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Abstract 

Atlantic halibut ( Hippoglossus hippoglossus ) has been commercially exploited in the northeast Atlantic Ocean for at least two centuries, 
but today the Norwegian fishery is the only remaining targeted commercial halibut fishery. The regulation of the Atlantic halibut fishery 
in Norway is divided between two management units along the Norwegian coast, north and south of 62◦N. Here we tell the story of 
the largest and most economically significant Norwegian halibut population north of 62◦N. The status of the stock was for the first time 
assessed, using an index of relative abundance derived with a model-based approach from survey data for a non-target species using 

reconstructed historic landings to inform a Stochastic Surplus Production model in Continuous Time (SPiCT). Our analyses reveal a 
stock that has recovered from depletion and now again sustains a significant fishery. However, recent landings have reached a level 
that raises concerns about the sustainability of the fishery. We provide suggestions on how this long-lived species may be assessed 

and managed to avoid stock collapse. Our approach of using non-targeted survey data to enable an analytical stock assessment with 

SPiCT may translate to other recovering Atlantic halibut stocks as well as other data-limited to data-moderate long-lived stocks. 

Keywords: fisheries management; Hippoglossus hippoglossus ; long-lived species; stock recovery; overfishing; population decline; stock assessment; surplus 
production model; SPiCT 
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Introduction 

Atlantic halibut ( Hippoglossus hippoglossus ) has been com- 
mercially exploited in the northeast Atlantic Ocean for at least 
two centuries (Munroe et al. 2015 ). Historically, two stocks of 
a similar size were found in Norwegian and Icelandic waters.
However, the Atlantic halibut fishery in Norwegian waters is 
the only remaining commercial Atlantic halibut fishery in the 
northeast Atlantic. In Icelandic waters, the landings have de- 
clined by 85% over the past 35 years and the stock is expected 

to remain at low levels the coming years, despite a ban on tar- 
geted fishing since 2012 (Cadrin et al. 2022 ). 

Atlantic halibut has a long history of exploitation in Nor- 
way (Haug 1984 ). The fishery in Norwegian waters was con- 
ducted with longlines in coastal waters and at fishing banks 
until 1936, when Atlantic halibut gillnets were introduced 

(Haug 1984 ). The gillnets were highly effective when placed 

in deep water at spawning grounds and led to significantly 
increased landings in 1936 and 1937, followed by low avail- 
ability of Atlantic halibut. During World War II, fishing effort 
for Atlantic halibut decreased, probably facilitating stock re- 
covery (Haug 1984 ). Intensive fisheries for Atlantic halibut 
resumed after World War II with high catches until 1950.
A steady decline in landings at all fishing grounds followed 

thereafter, with the lowest amount ever recorded in 1995.
Landings increased towards and after the millennium North 

of 62◦N, particularly in the three northernmost counties in 

Norway (Norwegian Directorate of Fisheries 2022 ). The in- 
crease was driven by an increase in gears and boats, and the 
utilization of new and effective technology like long lines on 
© The Author(s) 2025. Published by Oxford University Press on behalf of Interna
article distributed under the terms of the Creative Commons Attribution License
reuse, distribution, and reproduction in any medium, provided the original work
rums (Norwegian Directorate of Fisheries 2022 ). Landings 
outh of 62◦N have remained low at less than 3% of total
andings in recent years. Atlantic halibut is also a popular
arget species for tourist and recreational fishing in Norway.
otal catches in the recreational fishery are unknown but as-
umed to be minor compared to commercial catches, likely
epresenting less than 10% of total catches (Ferter et al. 2023 ,
immermann et al. 2024 ). 
The biology and the fishery of the northeast Atlantic hal-

but was well described in the 1980s. However, the stock has
eceived little attention since and has often been ignored in
cosystem reviews (e.g. Kjesbu et al. 2022 , Pedersen et al.
021 ), with few exceptions (Pedersen et al. 2018 , Planque
t al. 2014 ). The limited new information about the biology
f this long-lived species, along with the absence of stock as-
essments, poses an additional challenge for its management. 

The regulation of the Atlantic halibut fishery has changed 

ver time and was different in two management areas along
he Norwegian coast, north and south of 62◦N latitude (Haug
984 , 1990 , Høines et al. 2009 , Norwegian Directorate of
isheries 2022 ). It is unclear whether the management units
dequately match genetic stock structure, as current knowl- 
dge on population genetics in the NE Atlantic is limited
nd mismatches are common for many fish stocks (Reiss 
t al. 2009 ). The fishery has been regulated by gear-, bycatch,
nd no-catch period regulations. In addition, the minimum 

anding size (MLS) has gradually increased (50 cm in 1937,
0 cm in 1979, 80 cm in 2010, 84 cm in 2023; Haug 1984 ,
øines et al. 2009 ). It is also mandatory to release all Atlantic
tional Council for the Exploration of the Sea. This is an Open Access
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
is properly cited.
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alibut of more than 2 metres because of environmental tox-
ns (Høstingsforskriften 2022 , §51; Nilsen et al. 2016 ). 

In this paper, we aim to tell the recent story of the Norwe-
ian Atlantic halibut stock north of 62◦N. The status of the
tock is for the first time assessed by utilizing the available
ata, reconstructed historic landings, and modelled survey

ndices to provide stock estimates (e.g. exploitable biomass
nd fishing mortality) based on the Stochastic Surplus Pro-
uction model in Continuous Time (SPiCT; Pedersen & Berg
017 ). Because fisheries-independent data was from surveys
ot designed to monitor halibut, a survey index was esti-
ated with a generalized additive mixed model (GAMM)

o account for data limitations and the heterogeneous dis-
ribution of the species along the coast. In ICES, SPiCT is
he recommended assessment model (ICES 2024 ) for assess-
ng category 2 stocks (data-moderate stocks suitable for as-
essment with surplus production models; ICES 2022c ). Sur-
lus production models, also called biomass dynamics models,
rack changes in exploitable biomass over time by integrat-
ng population dynamics such as recruitment, growth, nat-
ral mortality, and fishing mortality into total biomass, re-
ucing the need for detailed information on stock structure
nd life history. The model is described in the methods sec-
ion. We provide suggestions on how this long-lived species
ay be assessed and managed to ensure a sustainable fishery

n the future. This work was the basis for the Atlantic hal-
but advice provided by IMR in September 2024 (Zimmer-
ann et al. 2024 ). Our approach may translate to recovering
tlantic halibut stocks, as well as other data-limited to data-
oderate, long-lived stocks. The data and the code are avail-

ble ( https://hdl.handle.net/11250/3188315 ) to ensure trans-
arency and to allow their utilization in education and train-
ng. 

iology and distribution 

tlantic halibut is the largest groundfish in the North At-
antic (Bowering 1986 ). This demersal species thrives at a few
etres’ depth to below 1000 m (Haug 1990 ). The species’
ain distribution area is the Norwegian coast, and the shelf

reas surrounding Iceland, the Faroe Islands, and southern
reenland. The knowledge about local and regional popula-

ion structures is limited, despite several tagging and genetic
tudies (Haug 1990 ). Spawning in fjords indicates separated
opulations along the coast (Seitz et al. 2014 ). 
Knowledge about the Atlantic halibut’s early life stages in

he wild is limited. The eggs are bathypelagic and found at
00–300 m depth and only few Atlantic halibut larvae have
een found in the wild (Bergstad & Gordon 1993 , Haug 1990 ,
aug & Sundby 1987a , 1987b ). Atlantic halibut larvae un-
ergo a substantial metamorphosis process before they settle
t the bottom around 90 days post hatching (Haug 1990 ).
he eggs and the larvae are dispersed by currents in the area

Haug et al. 1984 ). Immature individuals are stationary in
jords and coastal areas at depths of 20–60 m for the first 3–6
ears (Haug 1990 ). Most halibut perform short migrations
ithin the same region (Godø & Haug 1988 ). However, a

mall proportion performs long migrations, sometimes cross-
ng deep water areas in the North Atlantic (Bowering 1986 ,
aug 1990 ). These long migrations are likely to cause mixing

f geographically separate stocks. 
The Atlantic halibut undergoes spawning migrations (De-

old 1938 , Haug 1990 ). The spawning grounds are found in
jords, deep trenches at the coastal banks, and at the edge
f coastal banks with mud or clay bottom (Devold 1938 ).
pawning happens at depths of 300–700 m, at 5◦C–7◦C
rom December to March, with a peak in January–February
Kjørsvik et al. 1987 ). Females are batch spawners and pro-
uce 0.5–7 million eggs (3-mm diameter) depending on body
ize (Haug & Gulliksen 1988 ). After spawning, Atlantic hal-
but disperse and migrate to feeding grounds (Kjørsvik et al.
987 ). Devold ( 1938 ) suggested that Atlantic halibut return
o the same spawning grounds, which later was supported by
agging experiments (Godø & Haug 1988 ). There is also in-
reasing evidence of return migrations to non-spawning areas
n the NW Atlantic (Ransier et al. 2024 ). 

The growth rates of females and males are similar until
hey reach age 4–6. Thereafter, females grow faster than males
Haug 1990 ). The age and length at sexual maturation vary
ith sex, as male Atlantic halibut mature around 80 cm and
 years, while females mature around 110 cm and eight years
Haug 1990 , Høines et al. 2009 , Sigourney et al. 2006 ). There
s also spatial variation in length of maturation (Shackell et al.
019 ). The late maturation makes Atlantic halibut vulnerable
o recruitment overfishing. Male size-at-age flattens out at age
0–12 and a few years later for females. Female Atlantic hal-
but can reach over 3 m, and males can reach over 1.75 m,
nd both can become 50 years old (Armsworthy & Campana
010 , Devold 1938 ). Males rarely exceed 50 kg, while females
row significantly larger. 

aterial and methods 

isheries statistics 

andings from 1905 to 1977 were reconstructed using annual
orwegian fisheries statistics reports, and landings were stan-
ardized to round weight (retrieved from Statistics Norway,
ww.ssb.no . See Lindgård ( 2023 ) for detailed description). 
Official landings of Atlantic halibut from 1977 to 2023

ere retrieved from the Norwegian Directorate of Fisheries.
andings were categorized based on whether they were caught

n Norwegian areas or abroad. The Norwegian areas were di-
ided between north and south of 62◦N, in accordance with
he management units established by the Norwegian Direc-
orate of Fisheries. Some landings in the period 1977–1991
acked catch area information and were thus allocated to the
andings in Norwegian waters, based on similarities in fishing
ear composition. These allocations were further distributed
o north and south of 62◦N based on the management units’
espective share of the annual Norwegian landings. No indi-
idual length data by gear, and thereby no selectivity data from
he commercial fishery is available. 

This assessment does not include landings by tourist and
ecreational fishing, except sold and thus reported recreational
andings. 

urvey 

he Norwegian coastal survey Q4 (ICES survey code:
6335/BTr Q4) constitutes the best available fisheries-

ndependent time series for Atlantic halibut stock north of
2◦N, as it has the best coverage of the halibut distribution
rea. The dataset was retrieved from The Norwegian Ma-
ine Data Centre. The annual survey conducted in October-
ovember covered coastal areas, fjords and ocean banks from
2◦N and north along the Norwegian coast to the Russian

https://hdl.handle.net/11250/3188315
http://www.ssb.no
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Figure 1. Coastal survey stations in 2022 (black dots) and mean annual 
landings (colour saturity in squares) of Atlantic halibut in 2012–2022 per 
statistical grid cell. Large grid cells are 60 nautical miles, small cells 30 
nautical miles in the latitude direction. Landings include only reported 
landings (Norwegian landings slips register, Norwegian Directorate of 
Fisheries). 
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border ( Fig. 1 ). The survey started as two sub-surveys from 

1995 to 2002, where one had a fixed station grid, and the 
other only partly fixed stations. These were merged to one 
survey in 2003. The three surveys were treated as one time 
series, as they covered the same area and had similar station 

grid and sampling gear. 
The dataset was filtered for fixed stations where the Campe- 

len 1800 shrimp trawl performed correctly. A standard door 
spread of 47 m was assumed for the time series. For stations 
lacking sampling distance, the parameter was set by multiply- 
ing sampling durations with a standard trawling speed of three 
knots. 

Survey indices 

A biomass index was estimated from catch per unit effort 
(CPUE, weight-per-distance-towed) data using a GAMM. Be- 
cause the coastal survey was not designed to target At- 
lantic halibut and due to the patchy distribution of the 
species linked to complex bathymetry and ecosystem struc- 
ture along the coast, GAMM provide a more flexible and suit- 
able approach to standardize survey data than design-based 

approaches. 
The GAMM to estimate the biomass index was im- 

plemented using the sdmTMB package (Anderson et al.
2024 ). CPUE per size group (over/under MLS) was mod- 
elled with a tweedie distribution that included year as 
categorical intercept, bottom depth as continuous fixed 

effects with a thin-plate penalized smooth splined (restricted 

to five knots), and spatiotemporal Gaussian random ef- 
fects ω with first order autoregressive (AR1) structure across 
ears: 

CPUEs,a,l = Yeara,l + s
(
Dept hs 

) + ωs,a + offset (distance ) , 

ith l as size group, station s , and year a . 
Correlation structures of the Gaussian random fields were 
odelled as stationary Matérn in space. The latent haul was
R1 correlated in length and included to account for unex-
lained variation within each haul. The spatial meshes for 
he Gaussian random fields were built using the triangulation 

ethod provided by R-INLA (Bakka et al. 2018 ), with a mini-
um allowed distance between points of 40 km and a 100-km
aximum edge distance, and the coastline as barrier to pre-

ent correlation across fjords over land. Distances were deter- 
ined based on data exploration and model selection. Esti- 
ated CPUE was predicted in time and space across equally

paced interpolation grids with grid cells of 10 km2 . Bottom
epth was included for the midpoint of each grid cell us-
ng GEBCO bathymetric data ( www.gebco.net ). Biomass and 

bundance estimates, and their respective uncertainty, repre- 
ent integrations of the estimated quantities across the entire 
rid for each year. 

The survey index used for SPiCT modelling should be based
n the part of the stock targeted by fisheries (Pedersen & Berg
017 ). The index therefore only included individuals above 
he MLS to reflect the change in the fishable biomass. In the
bsence of size or age data from the commercial fishery, we
ere not able to estimate the fishing selectivity explicitly, and
e considered the exclusion of individuals below MLS from 

he index estimation as acceptable approximation following 
okkalis et al. ( 2024 ). 

ssessment model 

urplus production models are used for stock assessment 
hen information about age- and size-composition is limited 

r lacking (Pedersen & Berg 2017 ). The surplus production
odels use time series of catches and biomass indices to cal-

ulate the relationship between the stock size and the biomass
roduction, known as the production function (Pella & Tom- 
inson 1969 ). 

SPiCT is a state space surplus production model devel- 
ped by Pedersen & Berg (2017) . SPiCT models the stock
ynamics and fisheries dynamics and can reflect the errors 
nd uncertainty of parameters in the results. SPiCT estimates 
he exploitable biomass and fishing mortality and reflects the 
ncertainty of estimated model parameters and management 
uantities. 
SPiCT was run in R following the recommended procedure 

nd initial parameter settings of Mildenberger et al. ( 2022 ).
he input data were the fisheries statistics from 1977 to 2023

rom Norwegian areas north of 62◦N and the survey index
ased on the Norwegian coastal survey Q4 (A6335/BTr-Q4.) 
For stocks lacking historical catch data or having limited 

ontrasts in the abundance index, it is recommended to fix
r reduce the variance of the shape parameter n (ICES 2021 ).
ssuming a symmetric Schaefer production function by fixing 

he parameter n = 2 promotes the stability of the model (ICES
022b ). 
For a SPiCT assessment to be accepted and used in an

fficial ICES advice, it needs to fulfil several criteria (ICES
022a , Mildenberger et al. 2022 ). Tests were therefore ex-
cuted to check if the assessment fulfilled the criteria (see

http://www.gebco.net


4 Lindgård et al.

Figure 2. Atlantic halibut landings in Norway in tonnes of round weight from 1905 to 2023. Landings from 1905 to 1976 (light bars) are retrieved from 

Norwegian Fisheries Statistics and include landings from Norwegian waters (see Lindgård 2023 ), while landings from 1977 to 2023 (dark bars) are 
retrieved from the Norwegian Directorate of Fisheries database, and includes only landings north of 62◦N, and this period is used in the assessment. 
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upplementary S1 ). Limitations and sources of error are dis-
ussed in Supplementary S2 . 

esults 

isheries statistics 

he reconstructed landing data used in the assessment in-
ludes the last part of the decline seen in the historical graph
 Fig. 2 ). Landings then stabilized at a historically low level for
round 20 years. An upwards trend began around the turn of
he millennium, bringing landings to late-1950 levels in 2023.

tock development over time 

he index of stock development over time based on fisheries-
ndependent data from the survey confirm a substantial in-
rease from mid-1990s to early 2000 but indicate that the
tock biomass stabilized in the period from 2001 to 2010 ( Fig.
 ). While the initial phase is in line with the strong increase in
andings between 1995 and 2001, the levelling-off in the stock
ndex contrasts the changes in landings that may have more
han quadrupled since 2001 and nearly doubled from 2010 to
020 ( Fig. 2 ). The trends in stock biomass for the entire stock
nd the part of the stock above MLS are closely correlated,
uggesting that the stock biomass is dominated by individuals
bove the MLS ( Fig. 3 ). This pattern has remained consistent
ver time despite the change in MLS in 2010. 

tock composition 

ompared to the commercial landings, the survey data has a
roader size selectivity, with a large share of the fish below
he MLS ( Fig. 4 ). The discrepancy in size selectivity increased
rom 2010 onwards when the MLS changed from 60 to 80 cm.
owever, because weight increases over-proportionally with
ize, the different selectivity translated to insignificant differ-
nces in biomass ( Fig. 3 ). 

tochastic Surplus Production model in Continuous
ime 

PiCT estimated the Atlantic halibut stock to be very small
rom the start of the assessment period (1977) until the turn
f the millennium ( Fig. 5 ). The stock size increased first grad-
ally, then linearly, before it flattened out above the biomass
eference point for maximum sustainable yield (BMSY 

). The es-
imated stock size uncertainty was low until the introduction
f survey observations and increased with increased year-to-
ear variation in the survey index. Parameter and stock esti-
ates are detailed in Tables S1 and S2, respectively. 
The SPiCT estimated fishing mortality ( Fig. 5 ) for the At-

antic halibut stock had the opposite trend of the biomass.
he fishing mortality was well above the fishing mortality ref-
rence point for maximum sustainable yield (FMSY 

) in the first
pproximately 20 years of the assessment period. The trend
as downwards facing from the peak around 1980, to the

owest estimated fishing mortality around 2004. 
The model estimated catch mostly followed the pattern of

he landings in the fisheries statistics ( Fig. 2 ) and was below
he production until 1990. Since 1990, the net production was
bove zero and increasing ( Fig. 6 ), and it peaked in 2005. Af-
er 2021, the estimated catch has been larger than production
nd hence negative net production. During the initial period of
he time series, very low biomass resulted in low and stagnant
roduction. SPiCT estimated the biomass and production to
ove up along the curve from 1999, with both stock size and
et biomass production increasing until around 2010. There-
fter, production remained relatively stable while the biomass
ncreased in relation to the carrying capacity K. Uncertainty in
atches and production increased towards the end of the time

https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsaf166#supplementary-data
https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsaf166#supplementary-data
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Figure 3. Standardized stock indices from the coastal survey for the entire Atlantic halibut stock (light colored line) and the part of the stock above MLS 
(dark colored line). Solid lines show mean estimates from spatio-temporal GAMMs scaled to the mean of the time series and shaded areas the 95% 

confidence intervals. MLS was 60 cm before 2010 and 80 cm since 2010. 

Figure 4. Length frequency distributions of Atlantic halibut per year observed on the coastal survey in 2005–2023. Shown are number of registered 
individuals per 5 cm length group (bar label at mid-point of each bin) and median (solid line and dots) and 5% and 95% percentiles (dashed lines). Bar 
colours indicate the MLS (changed in 2010 from 60 to 80 cm). 
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series, together with the increasing difference in year-to-year 
survey observations. 

Discussion 

Status of the stock 

Our results show that Atlantic halibut has recovered from 

depletion and again sustains a significant fishery in northern 

Norway. Although recent landings are below historic peaks 
in the 1930s and 1950s, the historic landings before 1977 in- 
lude landings from a wider geographic area. Our analysis of
he Atlantic halibut stock indicates that recent landings in the
orthern part have reached a level that likely exceeds sustain-
ble reference points for the stock ( Fig. 7 ). 

The trends in stock development were found to be robust to
 range of assumptions despite data limitations. Main limita-
ions are the relatively low sample size of halibut in the survey
ime series and the mismatch between the trawl selectivity in
he survey and the gear selectivity of the mostly gillnet- and
ongline-based commercial fleets. Challenges, strengths, and 
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Figure 5. Relative biomass (left) and fishing mort alit y (right) trends over time for the Norwegian Atlantic halibut stock north of 62◦N. Mean estimates are 
shown by the solid line, and shaded areas indicate the 95% confidence intervals (CI). B equals BMSY and F equals FMSY shown as dashed lines. 

Figure 6. Production and catch of the Norwegian Atlantic halibut stock north of 62◦N. The net production (left, black dots) is the difference between 
estimated production (bars above 0) and observed catches (bars belov 0). The estimated production function (right, black line) with the annual production 
estimates (black dots and blue line) in relation to estimated exploitable biomass. The vertical dashed line indicates BMSY. 
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eaknesses of the trawl survey index are further discussed in
upplementary Material S2 . Our analysis of the Atlantic hal-
but stock indicates that these limitations do not affect the
nderlying trend and perception of stock status significantly,
ut they contribute to the high uncertainty of stock estimates.
The estimated biomass trend from the SPiCT assessment
odel recovered from a depleted state in the first part of the

ime series (1977–2000) ( Fig. 7 ). The stock is, at present, esti-
ated to be overfished and the stock biomass just above BMSY 

 Fig. 7 ). The long-lived Atlantic halibut is sensitive to over-
shing, and historical landings ( Fig. 1 ) show that increased
andings over time were followed by reduced yield. According
o Bell & Pruter (1958, as cited in Haug 1990 ), the above-
entioned pattern was found to be so consistent for Atlantic
alibut fisheries that the future of the fishery may be predicted
rom its history. The same patterns were found for the stocks
n the northwest Atlantic (Cox et al. 2016 , Johnson et al. 2024 ,
hackell et al. 2021 , Trzcinski & Bowen 2016 ). The stock is
elieved to be in relatively good condition only in the north-
rn part of the Norwegian distribution area. When comparing
istorical landings with the recent years’ continuously increas-

ng landings, we would therefore expect a decline of the stock
iomass unless the positive trend in the northern part of the
istribution area is extended to the southern part. 
The fishing effort in the halibut fishery is believed to have

ignificantly increased in recent years, primarily as a result
f the adaptation of drum longlines (Norwegian Directorate
f Fisheries 2022 ), which increase the fishing effort for each
essel. In addition, the fleet has expanded, with more vessels
ntering the fishery. While total landings have remained rela-
ively stable, the intensified effort suggests a likely decline in
PUE. Stable or decreasing CPUE combined with increasing
ffort is a sign of a stock below 0.5 of the carrying capac-
ty k (Martell & Froese 2012 ), and indicates an overfished
tock, where fishing mortality should be reduced. The stock
as estimated to be on the left side of the production func-

ion throughout most of the time series ( Fig. 6 ). The lack of
ontrast in the time series made estimating MSY difficult. Only
n unfished stock around carrying capacity can be investigated
o determine a precise carrying capacity (Bouch et al. 2021 ).
herefore, our estimate of the carrying capacity and the BMSY 

ay deviate from the true values (S2). 
In the newly published assessment report (Zimmermann

t al. 2024 ), additional stock indices were evaluated, e.g. data

https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsaf166#supplementary-data
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Figure 7. Kobe plot of the Norwegian Atlantic halibut stock (north of 62◦N, 1977–2023) showing relative biomass and fishing mort alit y. Quadrants are 
divided by BMSY and FMSY: Upper left (low biomass, high fishing mort alit y), lower left (low biomass, low fishing mort alit y), upper right (high biomass, 
high fishing mort alit y), and lower right (high biomass, low fishing mort alit y). 
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from reference fleet, electronic recording and reporting sys- 
tem logbook data, tourist and recreational fishery. When these 
data were included, the uncertainty of the assessment reduced 

slightly, but did not change the overall perception of the stock 

trajectory. As the input data show a unidirectional increase 
in catches, while the biomass index is stable or increasing,
the model struggles to estimate model parameters. To amalga- 
mate partially conflicting information from input time series 
is a common challenge for surplus production models such 

as SPiCT (Bouch et al. 2021 ). One reason is that the data 
and modelling framework used here does not allow us to ac- 
count for recruitment explicitly, even though increases in stock 

biomass as observed here are often the result of strong year 
classes. Surplus production models assume that all individu- 
als, regardless of age and size, contribute equally, simplifying 
population dynamics to changes in total biomass as a function 

of productivity. Therefore, for long-lived species shifts in fluc- 
tuations due to year class variations, changes in stock produc- 
tivity and lags, may not be fully accounted for. Despite these 
limitations, the assessment model was implemented follow- 
ing recommended best practices (Kokkalis et al. 2024 ), and 

showed an acceptable performance even with a default config- 
uration, mainly because of the available long time series with 

substantial contrast. 
Edgar et al. ( 2024 ) indicate that recovering stocks’ biomass 

and fishing pressure often are respectively overestimated 

and underestimated in the assessment year. Although retro- 
spective analysis alone is not suitable to determine bias in 

stock assessment but rather indicate model misspecification 

(Cadrin 2025 ), a precautionary approach suggests taking ex- 
tra caution when assessing, advising, and regulating recover- 
ing stocks to avoid overexploitation. 

Tourist and recreational fishing 

Atlantic halibut is a popular target for tourist and recreational 
fishing in Norway. Recreational fishing is especially relevant as 
orway is probably the country in Europe with highest par-
icipation in recreational fishing (Hyder et al. 2018 ). There
re few limitations to recreational fishing beyond gear restric- 
ions, and catch reporting is not obligatory for Norwegian res-
dents participating in recreational fishing. Tourists seeking to 

ransport their catch abroad must utilize tourist fishing busi- 
esses, which are obliged to register Atlantic halibut catches 
Ferter et al. 2023 ). 

Tourist and recreational fishing can have significant nega- 
ive effect on a fish stock, especially locally (Cooke & Cowx
006 ). The landings from tourist- and recreational fisheries 
hould be fully quantified and included in stock assessments 
nd further management (Ferter et al. 2023 ). The fishing pat-
ern associated with tourist and recreational fishing are ex- 
ected to deviate from commercial fishing (Ferter et al. 2023 ,
øines et al. 2009 , Norwegian Directorate of Fisheries 2022 ).

n general, fishing pressure from the recreational and tourist 
shery is assumed to be higher in the southern part of Norway
ompared to the northern part. Recreational and tourist fish- 
ry in the most populated areas in the southern part may stand
or almost all fishing mortality for some species in coastal ar-
as, while approximately 10% in the northern area (Zimmer- 
ann et al. 2024 ). This may be one of the reasons why the
tlantic halibut stock in the southern part of Norway has not

ecovered as it has in the north. 

limate and fisheries impact 

arine ecosystems alter due to climate change, and up to 85%
f species have shifted their distribution (Dulvy et al. 2008 ,
elbourne-Thomas et al. 2022 ). Boreal marine ecosystems,
here most of the Norwegian Atlantic halibut are found to-
ay, and Arctic ecosystems where the Atlantic halibut is ex-
ected to be more present in the future, are undergoing signif-
cant alterations in the open sea and along the coast (Fossheim
t al. 2015 , Gordó-Vilaseca et al. 2023 , Siwertsson et al. 2024 ).
he distribution range of Atlantic halibut is likely to change



8 Lindgård et al.

a  

m  

c  

i  

8  

2
 

l  

t  

r  

h  

c  

g  

i  

o  

c  

t  

fi  

e  

y
 

c  

T  

o  

i  

s  

t  

t  

a  

c  

s  

r  

s

F

F  

e  

L  

u  

I  

s
 

t  

u  

l  

l  

b  

w  

(  

h  

a  

t  

t  

s  

t  

w  

l
 

h  

l  

p  

c  

o  

n  

A  

s  

fi
 

i  

b  

e  

i  

i  

m  

a  

m  

s  

m  

s  

i  

p  

i  

g  

s  

r  

b  

A  

c

G

B  

N  

O  

m  

s  

b  

l  

l  

r  

c  

a  

a  

e  

q  

M  

b  

m
 

t  

a  

t  

a  

e  

s  

A  

t  

s  

O  

A  

o  

t  

a  

c

D
ow

nloaded from
 https://academ

ic.oup.com
/icesjm

s/article/82/9/fsaf166/8268602 by guest on 02 O
ctober 2025
nd increase in the north, as new areas may come within ther-
al reach for the species, while warmer areas in the south be-

ome less suitable. The thermal envelope for Atlantic halibut
s estimated to be from 3.4◦C to 7.9◦C, and a shift of almost
 km/yr, was observed in the Norwegian Sea in the period
005–2020 (Gordó-Vilaseca et al. 2023 ). 
The suitable thermal habitat and abundance of the At-

antic halibut are expected to increase also in Canadian wa-
ers (Czich et al. 2023 ). The Canadian Atlantic halibut stock
ecovery is partially explained by increased suitable thermal
abitat caused by increased bottom temperatures in the re-
overy period. Rising water temperatures along the Norwe-
ian coast may be a plausible explanation for the observed
ncreased abundance of Atlantic halibut in the northern part
f Norway, especially after 2000 when abrupt temperature in-
rease was observed (Siwertsson et al. 2024 ). However, disen-
angling the different environmental drivers and impacts from
shing or other anthropogenic sources remains difficult (Cury
t al. 2014 ), especially in the absence of high-quality data on
ear-class variation, as in the case of Atlantic halibut. 

Fishing is usually a stronger driver of stock biomass than
limate change in the north Atlantic (Beaugrand et al. 2022 ).
hirty years of low landings indicate that a whole generation
f fishermen never, or to a small extent, targeted Atlantic hal-
but after the fishery collapsed in the 1980s. Low fishing pres-
ure is therefore also an important explanatory variable for
he recovery of the Atlantic halibut stock. This is also seen in
he historical landings data, especially in the period before and
fter WORLD WAR II ( Fig. 2 ), as well as for the halibut re-
overy in the largest Canadian Atlantic halibut stock (Trzcin-
ki & Bowen 2016 ). As the fishing pressure has increased and
eached FMSY 

-proxy in the last 5 years ( Figs 2 and 7 ), caution
hould be taken when managing the stock. 

uture management per specti ves 

rom a precautionary approach perspective, FMSY 

is consid-
red a limit rather than a management goal (Horbowy &
uzeńczyk 2012 ). Considering the relatively high assessment
ncertainty, the harvest rate should, therefore, according to
CES ( 2024 ), be reduced to ensure a stock biomass capable of
ustaining catches close to or above the MSY. 

Higher landings and biomass can be obtained by optimizing
he MLS (Beverton & Holt 1993 ). For species with strong sex-
al dimorphism, MLS should be considered for the larger and
ater maturing sex (Froese et al. 2016 ). The stock would be
ess exposed for overfishing, as most individuals have spawned
efore being caught. The MLS for the Atlantic halibut in Nor-
ay is 84 cm, corresponding to male length-at-maturation

Haug 1990 ). The MLS in US Fisheries is 104 cm (NOAA,
ttps://www.noaa.gov/), corresponding to the female length-
t-maturation for Atlantic halibut (Haug 1990 ). We assume
hat an increase in MLS for Atlantic halibut in Norwegian wa-
ers therefore would increase the reproduction potential of the
tock. However, a closed loop simulation was used to explore
he impact of higher MLS for one of the Canadian stocks and
as not found to improve the sustainability of higher harvest

evels (Johnson et al. 2024 ). 
As the large demersal fish stocks (notably, Atlantic cod and

addock) of the Northeast Atlantic are in decline, the smaller,
ess regulated demersal stocks experience increased fishing
ressure as they become the target species. During the cod
ollapse in the early 1990s, several unregulated stocks were
verfished. Therefore, as the abovementioned cod species are
ow again in decline there is a concern about the future of the
tlantic halibut stock and other similar less-regulated demer-

al stocks. For these stocks, regulations must ensure that the
shing pressure is within safe biological limits. 
Our results suggest that science-based management, includ-

ng output restrictions such as a total allowable catch, should
e implemented to ensure a sustainable Atlantic halibut fish-
ry. A precautionary approach in the management of the stock
s recommended considering the substantial uncertainty that
s exacerbated by data limitations, high fishing pressure (com-
ercial and recreational) and climate change. There is also
 need to evaluate the effectiveness of different management
easures and how they interact, both through monitoring and

imulation analysis. Other regulations such as higher MLS
ay also help to ensure the resilience of the stock, but the pre-

ented assessment framework that ignores stock demograph-
cs does not allow for including such regulatory changes ex-
licitly. Alternative assessment methods such as length-based

ndicators should therefore be explored and potentially inte-
rated into the current assessment framework. Approaches
uch as the RFB rule (ICES 2024 ) provide examples of how
elative abundance indicators can be combined with length-
ased indicators. Because length composition data from the
tlantic halibut stock is currently not considered sufficiently
onsistent there is a clear need for improved data collection. 

eneralizability—application to other stocks 

iomass models implemented in SPiCT are used in e.g. shrimp,
ephrops , cod, and snow crab assessments in the NE Atlantic.
ur study indicates that SPiCT or other surplus production
odels could be considered in the assessment of long-lived

pecies with relatively stable recruitment due to large eggs or
eing ovoviviparous, and where data is insufficient for age- or

ength-based population dynamics. Fish stocks in the NE At-
antic where this model may be applied are e.g. tusk, ling and
ed fish species. For these usually relatively small stocks, re-
ruitment indices, age and/or length distribution of landings,
nd stock size indices are often not available. Therefore, age-
nd length-based assessment models are not applicable. How-
ver, whether surplus production models are appropriate re-
uires case-specific evaluation, including simulation testing.
anagement strategy evaluation frameworks may be useful

oth when evaluating the performance of stock assessment
odels and when developing stock-specific advice. 
There are other Atlantic halibut stocks with fishing restric-

ions such as in southern Norway, Iceland, the Faroe Islands
nd Greenland. These are not yet assessed by using a quantita-
ive assessment model. In the NW Atlantic, four management
reas are identified, and the stocks are recovering (Shackell
t al. 2021 , Trzcinski & Bowen 2016 ). The largest of these
tocks, the Scotian Shelf and Southern Grand Banks Halibut
tlantic halibut stock, has recently been assessed with a spa-

ially integrated statistical catch-at-length model, although the
patial structure was not implemented (Johnson et al. 2024 ).
ur experiences and findings with the stock assessment of the
tlantic halibut in northern Norway may be transferable to
ther stocks of halibut and other species, as they demonstrate
hat important conclusions on stock status to inform man-
gement can be efficiently produced despite limited data and
apacity. 

https://www.noaa.gov/
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Conclusions 

� The SPiCT model proves to be applicable to assess the 
long-lived Atlantic halibut stock in northern Norway as 
landings and fisheries independent data are available.
The assessment could be further enhanced through sim- 
ulation testing and model validation (Carvalho et al.
2021 ), improved knowledge of key parameters and prior 
configuration, more information on size and age compo- 
sition, increased quality of commercial data as basis for 
a commercial CPUE index, and inclusion of data from 

recreational fishery. 
� Our analyses reveal an Atlantic halibut stock that has 

recovered from depletion and now again sustains a sig- 
nificant fishery. Yet, recent landings have reached a level 
that raises concern about the sustainability of the fishery.

� As long as the stock is managed in a sustainable man- 
ner, by limiting landings, climate warming will probably 
support the sustainable development of the stock in the 
north. 

� If landing and standardized biomass indices (fisheries- 
dependent or fisheries-independent) can be made avail- 
able, the approach is applicable to other stocks (e.g. At- 
lantic halibut in southern Norway, Iceland, Greenland) 
as well as other species (e.g. ling and tusk). 
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