-bootstrap 
from the bootstrap model estimates in the whole reliable time-series (after 1995) to account for 
autocorrelation. The recruitment had a breakpoint as a hockey-stick function set to B𝑙𝑙𝑙𝑙𝑙𝑙 from 
which it decreased linearly to zero. 

From these simulations, reference points were calculated for the stock according to ICES category 
1 guidelines (ICES, 2021b). From the stock–recruitment relationship, there appears evidence that 
recruitment is impaired (Stock Type 2). Attempts at statistically fitting a segmented regression 
failed, so Blim was set to 138 000 t by based on taking the mean SSB over 2000–2005, a period of 
low but stable biomass levels. From Blim, Bpa was set as Bpa = Blim𝑡𝑡1.645𝜎𝜎𝐵𝐵  = 192 000 t, with 𝜎𝜎𝐵𝐵 being 
set to 0.20. The fishing pressure reference points, defined in terms of fishing mortality applied to 
the max age (50+), were estimated in accordance with the ICES guidelines. This resulted in an 
estimate of F𝑙𝑙𝑙𝑙𝑙𝑙 of 0.110, FPA of 0.061, limiting F𝑙𝑙𝑚𝑚𝑚𝑚 to 0.061. If biomass levels return to levels above 
Blim, using the ICES advice rule for beaked redfish in subareas 5, 6, 12, and 14, based on a fishing 
mortality 𝐹𝐹𝑙𝑙𝑚𝑚𝑚𝑚 of 0.061 modified by the ratio SSB𝑚𝑚/MGT B𝑚𝑚𝑡𝑡𝑙𝑙𝑚𝑚𝑚𝑚𝑡𝑡𝑡𝑡 when SSB𝑚𝑚 < MGT B𝑚𝑚𝑡𝑡𝑙𝑙𝑚𝑚𝑚𝑚𝑡𝑡𝑡𝑡, would 
maintain a high yield while being precautionary as it results in lower than 5% probability of SSB 
< B𝑙𝑙𝑙𝑙𝑙𝑙 in the medium and long term.  

5.7 Future research and data requirements 

Efforts to improve stock assessment in future should include: 

• Exploration of the VAST model to construct survey index. Increasing age data availabil-
ity. 

• Explore effects of extending survey areas. 
• Determine whether it is possible to use the length distribution from the early years of the 

survey (1996–1999 which did not cover the whole distribution area of the stock). 
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Annex 2: Resolutions 

Benchmark workshop on Greenland halibut and redfish stocks 

Approved on the Resolutions Forum in October 2022 

2022/2/FRSG46 A Benchmark workshop on Greenland halibut and redfish 
stocks (WKBNORTH), chaired by ICES Chair, Pamela Woods* (Iceland) and Vladlena Gertseva* 
(External Chair, USA), and attended by invited external experts Daniel Hennen (USA) and Paul 
Regular (Canada), will be established. WKNORTH will meet on 28 November to 2 December 
2022 for a data evaluation workshop (DEWK), and on 13–17 February 2023 for the final bench-
mark workshop. Both meetings will take place at MFRI in Iceland (with hybrid access). If addi-
tional time is needed to agree to reference points and the short-term forecast, the benchmark can 
agree to additional meeting days. WKBNORTH will work to: 

a) As part of the data evaluation workshop:  
i) Consider the quality of data proposed for use in the assessment; 

ii) Consider stock identity and migration issues; 
iii) Make a proposal to the benchmark on the use and treatment of data for each assess-

ment, including discards, surveys, life history, etc; and 
iv) Stakeholders are invited to contribute data in advance of the data evaluation work-

shop (including data from non-traditional sources) and to contribute to data prepa-
ration and evaluation of data quality. 

b) In preparation for the assessment methods workshop:  
i) Following the DEWK, produce working documents to be reviewed during the 

Benchmark assessment meeting at least 14 days prior to the meeting. 
c) As part of the assessment methods workshop, agree to and thoroughly document the 

most appropriate, data, methods and assumptions for: 
i) Obtaining population abundance and exploitation level estimates (conducting the 

stock assessment);  
ii)  Estimating fisheries and biomass reference points that are in line with ICES guide-

lines (see Technical document on reference points); 
(1) If additional time is needed to conduct the work and agree to reference points, 

a short additional reference point workshop could be scheduled to conduct this 
work. 

iii) Conducting the short-term forecast. 
d) As part of the assessment methods workshop, a full suite of diagnostics (regarding for 

e.g. data, retrospective behaviour, model fit, predictive power etc.) should be examined 
as a whole to evaluate the appropriateness of any model developed and proposed for 
use in generating advice. 

e) If no analytical assessment method can be agreed, then an alternative method (the for-
mer method, or following the ICES data-limited stock approach see WKLIFE X 
(https://doi.org/10.17895/ices.pub.5985) should be put forward by the benchmark; 

f) Update the stock annex as appropriate; and 
g) Develop recommendations for future improvements of the assessment methodology 

and data collection. 
 
The benchmark workshop will report by 17 March 2023 for the attention of ACOM. 
 

https://doi.org/10.17895/ices.pub.5985
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Annex 3: Working documents 

List of working documents 

ICES WKBNORTH 2023 WD-1: NEA Greenland halibut natural mortality estimations 

Elvar H. Hallfredsson 

ICES WKBNORTH 2023 WD-2: Data revision for the Northeast Atlantic Greenland halibut  

Windsland K., Vihtakari M., Hallfredsson E. H., Howell D. 

ICES WKBNORTH 2023 WD-3: Strata and survey indices for the new AFWG GHL Gadget* 

Mikko Vihtakari, Kristin Windsland, Elvar H. Hallfredsson 

ICES WKBNORTH 2023 WD-4: Stock ID and sub-stock structure for NWWG GHL 

ICES WKBNORTH 2023 WD-5: Greenland halibut in 5, 6, 12 and 14 Assessment using SAM 

ICES WKBNORTH 2023 WD-6: Greenland halibut in 5, 6, 12 and 14 Assessment using Gadget 

Bjarki Þór Elvarsson 

ICES WKBNORTH 2023 WD-7: Golden redfish - Data Compilation* 

Kristján Kristinsson 

ICES WKBNORTH 2023 WD-8: SAM assessment of Golden redfish 

Pamela Woods 

ICES WKBNORTH 2023 WD-9: NWWG GHL gadget model* 

ICES WKBNORTH 2023 WD-10: Icelandic slope beaked redfish - Data Compilation* 

Kristján Kristinsson 

ICES WKBNORTH 2023 WD-11: Beaked redfish data gadget 

Kristján Kristinsson and William Butler 

ICES WKBNORTH 2023 WD-12: Golden redfish survey indices 

Kristján Kristinsson 

ICES WKBNORTH 2023 WD-13: GHL otolith exchange* 

Lise Heggebakken (IMR) and Kristin Windsland (IMR) 

ICES WKBNORTH 2023 WD-14: Beaked redfish gadget model output* 

ICES WKBNORTH 2023 WD-15: NWWG GHL exploratory SAM run 

ICES WKBNORTH 2023 WD-16: GHL 1-2 model output figures* 

ICES WKBNORTH 2023 WD-17: Assessment model for the Northeast Atlantic GHL 

Mikko Vihtakari, Will Butler, Daniel Howell, Elvar H. Hallfredsson, Kristin Windsland, Bjarki Elvarsson 

 

*Only available online. 

 

 

file://community.ices.dk/DavWWWRoot/ExpertGroups/benchmarks/2023/WKNORTH/2022%20Meeting%20Documents/04.%20Working%20documents/Background,%20data%20evaluation,%20Jan%2018%20presentations/NEA_G_halibut/WD_3_strata-and-survey-indices.html
file://community.ices.dk/DavWWWRoot/ExpertGroups/benchmarks/2023/WKNORTH/2022%20Meeting%20Documents/04.%20Working%20documents/Background,%20data%20evaluation,%20Jan%2018%20presentations/Golden%20redfish/WD7_2022-11-GoldRedfish-Data.html
file://community.ices.dk/DavWWWRoot/ExpertGroups/benchmarks/2023/WKNORTH/2022%20Meeting%20Documents/04.%20Working%20documents/Assessment%20WDs/WD9_ghl_561214_gadget_model_output.html
https://community.ices.dk/ExpertGroups/benchmarks/2023/WKNORTH/2022%20Meeting%20Documents/04.%20Working%20documents/Background%2C%20data%20evaluation%2C%20Jan%2018%20presentations/WD-13%20GHL%20Otolith%20Exchange%20report%202023.pdf
file://community.ices.dk/DavWWWRoot/ExpertGroups/benchmarks/2023/WKNORTH/2022%20Meeting%20Documents/04.%20Working%20documents/Assessment%20WDs/WD16_ghl_1-2_model_output_figures.html
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