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Executive summary

The main objective of the Working Group on the Integrated Assessments of the Barents Sea
(WGIBAR) is to perform an integrated assessment of the Barents Sea ecosystem taking into ac-
count climate change and anthropogenic impacts, and to provide ecosystem information to ICES
working groups and various users (managers, stakeholders and others). To achieve this objec-
tive, the group prepared relevant datasets, performed comprehensive analyses, and discussed
the state and trends of the Barents Sea ecosystem.

The Barents Sea has experienced a warming trend since 1970s, while becoming colder after 2015-
2016. Still, 2021 had higher air and water temperatures, less area covered by Atlantic water and
slightly more ice compared to 2020.

Mesozooplankton biomasses in the southwestern and southcentral areas in 2021 were below the
averages for 2016-2020, while in the southeastern regions generally comparable with the levels
for the 5 preceding years. The spatial biomass distribution in the Barents Sea in 2021 displayed a
typical pattern with high levels in the southwestern, deep central-eastern and northern regions,
and low levels in the central and eastmost regions. In 2021 the total biomass of euphausiids was
relatively high and was higher than the previous 5 years and long term mean (2003-2021).

Strong year classes of cod and haddock, intermediate year classes of capelin and herring, while
weak year classes of polar cod and redfish occurred in 2021. The total biomass of 0-group was
slightly below long term mean and was close to 1 million tonnes.

In 2021 total biomass of capelin increased to 4 million tonnes, which is higher than the long-term
average. Polar cod biomass index is still at a high level, but slightly lower than in 2020. The
numbers and biomass of young herring in 2021 in the Barents Sea decreased compared to 2020
and was at a record low level.

Most of the main demersal fish stocks (cod, haddock, Greenland halibut, beaked redfish, long
rough dab, saithe) in the Barents Sea are in a healthy state and at a level at or above the long term
mean. The exception is the golden redfish stock, which is still depleted. Stocks of cod, haddock
and Greenland halibut will most likely continue to decrease in 2022-2023. The other stocks are
expected to be relatively stable in the near future.

Diet composition of cod in 2021 was similar to 2019-2020. Importance of shrimp, snow crab, cap-
elin, polar cod and juvenile cod has increased in cod diet, while importance of euphausiids, hy-
periids, herring and juvenile haddock has decreased.

In recent years, the northern shrimp stock has remained stable, showing fluctuations but without
a clear trend. The distribution of snow crab and red king crab has not significantly changed in
2021.

The distributions of the marine mammals in the Barents Sea in 2021 was quite similar to previous
years. Distribution of baleen whales to a certain degree overlapping with the capelin distribu-
tions.

Concentrations of most contaminants in fish and crustaceans in the Barents Sea are relatively low
compared with other sea areas and the levels are either stable or decreasing. Amount of plastic
and other litters in 2021 was the same, as in 2020. No abnormal microplastic contamination of
the surface waters of the Barents Sea was detected in 2021.
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Progress report on ToRs

1.1 Progress report on ToR (a)

The historical time-series that are used for the integrated assessments of the Barents Sea ecosys-
tem were updated and extended.

1.2 Progress report on ToR (b)

The trend analysis was performed using the updated historical data. Results of the trend analysis
are presented in the Annex 5.

H. Solvang presented results of integrated analysis of multivariate datasets and trend analyses
of time-series data. Trend analyses for multivariate time-series data and categorical data analysis
for gridded data given in WGIBAR were considered. In the trend analyses, the long-term trend
estimation and the classification to common patterns (TREC) and flagged observation (FO) were
conducted. TREC classifies the estimated trends to three rough patterns (upwards, flat and
downwards), and also classifies more precise common patterns to assign the fixed icon patterns
in the roughly divided groups. This will be helpful for easy communication among stakeholders.
FO detection finds the data deviating from the forecast band for the recent years and gives us
the opportunity to investigate unexpected environmental or biological issue for the species. To
investigate the status for climate change, we suggest to apply these analyses to time-series data
for the two periods 1990 to 2005 and 2004 to 2021. In the categorical data analysis, the gridded
data for kittiwake, capelin, herring, polar cod, cod, haddock, plankton, and 0-group fish were
applied. The changes of directional association from more than ten years ago to the recent two
years were presented. The outputs will be carefully interpreted from biological and ecological
viewpoints.

N. Mikkelsen and H. Solvang presented use of trend analysis and risk assessment for evaluation
of human activity in the Barents Sea. This study was conducted within the BarentsRisk project
(at Institute of Marine Research, IMR). The aim of the project is to assess cumulative impacts of
human activities across sectors in the Norwegian management plan area. As a first step, the tem-
poral and spatial trends in the sectorial activities were explored, followed by calculation of the
monthly “risk” for each activity to appear within an applied grid system. The selected activities
are related to the sectors of petroleum, shipping and fishing. For the petroleum sector, three ac-
tivities are explored because they have variable spatial and temporal extent and are related to
different pressures. Data for indicators of activity have spatial and temporal extent.

To investigate various fluctuations of time-series, the trends and risk are first explored by each
activity. The seasonal and trend components are decomposed by seasonal adjustment method in
statistical time-series analysis. The risk will be calculated as the number of grid cells with activity
divided on the total number of cells within the Norwegian sector in the Barents Sea. Preliminary
results of the time-series analysis for petroleum production at the two operating fields show that
trend does not vary so much for Goliat field, although there was a slight decline towards 2021
and a common decline in September of all years. For Snehvit field, there were irregular seasonal
fluctuations in the period 2007-2010 and higher amplitudes presented during 2011-2013. After
then, consistent periodicities were shown with a common decline tendency in May-June and
Oct-Dec, while there was a tendency for higher production in Feb-April in 2009-2013.
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For shipping activity, preliminary results show mostly higher activity in June-August and there
are seasonal risk patterns in several categories. Seasonal adjustment will be applied to these data
to see the trend (increasing or decreasing) and the variation of seasonal patterns as next step.
Data exploration of wellbores show that the total number of new wells drilled in the period from
1980 to 2021 (238 development and exploration wells) where the average number of drilling days
per well is 60 (range 9-186). Trend analysis of time-series for wellbores, seismic surveys and fish-
ing activities will be explored and the risk of activity will be calculated.

1.3 Progress report on ToR (c)

R. Ingvaldsen and R. Primicerio presented results from a study on physical manifestations and
ecological implications of Arctic Atlantification. The Atlantic gateway to the Arctic Ocean is in-
fluenced by vigorous inflows of warm Atlantic Water. The high latitude impacts of these inflows
have strengthened owing to climate change, particularly since 2000, driving so-called ‘Atlantifi-
cation’—a transition of Arctic waters to a state more closely resembling that of the Atlantic. In
this presentation, we discuss manifestations of this “Atlantification” in a hotspot region of cli-
mate change spanning from the southern Barents Sea to the Eurasian Basin. Atlantification is
driven by anomalous AW inflows and is modulated by local processes, inducing warming, sea
ice loss and weaker stratification in ice-covered regions.

Key mechanisms include reduced atmospheric cooling amplifying warming in the southern Bar-
ents Sea, reduced freshwater input and stronger influence of ice import in the northern Barents
Sea, and enhanced upper ocean mixing and air-ice-ocean coupling in the Eurasian Basin. The
ecosystem responses to Atlantification are numerous and include increased production, north-
ward expansion of boreal species (borealization) and increased importance of the pelagic com-
partment populated by new species, while the ice-associated ecosystem compartment gradually
vanishes. The foodweb becomes increasingly connected and the emerging ecosystem develops
an increased capacity to adjust to Atlantification.

1.4 Progress report on ToR (d)

The joint Russian-Norwegian ecosystem survey (BESS) is running annually in August-October
since 2004. The aim of the survey is to monitor the state of the Barents Sea ecosystem to support
scientific research and management advice. Most of data for the state of various ecosystem com-
ponents come from the BESS.

The following presentations focused of status on different ecosystem components and pressures
were given during the meeting:

By R. Ingvaldsen and A. Trofimov

In 2021, the winter North Atlantic Oscillation index dropped significantly to a negative value
and reached a minimum since 2014. Storm activity over the Barents Sea was higher than or close
to average throughout the year. Air and sea surface temperatures in the Barents Sea were gener-
ally higher than average but lower compared to the previous year for most of 2021. Ice coverage
of the Barents Sea in 2021 was well below average and close to that in 2020. Ice melting started
in April, one month earlier than usual. There was no ice in the Barents Sea from August to Octo-
ber.

ICES
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The inflowing Atlantic Water has warmed by 1.1-1.7°C since the late 1970s, but the warming
peaked in 2015-2016 and the temperature has decreased by 0.4-0.5°C after that. However, a weak
warming was evident in 2020-2021, with temperatures close to, or slightly above, the long term
mean (1981-2010). The salinity in the inflowing Atlantic Water has decreased since 2011, alt-
hough also salinity has weakly increased in the late few years. Temperature in the Kola section
was generally warmer by 0.1-0.5°C as compared to the long term mean and close to the situation
in 2020.

In autumn 2021, surface, deeper and bottom waters were still warmer than average in most of
the Barents Sea. Negative anomalies were mainly found in the southwestern and central sea at
the surface and in the north in deeper and bottom waters. Compared to the previous year, surface
waters were much colder in most of the Barents Sea. Deeper and bottom waters were generally
warmer than in 2020.

In the past decades, the area of Atlantic Waters has increased in the Barents Sea, whereas the
area of Arctic Water has decreased. The situation in 2021 was much similar as to in 2020. In
autumn 2021, the area of cold bottom waters reached the largest value since 2011.

By H. Johnsen

No new data available. New update will be given in 2023.

By P. Dalpadado

The status of phytoplankton in the Barents Sea is based on satellite-estimates of net primary pro-
duction (NPP) for the period 1998-2021. Estimated NPP for the Barents Sea displays large inter-
annual variability, with decreased levels for the years 2020 and 2021 compared to the two pre-
ceding years. The NPP trend, however, shows a doubling of the annual production over the last
two decades, likely related to an increase in open water area and duration.

By E. Bagweien and 1. Prokopchuk

The status of the mesozooplankton is evaluated from time-series and spatial distributions of bi-
omass and species abundances - including Calanus spp. and other dominant copepod species.
Mesozooplankton biomass averages in August—September 2021 were about 5.9 and 6.7 g dry-
weight m? in the Norwegian and Russian sectors, respectively. The spatial distribution of bio-
mass across the Barents Sea displayed a typical pattern with high levels in the southwestern,
northern and the deep southeastern areas, and rather low levels in the central region. Mesozoo-
plankton biomass levels within 8 of 9 evaluated subareas in the western, central, and eastern
Barents Sea, were about ca. 10-60% lower than the preceding five-year averages (2016-2020). The
exception was the Southeast Basin subarea where a strong increase was registered. The subareas
farthest southeast and northeast in the Barents Sea were not evaluated due to data limitation. In
the western and central parts of the Barents Sea, where information on size-fractions is available,
the intermediate biomass fraction (1000-2000 um) was typically low in both 2021 and 2020. This
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fraction mainly includes relatively large copepods, including older developmental stages of
Calanus finmarchicus.

By E. Eriksen and A. Dolgov

In winter 2021, total abundance of overwintering euphausiids covered by plankton net attached
to the bottom trawl decreased and was lower than average 2015-2020. The average euphausiids
abundance decreased in all the subareas.

In autumn 2021, the euphausiids were taken by standard pelagic trawl in upper 60 m during the
BESS in August—October. They were widely distributed and the night catches were higher than
daytime catches and long term mean (2003-2021). Euphausiids biomasses dominated by large
Meganyctiphanes norvegica, which was mostly restricted to the Atlantic waters in the central and
southern areas in contrast, smaller T. inermis mainly found in the southeastern and northern Bar-
ents Sea (BS). Krill biomass in autumn were high most likely due to increased transport of M.
norvegica.

In 2021, the pelagic amphipods taken by standard pelagic trawl in upper 60 m were generally
found in traditional area - north of the Svalbard (Spitsbergen) archipelago. The Arctic Themisto
libellula is a dominant pelagic amphipod. In 2021, the total biomass of amphipods was slightly
higher than long term mean (2003-2021) but lowest since 2014.

In August-October 2021, lion’s mane jellyfish (Cyanea capillata; Scyphozoa) was the most com-
mon jellyfish species with an average catch of 19.8 kg, corresponding to 9.1 tonnes per sq nm.
High catches (> 10 tonnes per sq nmi) were observed in the central and southeastern Barents Sea.
Moon jellyfish Aurelia aurita was found in the southern Barents Sea with averaged biomass of
356 kg per sq nm, while single specimens of blue stinging jellyfish, Cyanea lamarckii, were found
in the western Barents Sea with average biomass 30 kg per sq nm. Ctenophores were found at 13
stations in the central, northern, and southeastern Barents Sea with an average biomass of 18 kg
per sq nmi.

By E. Eriksen and T. Prokhorova

Since 1980s, the abundance indices of 0-group fish have been estimated by using different soft-
ware: SAS (1980-2017), MatLab (1980-2019), and StoX (2016-2020). In 2021 R-scripts was devel-
oped to estimate abundance and biomass for the WGIBAR strata system (15 subareas, see
WGIBAR report 2019). In 2021, biomass of the 0-group fishes was close to 1 million tonnes and
dominated by cod, haddock and herring. Strong year classes of cod and haddock, intermediate
year classes of capelin and herring, while weak year classes of polar cod and redfish occurred in
2021. Larger 0-group cod was observed in the southwest and west of the Barents Sea, herring
and capelin — in the west, capelin and haddock in the central of the sea and polar cod and redfish
in the northern areas, while small 0-group fish (herring, cod, haddock, polar cod) were observed
in the southeastern area. The observation of 0-group capelin < 3 cm in length in the north and
southeast indicates its summer spawning
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By D. Prozorkevich and G. Skaret

The distribution areas of juvenile herring, capelin and blue whiting in the Barents Sea were cov-
ered well and synoptically in the BESS 2021. The survey indices for capelin, young herring, blue
whiting and polar cod were calculated. Total biomass of capelin increased to 4 million tonnes,
which is higher than the long term average. Abundance of 2-year old capelin in 2021 was the
highest since 1991. Numbers of fish at age 1+ was also high and constituted about half of the
population in numbers. This provides a good potential for growth of the capelin stock biomass.
Stock biomass of polar cod is still high, but slightly lower than in 2020. The majority of the stock
consists of individuals at age 2 (2019-year class). The numbers and biomass of young herring in
2021 in the Barents Sea decreased compared to 2020 and were at a low level. Doe to this a poor
recruitment should be expected in the near future. Abundance of blue whiting in 2021 was
slightly below the long term average, but higher than in 2020. The total biomass of pelagic fish
in the Barents Sea in 2021 was about 6 million tonnes, it is higher than the long term mean.

By E. Johannesen and Y. Kovalev

Most of the main demersal fish stocks (cod, haddock, Greenland halibut, beaked redfish, long
rough dab) in the Barents Sea are in a healthy state and at a level at or above the long term mean.
The exception is the stock of the golden redfish (Sebastes norvegicus), which is still depleted. The
stocks of cod and haddock, despite a decline in recent years, exceed the safe biological limits
established for these species. Stocks of cod, haddock and Greenland halibut will continue to de-
cline before the next abundant year classes will appeared. The other stocks are expected to re-
main relatively stable in the near future.

By T. Prokhorova, B. Husson and E. Johannesen

During the 2021 BESS 90 species from 29 families were collected. It is 5 species less than in 2020.
The northeastern part between Franz-Joseph Land and Novaya Zemlya was not covered, so less
Arctic habitat were covered compared to last year. Median and maximum catches decreased for
all but mainly boreal and boreal species. Distribution of the groups have not changed since the
previous year. A biogeographic score was assigned for all species according to their zoogeo-
graphic affiliation. This index was averaged per trawl, weighed by the relative abundance of
each species in the trawl. Maps of the “arcticness” of the catches can then be plotted. This shows
a decrease in proportion of arctic species in trawls until 2008/2010, then a stabilization of the
situation. This general pattern is similar when using a biogeographical index calculated for all
species based on species mode of distribution in 2004-2008.

By B. Bogstad and A. Dolgov

Capelin and polar cod stocks are now abundant, and reduced capelin growth due to decreasing
of zooplankton biomass is observed. There is low young herring abundance after 2016-year class
left the Barents Sea. Cod and haddock stocks are declining and their distribution in the Barents



ICES SCIENTIFIC REPORTS 4:50

Sea moving southwards. There is little overlap between cod and capelin/polar cod in autumn.
Cod size at age and fatness are low but the decline in growth has stopped. Cod diet composition
is relatively stable. Feeding conditions were poor for cod and haddock in 2019-2020. Cod growth
could increase following increased capelin and polar cod stocks. There could be less predation
pressure on young cod and haddock with high capelin and polar cod stocks.

The 2019- and 2020-year classes of cod and haddock are weak, 2021-year classes may be better
for both stocks. No strong new herring year classes have been confirmed yet — the 2021 herring
year class was average as 0-group. A new strong herring year class could negatively affect cape-
lin recruitment, which has been good for the last couple of years.

By N. Strelkova and L. Jorgensen

In 2021, 572 taxa/384 species of benthos were recorded in the BESS. The number of species/taxa
per station varied from 1-94 taxa, the quality of the megabenthos taxonomy (species identifica-
tion) in 2021 was good. However, a large area in the central Barents Sea was not covered by
taxonomic investigation of benthos due to the lack of analysis of the benthos trawl catches on
board one of the Norwegian RV. Despite the large uncovered area in the Barents Sea, the spatial
distribution of biodiversity of benthos in 2021 could have been the same as the long term.

There is a positive long-term trend of increasing biomass in all parts of the investigated Barents
Sea. This increase is largest in the boreal areas in the southwest and southeastern of the Barents
Sea, while lowest trend in the Arctic in the northeast of the sea.

After a period of large biomasses of benthos during 2017-2019, and its drop in 2019-2020, the
biomass of benthos again increased in 2021. This was probably due to the increasing water-tem-
peratures (according to Kola transect data) in 2014-2015 (7 year of time-lag).

Several species of vulnerable marine ecosystem are recorded in the Barents Sea. These are located
particularly from the southwestern shelf (Geodia sponge and cup corals) and northward along
the continental break, to western Svalbard, and on the Yermak plateau (sponges, sea-pens), north
of Svalbard (soft bottom gorgonian) and in the northern Barents Sea (soft corals and sea pens).

By A. Stesko and A. M. Hjelset

Status of the snow crab, northern shrimp and red king crab in the Barents Sea were presented.
Campelen trawl catches of snow crab from the BESS were used to calculate the biomass index
for both the Russian and Norwegian stocks. The present snow crab distribution has not signifi-
cantly changed the last years. Estimations of the snow crab indexes are associated with a high
level of uncertainties and further improvement is needed.

Results from the red king crab trawl survey in the Barents Sea show that the aggregations of
crabs generally have been shifted eastward and north-eastward compared with last decades, but
shifting of aggregations in 2021 in contrast to 2020 hasn’t been detected. There were caught many
berried females near the Kanin peninsula in 2021 during trap coastal survey.

Trawl surveys of the northern shrimp have been carried out in the Barents Sea since 1982. Its
stock in 2005-2021 has remained stable, showing fluctuations but without a clear trend.
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By N. Qien and R. Klepikovskiy

The presentation was based on data collected during the BESS in 2021. A total of 2168 individuals
from 10 marine mammal species were observed during the survey in 2021. The white-beaked
dolphin was the most common species observed. However, while this species usually is seen all
over the Barents Sea it was mainly observed north of 74°N in 2021, which also was the situation
in 2020. In addition to white-beaked dolphins, the dominating cetacean species in the Barents
Sea are the baleen whales: minke, fin and humpback whales. Their distributions were like those
seen in 2020; minke and fin whales are observed over large parts of the survey area while the
humpbacks tend to have higher densities in areas of high aggregations of mature capelin. Dedi-
cated sighting surveys have shown that the summer abundance in the Barents Sea of the minke
and humpback whales has increased since around year 2000 to about 70 000 and 7000 individuals
respectively.

By Jon Aars

The western part of the walrus population in the Barents Sea (BS) has shown significant growth
in the Svalbard area, after it was protected in 1952 (when near extinction), following more than
300 years of hunting in the area. The last estimate was >5000 individuals in 2018, the next planned
survey is in 2023. While Svalbard mostly had males a couple of decades ago, with females mostly
found in Franz Josef Land area, more and more females and calves are now seen in Svalbard.
Monitoring is part of MOS] (Monitoring of Svalbard and Jan Mayen). Walruses are Red Listed
as “vulnerable”.

Polar bears in the BS depend on, and spend much of their time on, sea ice. Habitats for polar
bears are changing and climate change is considered the main threat to the species. The popula-
tion was protected in 1973 in the Svalbard area (1956 in Russia). The population was estimated
at approximately 2650 animals in August of 2004. The population probably increased consider-
ably during the years after hunting was banned. Loss of sea ice has led to bears swimming long
distances (>100km) between the ice edge (hunting areas) and Svalbard. Denning areas may be
unavailable to bears hunting at the ice edge late in this century. The polar bears are Red Listed
as “vulnerable”.

Ringed seals (in particular young seals) swim longer distances than earlier from Svalbard to the
ice edge and use relatively more time on non-feeding activities. Other (in particular older seals)
stay in Svalbard and forage in front of glaciers.

Bowhead whales was in 205 shown to be more numerous at the marginal ice zone north of Sval-
bard (by an estimated >300 individuals) than earlier thought, and genetics indicate those whales
belong to the Spitsbergen stock that was believed to only number a few individuals after the
earlier excessive hunting in the Svalbard area. Narwhals were observed far into the ice, and even
more numerous, thus the BS population is likely quite large. White whales have a very local stock
in the Svalbard area, estimated to a bit above 500 individuals, lower than what was expected.
More white whales are found in the Franz Josef Land area.
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By P. Fauchald

In total, the Barents Sea holds a breeding population of more than 10 million adult seabirds.
Tracking studies of seabirds show that the area is one of the most important areas for pelagic
seabirds in the Northeast Atlantic with highest densities of birds from February to October. Mon-
itoring of breeding populations show variable trends among colonies and species. Data suggest
a borealization of the Arctic seabird community in Svalbard in which boreal species (common
murre, northern fulmar, northern gannet and great skua) are increasing, while Arctic species
(little auk, thick-billed murre and glaucous gull) are decreasing. On the Norwegian mainland
populations of Atlantic puffin and black-legged kittiwakes and common murre have been de-
clining. Besides being an important breeding area, tracking studies show that the Barents Sea is
an important feeding area in the period August to October. During this period, birds from breed-
ing colonies in the Norwegian Sea migrate into the Barents Sea to feed. This is also a period,
when the auk species moult and become flightless for several weeks. More than 50% of the sea-
birds leave the Barents Sea during the darkest months from November to January. The birds
return gradually from early February.

The spatial distribution of seabirds in September has been monitored by the Barents Sea ecosys-
tem survey since 2004. The distribution of species reflects the climatic gradient from a boreal
Atlantic climate, dominated by common murres, Atlantic puffins, herring gull and black-backed
gull in the south and west, to an Arctic climate with little auks, thick-billed murres and kittiwakes
in the north and east. The centre of gravity of the most common species during the autumn sur-
vey show a northward displacement for several species the last 11 years, suggesting that seabirds
are displaced toward the north following a period of warming. In the same period, the abun-
dance of pelagic surface feeding birds (i.e. gulls and fulmars) has decreased.

By A. Russkich and B. Bogstad

Status and development of the catches of main fish stocks in the Barents Sea were presented.
Noted that total catches decreasing slowly following peak in cod and haddock fisheries in early
2010s. Shown that capelin fisheries most variable — closed in many years — opened again in 2022
Noted increasing of shrimp, king crab and snow crab fishery. Underfishing of cod and haddock
quotas in 2020-2021 was discussed. Location of Russian, Norwegian and foreign fishing activity
from commercial fleets and fishing vessels used for research purposes in 2018-2021 as reported
(VMS) to Russian and Norwegian authorities were presented. Noted that fishery geographical
distribution in the Barents Sea has stabilized in the last years.

By T. Prokhorova and B.E Gresvik

Plastic dominated among anthropogenic pollutants on the water surface in 2021 as in 2020 (72.4%
and 68.9% of observations). The average surface observation of plastic litter in 2021 was the same,
as in 2020 (0.01 m?). Wood was recorded in less observations in 2021 (13.2%) than in 2020 (22.1%),
but the average surface observation of wood was higher in 2021 (0.23 m?) than in 2020 (0.12 m?3).
Other types of litter were observed singularly.
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Anthropogenic litter was observed in 11.5% of pelagic trawl stations and 28.1% of bottom trawl
stations in 2021 (in 24.6% of pelagic trawl stations and 27.4% of bottom trawl stations in 2020).
Plastic dominated from all anthropogenic matter in both the pelagic and the bottom trawl sta-
tions in 2021 as usual (100% of pelagic stations and 89.6% of bottom trawl stations with observed
litter). Wood was registered in 10.4 % of the bottom trawl stations with observed litter in 2021
(compared with 5.8% in 2020). Other types of litter were observed in trawls singularly.

Litter from fishery was a significant part of plastic litter both in the pelagic and bottom trawls in
2021 (36.6% and 66.1%), as in 2020. Fishery related litter was recorded in 25.5% of plastic litter
observations at the surface in 2021. Fishery related litter was represented by ropes, rest of nets,
floats/buoys etc.

By A.P. Pedchenko and B.E Grosvik

In 2021, IMR and VNIRO performed the first joint survey of microplastics in the Barents Sea.
Observations did not reveal abnormal microplastic contamination of surface waters and its ac-
cumulation zones.

Plastic dominated in catches of the Manta net among anthropogenic pollutants on the water sur-
face. It was noted at 68.9% of stations in the western part and at 46% of stations in the eastern
part of the Barents Sea. The number of microplastic particles per m3 at the observation stations
in the eastern part was less than 0.07, the average was 0.016. The total average number of surface
observation of microplastic particles was less 0.01 per m3. Wood was registered in a smaller
number of observations, at 13.2% of stations. Other types of garbage were observed sporadically.

The obtained quantitative estimates suggest a low degree of microplastic pollution of the Barents
Sea waters compared with other areas of the World Ocean. It is important to continue study on
microplastics contamination in 2022 to obtain quantitative estimates of pollution of the habitat
of commercial fish of the Barents Sea.

By S. Frantzen, M. Novikov and S. Boitsov

Results from both Norwegian and Russian monitoring of contaminants in marine organisms
from the Barents Sea were presented. Mercury levels in muscle of fish and crustaceans from the
Barents Sea are relatively low and below maximum levels set for food safety in the EU, Norway,
and Russia. Arsenic concentrations are relatively high in some fish and crustacean species and
very high in snow crab and shrimp. In some species, mean levels are above maximum levels
applying in Russia but not in EU or Norway. The arsenic found in marine fish and crustacean
muscle tissue is assumed to be mainly the non-toxic organic compound arsenobetaine. Both for
mercury and arsenic concentrations there are interesting differences between Norwegian and
Russian results for the same species, which should be explored more closely. Monitoring from
1994 or 2012 until 2021 shows that mercury and arsenic levels have remained stable in muscle
and liver of cod, haddock, Greenland halibut and long rough dab. Concentrations of dioxins and
PCBs in fish fillet are very low and below maximum levels set for food safety. Levels of several
organic contaminants (dioxins, PCBs, PBDEs, DDT) in liver of cod and whole capelin and polar
cod appear to be decreasing, although for some species such as polar cod the trends may partly
be due to samples being taken further north in later years. However, for PBDE in capelin and
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polar cod, there was still a slight decrease when separating between samples taken at different
latitudes. The chlorinated pesticide HCB showed no declining trend, except during the last two
years after an apparent peak in 2019. The concentration of HCB in cod liver was also higher in
cod from the Barents Sea than in cod from the North Sea.

1.5 Progress report on ToR (e)

The project plan on update of the joint Norwegian-Russian environmental status report for the
Barents Sea was considered. It will focus on the period 2016-2021. This report was initiated by
the Joint Russian-Norwegian Commission on Environmental Cooperation. The main objective is
to provide a comprehensive description of the Barents Sea using relevant scientific knowledge
from both Russian and Norwegian scientists. The report will contribute to the scientific basis to
development of ecosystem-based management in the Barents Sea. This report will give a basic
description of the major ecosystem components and their dynamics for the Barents Sea. It also
will give a description of human activities and discuss impact of these activities on the ecosys-
tem.

The updated Norwegian-Russian environmental status report should be based on what we al-
ready have done in the WGIBAR reports. However, for some of the sections, also other institu-
tions are involved, so the expert groups might involve more institutions than just IMR and
PINRO. The progress on this working plan should be discussed at the forthcoming this year
meeting between Russian and Norwegian scientists.

Elena Eriksen presented a short ecosystem state summary like to the Working Group on the In-
tegrated Assessments of the Norwegian Sea (WGINOR) short ecosystem state summary for the
Norwegian Sea. This document gives a short summary of the current state and recent change of
different components of the Barents Sea ecosystem while also briefly discussing possible causes
of state and change. It is issued for the first time in 2021 and is planned to be updated yearly. The
ecosystem status summary is intended for a wide audience, including scientists, teachers, stu-
dents, decision-makers, and the public interested in the Barents Sea ecosystem and marine envi-
ronmental issues more in general. It represents a summary of scientific information prepared by
the group and does not constitute ICES advice.

1.6 Progress report on ToR (f)

Information on the ecosystem monitoring in 2021 was presented by E. Eriksen and D. Pro-
zorkevich. The joint Russian-Norwegian ecosystem survey (BESS) is running annually in Au-
gust—October since 2004. The aim of the survey is to monitor the state of the Barents Sea ecosys-
tem to support scientific research and management advice.

It was recognized the negative tendencies in the monitoring of the Barents Sea ecosystem during
the last years. It related with decreasing in the survey efforts and deviation from the survey de-
sign that led to a deterioration in quality of collected data. This situation is a reason for concern
of the group, but it beyond the powers of scientists to change it.

The 19t BESS was carried out from 5 August to 3 October by the Norwegian research vessels
“G.O. Sars”, “Johan Hjort”, and “Helmer Hanssen”, and the Russian vessels “Vilnyus”. BESS
2021 was mostly executed according to the plan, except less coverage of the Northeastern BS as
planned and lack of coverage in the northeastern BS and the Loophole.

The total working vessel-days (when vessel performed the survey) during the BESS in 2021
amounted to 134 days. The progression of the survey in time and space in 2021 can be character-
ized as good. Monitoring of fish stocks seems to be good, however lack of coverage in the
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Loophole may slightly influence on cod and haddock stock estimates and lack of covered in the
east may influence O-group fish estimated, especially polar cod. In addition to standard sampling
at BESS, the standard oceanography sections “Varde-Nord” and “Serkapp-Vest”, and the new
standard section “Hinlopen”, were performed in the Norwegian survey area, and the “Kola”,
“Kanin” and additional section “Bear Island-East” were performed in the Russian survey area.
Norwegian vessels conduct chemical pollution assessment every third year in the Barents Sea,
and 2021 was such a year. Additionally, Norwegian and Russian vessels conducted: microplastic
sampling, observations of floating litter at the water surface and collected marine litter by trawls
(pelagic and bottom).

The technical condition of the Russian vessel no longer allows to cover a large area during the
survey period. This should be considered when planning the BESS 2022.

11
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List of Outcomes and Achievements of the WG in
this delivery period

The work plan for the current three-year cycle has been completed. A new work plan will be
developed after adoption of new ToRs.

a) WGIBAR prepared relevant datasets to describe status and analyse of long term changes
in the Barents Sea ecosystem.

b) The annual report “The state and trends of the Barents Sea ecosystem 2021” has been up-
dated (see Annex 5). This report is relevant for ICES working groups (Arctic Fisheries
Working Group (AFWG), Working Group on Widely Distributed Stocks (WGWIDE), Joint
ICES/NAFO/NAMMCO Working Group on Harp and Hooded Seals (WGHARP) and
Joint NAFO/ICES Pandalus Assessment Working Group (NIPAG)) as background ecosys-
tem information for the stock development.

c) For the first time, results of joint Russian-Norwegian study on microplastic contamination
in the Barents Sea were considered.

d) Trend analysis of historical datasets was performed and main changes in the Barents Sea
ecosystem were identified. The main points for 2021 are listed in the executive summary.

e) The detailed description of the ecosystem effect on the main commercial fish in the Barents
Sea was made at the Arctic Fisheries Working Group (AFWG) request.

f) Most of the scientific work relevant to WGIBAR is done by other projects at IMR/PINRO
or other institutions. Because of the WGIBAR activities is not funded there is little interses-
sional work done by WGIBAR as a group.

Fauchald, P., Tarroux, A., Amélineau, F., Brithen, V.S., Descamps, S., et al. 2021. Year-round distribution of
Northeast Atlantic seabird populations: Applications for population management and marine spatial
planning. Marine Ecology Progress Series, 676:255-276. https://doi.org/10.3354/meps13854

Gjosaeter, H., Huserbriten, M., Vikeba, F. and Eriksen E. 2020. Key processes regulating the early life history of
Barents Sea polar cod. Polar Biol 43, 1015-1027. https://doi.org/10.1007/s00300-020-02656-9

Eriksen E, Bagoien E, Strand E, Primicerio R, Prokhorova T, Trofimov A and Prokopchuk I 2020. The Record-Warm
Barents Sea and 0-Group Fish Response to Abnormal Conditions. Front. Mar. Sci. 7:338.
https://doi.org/10.3389/fmars.2020.00338

Gjosaeter H, Huserbriten M, Vikebe F, Eriksen E 2020. Key processes regulating the early life history of Barents
Sea polar cod. Polar Biology. https://doi.org/10.1007/s00300-020-02656-9

Eriksen, E., Benzik, A. N., Dolgov, A. V., Skjoldal, H. R., Vihtakari, M., Johannesen, E., Prokhorova, T. A., et al.
2020. Diet and trophic structure of fishes in the Barents Sea: The Norwegian-Russian program “Year of
stomachs” 2015 — Establishing a baseline. Progress in Oceanography, 183: 102262. (EG: WGIBAR; SG:
IEASG). https://doi.org/10.1016/j.pocean.2019.102262

Solvang, H. K., and Planque, B. 2020. Estimation and classification of temporal trends to support integrated
ecosystem assessment. ICES Journal of Marine Science. (EG: WGIBAR; WGINOR; SG: IEASG).
https://doi.org/10.1093/icesjms/fsaalll
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Kortsch S., Primicerio R., Aschan M., Lind S., Dolgov A.V., Planque B. 2019. Food-web structure varies along
environmental gradients in a high-latitude marine ecosystem. Ecography. 2019. V.42, Ne2. — P.295-308.
https://doi.org/10.1111/ecog.03443

Blanchet, M.-A., Primicerio, R., Frainer, A., Kortsch, S., Skern-Mauritzen, M., Dolgov, A. V., and Aschan, M. The
role of marine mammals in the Barents Sea foodweb. — ICES Journal of Marine Science, 76 (Supplement
1): i37-i53 d0i:10.1093/icesjms/fsz136.

Dalpadado P., Arrigo K. R., van Dijken G.L., Skjoldal H. R., Baggien E., Dolgov A., Prokopchuk I., Sperfeld E. 2020.
Climate effects on temporal and spatial dynamics of phytoplankton and zooplankton in the Barents
Sea. Progress in Oceanography, 185: 102320. https://doi.org/10.1016/].pocean.2020.102320

Husson B., Certain G., Filin A., Planque B. 2020. Suitable habitats of fish species in the Barents Sea // Fisheries
Oceanography. 00:1-15. https://doi.org/10.1111/fog.12493

Johannesen E., Yoccoz N., Tveraa T., Shackell N., Ellingsen K.E., Dolgov A.V, Frank K. 2020. Resource- driven
colonization by cod in a high Arctic food web. Ecology and Evolution. - V.10, No24. — P.14272-14281.
(https://doi.org/10.1002/ece3.7025)
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Cooperation

Cooperation with other WGs.
Stock assessment groups in particular AFWG and WGWIDE.

Other IEA groups in particular WGINOR and ICES/PICES/PAME Working Group on Integrated
Ecosystem Assessment (IEA) for the Central Arctic Ocean (WGICA).

Working Group on Multispecies Assessment Methods (WGSAM).
Cooperation with Management structures.

The Joint Russian-Norwegian Fisheries Commission, in charge of joint fisheries management in
the Barents Sea.

The Joint Russian-Norwegian Environmental Commission, in charge of joint environmental
management in the Barents Sea.

The Norwegian Ministry of Climate and Environment, in charge of Norwegian holistic ecosys-
tem-based management plan for the Norwegian part of the Barents Sea.

Ministry of Natural Resources and Environment of the Russian Federation, in charge of ecosys-
tem-based management of the Barents Sea.

Cooperation with other IGOs.
Relevant groups within the Arctic Council.
Norwegian monitoring group under the Norwegian Management Plan.

Norwegian Fishery reference fleet (coastal and sea).
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Response to the AFWG request

WGIBAR have received the formal request of AFWG:

“AFWG requests WGIBAR to include a short section in their annual reports on the ecosystem
effects on distribution and demographic rates of main Barents Sea fish stocks that are assessed
by AFWG (cod, haddock, saithe, beaked/golden redfish, Greenland halibut, capelin). This chap-
ter will be presented at the AFWG meeting and included in chapter 1 of the AFWG report.”

The following response to this request was prepared:

i)  Ecosystem effects on distribution and demographic rates of commercial fish in
the Barents Sea

Ecosystem and climate changes, along with fishery, determine the stock dynamics of commercial
species. Water temperature and ice conditions influence the distribution of the commercial fishes
in the Barents Sea. Apart from this, temperature impact growth rate and mortality at the early
stages (larvae, juveniles). Currents affect the strength of year classes by providing transport of
eggs, larvae and 0-group of commercial species from the spawning areas into the Barents Sea.
Food availability is another important ecosystem driver that influence on the rate of growth and
maturation of commercial fishes. It depends not only on the prey availability, but also on feeding
competition. Mortality due to predation, including cannibalism, can greatly affect population
abundance of commercial species. The impact of ecosystem changes on the dynamics of by-
catches of juveniles and non-target species in mixed fisheries should also be taken into account.

The following features of the Barents Sea ecosystem in 2021 that determined the distribution and
stock development of commercial fishes were identified by WGIBAR. A weak warming was ev-
ident in 2021, with temperatures close to, or slightly above, the long term mean (1981-2010). Ice
coverage of the Barents Sea in 2021 was well below average and close to that in 2020. In autumn
2021, surface, deeper and bottom waters were still warmer than average in most of the Barents
Sea. In the past decades, the area of Atlantic Waters has increased in the Barents Sea, whereas
the area of Arctic Water has decreased, but after 2016, the Arctic Waters area has increased. In
autumn 2021, the area of cold bottom waters reached the largest value since 2011. According to
the expert evaluation, over the next two years (2022-2023), the Atlantic water temperature in the
Murman Current is expected to decline slightly but remain typical of warm years. The ice cover-
age of the Barents Sea is expected to remain below normal. Due to below average ice cover and
shorter duration of seasonal sea ice, primary productivity should increase in the Barents Sea.
Most commercial fishes in the Barents Sea are boreal species, so above average temperatures
should have a positive effect, but the net effect depend on the how changes in the abiotic envi-
ronment will affect the prey and predations of each stock, and the relative impact of all factors.

Spatial distribution of mesozooplankton biomass in the Barents Sea in August-September 2021
displayed a typical pattern, with high levels in southwestern, northern and in the deep south-
eastern regions, and relatively low levels in the central region. Mesozooplankton biomass in the
western, central, and Barents Sea in August-September 2021 was 10-60% lower than the preced-
ing five-year averages (2016-2020).

In 2021 total biomass of euphausiids was relatively high and was higher than in 2020 and long
term mean (2003-2021). The estimate of total biomass of amphipods in 2021 was slightly higher
than long term mean (2003-2021), but the lowest since 2014.

Biomass of benthos increased in 2021 compared to 2019-2020. In recent years, the northern
shrimp stock has remained stable, showing fluctuations but without a clear trend. The distribu-
tion of snow crab and red king crab has not significantly changed in 2021.
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Capelin, polar cod and herring are the main forage pelagic fish in the Barents Sea, which are
important prey for most predators in the area, including commercial demersal species. These
species are very sensitive to various changes in the ecosystem, the influence of predators, fishing,
or the plankton availability. Historically, their stocks change rapidly depending on numerous or
small year classes. According to the survey, in 2021 total biomass of capelin increased to 4 million
tonnes, which is higher than the long term average. The capelin stock consists mostly of young
fish and has a good potential for growth. Polar cod biomass index is still at a high level, but
slightly lower than in 2020. The numbers and biomass of young herring in 2021 in the Barents
Sea decreased compared to 2020 and was at a record low level.

Demersal commercial fishes play an important role in the Barents Sea ecosystem as predators. In
recent years, stocks of cod, haddock and Greenland halibut have been declining, resulting in less
predation. Distribution of cod and haddock is shifting southwards. The composition of cod diet
was relatively stable in recent years. Capelin was a main prey. Long rough dab can consume the
juveniles of commercial fish. Its abundance in 2021 was very high and its distribution was exten-
sive.

Information on consumption of commerecial fish species by marine mammals in the Barents Sea
in recent years is a lack. Their abundance in 2021 was probably the same as in 2020. The distri-
butions of the marine mammals in the Barents Sea in 2021 was quite similar to previous years,
with the baleen whales to a certain degree overlapping with the capelin distributions.

Biomass of the 0-group fishes in 2021 was close to 1 million t (close to the long term mean) and
dominated by cod, haddock and herring. In 2021 strong year classes of cod and haddock ap-
peared, intermediate year classes of capelin and herring, whereas weak year classes of polar cod
and redfish appear to be weak.

Detailed description of the current state and expected changes of the Barents Sea ecosystem are
available in Annex 5 of this report.

ii) Specification of the current ecosystem effects on commercial fish in the Barents
Sea by species

Cod:

Total stock biomass in 2021 is estimated to be close to the long term mean and well below the
highest level observed after 1955 (3740 kt in 2013). It is expected further reduction in stock size,
which will lead to reduction of cod predation pressure on its prey species. It should be expected
relatively less consumption of capelin, haddock and shrimp. In 2019-2020 feeding conditions of
cod in the Barents Sea were poor, which reduced its fatness. The main effect of influence of eco-
system on cod stock is negative or neutral which is reflected in abundance of cod recruitment in
most resent years. There were no abundant year classes of cod since 2005 despite high cod SSB.
On the other hand, there were very low generations so strong negative effects also have not yet
been observed. The cod 2021-year class was relatively strong at the 0-group stage. Meso-zoo-
plankton is important for larvae and juveniles, and 0-group cod overlapped with relatively high
plankton biomasses. The feeding conditions for 0-group cod appear to be optimal and resulted
intermediate fish size. Despite of a lot of scientific work done the concrete mechanism of influ-
ence of Barents Sea ecosystem on cod recruitment is still unknown. Cod weights and percentage
of mature fish at age are also around average for the last decades.

Haddock:

Haddock stock dynamics is largely dependent on recruitment. Warm conditions are positive, but
not sufficient to ensure good recruitment and growth. Plankton bloom (timing and strength) and
influx are important for recruitment, and feeding conditions for the different age classes is im-
portant for growth and reproduction of prerecruits, but WGIBAR does not have available
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relevant data and information on inflow and timing and dynamics of the plankton bloom for us
to evaluate the impact on haddock recruitment.

Based on the 0-group index, the 2021-year class appear to be relatively strong. The euphausiid
biomass appear to above average, and this is beneficial for the 0-2 year old haddock, whereas
the mezozooplankton biomass appear to below. At this life stage, cod and haddock overlap to
greater extent in their diet then they do at older ages. The cod 2021-year class is also relatively
strong, so food competition for prerecruits might limit growth and survival, and the overall
amount of food available to pre-recruti haddock -for growth (and survival) is highly uncertain.

The cod stock is declining, since it is the main predator on haddock the decline should be positive
for the survival of young haddock, and the cod decline is also positive since older cod and had-
dock diets overlap to a certain extent food competitors. Older haddock include a large proportion
of benthic invertebrates in their diet, the availability of this prey group is not known.

Increase in capelin could lead to less predation on haddock by cod, and therefore lower mortality
on both prerecruits and younger haddock that are recruited into the fishery.

Capelin:

In August-September 2021, the area of capelin distribution in the Barents Sea increased com-
pared to 2020, with some shift to the northeast. Biomass was significantly higher than in 2020.
The main densities were between Svalbard (Spitsbergen) and Franz Josef Land. The total biomass
of capelin in 2021 estimated to 3998 thousand tonnes, of which 1438 thousand tonnes (36%) is
spawning stock. This is currently above the long-term level, and close to the level of 2012-2013.
Compared to 2020, the total capelin biomass in the Barents Sea increased more than 2 times,
while the spawning stock increased 2.7 times. About 60% by numbers and more than 70% by
biomass of the stock is the numerous 2019 year class. A significant recruitment of the stock by
individuals of the generation of 2020 (39% in terms of abundance) was also. Consequently, the
capelin stock structure in 2021 is represented mainly by young fish aged 1+ and 2+ years. Thus,
in 2021, the previously noted the positive trend in the stock of the Barents Sea capelin continued,
primarily due to the record-high 2019 year class. This holds good prospects for the capelin stock
growth in 2022 and continue fishery in 2023. ICES advises TAC in 2022 70 000 tonnes. With a
high probability, the TAC in 2023 will be much higher if will not changes in the management
plan in 2022.

The average length and weight of fish at the age of 2+ (the generation that forms the basis of the
stock) has significantly decreased; such low values have not been observed since 2012. This is
due to the high number of the generation and, accordingly, increased food competition. It can be
noted that in 2021 the plankton supply for capelin stock were unsatisfactory, which in the future
may affect the wintering conditions and survival thereafter.

Halibut:

The distribution of the Greenland halibut stock is very uneven in the Barents Sea and adjacent
waters and strongly depends on the migrations that it makes throughout its life. The highest
densities of adult fish are observed in spawning grounds on the slope of the continental shelf.
Juveniles widely distributed along the northern part of the shelf and their abundance in the Bar-
ents Sea may be affected by water temperature and currents. Larvae and fry of Greenland Hali-
but can been move up out from the Barents Sea to another nursery areas by main currents. Effect
of temperature is minor in that case, but if the juveniles come back to the Barents Sea basin the
water temperature can been have positive effect on young fish. Justification of that hypothesis is
uncertain but it can be one of the main factors affected into recruitment. The Greenland halibut
depends on the number of prey items. Herring is an important food for adult fish while the zo-
oplankton, capelin, polar cod and other small fishes — for young fish. Cod can be the main pred-
ator and other bottom fish are food competitors. Cannibalism can be also observed in areas with
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overlapping of adults and juveniles. It was observed that sea mammals are overlapping with
halibut on the spawning areas and can have negative effect on halibut.

Beaked redfish:

As a boreal species, it is benefiting from the warming in the Barents Sea. Its stock has increased
in recent years. However, abundance at the 0-group stage in 2021 was estimated as low. Feeding
condition for beaked redfish in 2021 were likely to be relatively stable. Cod and halibut main
predators for the beaked redfish. However, as abundance of these species is declining and abun-
dance of capelin and polar cod is increased, the predation pressure on redfish probably is rela-
tively low. In recent years, the mortality rate of young beaked redfish has been high due to by-
catches in the shrimp fishery. This strongly depends on the overlap between the distribution
areas of redfish juveniles and shrimp fishery areas. The stock size and distribution of shrimp as
well as currents and temperature effect on this.

Golden redfish:

Biology and ecology of the golden redfish are close to the beaked redfish one. Therefore, the
ecosystem effect on this species the same as that described for the beaked redfish. However,
unlike the beaked redfish, the stock of redfish depleted. It can only be caught as bycatch. By-
catches of golden redfish in recent years increased as a result of less extensive feeding migrations
of cod to the northern and northeastern Barents Sea. This led to an increased overlap of cod
fishery areas with distribution of golden redfish.

Saithe:

This stock is mainly distributed outside the Barents Sea and also the nursery areas are close to
the coast. The distribution in the Barents Sea is likely temperature limited. Herring, capelin and
macrozooplankton are an important prey for adult saithe.

iii) Quantitative estimations of the ecosystem effect on commercial fishes in the Bar-
ents Sea in 2021

Summarized estimations of the ecosystem effect on the commercial fishes are presented in Table
5.1. Impacts on distribution, food ability, feeding competition, mortality due to predation and
bycatches were taken into account.
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Table 5.1: Score linkage impact evaluation of the ecosystem components on the stock dynamics based on the WGIBAR
expert opinion, where: No effect indicated by 0 and yellow color, weak positive effect (1 and light green), weak negative
effect (- 1 and light red), significant positive effect (2 and red), while significant negative effect (-2 and green), and sign
“?” —indicate no knowledge or unclear.

Key ecosystem com- NEA cod NEA haddock Capelin Greenland Beakedred-  Golden red-
ponents in 2021 halibut fish fish

Temperature

Ice conditions

Currents

Mesoplankton

Macroplankton

Benthos

Shrimp

Snow crab

King crabs

Capelin

Herring

Polar cod

Cod

Halibut

Long rough dab

Marine mammals

Total 9 8 16 7 0 0
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5 Next meeting

Next WGIBAR meeting is planned to be held in Murmansk in February-March 2023.
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Annex 2:

2019/FT/IEASGO04
Sea (WGIBAR), chaired by Elena Eriksen, Norway, and Anatoly Filin, Russia, will work on ToRs
and generate deliverables as listed in the Table below.

Resolutions

Working, Group on the Integrated Assessments of the Barents

MEETING COMMENTS (CHANGE IN
DATES VENUE REPORTING DETAILS CHALIR, ETC.)
Year 24-28 February  Bergen,  Nor- ICES Scientific Report
2020 way by 30 March 2020
Year 2—4 March Meeting online  ICES Scientific Report
2021 by 8 April 2021
Year 21-25 Meeting online  Final ICES Scientific
2022 February Report by early June
ToR descriptors
SCIENCE
PLAN EXPECTED
ToR DESCRIPTION BACKGROUND CODES DURATION DELIVERABLES
a Prepare relevant Science and 6.1 Year 1,2,3  Updated
datasets that can advisory datasets
be used for the requirements
integrated
assessments of the
Barents Sea
b Perform an Science and 13,14 Year1,2,3 Annual reports
integrated advisory
analysis of requirements
multivariate
datasets and other
relevant
information
including model
outputs
c Analyse spatial Science and 22,24 Year1,2,3 Annual reports

patterns and
trends with
special emphasis
on shifting
distribution of
communities and
species, and
valuable and
vulnerable areas

advisory
requirements

ICES
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https://ices.dk/about-ICES/Documents/Resolutions/Science_plan_codes.pdf

ICES | WGIBAR 2022
d Prepare an annual  Science and 1.3;2.1;6.5 Year1,2,3 Annual reports
report on the advisory
status and trends ~ requirements
of the Barents Sea
ecosystem
e Provide support Science and 22;2,7,61  Year1,2,3 Annual report
to ongoing advisory
ecosystem requirements
assessments and
evaluations in the
Barents Sea
f Evaluate the Science and 3.1;3.2 Year 1,2,3 Annual reports
current advisory
monitoring of the  requirements
Barents Sea
ecosystem
Summary of the Work Plan
Year 1 Prepare relevant datasets and other relevant information, including biotic and
abiotic ecosystem components and human pressure that can be used for the
integrated assessment of the Barents Sea.
Perform an integrated analysis of multivariate datasets and other relevant in-
formation including model outputs
Prepare an annual report on the Barents Sea ecosystem status and describe
fluctuations and changes based on trend analyses and integrated analysis of
multivariate datasets
Evaluate the current monitoring of the Barents Sea ecosystem
Provide support to ongoing ecosystem assessments and evaluations in the Bar-
ents Sea
Year 2 Prepare relevant datasets and other relevant information, including biotic and
abiotic ecosystem components and human pressure that can be used for the
integrated assessment of the Barents Sea.
Perform an integrated analysis of multivariate datasets and other relevant in-
formation including model outputs
Prepare an annual report on the Barents Sea ecosystem status and describe
fluctuations and changes based on trend analyses and integrated analysis of
multivariate datasets
Evaluate the current monitoring of the Barents Sea ecosystem
Provide support to ongoing ecosystem assessments and evaluations in the
Barents Sea
Year 3 Prepare relevant datasets and other relevant information, including biotic and

abiotic ecosystem components and human pressure that can be used for the
integrated assessment of the Barents Sea.
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Perform an integrated analysis of multivariate datasets and other relevant in-
formation including model outputs

Prepare an annual report on the Barents Sea ecosystem status and describe
fluctuations and changes based on trend analyses and integrated analysis of
multivariate datasets

Evaluate the current monitoring of the Barents Sea ecosystem

Provide support to ongoing ecosystem assessments and evaluations in the Bar-
ents Sea

Revise the Barents Sea ecoregion description in the ICES Ecosystem Overview,
including overview of the ecosystem, its current state and changes under the
environmental and anthropogenic impacts

Supporting information

Priority

The current activities of this Group will lead ICES into issues
related to the ecosystem effects of fisheries, especially with regard
to the application of the Precautionary Approach. Consequently,
these activities are considered to have a very high priority.

Resource requirement The research programmes which provide the main input to this

group are already underway, and resources are already committed.
The additional resource required to undertake additional activities
(ToR c and e) is needed.

Participants

The Group is normally attended by some 30-40 members and
guests.

Secretariat facilities ~ SharePoint site, secretariat support for reporting

Financial

No financial implications.

Linkages to ACOM  Stock assessment groups in particular AFWG and WGWIDE.

and

groups under ACOM
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Annex 3:  Agenda for WGIBAR 2022

21 February, Monday
08:30 — 16.00 Plenary
Opening of the meeting, adopting of the agenda and practical information (E. Eriksen, A. Filin)
ToR (f) — Evaluate the current monitoring of the Barents Sea ecosystem
Evaluation of the ecosystem monitoring in 2021 (E. Eriksen, D. Prozorkevich)
ToR (d) — Prepare an annual report on the status and trends of the Barents Sea ecosystem

Ecosystem status and trends: (15 min per presentation + 5 min discussion, who will be speaking
in bold)

Oceanography (R. Ingvaldsen, A. Trofimov)
Ice biota (H. Johnsen)
Phytoplankton (P. Dalpadado)
09:30-09:40 Break
Mesozooplankton (E. Baggien, 1. Prokopchuk)
Macroplankton (E. Eriksen /A. Dolgov)
Fish recruitment (E. Eriksen, T. Prokhorova)
10:40 — 11:40 Lunch
Pelagic fish (D. Prozorkevich, G. Skaret)
Demersal fish (E. Johannesen, Yu. Kovalev)
Fish trophic interactions (B. Bogstad, A. Dolgov)
Non-commercial fish (B. Husson, T. Prokhorova)
13:00-13:10 Break
Benthos (N. Strelkova, L. Jergensen)
Shellfish (AM. Hjelset, A. Stesko)
Seabirds (P. Fauchald)

Sea mammals (Whales-N. Jyen, R. Klepikovskiy and sea ice dependent marine mammals-
J. Aars)

14:30-14:40 Break
Fisheries (A. Russkich, B. Bogstad)

Pollution, including marine litter and microplastics (H.E. Heldal, B.E. Gresvik, T. Prokho-
rova, A. Pedchenko)

Contaminants in fish and invertebrates (S. Frantzen, M. Novikov)
Discussion on the Barents Sea ecosystem state and dynamics.

Outcomes and achievements in 2020-2022.
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22 February, Tuesday
08:30-10.30 — Plenary

“Update the ICES ecosystem overview (EO) of the Barents Sea region” (Inigo Martinez
and Eirini Glyki)

ToR (b) — Perform an integrated analysis of multivariate datasets and other relevant information
including model outputs

“Integrated analysis of multivariate datasets and trend analyses of time-series data” (H.
Solvang)

“Trends in temporal and geographic development of human activities in the Barents
Sea” (N. Mikkelsen)

Set of the working groups (E. Eriksen and A. Filin)
10:30 — 11.30 Lunch

ToR (c) — Analyse spatial patterns and trends with special emphasis on shifting distribution of
communities and species and valuable and vulnerable areas

11.30-16.00

“Physical manifestations and ecological implications of Arctic Atlantification” (R.
Ingvaldsen)

Work by groups

23 February, Wednesday
08.00 — 16.00 Group work
Updating the WGIBAR database ToR (a)
Prepare description of ecosystem status and long-term trends to the ToR (d)

Update the ICES ecosystem overview (EO) of the Barents Sea region

24 February, Thursday
9.00-10.30 — Plenary
Information from the working groups (leaders of the groups)
ToR(e) — Provide support to ongoing ecosystem assessments and evaluations in the Barents Sea

Short description of ecosystem trends, status, and expected changes for managers (E.
Eriksen)

Update the “Environmental status report for the Barents Sea” (R.
Ingvaldsen and A. Filin)

AFWG request (A. Filin)

Election of new chairs

11.30-15.00 - Work by groups

Prepare the status description of the Barents Sea ecosystem to the ToR (d)

Continue work with the ICES ecosystem overview (EO) of the Barents Sea region
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25 February, Friday
9.00-13.00 — Work by groups

Prepare the status description of the Barents Sea ecosystem to the report ToR (d)

Continue work with the ICES ecosystem overview (EO) of the Barents Sea region
11.30-15.00 - Plenary

Information from the working groups (leaders of the groups)

Summing up the results of the meeting

Future work, new ToRs, needs in additional experts
Next meeting
Evaluation of expertise of the WGIBAR group and further needs

Closing the meeting
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Annex 4:  Short report of the Barents Sea ecosys-
tem status 2021

This document gives a short summary of the current state and recent change of different compo-
nents of the Barents Sea ecosystem while also briefly discussing possible causes of state and
change. It is issued for the first time in 2021 and is planned to be updated yearly. The ecosystem
status summary is intended for a wide audience, including scientists, teachers, students, deci-
sion-makers, and the public interested in the Barents Sea ecosystem and marine environmental
issues more in general. It is prepared by the ICES Working Group on Integrated Ecosystem As-
sessment for the Barents Sea (WGIBAR). It represents a summary of scientific information pre-
pared by the group and does not constitute ICES advice.

Highlights

The Barents Sea has experienced a warming trend since 1970s, while becoming colder after 2015—
2016. Temperatures in 2021 were still typical of warm years. The areas covered by Atlantic and
Arctic Waters in autumn were similar to 2020, while the area covered by cold bottom waters
increased slightly and turned out to be the largest since 2011. Ice coverage of the Barents Sea has
increased since 2016 due to lower temperatures and lower area covered by Atlantic Water, but
the ice coverage in 2021 was still below average (1981-2010).

Some decrease in mesozooplankton biomass, mainly in some western and central areas, meas-
ured in autumn 2021 could be influenced by high predation pressure due to a large capelin stock,
possibly a lower advection of mesozooplankton with inflowing waters into the Barents Sea (BS)
and variation in local production. Krill indices of biomass have shown increasing trends over
recent decades to the increased contribution from M. norvegica in the BS. The total biomass of
amphipods was slightly higher than long term mean (2003-2021) but the lowest since 2014.

The 2021-year classes of cod and haddock were strong, while those of polar cod, redfish seem to
be weak. Capelin and herring year classes was moderate. In 2021, the total biomass of 0-group
in the Barents Sea was slightly below long term mean and was close to 1 million tonnes.

The total stock of capelin was estimated to about 4 million tonnes, which is the highest estimated
biomass since 2008 and above the long-term level. The biomass of polar cod in the Barents Sea
recovered after a long time decline and in 2021 was estimated 1.3 million tonnes.

Most of the main demersal fish stocks (cod, haddock, Greenland halibut, beaked redfish, long
rough dab, saithe) in the BS are in a healthy state and at a level at or above the long term mean.
Cod food consumption in 2021 was close to the level of 2020. Capelin is still the most important
food item for cod. Importance of euphausiids, hyperiids, polar cod and snow crab has increased
in cod diet, while importance of haddock, shrimp and herring has decreased.

The northern shrimp stock is relatively stable. The snow crab population distribution and abun-
dance is stable. Aggregations of the red king crab have been shifted eastward and north-east-
ward last decade, however in 2021 compared 2020 location of main aggregations of red king crab
were stable.

The distribution of megabenthos may show relative stable large-scale patterns but with slightly
increasing biomass. This may indicate a long-term change toward warmer seabed conditions.
Two new boreal species was recorded in the SW where also the general biomass of benthos in-
creases the most.
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The centre of gravity of the most common species shifted northward for several species the last
11 years. In the same period, the abundance of pelagic surface feeding birds has decreased.

The abundances of minke, fin and humpback whales in the BS increased after 2000 and have
stayed at high levels. Their distributions, especially of minke and humpback whales, generally
overlap with capelin distributions in late summer—autumn.
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Graphical summary

Topic Overall trend Situation in 2021 Possible implications
Ocean cli- A warming trend since 1970s, while be- Cooling but still warm Highly certain: dedicated monitor-  Affect production and distribu-
‘ mate coming colder after 2015-2016. Since then ing with good spatial coverage ex-  tion of plankton, fish, benthos
the areas covered by Atlantic and Arctic ists. and marine mammals
Waters has decreased/increased with
slightly increase of ice coverage.
/ Primary pro- Net Primary Production (NPP) showed a Net Primary Production (NPP) showed a Highly certain: the phytoplankton  Increased food resources for
I‘ duction marked significant increase. The NPP in- slightly decrease in 2021, but still high estimates are based on satellite herbivores since 2009

creased significantly both in the western
and eastern regions.

data covering the whole produc-
tive season with high geographic
solution.

B

Zooplankton
biomass

Mesozooplankton biomass has been rela-
tively stable during last decades. Krill indi-
ces of biomass and abundance have shown
increasing trends, while the amphipod bio-
mass index in the Arctic showed a decreas-
ing trend over recent decades

Some decrease in mesozooplankton biomass

— particularly in western and central regions.
Krill and amphipod biomass indices for 2019
and 2020 are not calculated yet

Moderately certain: plankton bio-
mass is measured during autumn
(at the end of the feeding period
for fish) and is thus not directly
linked to annual zooplankton bio-
mass/production in the area

Reduced food sources for plank-
tivorous feeders, including pe-
lagic fish and juvenile fish.

& A

Zooplankton
spatial dis-
tribution

The spatial distribution of mesozooplank-
ton biomass showed a typical pattern with
high values in southwestern, deep central-
eastern, and northern areas, and relatively
low levels in central areas.

Compared to the preceding 5-year averages,

mesozooplankton biomass in 2020 was gener-
ally lower in the western and central Barents

Sea, while more variable in the eastern Bar-
ents Sea.

Moderately certain: the surveys
do not cover the entire BS.

May affect distribution of plank-
tivorous fish

0-group bio-
mass

The biomass of 0-group fish (cod, haddock,
NSS herring, capelin, polar cod, and red-
fish) were low in 1980s, increased in 1990s
and was high in 2004-2016.

The 0-group fish biomass varied from low to

moderate since 2016 and was in 2021 slightly

below the long term mean due to strong re-
cruitment of cod and haddock.

Highly certain: dedicated monitor-
ing with good spatial coverage ex-
ists

Direct implications for fish stock
development

e B

Mega ben-
thos

The biomass slightly increased during
2005-2021, most in boreal, less in Arctic
areas following same spatial pattern as

In 2021, the number of taxa and biomass of
mega-benthos was above the long term
mean, while abundance (number of

Moderately certain: the surveys
did not cover the entire BS; re-
duced taxonomic identification

Reduced or increasing benthos
biomass and VME may affect
food availability and
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previously years. Two new boreal species
recorded in the SW. Species diversity in-
crease considerably due to greater expert
skills. Several VME species recorded but
annual trends still unsure.

individuals) was below. Critical amounts
(NAFO) of sponges taken in the SW.

(2020) and lack of coverage in
central Barents Sea (202) made
comparison between 2020 and
2021 difficult/impossible. VMEs in
the high north was not covered.

shelter/structural habitats for
benthivores vertebrates and in-
vertebrates. New boreal species
indicate long-term shift in ben-
thic ecosystem.

QX R

general decrease in biomass of polar cod in
the Barents Sea, but the strong year class

and is at a high level.

coverage some years

Shellfish The spatial distribution of commercial In 2021, the biomass/abundance of commer-  Moderately certain: lack of spatial Nothing generally implications
shellfish species: shrimp - in central and cial species (shrimps, snow crab, king crab)is  coverage some years for snow due to stable stocks status.
northern part, red king crab - in southeast,  relatively stable. No change in distribution of ~ crab and shrimp. |
snow crab - in central and northeast. snow crab, red king crab, shrimps. . .

Highly certain: good coverage for
red king crab.

Pelagic fish ~ The biomass of pelagic fish stocks (capelin, In 2021, the total biomass of pelagic fish in- Highly certain: dedicated monitor-  Direct implications for plankton

= biomass and herring, polar cod, and blue whiting) de- creased and was highest since 2014 due to ing with good spatial coverage ex- biomasses, predators, and fish-
spatial dis- creased since 2008, but in 2019 a positive strong recruitment of capelin and polar cod. ists eries opportunities
& tribution trend began.
&
Capelin Growth of capelin stock due to strong The total capelin stock is 4 million tonnes, Highly certain: dedicated monitor- A good food base for predators
- 2019-year class and moderate 2020-year which is the highest since 2008. The mature ing with good spatial coverage ex- and fisheries opportunity. De-
class. stock 1.4 million tonnes and close to long- ists. crease in plankton biomass, de-
& term level. crease in fish growth.
&
NSS herring  The negative trend in herring recruitment The number of juvenile herring is extremely Highly certain: dedicated monitor-  Poor recruitment and declining
= continues. Were not abundant year classes low. Numerous year classes left out the Bar- ing with good spatial coverage ex- fishing stock.
& after 2016. ents Sea. ists.
&
Polar cod From 2010-2019 there seemed to be a The total stock is close to 1.5 million tonnes Moderately certain: lack of spatial A good food base for predators.
>t
el

of 2015 and 2020 gave an increase in polar
cod stock biomass in 2016 and 2021.
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&

million tonnes in 2013 to close to 1.0 mil-
lion tonnes in 2020.

slight increasing.

ing with good spatial coverage ex-
ists

fish biomasses and fisheries op-
portunities

Blue whiting  After 2016, the number began to decrease  Biomass at a low level, about 500 thousand Moderately certain: depends on Nothing generally implications
i significantly. tonnes. fish distribution inside standard- due to distribute the main stock
ized area outside Barents Sea and low bi-
& omass inside now.
&
Demersal At recent years the biomass of main de- In 2021, recent trends in all stocks kept. Highly or moderately certain: ded-  Direct implications for pelagic
» fish biomass  mersal fish stocks (cod, haddock and icated monitoring with good spa-  fish biomasses and fisheries op-
Greenland halibut) while saithe, beaked tial coverage exists but lack of portunities
é redfish biomass are increased. spatial coverage some years
&
Cod The biomass of cod decreased from 3.7 In 2021, the total biomass of haddock de- Highly certain: dedicated monitor-  Direct implications for pelagic
)’ million tonnes in 2011-2012 to close to 0.7  creased to 2.2 million tonnes due to weak and ing with good spatial coverage ex-  fish biomasses and fisheries op-
& million tonnes in 2020. average recruitment in recent years. ists portunities
&
Haddock The biomass of haddock decreased from In 2021, the total biomass of cod decreased to  Highly certain: dedicated monitor-  Direct implications for pelagic
,’ 1.2 million tonnes in 2013 to close to 2.2 0.7 million tonnes due to weak and average ing with good spatial coverage ex-  fish biomasses and fisheries op-
& million tonnes in 2020. recruitment in recent years. ists portunities
&
Saithe The biomass of saithe increased from 0.6 In 2021, the total biomass of saithe continued  Highly certain: dedicated monitor-  Direct implications for pelagic
@D
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Greenland The biomass of Greenland halibut de- In 2021, the total biomass of Greenland hali- Highly certain: dedicated monitor-  Direct implications for pelagic

,’ halibut creased from ca 0.8 million tonnes in 2013 but decreased slightly due to weak and aver- ing with good spatial coverage ex-  fish biomasses and fisheries op-

é to close to 0.6 million tonnes in 2020. age recruitment in recent years. ists portunities

&

Beaked red- The biomass of beaked redfish was stable In 2021, the total biomass of redfish contin- Moderately certain: lack of spatial  Direct implications for pelagic

» fish at 2001-2010 around 1 million tonnes and  ued slight increasing. coverage some years fish biomasses and fisheries op-
increased slowly due to good recruitment portunities

& to close 1.5 million tonnes in 2020.

&

Longrough  The biomass of long rough dab at 2004— In 2021, the total biomass of decreased Moderately certain: lack of spatial  Direct implications for pelagic

» dab 2020 varying from 0.3 to 0.5 million tonnes  slightly coverage some years fish biomasses and fisheries op-

é with mean value around 0.4 million tonnes portunities

&

\ Seabirds The centre of gravity of the most common  The spatial distribution of seabirds in autumn  Moderately certain: lack of spatial  Seabirds are displaced toward
species shifted northward for several spe- 2021 reflects the climatic gradient from a bo-  coverage some years the north following a period of
cies the last 11 years. In the same period, real Atlantic species in the south and west, to warming.
the abundance of pelagic surface feeding an Arctic species in the north and east
birds has decreased

A Marine The abundances of minke, fin and hump- The white-beaked dolphin was the most fre- Highly certain: Good spatial cover-  High intra- and interspecific

mammals back whales in the BS increased after 2000  quently observed species of marine mammals  age in summer and autumn competition is expected among

and have stayed at high levels. Their distri-
butions, especially of minke and humpback
whales, generally overlap with capelin dis-

tributions in late summer-autumn

in 2021. This species has extended its distribu-
tion further northwards. Minke and fin whales
are widely distributed throughout the BS. Fin
whales had large aggregations west and north
of Svalbard and minke whales are very abun-
dant in BS in summer.

baleen whales and a large feed-
ing pressure on pelagic prey and
krill is expected.
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Climate

Current status and recent changes

The Barents Sea is a shelf sea of the Arctic Ocean. Being a transition area between the North
Atlantic and the Arctic Ocean, it plays a key role in water exchange between them. Atlantic wa-
ters enter the Arctic Ocean through the Barents Sea and the Fram Strait. Variations in volume
flux, temperature and salinity of Atlantic waters affect hydrographic conditions in both the Bar-
ents Sea and the Arctic Ocean and are related to atmospheric pressure systems.
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Figure A4.1: A subset of climate indicators for the Barents Sea: annual mean a) temperature and b) salinity anomalies in
Atlantic waters (0-200 m) in the Kola section (Murman Current); c) areas of Atlantic (>3°C, AW) and Arctic (<0°C, ArW)
waters in the Barents Sea in August—-September, based on 50-100 m averaged temperature; d) annual mean ice coverage
of the Barents Sea expressed as a percentage of the total sea area. Dashed lines show the 1981-2010 long term means.

The Barents Sea has experienced a warming trend since the late 1970s/early 1980s (e.g. Boitsov
et al. 2012, Matishov et al. 2012, Smedsrud et al. 2013, Gonzalez-Pola et al. 2019, Skagseth et al.
2020), while becoming colder after 2015-2016 (Figure A4.1). Nevertheless, air and water temper-
atures in 2021 were still higher than the long term average, being typical of warm years. In the
past decades, the area of Atlantic Water (>3°C) has increased in the Barents Sea, whereas the area
of Arctic Water (<0°C) has decreased. The strongest rate of change occurred in the early 2000s,
with a rapid increase in the Atlantic Water area and a corresponding reduction in the Arctic
Water area. The period from 2006-2016 was characterized by a small area of Arctic Water and
high variability. After 2016, the Arctic Water area has increased to comparable amounts as in
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2004-2005. The situation in 2021 was much similar as to in 2020. The area covered by cold bottom
waters (<0°C) turned out to be the largest since 2011.
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Figure A4.2: Temperature anomalies (°C, 1981-2010 reference period) in August—-September 2021.

In August-September 2021, surface, deeper, and bottom waters were still warmer than the 1981-
2010 mean (by 0.7, 0.5 and 0.7°C on average, respectively) in most of the Barents Sea (from 70%
of the surveyed area at the surface to 79 and 77% at a depth of 100 m and near the bottom, re-
spectively). Negative anomalies (about —0.4°C to -0.5°C on average) were mainly found in the
southwestern and central Barents Sea at the surface and in the north in deeper and bottom wa-
ters. (Figure A4.2). The ice coverage of the Barents Sea has increased since 2016 but was in 2021
still below average (Figure A4.1). Its seasonal maximum occurred in February-March, earlier
than usual. There was no ice in the sea from August to October.

Possible reasons for recent changes

Increasing temperatures upstream in the Norwegian Sea (Ingvaldsen et al., 2021), altered large-
scale atmospheric patterns (Smedsrud et al. 2013), reductions in sea ice import to the northern
Barents Sea (Lind et al. 2018), and less cooling within the Barents Sea (Skagseth et al., 2020) are
all factors contributing to the general warming and associated reductions in sea ice observed in
the Barents Sea since the 1970s. However, the temperatures in the Norwegian Sea have been
decreasing over the last decade, resulting in lower temperatures in the warm water flowing into
the western Barents Sea since 2015-2016 (Ingvaldsen et al., 2021, ICES 2021). Statistical analysis
of the internal structure of the long-term variations in hydrometeorological parameters imply
that the temperatures will continue to decline slightly over the next two years (2022-2023), alt-
hough still remaining relatively high.

Phytoplankton

Current status and recent changes

The phytoplankton development in the Barents Sea is typical for a high latitude region with a
pronounced maximum in biomass and productivity during spring. During winter and early
spring (January—-March), both phytoplankton biomass and productivity are quite low. The spring
bloom is initiated during mid-April to mid-May and may vary strongly from one year to another.
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The bloom duration is typically about 3-4 weeks and it is followed by a reduction of phytoplank-
ton biomass mainly due to the exhaustion of nutrients and grazing by zooplankton. The spring
bloom in the Atlantic water domain without sea ice is thermocline-driven, whereas in the Arctic
domain with seasonal sea ice, stability from ice-melt determines the timing of the bloom.

Although the NPP of the whole Barents Sea showed substantial interannual variability, there
was a marked significant increase during the study period, 1998-2021 (Figure A4.3, p = 0.001).
Average NPP for the whole Barents Sea was much lower in years 1998-2008 than in the more
recent decade 20092021 (64.8 and 97.1 Tg C, respectively). The NPP in the western and eastern
regions of the Barents Sea increased significantly during the study period (p <0.01), the increase
in the northeastern region was up to 5 times larger compared to the southwestern region.
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Figure A4.3: Annual net primary production (satellite based NPP) for the whole Barents Sea.

The strong decline in sea ice cover due to warming (leading to more areas with open water and
longer period without ice cover) seems to be the key driver of increasing NPP in recent years in
the Barents Sea (Dalpadado et al. 2020).

Ice biota

The proportion of first-year ice and young ice increase at the expense of multiyear ice and result
in less complex ice-associated communities (Melnikov et al. 2002, Olsen et al. 2017, Hop et al.
2020). Some species groups have been absent (acoels, flatworms and nematodes) and others
greatly reduced (rotifers and ice amphipods) in the ice north of Svalbard in the last decades (Hop
et al. 2013, Barber et al. 2015, Ehrlich et al. 2020). Species that are associated with sea ice for most
of their life cycle are at risk of extinction or being greatly reduced although there are mechanisms
that maintain ice fauna in the water column (Berge et al. 2012, Kunisch et al. 2020) or at the seabed
in shallow areas (Poltermann 1998, Weslawski ef al. 2010). Changes in the sea ice cover and ice
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algae production can also have consequences for pelagic foodwebs relying on ice-associated car-
bon sources (Kohlbach et al. 2016, Flores et al. 2019, Kohlbach et al. 2021).

Due to high temperatures and low sea ice extent in recent years, the ice coverage of the Barents
Sea is expected to remain below normal. Ice-covered areas impacted by warm Atlantic water
masses have experienced increased melting of the underside of the sea ice which is for example
reflected in a reduced ice algal biomass in the lower part of the ice in the Barents Sea (Barber et
al. 2015). Reduced ice algal biomass can also explain the reduction of ice amphipods in the Nan-
sen Basin north of Svalbard (Hop et al. 2013, Barber et al. 2015) or changes in the connection
between ice produced in shallow shelf areas and the deep Arctic Basin (Ehrlich ef al. 2020). With
thinner and consequently more mobile ice the loosely attached ice algal communities on the un-
derside of the ice will detach more easily due to the movement of the ice and/or due to the ice
drifting into warmer Atlantic water (Assmy et al. 2013). The proportion of first-year ice and
young ice will continue to increase and species that are associated with sea ice for most of their
life cycle are at risk of extinction or being greatly reduced. Earlier ice melting, later freeze-up and
a more transparent ice cover will further reduce the relative contribution of ice algae to total
primary production and have the potential to increase the frequency and intensity of under-ice
phytoplankton blooms (Ardyna et al. 2020).

Zooplankton

Mesozooplankton play a key role in the Barents Sea ecosystem by transferring energy from pri-
mary producers to animals higher in the foodweb. Some decrease in mesozooplankton biomass,
mainly in some western and central areas, measured in autumn 2021 could be influenced by high
predation pressure due to a large capelin stock, possibly a lower advection of mesozooplankton
with inflowing waters into the BS and variation in local production.

Krill indices of biomass have shown increasing trends over recent decades to the increased con-
tribution from M. norvegica in the BS.

Though the biomass of capelin, the most abundant planktivorous fish has varied considerably,
the mesozooplankton biomass has remained rather stable (6-8 g dry wt. m?) in the Barents Sea
since the mid-2000s. The ice-free conditions, and subsequent increase in net primary production
provide improved feeding conditions for zooplankton, hence, likely leading to more stable bio-
mass levels of mesozooplankton in recent years, even at periods with high predation pressure
(Dalpadado et al. 2020). This has likely resulted in a weakening of the previously observed neg-
ative relationship between capelin and mesozooplankton biomass. If the warming will be per-
sistent and ice-free areas will increase, this may promote further Atlantification (or borealization)
of mesozooplankton in the Barents Sea.
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Shellfish

The snow crab (Chionoecetes opilio) is a newly established species in the Barents Sea and was first
recorded in May 1996 in the Goose Bank area (Strelkova, 2016). Since then it has increased in
both distribution and abundance. The snow crab population hasn’t spreading, and its abundance
is stable in the Barents Sea.

Northern shrimp (Pandalus borealis) is common and widely distributed in the Barents Sea on the
depth (25-350 m) muddy flats of the Barents Sea and in temperatures between -0.5-1.5°C. The
stock of the northern shrimp is relatively stable. Aggregations of the red king crab (Paralithodes
camtschaticus) have been shifted eastward and north-eastward last decade, but in 2021 compared
2020 does not have main changes.

Megabenthos

The distribution of megabenthos biomass shows relative stable large-scale patterns. Biomass and
number of taxa was above long term mean, while abundances were below. High biomass partic-
ularly in the southwest; and another, but much more variable, high biomass in the northeast and
northwest. In the southeast king crabs increased the biomass north of Kapp Kanin (Figure A4.4).
Fluctuation of total biomass of megabenthos is positive correlated with the water temperature
on the Kola Sections, but with a time-lag of about 7 years (ICES, 2020). The boreal areas have
more increase in biomass compared to the Arctic and Subarctic areas. Combined with the first
records of new boreal species in the southwest, this may indicate a long-term change in the sea-
bed ecosystem toward a warming Arctic. This means that the southwest are both warming, ex-
perience increasing in biomass and are receiving new boreal species but at the same time, this
area also hold sponge-fields that resulted in trawl-catches that exceeded the critical value defined
by NAFO. Other VMESs, mostly in the north, should be followed carefully during climate change
and species invasion/spreading.
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Figure A4.4: The development of the megabenthos biomass in the Barents Sea (kg/nm) and its inclinations. This is pro-
vided as the mean across the entire Barents Sea (upper figure), in the western Barents Sea (the southwest SW, and the
northwest NW), in the eastern Barents Sea (northeast NE, and the southeast SE) according to BESS 2005-2021.

Possible reasons for recent changes

Fluctuation of total biomass of megabenthos is positive correlated with the water temperature
on the Kola Sections, but with a time-lag of about 7 years (ICES, 2020). The boreal areas have
more increase in biomass compared to the Arctic and Subarctic areas. Combined with the first
records of new boreal species in the southwest, this may indicate a long-term change in the sea-
bed ecosystem toward a warming Arctic.

Biomass of 0-group fish

Current status and recent changes

0-group fish are important consumers of plankton and are prey for predators (larger fish, sea-
birds and marine mammals) and are therefore important for transfer of energy between trophic
levels in the ecosystem. Estimated total biomass of 0-group fish species (cod, haddock, herring,
capelin, polar cod, and redfish) varied from a low of 44 thousand tonnes in 1987 to a peak of 2.91
million tonnes in 2004 with a long term average of 1.2 million tonnes (1980-2021, Figure A4.5).
During 2004-2014, the 0-group biomass was very high, and the fluctuations were largely con-
trolled by cod, herring, and haddock. From 2015 and onwards, the biomass has varied from low
and dominated by mainly capelin, to moderate and dominated mainly by cod, although also
herring and haddock contributed. In 2020, polar cod constituted almost 1/3 to total 0-group bio-
masses. In 2021, cod, haddock and herring biomasses were higher than previous three years,
although the total 0- group biomass were at an average level and close to 1 million tonnes (Figure
A4.5).
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Figure A4.5: Biomass of 0-group fish species in the Barents Sea, in August—October 1980-2021. The biomass of 0-group
fishes for the period 1980-1992 were estimated based on abundance indices and mean fish weight, while it was based
on fish biomass from 1993 and onwards. Indices were calculated in SAS software for the period 1980-2017 and in R from
2018.

Pelagic Fish

Current status and recent changes

Capelin (Mallotus villosus), young herring (Clupea harengus, age 1-4), and polar cod (Boreogadus
saida) constitute the bulk of pelagic fish biomass in the Barents Sea. During some years (e.g. 2004—
2007 and 2015-2016), blue whiting (Micromesistius poutassou) also had relatively high biomass in
the deeper, western parts of the Barents Sea. Total biomass of the main pelagic species during
19862021 fluctuated between 0.5 and 9 million tonnes; largely driven by fluctuations in the cap-
elin stock (Figure A4.6). During 2014-2020, the cumulative biomass of capelin, herring, polar
cod, and blue whiting was below the long term average, while in 2021 the cumulative biomass
was above the average, and at the same level as in the period 2004-2013. In 2019, the total biomass
of pelagic fish in the Barents Sea was at its lowest level over the past 23 years, but the biomass
increased considerably from 2019 to 2020 due to strong 2019 year classes of capelin and polar
cod. The significant increase in NSS herring biomass was driven by the growth of the 2016-year
class.
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Pelagic fish biomass in the Barents Sea
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Figure A4.6: Total biomass of pelagic fish component (excluding 0-group) in the Barents Sea in 1986-2020.

Possible reasons for recent changes

While the major stock collapses of capelin in the 1980s, 1990s and 2000s were all mainly caused
by recruitment failures (Gjoseeter et al. 2016), which propagated through the population, it is
more unclear what has caused the recent fluctuations in stock size (Figure A4.5). Inconsistencies
in cohort abundance from year to year complicates the analysis of possible reasons for variation
in stock size, but the estimates over time suggest increased mortalities at all life stages, indicating
that other mechanisms than those involved in the major stock collapses may have been instru-
mental.

The recent strong recruitment to the polar cod stock in 2016 and 2020 leading to sudden increase
in stock size (Figure A4.5) were surprizing, given that the temperatures in the Barents Sea is
currently above the long term average and this is thought to hamper polar cod recruitment.
However, a slight cooling during recent years may have contributed to the observed increase in
recruitment. It is uncertain to what degree a connection between the polar cod in the Barents Sea
and polar cod in the Kara Sea may have complicated our picture of the stock development in
recent years.

The fluctuating amount of young herring and blue whiting in the Barents Sea (Figure A4.5) is
directly connected to the recruitment fluctuation in these stocks, since the Barents Sea serves as
nursery area for the juvenile herring and juvenile blue whiting, especially when these stocks
recruit rich year classes.
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Demersal Fish

Current status and recent changes

Most Barents Sea fish species are demersal (Dolgov et al., 2011). Total biomass of cod (Gadus
morhua), haddock (Melanogrammus aeglefinus), and saithe (Pollachius virens) peaked in 2010-2013
and has declined since; but remains above the long term average for the time-series dating back
to 1960 (Figure A4.7). The northeast Arctic cod stock is currently in good condition, with average
total stock size, and high spawning-stock biomass. The Northeast Arctic haddock stock reached
record high levels in 2009-2013, due to very strong 2004-2006-year classes. Subsequent recruit-
ment has normalized and ten became very poor in the recent three years. The stock remains at a
relatively high level and the decline in total stock in recent years was halted to the abundant
2016-year class, but the forecast for 2022 predict a further decline in total stock biomass while
spawning-stock biomass is predicted to be stable. Greenland halibut (Reinhardtius hippoglossoides)
and beaked redfish (Sebastes mentella) are important commercial species with large parts of their
distribution within the Barents Sea. The fishable component of the Greenland halibut stock
(length >45 cm) increased from 1992 to 2012 and then stabilized before decreasing slightly in the
most recent years. Biomass of deepwater redfish was higher during 2013-2021 than in preceding
years. Most of the adult fish are observed in the Norwegian Sea. During the last decade, the
deepwater redfish spawning-stock biomass has remained relatively stable around 800 000
tonnes. Among other demersal species, the long rough dab has the highest stock biomass. Over-
all, cod is the dominant demersal species.

Demersal fish biomass in the Barents Sea
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Figure A4.7: Biomass estimates for cod, haddock, saithe and beaked redfish during the 1960-2020 period from AFWG
2020 (ICES 2020). Note: saithe is only partly distributed in the Barents Sea.

Cod is the major predator on capelin; although other fish species, seabird and marine mammals
are also important predators (Dolgov et al. 2011). Capelin is still the most important food item
for cod. Importance of euphausiids, hyperiids, polar cod and snow crab has increased in cod
diet, while importance of haddock, shrimp and herring has decreased.
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Most of the main demersal fish stocks (cod, haddock, Greenland halibut, beaked redfish, long
rough dab, saithe) in the Barents Sea are in a healthy state and at a level at or above the long term
mean. The exception is the golden redfish stock, which is still depleted.

Occupation of larger areas and redistribution of higher catches northwards (2004-2009) and
north-eastwards (2010-2014 period) was most likely influenced by record high stock sizes, dom-
inated by larger and older fish. During the 2015-2019 period, smaller catches of cod were taken
in the northern and eastern areas compared to the 2010-2014 period. Since 2004, ice free areas
have generally increased in the northern Barents Sea, increasing areas of suitable habitat for cod
and allowing record high production (ICES, 2020). The northern limit of the distribution was
shifted southwards from 2017 to 2019 most likely due to reduction of cod stock size. Similar
situation was observed for haddock, large stock occupied a larger area in 2004—2009 and since
then both stock size and occupation area decreased. Biomass of beaked redfish was higher dur-
ing 2013-2020 than in preceding years, which most likely influenced an increase in occupation
area into the northern Barents Sea that had suitable habitat.

Seabirds

About six million pairs from 36 seabird species breed regularly in the Barents Sea (Barrett et al.
2002, Fauchald et al. 2009). Allowing for immature birds and non-breeders, the total number of
seabirds in the area during spring and summer is about 20 million individuals. 90% of the birds
belong to only 5 species: thick-billed murre, little auk, Atlantic puffin, northern fulmar and black-
legged kittiwake. These birds utilize the intense secondary production that follows the retreating
sea ice. Little auks feed mainly on lipid rich Calanus species, amphipods and krill while thick-
billed murre and black-legged kittiwakes feed on polar cod, capelin, amphipods and krill. In the
Atlantic part of the Barents Sea, the seabirds depend more heavily on fish, including 0-group
fish, capelin, I-group herring and sandeels. The shift in diet is accompanied by a shift in species
composition. In the south, thick-billed murres are replaced by its sibling species, the common
guillemot. Large colonies of Atlantic puffins are found in the southwestern areas are largely sus-
tained by the drift of fish larvae along the Norwegian coast.

Population monitoring in Norway and Svalbard has revealed a downward trend for several pop-
ulations the last 30 years, including black-legged kittiwakes (Figure A4.8A) and Atlantic puffin
(Figure A4.8E) on the Norwegian mainland and thick-billed murre (Figure A4.8F) in Svalbard.
The population of common murre was decimated in the 1980s mainly due to a collapse in the
capelin stock combined with low abundance of alternative prey. The populations on Bjerneya
and some colonies on the Norwegian mainland have increased since then (Figure A4.8C and
A4.8D). The status and trends of the populations of seabirds in the Eastern Barents Sea is less
known. In Svalbard, analyses suggest a borealization of the seabird community with an increase
in boreal species and a decline in Arctic species (Descamps and Strem 2021). This observation is
corroborated with at-sea observations showing a northward spatial displacement of several spe-
cies.
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Figure A4.8: Seabird population fluctuations in SEAPOP monitoring sites on the Norwegian mainland (left panel) and
Svalbard (right panel). Data sources: Miljgovervaking Svalbard og Jan Mayen -MOSJ (www.mosj.no, updated 2022),

SEAPOP (www.seapop.no, updated 2022).

Possible reasons for recent changes

The changes in the populations of seabirds in the Barents Sea is most likely due to changes in the
availability and abundance of prey. The populations of Briinnnich’s guillemot and black-legged
kittiwake migrate out of the Barents Sea during winter, and the decline in these populations
could also be related to the situation in their wintering area in the Northwest Atlantic.
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Marine mammals

In the Barents Sea about 15 cetacean species, 7 seal species and the polar bear can potentially be
observed. The white-beaked dolphin is the most common cetacean species to be seen within the
Barents Sea as it is distributed all over the area. Especially minke whales, but also fin whales, are
distributed over large parts of the Barents Sea. Humpback whales have much more aggregated
distributions north and west of Hopen and around Bear Island, and these locations are also
shared by the other baleen whale species.

Summarized over the years 2004-2019, the odontocete species white-beaked dolphin and the
baleen whale species minke, fin and humpback whales have completely dominated the cetacean
fauna in the Barents Sea. However, different regions of the area can be characterized in different
ways: In northwest (Svalbard area) we find the highest densities of cetaceans and especially the
baleen whales besides the white-beaked dolphin; this is also an important capelin and euphau-
siid area. In southwest (Bear Island, coastline Norway-Russia) we find a productive area with
high concentrations of euphausiids and juvenile fish of haddock, cod, herring, redfish and cape-
lin. The white-beaked dolphin is dominant here but also minke and fin whales are abundant
here. Along the slopes we also find sperm whales. In northeast (Novaya Zemlya, Franz Yosef
Land) the area is dominated by polar cod, cod and capelin. This area has a lower abundance of
cetaceans, mostly represented by white-beaked dolphins, minke and humpback whales; how-
ever, harp seals are important part of the fauna here. In southeast (Pechora Sea) there has been a
lower number of observations than in the other subareas and the characteristic species are white-
beaked dolphins, minke whale and harbour porpoises. This area is dominated by polar cod, cod
and herring.
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Figure A4.9: Summer abundance of minke whales in the Barents Sea. Data sources: Solvang et al. 2021.

Monitoring of walrus and polar bears shows post-conservation growth (mosj.no), but sea ice
habitat loss due to a warming climate is a serious threat to all ice-associated marine mammals.
Declines in Arctic sea ice and associated environmental changes have been linked to shifts in
species distribution. In 2015, an aerial survey was carried out to estimate the abundance of Arctic
endemic whale species in the marginal ice zone north of Svalbard. Bowhead whales were gener-
ally found close to the ice edge, while the narwhals were found deep into the ice (Vacquié-Garcia
et al., 2017).

Passive acoustic monitoring (PAM) data from the Fram strait suggests that bowheads and nar-
whal are present inside the ice all year-round (Stafford et al. 2012, Ahonen et al. 2017,2019). In
2018 the first aerial survey of white whales covering the entire Svalbard area was conducted
(Vacquié-Garcia et al. 2020) and the stock size was estimated to 549 individuals (95% CI: 436-723).
In recent years, there have also been several reports of ringed seals resting on land, which has
previously been uncommon for this very ice-dependent species. There have even been registra-
tions of ringed seals grouped together with harbour seals (Phoca vitulina) on land, which is a
development no one had anticipated in connection with climate change and the lack of sea ice
for this species (Lydersen et al., 2017). Identifying marine mammal hotspots and areas of high
species richness is essential to help guide management and conservation efforts. A recent major
study (Hamilton et al. 2021) summarizes the deployment of 585 satellite transmitters on 13 spe-
cies of marine mammals in the Greenland- and northern Barents Seas from the period 2005-2018
and shows that parts of the study area, especially the northernmost parts, are to be regarded as
"hot spot" areas for these marine mammal species

The northern boundary of cetacean observations within the Barents Sea varies from year to year;
this is probably due to the capelin abundance and capelin distribution. From dedicated cetacean
sighting surveys, the summer abundance of minke and humpback whales within the Barents Sea
have increased since about 2000s and remained at a high level of abundance (Figure A4.9). The
observed changes are primarily linked to an increased abundance of baleen whales within the
Barents Sea ecosystem. So far, the reasons behind are unrevealed but analyses are continuing.

Walruses (Odobenus marinus) were once highly abundant in the Svalbard archipelago, but 350
years of unregulated harvest brought them to the brink of extinction before they were protected
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in 1952. The population remains Red Listed as “vulnerable” today and following several decades
of protection one can now see a clear growth in the population (mosj.no). The intensive hunting
of polar bears (Ursus maritimus) in Svalbard began around 1870, and the population was at low
levels when the species was protected from 1973. The following years the population probably
increased considerably, and newer data indicates that the population has not likely been reduced
the last 10-15 years, despite a large reduction in available sea ice in the same period (mosj.no).
Climate change is affecting different species at different rates. The sudden sea ice decline in 2006
had an impact on the spatial overlap and the predator—prey relationship between polar bear and
ringed seal (Pusa hispida) (Hamilton et al. 2017).

Ahonen H., Stafford K.M, de Steur L, Lydersen C., Wiig O, Kovacs K.M. 2017. The underwater soundscape
in western Fram Strait: Breeding ground of Spitsbergen's endangered bowhead whales. Marine Pollu-
tion Bulletin 123(1-2):97-112.

Ahonen H., Stafford K.M, Lydersen C., de Steur L., Kovacs K.M. 2019. A multi-year study of narwhal oc-
currence in the western Fram Strait - detected via passive acoustic monitoring. Polar Research 8.

Ardyna M., Mundy C.J., Mayot N., Matthes L.C., Oziel L., Horvat C., Leu E., Assmy P., Hill V., Matrai P.A.,,
Gale M., Melnikov I.A. and Arrigo K.R. 2020. Under-Ice Phytoplankton Blooms: Shedding Light on the
“Invisible” Part of Arctic Primary Production. Front. Mar. Sci. 7:608032.

Berge J., Varpe O., Moline M.A., Wold A., Renaud P.E., Daase M., Falk-Petersen S. 2012. Retention of ice-
associated amphipods: possible consequences for an ice-free Arctic Ocean. Biology Letters 8, 1012-1015.
do0i:10.1098/rsbl.2012.0517.

Boitsov, V.D., Karsakov, A.L. & Trofimov, A. Atlantic water temperature and climate in the Barents Sea,
2000-2009. ICES J. Mar. Sci. 69 (5), 833-840 (2012).

Dolgov, A. V., Orlova, E. L., Johannesen, E., and Bogstad, B. 2011. Piscivorous fish. Chapter 8.4 (p. 466-484)
in Jakobsen, T., and Ozhigin, V. K. (eds.) 2011. The Barents Sea. Ecosystem, resources, management.
Half a century of Russian-Norwegian cooperation. Tapir Academic Press.

Gjoseeter, H., Hallfredsson, E.H., Mikkelsen, N., Bogstad, B., Pedersen, T., 2016. Predation on early life
stages is decisive for year-class strength in the Barents Sea capelin (Mallotus villosus) stock. ICES J.
Mar. Sci., 73, 182-195. https://doi.org/10.1093/icesims/fsv177

Gonzalez-Pola, C., Larsen, K. M. H., Fratantoni, P. & Beszczynska-Méller, A. (Eds.). ICES Report on Ocean
Climate 2018. ICES Cooperative Research Report No. 349. 122 pp. (2019).

ICES. 2020. Working Group on the Integrated Assessments of the Barents Sea (WGIBAR). ICES Scientific
Reports. 2:30. 206 pp. http://doi.org/10.17895/ices.pub.5998

Hamilton C.D., Kovacs KM., Ims R.A., Aars J. and Lydersen C. 2017. An Arctic predator-prey system in
flux: climate change impacts on coastal space use by polar bears and ringed seals. Journal of Animal
Ecology. 86: 1054-1064.

Hamilton C.D., Lydersen C., Aars J., Biuw M., Boltunov A.N., Born EW., Dietz R., Folkow L.P, Glazov
D.M., Haug T., Heide-Jorgensen M.P., Kettemer L.E., Laidre K.L., Jien N., Nordey E.S., Rikardsen A.
H., Rosing-Asvid A., Semenova V., Shpak O.V., Sveegaard S., Ugarte F., Wiig ., Kovacs K.M. 2021.
Marine mammal hotspots in the Greenland and Barents Seas. Marine Ecology Progress Series. 659:3-
28.

Hop H., Vihtakari M., Bluhm B.A., Assmy P., Poulin M., Gradinger R., Peeken I., von Quillfeldt C.H., Olsen
L.M., Zhitina L., Melnikov I.A. 2020. Changes in sea-ice protist diversity with declining sea ice in the
Arctic Ocean from the 1980s to 2010s. Frontiers Marine Science, doi: 10.3389/mars2020.00243.


https://doi.org/10.1093/icesjms/fsv177

52

ICES SCIENTIFIC REPORTS 4:50

Kunisch E.H., Bluhm B.A., Daase M., Gradinger R., Hop H., Melnikov L. A., Varpe @., Berge J. 2020. Pelagic
occurrences of the ice amphipod Apherusa glacialis throughout the Arctic. Journal of plankton re-
search, 42(1), pp. 73-86.

Matishov, G. et al. Climate and cyclic hydrobiological changes of the Barents Sea from the twentieth to
twenty-first centuries. Polar Biol. 35, 1773-1790 (2012).

Leonard, D. M. and Qien, N. L. 2020. Estimated Abundances of Cetaceans Species in the Northeast Atlantic
from Two Multiyear Surveys Conducted by Norwegian Vessels between 2002-2013. NAMMCO Scien-
tific Publications 11. https://doi.org/10.7557/3.4695

Leonard, D. M. and @ien, N. I. 2020. Estimated Abundances of Cetacean Species in the Northeast Atlantic
from Norwegian Shipboard Surveys Conducted in 2014-2018. NAMMCO Scientific Publications 11.
https://doi.org/10.7557/3.4694

Lind, S., Ingvaldsen, R.B., & Furevik, T. Arctic warming hotspot in the northern Barents Sea linked to de-
clining sea-ice import, Nat. Clim. Change, 8, 634—639 (2018).

Olsen L..M.., Laney S.R., Duarte P., Kauko H.M., Fernandez-Méndez M., Mundy C.J., Résel A., Meyer A,
Itkin P., Cohen L., Peeken I, Tatarek A., Wiktor ]., Taskjelle T., Pavlov A.K., Hudson S.R., Granskog
M.A., Hop H., Assmy P. 2017. The role of multiyear ice in seeding ice algae blooms in Arctic pack ice.
J. Geophy. Res, do0i:10.1002/2016JG003626.

Poltermann M., 1998. Abundance, biomass and small-scale distribution of cryopelagic amphipods in the
Franz Josef Land area (Arctic). Polar Biology 20 (2), 134-138.

Skagseth, . et al. 2020. Reduced efficiency of the Barents Sea cooling machine. Nat. Clim. Change 10, 661—
666.

Smedsrud, L.H. et al. The role of the Barents Sea in the Arctic climate system. Rev. Geophys. 51 (7), 1-35
(2013).

Solvang, H K., Skaug, H.J., and Jien, N. 2021, Abundance of common minke whales in the Northeast At-
lantic based on survey data collected over the period 2014-2019. Paper SC/68C/ASI/04 submitted to the
IWC Scientific Committee 68C, April 2021.

Stafford K. M., Moore S.E., Berchok C.L., Wiig ., Lydersen C., Hansen E., Kalmbach D., Kovacs K.M. 2012.
Spitsbergen’s endangered bowhead whales sing through the polar night. Endangered Species Research
18(2):95-103.

Strelkova N.A. 2016. On the acclimatization of the snow crab in the Barents and Kara Seas / Snow crab
(Chionoecetes opilio) in the Barents and Kara Seas. PINRO.Murmansk. pp.17-34.

Vacquié-Garcia J., Lydersen C., Marques T.A., Aars J., Ahonen H., Skern-Mauritzen M., Jien N. Kovacs
K.M. 2017. Late summer distribution and abundance of ice-associated whales in the Norwegian High
Arctic. Endangered Species Research 32:59-70.

Vacquié-Garcia J., Lydersen C., Marques T., Andersen M., Kovacs K.M. 2020. First abundance estimate for
white whales Delphinapterus leucas in Svalbard, Norway. Endangered Species Research 41:253-
263Weslawski J.M., Wiktor J., Kotwicki, L. 2010. Increase in biodiversity in the arctic rocky littoral,
Sorkappland, Svalbard, after 20 years of climate warming. Marine Biodiversity, 40(2), pp. 123-130.

ICES


https://doi.org/10.7557/3.4695
https://doi.org/10.7557/3.4694

ICES

WGIBAR 2022 | 53

Annex 5: The state and trends of the Barents
Sea ecosystem in 2021
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Summary

The Barents Sea has experienced a warming trend since 1970s, while becoming colder after 2015—
2016. Temperatures in 2021 were still typical of warm years. The areas covered by Atlantic and
Arctic Waters in autumn were similar to 2020, while the area covered by cold bottom waters
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increased slightly and turned out to be the largest since 2011. Ice coverage of the Barents Sea has
increased since 2016 due to lower temperatures and lower area covered by Atlantic Water, but
the ice coverage in 2021 was still below average (1981-2010).

Some decrease in mesozooplankton biomass, mainly in some western and central areas, meas-
ured in autumn 2021 could be influenced by high predation pressure due to a large capelin stock,
possibly a lower advection of mesozooplankton with inflowing waters into the Barents Sea (BS)
and variation in local production. Krill indices of biomass have shown increasing trends over
recent decades to the increased contribution from M. norvegica in the BS. The total biomass of
amphipods was slightly higher than long term mean (2003-2021) but the lowest since 2014.

The 2021-year classes of cod and haddock were strong, while those of polar cod, redfish seem to
be weak. Capelin and herring year classes was moderate. In 2021, the total biomass of 0-group
in the Barents Sea was slightly below long term mean and was close to 1 million tonnes.

The total stock of capelin was estimated to about 4 million tonnes, which is the highest estimated
biomass since 2008 and above the long-term level. The biomass of polar cod in the Barents Sea
recovered after a long time decline and in 2021 was estimated 1.3 million tonnes.

Most of the main demersal fish stocks (cod, haddock, Greenland halibut, beaked redfish, long
rough dab, saithe) in the BS are in a healthy state and at a level at or above the long term mean.
Cod food consumption in 2021 was close to the level of 2020. Capelin is still the most important
food item for cod. Importance of euphausiids, hyperiids, polar cod and snow crab has increased
in cod diet, while importance of haddock, shrimp and herring has decreased.

The northern shrimp stock is relatively stable. The snow crab population distribution and abun-
dance is stable. Aggregations of the red king crab have been shifted eastward and north-east-
ward last decade, however in 2021 compared 2020 location of main aggregations of red king crab
were stable.

The distribution of megabenthos may show relative stable large-scale patterns but with slightly
increasing biomass. This may indicate a long-term change toward warmer seabed conditions.
Two new boreal species was recorded in the SW where also the general biomass of benthos in-
creases the most.

The centre of gravity of the most common species shifted northward for several species the last
11 years. In the same period, the abundance of pelagic surface feeding birds has decreased.

The abundances of minke, fin and humpback whales in the BS increased after 2000 and have
stayed at high levels. Their distributions, especially of minke and humpback whales, generally
overlap with capelin distributions in late summer-autumn

Temporal development

Statistical spatial trend analyses to investigate association/linkage
among biotic and abiotic conditions.

By Hiroko Solvang and Elena Eriksen (IMR)

Common trends refer to trends that are similar across ecosystem components. Identifying com-
mon trends can be useful as a diagnostic tool to reveal past changes and to explore the relation-
ships among biological communities, as well as between these communities and environmental
conditions. In the present investigation, trend estimation and classification analyses (TREC, Sol-
vang and Planque 2020) are applied to WGIBAR time-series data. Based on the discussion in the
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meeting, the time-series data should be analysed by dividing into two groups, before 2004 (148
biotic and abiotic) and after 2005.

Since 1990 and up to 2004, the BS has experienced colder conditions with an increase of Arctic
Water area and ice coverage, of volume of water transport between Svalbard and Franz Josef
Land (January—August) and increased days with storm, water salinity at Kola section and strat-
ification (SE and SW). During the next period from 2005 and up to 2021, volume of water
transport between Svalbard and Franz Josef Land (January—-August) and days with storm
showed increasing trend only, most likely due to temperature conditions first increased to the
maxim in 2015-2016 and decreased after that. Primary production and jellyfish showed increas-
ing trend since 2005. Large fraction of mesozooplankton and jellyfish showed increasing trend
before 2005, while decreasing after that. Trends for many of biological parameters (numbers,
biomass, length, weight, condition) for capelin, polar cod and herring were increasing during
the first period while decreased during the second. Several of biological parameters (length and
weight) for cod showed decreasing trend during both periods. Herring, polar cod, haddock, and
blue whiting proportion in the cod diet have increased since 1990 and up to 2004, while no trends
found since that. Landings showed an increasing trend for haddock (1990-2004) and cod, Green-
land halibut and beaked redfish (since 2005) (Table A5.1).

Table A5.1

Order 1990-2004 (148 biotic and abiotic) 2005-2021 (136 biotic and abiotic)

Increasing trend Decreasing trend Increasing trend Decreasing trend

1 Area_ArW, Area_lce- Area_AW, BSX, Storms, NBSO Area_AW, Area_MW, BSO,
Max, Storms, NBSO, Kola_Temp BSX, Area_lceMin,
TempNW, Kola_Sal, Temp_FB_aug, SBSO,
Strat_SE, Strat_SW TaAnom_West

2 18 PProd_BARENTS

3,3.5 Plank_Large_BS, Jel-
lyfish_biomass

Amphipods_TB Plank_Large_BS,

Shrimp_biom

4 CAP_0_N_Keff, CAP O L, CAP_1 N, CAP_2_L,CAP_3_N, CAP
CAP 3 L, CAP_3_W, CAP_1_B,CAP 2 N, 3 B,CAP_3_L,CAP_5_L,
CAP_4_L,CAP_4 W, CAP_2_N,CAP_imm_B, CAP_5W, CAP_5C,

CAP_5_N,CAP_5 L, CAP_TSB, POL_1_L,

_ CAP_mat_B,
CAP_5_W, CAP_5_C, POL_1_W

CAP_SSB,CAP_landings,

CAP_Mat3,

POL_1_N, POL_1_B,
POL_2_N, POL_2_B,
POL_3_N, POL_3_B,
POL_3_L, POL_3_W,
POL_4 N, POL_4_B,
POL_5_N, POL_5_B,
POL_5_L, POL_5_W,
POL_TSN, POL_TSB,

POL 1 L, POL_1 W,
POL_2_N, POL_2_B,
POL_2_L, POL_2_W,
POL_3_N, POL_3_B,
POL 3 L, POL_3 W,
POL_4_N, POL_4_B,
POL_4_L, POL_5_N,
POL_5_B, POL_5_N,
POL_TSB, HER_O_N,

HER_O_N, HER_0_B,
HER_O_L, HER_1-3_B

HER_O_B, HER_O_L, HER_1-
2_B, HER_1-3_B, BLW_3_N,
BLW_4+ N,
BLW_TSB,BLW_B_winter

5 GRH_0_N_noKeff, COD_0_L, COD_3_W,
HAD_O_N, HAD_0_B, COD_5_W, HAD_5_W,

COD_Landings,
GRH_0_N_noKeff,

COD_0_L, COD _Rec3,
COD_3_W, COD_5_W,

HAD_F_4-7, SEB_O_N_keff, SEB_0_B, = GRH_Landings, HAD_5_W, COD_8 W, COD _mat7,
HAD_landings, SEB_O_L, SEM_5+cm_indexwinter, HAD O N HAD O B
SAI_O_N SEM_landings T enl AN

HAD_R3, SAL O_N
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SEM_5+cm_indexwinter,

SEM_landings
6
7 Herring, Polar cod, Other, Redfish, Long
Haddock, Blue whit-  rough dab

ing

To investigate whether the most recent observation follow the recent trend or is away from the
trend, three years ahead predictions are calculated in the two periods, 1990-2004 and 2005-2021.
The trend in this case is estimated by stochastic trend model. Stochastic trend model is presented
by a class of auto-regressive model and is easily set in state space representation. Kalman filter
algorithm is applied to estimate trend component and to calculate the prediction. The trend es-
timates look more fluctuated rather than estimates by polynomial trend using by TREC. This is
because of that stochastic trend follows the data variation in each time point. Particularly up-
wards and downwards trends estimated by stochastic trend model are consistent with the esti-
mated trends by polynomial model. For the period 1990-2004, we run the analysing procedure
using the data recording until 2001 and implement the prediction for 2002-2004. For the period
2005-2021, we run the procedure using the data recording until 2018 and implement the predic-
tion for 2019-2021.

Current state of the Barents Sea ecosystem components

Meteorological and oceanographic conditions

By A. Trofimov (PINRO), R. Ingvaldsen (IMR)

The Barents Sea has become substantial colder since 2015-2016. However, its air and water tem-
peratures in 2021 were generally higher than average, being typical of warm years. In autumn,
the areas covered by Atlantic (>3°C) and Arctic (<0°C) waters changed insignificantly compared
to 2020; the area covered by cold bottom waters (<0°C) increased slightly and turned out to be
the largest since 2011. Ice coverage of the Barents Sea has increased since 2016 due to lower tem-
peratures and lower inflow of Atlantic Water, but the ice coverage in 2021 was still below aver-
age. Its seasonal maximum occurred in February-March, earlier than usual. There was no ice in
the sea from August to October.

The Barents Sea is a shelf sea of the Arctic Ocean. Being a transition area between the North
Atlantic and the Arctic Basin, it plays a key role in water exchange between them. Atlantic waters
enter the Arctic Basin through the Barents Sea and the Fram Strait (Figure A5.1). Variations in
volume flux, temperature and salinity of Atlantic waters affect hydrographic conditions in both
the Barents Sea and the Arctic Ocean and are related to large-scale atmospheric pressure systems.
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Figure A5.1: The main paths of Atlantic waters in the Barents Sea as well as Fuglgya—Bear Island Section (1), Kola Section
(2) and boxes in the northwestern (3) and northeastern (4) Barents Sea.

Air pressure, wind and air temperature

In 2021, the winter (December-March) NAO index dropped significantly and reached a negative
value of -0.72 (1.79 in 2020), the lowest since 2014. Over the Barents Sea, the number of days with
winds more than 15 m/s was higher than or close to the long term mean (1981-2010) all over the
year. The storm activity was a record high (since 1981) in the western part of the sea in July,
October and November and in the central part in January and May. For the whole year 2021, it
was a record high in the western (185 days), central (172 days) and eastern (174 days) parts of
the Barents Sea.

Air temperature (http://nomad2.ncep.noaa.gov) averaged over the western (70-76°N, 15-35°E)
and eastern (69-77°N, 35-55°E) Barents Sea exceeded the 1981-2010 average for most of 2021 and
was close to average only in February in the west and in November—-December in the west and
east of the sea (Figure A5.2). The largest positive anomalies (>1.5°C) were observed in the west
in March, April and June, and in the east in April, June and August. Negative anomalies were
only found in May (-0.4°C) in the west and in February (-2.3°C) in the east of the sea. Both air
temperature for most of 2021 and the 2021 annual mean air temperature were lower than in 2020
(Figure A5.2).
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Figure A5.2: Annual (upper) and monthly (lower) air temperature anomalies in the western and eastern Barents Sea.

Ice conditions

In January 2021, the Barents Sea ice coverage (expressed as a percentage of the total sea area) was
32%, i.e. 17% less than the 1981-2010 average (Figure A5.3). In February, it increased significantly
(up to 52%) and almost reached its long term mean of 53%. In March, the area covered by ice
remained the same (52%, i.e. only 3% below average). Ice melting started in April, a month earlier
than usual, and by August, the sea was completely free of ice. In April-July, the ice coverage was
12-16% below average (Figure A5.3). From August to October, there was no ice in the Barents
Sea. The first drift ice appeared between the Franz Josef Land and Spitsbergen Archipelagoes at
the end of October. In November, the ice coverage was 18%, i.e. 11% less than average. In De-
cember, the area covered by ice increased significantly (up to 37%) and almost reached its long
term mean of 40%. Overall, the 2021 annual mean ice coverage of the Barents Sea was 9% below
average, but 2% more than in 2020.
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Figure A5.3: Ice coverage (lower right) and its monthly (lower left) and annual (upper) anomalies in the Barents Sea.

Currents and transports

Volume flux into the Barents Sea show now long-term trends but reveal pulses of stronger or
weaker inflow (Figure A5.4). The years 2006 and 2015-2016 were extreme years with high inflow
during parts of the year. In these years the temperature of the inflowing water also was high.
After 2015-2016 the inflow was lower concurring with declining AW temperatures in the inflow-
ing water. Another short pulse of higher winter inflow occurred from December 2019 to February
2020 while the winter inflow of December 2020-February 2021 was low. The time-series currently
stop in April 2021.
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Figure A5.4: Observation-based annual volume flux anomalies (in Sverdrups) through the Fuglgya—Bear Island Section
from August 1997 to April 2021. The volume flux is calculated for the area 71°15 to 73°45’N, and include all waters flowing

inside this area.

Temperature and salinity in standard sections and northern boundary regions
The Fugleya-Bear Island and Varde—North Sections covers the inflow of Atlantic and Coastal
water masses from the Norwegian Sea to the Barents Sea, while the Kola Section covers the same

59



60

ICES SCIENTIFIC REPORTS 4:50

waters in the southern Barents Sea. Note a difference in the calculation of the temperatures in
these sections; in the Fugloya—Bear Island and Varde—North Sections the temperature is aver-
aged over the 50-200 m depth layer while in the Kola Section the temperature is averaged from

0 to 200 m depth.
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Figure A5.5: Average temperature (top) and salinity (middle) in August-September in the 50-200 m layer in the Fuglgya—
Bear Island and Vardg—North Sections. Blue lines show Fuglgya-Bear Island section, while yellow lines show Vardg—
North. Horizontal lines show average over the period 1981-2010. The four lower panels show temperature (left) and
salinity (right) at Storbanken (77-78°30N) from the Vardg—North section from 2012.

The inflowing Atlantic Water in the Fugloya-Bear Island and Varde-North section has warmed
by 1.1-1.7°C since the late 1970s, but the warming peaked in 2015-2016 and the temperature has
decreased by 0.4-0.5°C after that (Figure A5.5). However, a weak warming was evident in 2020-
2021, with temperatures close to, or slightly above, the long term mean (1981-2010). The salinity
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in the inflowing Atlantic Water has decreased since 2011, although also salinity has weakly in-
creased in the late few years.

Since 2012, the Varde-North section has been extended northwards to cover the Barents Sea shelf
to 81°N. Time-series calculated for the Storbanken area (77-78°30N) show that this region has
cooled considerably in the last years (Figure A5.5). Since the record-warm year of 2016, the tem-
perature at Great Bank has decreased by 2-2.5°C in the surface layer and about 1°C in the 50-200
m water layer.

Temperature of coastal and Atlantic waters in the Kola Section (0-200 m) in 2021 was generally
above the long term mean (1981-2010) and typical of warm years (Figure A5.6). At the same time,
temperature anomalies decreased northwards from 0.5°C (on average per year) in coastal waters
to 0.4°C in Atlantic waters of the Murman Current and to 0.1°C in Atlantic waters of the Central
branch of the North Cape Current. Temperature of the Central branch of the North Cape Current
in January-May and September—December was close to average, with slightly negative anoma-
lies of -0.1 to -0.2°C in January—-March. From early autumn to the end of the year, temperature
anomalies were decreasing all over the section. The 2021 annual mean temperature of Atlantic
waters (0-200 m) in the Kola Section (central part) was typical of warm years and exceeded the
1981-2010 average by 0.4°C and that in 2020 by 0.1°C (Figure A5.6).

Salinity of coastal and Atlantic waters in the Kola Section (0—200 m) in 2021 was lower than the
1981-2010 average (Figure A5.6). The largest negative anomalies (>0.10 in magnitude) were ob-
served in coastal waters in the first half of 2021, but already in the second half of the year, the
salinity approached to the long term mean. In Atlantic waters, salinity anomalies varied insig-
nificantly during the year and equalled -0.07 on average. The 2021 annual mean salinity of At-
lantic waters (0—200 m) in the Kola Section (central part) was 0.07 lower than the 1981-2010 av-
erage and 0.03 lower than in 2020 (Figure A5.6).
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Spatial variation in temperature and salinity (surface, 100 m and bottom)

Sea surface temperature (SST) (http://iridl.ldeo.columbia.edu) averaged over the southwestern
(71-74°N, 20-40°E) and southeastern (69-73°N, 42-55°E) Barents Sea was higher than or close to
the 1982-2010 average for most of 2021 (Figure A5.7). In the southwest of the sea, significant
positive temperature anomalies (0.4-0.8°C) were only observed in January, June, October and
November; in the rest of the year, SST was close to average with anomalies of —0.2 to 0.2°C. In
the southeast, significant positive anomalies were observed for most of the year with the largest
values (>1.0°C) in July—October; SST was close to average only in December and significantly (by
0.6-0.8°C) lower than average in February—March (Figure A5.7). Both SST for most of 2021 and
the 2021 annual mean sea surface temperature were lower than in 2020, only in the first half of
2021, SST in the southwestern part of the sea was generally close to that in the previous year
(Figure A5.7).
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Figure A5.7: Annual (upper) and monthly (lower) sea surface temperature anomalies in the western and eastern Barents
Sea.

In August-September 2021, the joint Norwegian-Russian ecosystem survey was carried out in
the Barents Sea. Surface temperature was on average 0.7°C higher than the long term mean
(1981-2010) in most of the surveyed area (70%), with the largest positive anomalies (>1°C) in the
southeastern and northwestern Barents Sea, especially south of the Spitsbergen Archipelago
(Figure A5.8). Negative anomalies (about —0.5°C on average) were found in the southwestern
and central Barents Sea. Compared to 2020, the surface temperature in 2021 was much lower (by
1.2°C on average) in almost all over the surveyed area (~90%), with the largest negative differ-
ences (>2°C in magnitude) in the central and southeasternmost parts of the sea (Figure A5.8).
Positive differences in temperature between 2021 and 2020 were found in the northwestern Bar-
ents Sea (south of the Spitsbergen Archipelago and around Bear Island).
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Figure A5.8. Surface temperatures (°C) in August-September 2020 (upper left) and 2021 (upper right), their differences

between 2021 and 2020 (lower left, °C) and anomalies in August—-September 2021 (lower right, °C).

Arctic waters were mainly found, as usual, in the 50-100 m layer north of 77°N. Temperatures at
depths of 50 and 100 m were higher than the long term means (1981-2010) (on average, by 0.8
and 0.5°C, respectively) in about 80% of the surveyed area, with the largest positive anomalies
in the east, especially at 50 m depth (Figure A5.9). Negative anomalies (about -0.3°C on average)
were mostly found in the northern Barents Sea. Compared to 2020, the 50 and 100 m tempera-
tures in 2021 were higher (on average, by 0.6 and 0.4°C, respectively) in two thirds of the sur-
veyed area; negative differences were observed in some separate areas of the Barents Sea and
reached the largest values at 50 m depth (Figure A5.9).
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Figure A5.9: 100 m temperatures (°C) in August-September 2020 (upper left) and 2021 (upper right), their differences
between 2021 and 2020 (lower left, °C) and anomalies in August-September 2021 (lower right, °C).

Bottom temperature was in general 0.7°C above the 1981-2010 average in three fourths of the
surveyed area, with the largest positive anomalies in the southeastern Barents Sea (Figure A5.10).
Negative anomalies (-0.5°C on average) were mainly found in the northern part of the sea, espe-
cially north of 77°N. Compared to 2020, the bottom temperature in 2021 was on average 0.5°C
higher in three fourths of the surveyed area (Figure A5.10). Bottom waters were colder (on aver-
age, by 0.5°C) than in 2020 in some separate parts of the sea, with the largest differences in tem-
perature in the southeast.
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Figure A5.10: Bottom temperatures (°C) in August-September 2020 (upper left) and 2021 (upper right), their differences
between 2021 and 2020 (lower left, °C) and anomalies in August—-September 2021 (lower right, °C).

Surface salinity was on average 0.3 higher than the 1981-2010 average in 80% of the surveyed
area, with the largest positive anomalies (>0.4) in the north and southeast (Figure A5.11). Nega-
tive anomalies (-0.1 on average) were observed in the southwestern part of the sea as well as in
a small area west of Kolguev Island. In August-September 2021, surface waters were on average
0.2 saltier than in 2020 in about 80% of the surveyed area; they were fresher (on average, by 0.2)
mainly in the coastal area of the southwestern Barents Sea as well as east of the Spitsbergen
Archipelago and in a small area northwest of Kolguev Island (Figure A5.11).
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Figure A5.11: Surface salinities in August—September 2020 (upper left) and 2021 (upper right), their differences between
2021 and 2020 (lower left) and anomalies in August-September 2021 (lower right).

Salinity of deeper waters was lower than the 1981-2010 average (by 0.1 on average) in about 60%
of the surveyed area at 50 m depth and almost all over the sea (85% of the area) at 100 m depth,
with the largest negative anomalies in coastal waters in the southwestern Barents Sea as well as
east of Bear Island and around Kolguev Island (Figure A5.12). Positive anomalies were mainly
observed in the northwestern part of the sea. In August-September 2021, waters at depths of 50
and 100 m were fresher (by 0.1 on average) than in 2020 in about 55% of the surveyed area, with
the largest negative differences in the southeastern Barents Sea and over the Spitsbergen Bank
(Figure A5.12). Significant positive differences (>0.1) in salinity between 2021 and 2020 were
mainly observed at 50 m depth in some areas between 72 and 76°N. At a depth of 50 m, both
positive and negative anomalies and differences were larger than at 100 m depth. At a depth of
100 m, salinity anomalies and differences of less than 0.1 (in magnitude) occupied 88 and 92% of
the surveyed area, respectively (Figure A5.12).
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Figure A5.12: 100 m salinities in August—-September 2020 (upper left) and 2021 (upper right), their differences between
2021 and 2020 (lower left) and anomalies in August-September 2021 (lower right).

Bottom salinity was slightly lower than the 1981-2010 average almost all over the surveyed area
(~90%), with the largest negative anomalies (>0.1 in magnitude) mainly in the northern (some
small areas) and southeastern Barents Sea as well as over the Spitsbergen Bank (Figure A5.13).
Positive anomalies were found in some areas around the Spitsbergen Archipelago. In August-
September 2021, bottom waters were a bit fresher than in 2020 in half of the surveyed area, with
the largest negative differences (>0.1 in magnitude) in the southeast (Figure A5.13). These waters
were saltier compared to 2020 mainly in the southwestern and eastern Barents Sea as well as east
of Bear Island. As a whole, bottom salinity anomalies and differences were small (<0.1 in magni-
tude) almost all over the surveyed area (83 and 84%, respectively).
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Figure A5.13: Bottom salinities in August—September 2020 (upper left) and 2021 (upper right), their differences between
2021 and 2020 (lower left) and anomalies in August-September 2021 (lower right).

Water masses

In the past decades, the area of Atlantic Waters has increased in the Barents Sea, whereas the
area of Arctic Water has decreased (Figure A5.14). The strongest rate of change occurred in the
early 2000s, with rapid increases in Atlantic Water area and corresponding reductions in Arctic
Water area. The period from 20062016 was characterized by a small area of Arctic Water and
high variability. After 2016, the Arctic Waters area has increased to comparable amounts as in
2004-2005. The situation in 2021 was much similar as to in 2020. Since 2000, the area covered by
cold bottom water was the largest in 2003 and rather small in 2007, 2008, 2012, 2016-2018; in 2016,
it reached a record-low value since 1965 and then it has been increasing for the past five years;
in 2021, it reached the largest value since 2011 (Figure A5.14).
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Figure A5.14: Areas covered by Atlantic Water (T>3°C) and Arctic Water (T<0°C) at 50-200 m (72-80°N, 20-50°E) (upper
panel), and areas covered by water with different temperatures near the bottom (lower panel) in the Barents Sea (71—
79°N, 25-55°E) in August-September 2000-2021.

Phytoplankton and primary production

By Padmini Dalpadado

Although the NPP of the whole Barents Sea showed substantial interannual variability, there
was a marked significant increase during the study period, 1998-2021. Average NPP for the
whole Barents Sea was much lower in years 1998-2008 than in the more recent decade 20092021
(64.8 and 97.1 Tg C, respectively). The NPP in the western and eastern regions of the Barents Sea
increased significantly during the study period, the increase in the northeastern region was up
to 5 times larger compared to the southwestern region.

The primary production is the foundation of the life in the Barents Sea ecosystem. The rich and
diverse plankton community in the ecosystem sustains some of the world’s largest demersal fish
stocks such as cod (Gadus morhua) and haddock (Melanogrammus aeglefinus) as well as pelagic
stocks such as capelin (Mallotus villosus) (ICES, 2018)
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Estimated NPP for the Barents Sea demonstrated large interannual variability with the year 2021
showing a decreasing level compared to the two preceding ones. The NPP trends however dis-
play a doubling of production during the last 24 years likely related to ice-free conditions leading
to more open water area and duration of the production period (updated dataseries from Dalpa-
dado et al., 2020). Concurrently, with the warming conditions in the Barents Sea and related ice
loss, the shorter but intense under ice algae production will decrease including associated bio-
logical diversity (sympagic fauna).

The phytoplankton development in the Barents Sea is typical for a high latitude region with a
pronounced maximum in biomass and productivity during spring. During winter and early
spring (January—March), both phytoplankton biomass and productivity are quite low. The spring
bloom is initiated during mid-April to mid-May and may vary strongly from one year to another.
The bloom duration is typically about 3—4 weeks, and it is followed by a reduction of phyto-
plankton biomass mainly due to the exhaustion of nutrients and grazing by zooplankton. Later
in autumn when the increasing winds start to mix the upper layer and bring nutrients to the
surface, a short autumn bloom can be observed. However, the temporal development of this
general description can vary geographically. The spring bloom in the Atlantic water domain
without sea ice is thermocline-driven, whereas in the Arctic domain with seasonal sea ice, stabil-
ity from ice-melt determines the timing of the bloom (Skjoldal and Rey 1989, Hunt et al. 2012).
Thus, the spring bloom at the ice-edge in the Barents Sea can sometimes take place earlier than
in the southern regions due to early stratification from ice melting.

Satellite data

Remote sensing data having high spatial and temporal resolution were used in obtaining Chl a
concentration (mg m=?) and mean daily NPP (g C m? day). Daily net primary production (NPP)
and open water area (OWA) were calculated from satellite data as described in detail in Arrigo
and Van Dijken (2015). Satellite-derived surface Chl a (Sat Chl a, Level 3, 8 days binned) was
based on SeaWiFS and MODIS/Aqua sensors. SeaWiFS was used in 1998-2002, and
MODIS/Aqua in 2003-2021. Data were updated using NASA's latest reprocessing - version
R2018.0. For the years where data were available for both sensors (2003—2007), SeaWiFS Chl was
consistently higher than MODIS/Aqua Chl. Therefore, we used a correction factor for SeaWiFS
Chl to create a comparable 24-year time-series. The values for the Southeast and Pechora poly-
gons were recalculated excluding the regions most influenced by river inflow (18% and 41% of
the total area, respectively). The work presented here (c.f. Dalpadado et al., 2020), was made in
collaboration with Professor Kevin Arrigo and Gert van Dijken from the Stanford University,
USA

Validation of satellite Chl a using in situ data showed significant correlations between the two
variables in the Barents Sea (Dalpadado et al. 2014, ICES/WGIBAR 2017) and thus, the NPP model
based on satellite data by Arrigo et al. (2015) gives reasonable results that compare well with sea
ground truthing measurements. Also, estimates of new production from phytoplankton based
on nitrogen consumption (seasonal draw-down of nitrate in the water column) for the Fugleya -
Bear Island (FB) and Varde-Nord (VN) sections, representing the western and central Barents
Sea respectively, from March to June resulted in values comparable to satellite NPP estimates
(Rey et al. pers. com.).

Spatial and temporal patterns of Chl a in spring

Remote sensing data, providing good spatial and temporal coverage, were used to explore the
seasonal and interannual variability of Chl a distribution. Satellite data from the Barents Sea dur-
ing 2016-2018 showed large interannual variability with the highest Chl a concentration
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generally observed in May (Figure A5.15). There was much less sea ice in 2016, and a north- and
eastward expansion of the Chl a distribution. Furthermore, earlier blooming and higher concen-
trations in the eastern regions in April and May were observed this year. 2017 was a colder year
with more ice especially compared to 2016. Chl 2 was much lower during April to July in 2017
compared to the previous year. The ice cover was larger in April 2017 and 2018, than in 2016.
Though the Chl 4 in April in 2018 was lower compared to 2016, high concentrations were ob-
served in May for both years.

2016 N / P

Figure A5.15. Spatial distributions of Chl a (mg m-3) in April, May and June for 2016, 2017 and 2018. White areas indicate
ice coverage. The black areas indicate no data. The pink lines show the climatological (average 1981-2010) position of
the ice edge.

Net Primary Production (NPP)

Although the NPP of the whole Barents Sea showed substantial interannual variability, there
was a marked significant increase during the study period, 1998-2021 (Figure A5.16, p = 0.001).
Average NPP for the whole Barents Sea was much lower in years 1998-2008 than in the more
recent decade 2009-2021 (64.8 and 97.1 Tg C, respectively). The NPP in the western and eastern
regions of the Barents Sea increased significantly during the study period (p <0.01), the increase
in the northeastern region was up to 5 times larger compared to the southwestern region.
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Figure A5.16: Annual net primary production (satellite based NPP) for the whole Barents Sea.
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Zooplankton

Mesozooplankton biomass and species abundances

Mesozooplankton biomass — large-scale distributions

By Espen Bageien (IMR), Irina Prokopchuk (PINRO), Padmini Dalpadado (IMR), Jon Renning (IMR)

Mesozooplankton play a key role in the Barents Sea ecosystem by transferring energy from pri-
mary producers to organisms higher up in the foodweb. Geographic large-scale patterns for mes-
ozooplankton biomass show similarities across years, despite some interannual variability. Dur-
ing August-September 2021, relatively high biomass levels (>10 g dry wt. m?) were observed
just north of the Norwegian mainland at the Bear Island Trench, northeast of Svalbard/Spitsber-
gen, and in the deeper part of the central-eastern Barents Sea (Figure A5.17). Low biomass levels
(<4 g dry wt. m?) were observed southeast of Svalbard including the Great and Central Banks
and the Hopen Deep, as well as in the regions farthest east near Novaya Zemlya and north of the
eastern part of Kola (Figure A5.17). The overall large-scale horizontal distribution of plankton in
the Barents Sea during August-September 2021 resembled that in 2020.
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Figure A5.17: Distribution of total mesozooplankton biomass (g dry wt. m2) from near seabed to surface. Data based on
319 samples collected during BESS from 13. Aug-30. Sep 2021. A WP2 net was applied by IMR and a Juday net by PINRO,
both nets with mesh-size 180 um. Interpolation made in ArcGIS v.10.6.1, module Spatial Analyst, using inverse distance
weighting (default settings).
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In the Norwegian sector of the Barents Sea, mesozooplankton biomass was size-fractionated by
filtering the wet samples through a series of 3 sieves with decreasing mesh-size (2000, 1000, and
180 um), thereafter dried at 60°C and weighed (see time-series in Figure A5.18). The average
biomass for the smallest size-fraction in 2021 (2.1 g dry wt. m?) was below the 20-year long term
average for 2001-2020. (2.5 g dry wt. m?). Likewise, the average for the intermediate size-fraction
in 2021 (2.9 dry wt. m?) was lower than the 20-year long term average, (3.5 g dry wt. m?). For
the largest size-fraction, the values during the last ca. 13 years have typically been lower than in
earlier years. However, no marked differences in biomass were seen when comparing the 2021
value with the 20-year long term average (0.9 vs. 1.0 g dry wt. m?).

Based only on Norwegian data, average zooplankton biomass (sum of all size-fractions) during
August-September 2021 was 5.9 (SD 4.4, N=171) g dry wt. m? for the whole western part of the
Barents Sea (Figure A5.18 - red filled circles). This estimate is lower than in 2020 (6.7 g dry
wt. m2), and below the long term (2001-2020) average (7.0 g dry wt. m?). Note that the number
of stations west and northwest of Svalbard in 2021 was somewhat higher than usual in earlier
years and compared to the rest of survey area.

In the Russian sector, average biomass for the area covered in 2021 was 6.7 (SD 4.5, N=148) g dry
wt. m? (Figure A5.18). This is not directly comparable to the average for the Russian area covered
in 2020, 6.8 (SD 3.7) g dry wt. m2 The reason for this is differences in the geographical sampling
areas, including the area around Franz Joseph Land in 2020, where high biomasses are typically
observed.
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Figure A5.18: Time-series of average annual mesozooplankton biomass (WP2 net, 180 um) from close to the seabed to
surface (g dry wt. m2) within the western and central Barents Sea (i.e. the Norwegian sector) during the autumn BESS
(1990-2021). Standard errors shown as vertical bars.

Zooplankton biomass varies between years and is believed to be partly controlled by predation
pressure from pelagic fish, mainly capelin. However, the impact of predation varies geograph-
ically. Predation from other planktivorous pelagic fish (herring, polar cod, and blue whiting) and
pelagic juvenile demersal fish species (cod, haddock, saithe, and redfish), and larger plankton
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forms (e.g. chaetognaths, amphipods and gelatinous plankton) can also affect the mesozooplank-
ton in the Barents Sea. In addition, processes such as advective transport of plankton from the
Norwegian Sea into the Barents Sea, changes in primary production and local production of zo-
oplankton are likely to contribute to the variability of zooplankton biomass.

Methodological factors such as differences in geographical survey coverage between years, and
to some extent also uneven spatial sampling density, can contribute to the variability of esti-
mated average biomass between years. Hence, time-series on mesozooplankton biomasses
within well-defined and consistent subareas (spatial polygons - see Figure A5.19) are evaluated
in the following section.

By Padmini Dalpadado (IMR), Espen Bageien (IMR), Irina Prokopchuk (PINRO)

Zooplankton were collected at 148 stations with Juday net and 171 stations with WP2 (Figure
A5.17 and Figure A5.19) during the BESS 2021 survey. Biomass trends were explored region-
wise, within the 15 ICES WGIBAR polygons. The WP2 and Juday nets provide comparable re-
sults with respect to mesozooplankton biomass and species (Skjoldal et al. 2019). The Norwe-
gian biomass samples are dried before weighing, while the Russian samples are preserved in
4% formalin and their wet weight measured. Dry-weight is then estimated by dividing the wet-
weight with a factor of 5. The data from WP2 and Juday were grouped together in the follow-
ing evaluation.

Average biomass in 2021 was calculated for each polygon (Figure A5.19). The number of obser-
vations in 2021 were between 13 and 42 in 13 out of 15 polygons, while the two remaining poly-
gons had 0 and 4 observations (Table A5.2). Time-series for annual biomass averages within each
of four westerly polygons (Southwest, Bear Island Trench, Svalbard South, Hopen Deep), three
bank polygons in the central region (Thor Iversen Bank, Central Bank and Great Bank), and four
polygons in the eastern Barents Sea (Southeast, Southeastern Basin, Pechora and Northeast) are
shown in Figure A5.20.

Since 2002 the biomass for the three western polygons Southwest, Bear Island Trench, and Hopen
Deep have mostly fluctuated between ~ 5-15 g dw m2, with the levels typically being highest for
the Bear Island Trench (Figure A5.20, upper panel). The fourth western polygon, Svalbard South,
displayed some annual averages somewhat lower than 5 g dw m?2. For the Bear Island Trench,
Hopen Deep and Svalbard South polygons, the average biomass was lower in 2021 than 2020,
and generally also well below the preceding 5-year and 19-year averages. The Southwest poly-
gon, however, showed a similar biomass in 2021 as 2020, and did not show a clear trend over the
20-year period. The 2021-average for Southwest was lower than the preceding 5-year average
but slightly above the preceding 19-year average. During the last two decades, the biomasses
within these western polygons have displayed considerable year-to-year variability without con-
sistent long-term trends, although with a tendency of decreased levels for Svalbard South was
noted during the last 6 years.

The biomass for the Central Bank, Great Bank and Thor Iversen Bank have shown declining
trends since the early 2000s, reaching minima around year 2013 (Figure A5.20, middle panel).
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The biomass then increased for all three banks, with the time-series for Thor Iversen and Central
Banks displaying maxima during 2017-2019, and thereafter falling to lower levels. On the Great
Bank, the biomass remained low somewhat longer, showing a peak value in 2019, and rapidly
declining again. Since 2006, the annual average biomass has been higher on Thor Iversen Bank
than the Central and Great Banks. For the Thor Iversen and Central Banks, the average biomass
in 2021 was somewhat higher than in 2020, while for the Great Bank the biomass was lower in
2021. All three banks showed lower 2021-biomass than for the preceding 5-year and 19-year av-
erages (note that only 4 observations for Thor Iversen Bank in 2016). In the northern polygon
Franz-Victoria Trough, just east of Svalbard (not shown in Figure A5.20), the 2021 biomass aver-
age was just slightly above the preceding 5-year and 19-year averages (excluding 4 years with
very few observations from the latter - see Table A5.2)

For the four eastmost polygons, Southeast, Southeastern Basin, Pechora and Northeast, the bio-
mass has typically shown strong interannual variability but not clear or consistent trends over
the last two decades (Figure A5.20, lower panel). Note that for these eastern polygons, some
years have few biomass observations (see Table A5.2). The overall picture is that the average
biomasses within the polygons Southeast, Southeastern Basin and Pechora in 2021 were similar
to the levels observed during the preceding 5 years as well as over the last 19 years (considering
only years with N > 5), while for the Northeast polygon the 2020 and 2021 levels were on the low
side compared to earlier years (Figure A5.20, lower panel).
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Figure A5.19: Upper panel: The ICES WGIBAR polygons. Lower panel: Zooplankton sampling stations at the joint ecosys-

tem survey in autumn 2021.
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Table A5.2. Number of biomass samples per polygon per year. Comprises Norwegian WP2 and Russian Juday nets hauled
vertically from near bottom to surface. Based on sampling during the annual joint Norwegian-Russian Barents Sea eco-
system cruise during Aug—early Oct.

South  Bear Hopen  Svalb.  Svalb. Thor  Central Great  Franz- South Pechora South- North Franz St.An

West Island  Deep  South North Iversen Bank Bank Victoria  East eastern  East Joseph Trouy
Trench Bank Trough Basin Land

2002 19 15 16 17 0 12 15 20 15 0 14 14 33 1 1
2003 19 1 10 16 0 11 8 5 1 1 0 1 4 0 0
2004 32 24 23 24 2 19 18 30 31 6 18 14 26 1 7
2005 26 19 16 6 0 16 17 13 2 0 0 3 6 1 0
2006 2 26 33 34 0 30 23 34 7 24 0 6 27 0 0
2007 31 16 19 25 0 16 20 17 12 11 11 12 21 8 6
2008 21 1 8 6 0 12 20 15 2 10 21 20 19 9 2
2009 29 17 16 23 30 15 20 21 14 16 4 12 20 5 8
2010 31 21 15 28 11 16 18 23 27 1 21 10 23 12 3
2011 31 18 20 20 15 21 21 22 30 10 23 14 25 5 1
2012 31 22 17 25 12 16 20 23 37 10 21 15 26 7 0
2013 26 20 14 23 19 15 20 21 35 10 19 14 26 12 3
2014 15 1 12 14 26 10 16 17 1 1 21 13 25 6 0
2015 16 9 14 14 13 1 13 24 24 9 19 13 27 6 3
2016 24 16 15 20 17 4 20 21 21 1 25 10 21 4 0
2017 27 19 15 22 18 13 17 17 29 6 17 10 28 8 0
2018 28 19 14 17 1 12 17 15 21 3 2 2 10 2 0
2019 28 19 15 25 19 14 22 18 18 10 20 13 8 2 0
2020 29 19 15 24 37 18 15 20 30 1 16 15 46 25 13

2021 29 19 15 24 32 13 16 19 24 21 42 21 41 4 0

79



80

ICES SCIENTIFIC REPORTS 4:50

20 1
Western polygons
= 18 1
<
w®
[}
¢ 16 4
£
5 141
-
a 12 1
€
o
S 10 A
f=4
o
< 8
[ =
©
S 6
o
]
S 4
[}
>
2
0 T T T T T T T T T T T T T T T T T T T T !
- o o < [Ta) o ~ 0 D o - o~ o < wn e ~ o0 (<)) o - ~
o o o o o o o o o — ) Ll Ll - Ll - ) - - o o o
o o o o o o o o o o o o o o o o o o o o o o
o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~
—e—SW —e—BIT —e—HD SS
20 -
Bank polygons
£ 18 A
I
[
2 16 4
>
€
= 14
-
2
g 12
°
el
2 10 A
he]
< 8 1
©
=
S 61
]
o
& 4
=
2 4
- o~ [a2] < wn o ~ =] (o)) o - o~ (321 < wn o ~ 0 ()] o - o~
o o o o o o o o o — o o o o o — - — — o o o
o o o o o o o o o o o o o o o o o o o o o o
o~ o~ o~ ~N o~ o~ o~ ~N ~N ~N ~N ~N ~N o~ o~ o~ o~ o~ o~ o~ o~ ~N
—oTIB —e-CB —e—GB
20 A
Eastern polygons
= 18
<
=
v 16 4
H
>
£ 14 -
2
@ 12
£
o
5 10 4
c
o
L 8
f=4
©
R
o
)
¢ 41
=
SR
o+ttt +F+—F—F—F—+—+——F—F—F—+—+—
— o o < [¥a) o ~ 0 D o — o~ o < wn o ~ o0 (=) o — o~
o o o o o o o o o - - - - - - I - - - N o o
o o o o o o o o o o o o o o o o o o o o o o
~ ~ ~N ~N ~ ~N ~N ~N ~N ~ ~N ~N ~N ~N ~N ~N ~ ~N ~N ~ ~N ~
| —o—SE —e—PE —e—SEB —e—NE]|

Figure A5.20: Time-series 2002-2021 for annual average zooplankton biomass (g dry wt. m2) with standard errors within
different subareas (spatial polygons) of the Barents Sea. Only averages representing at least 5 observations per polygon
per year are shown in the figure — averages representing fewer observations are omitted (see Table A5.2). Upper panel
— four subareas in the western Barents Sea: Southwest (SW), Bear Island Trench (BIT), Hopen Deep (HD) and Svalbard
South (SS). Middle panel - three subareas in the central Barents Sea: Thor Iversen Bank (TIB), Central Bank (CB) and Great
Bank (GB). Lower panel — four subareas in the eastern Barents Sea: Southeast (SE), Southeastern Basin (SEB), Pechora
(PE) and Northeast (NE). The results represent total zooplankton biomass from near seabed to surface, as collected with
WP2 or Juday plankton nets, both with mesh-size 180 pm.
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In the Norwegian part of the Barents Sea, IMR determines zooplankton biomass collected with
WP2 net for three size-fractions. In summary, the sieve with mesh-size 2 mm will generally retain
large copepods like Calanus hyperboreus and Paraeuchaeta sp., to some extent older stages of the
smaller Calanus glacialis, as well as krill, amphipods, large chaetognaths, etc. (Skjoldal 2021). The
sieve with mesh-size 1 mm will typically hold back older stages of intermediately sized copepods
like Calanus finmarchicus, C. glacialis and Metridia sp. Finally, small copepod species like Oithona,
Oncaea, Microcalanus and Pseudocalanus and young copepodite stages of intermediately sized co-
pepod species such as C. finmarchicus and C. glacialis, along with appendicularians and mero-
planktonic invertebrates, will mostly be retained on the sieve with the smallest mesh-size (0.18
mm).

Time-series for size-fractioned biomass during August-September 1989-2021 were evaluated for
selected polygons representing the western inflow region for Atlantic water, as well as bank ar-
eas in the central Barents Sea that are influenced by Arctic water. Here we briefly summarize the
highlights, starting with the westmost Atlantic water influenced polygons (trends for size-frac-
tioned biomass on polygon level are not shown). For polygon Southwest, no interannual trends
were clear except for the large size-fraction where the biomass is indicated to be lower since
about 2008, though with a higher biomass again in 2021. For the Bear Island Trench, a decreasing
trend in biomass for the largest size-fraction was observed during about 1998-2014, after which
the level has stabilized or increased slightly. However, the biomass for the intermediate size-
fraction (typically representing copepods of intermediate size — as older stages of Calanus finmar-
chicus) was notably lower than normal in both 2020 and 2021. For the Hopen Deep polygon, no
long-term trends are evident. Still, the biomass for the small as well as large size-fraction were
on the low side in 2021, and clearly low for the intermediate size-fraction in both 2020 and 2021.
For Thor Iversen Bank, located just east of Bear Island Trench and also influenced by Atlantic
water, no consistent strong trends were observed. It is worth mentioning that the biomass for the
intermediate size-fraction was rather low in both 2020 and 2021. For the Central Bank and Great
Bank, both located in the central Barents Sea and influenced by Arctic water, a considerable year-
to-year variation as well as generally decreasing long-term trends for all size-fractions were ob-
served. For the Great Bank, the biomass in 2021 was rather low for the intermediate size-fraction,
while for the Central bank the biomass was markedly low for the small and intermediate size-
fractions in both 2020 and 2021, and for the large size-fraction in 2021.

By Irina Prokopchuk, Espen Bageien, Padmini Dalpadado, Jon Renning

The zooplankton display strong seasonal cycles at high latitudes. The number of individuals and
their developmental state will change throughout the year. Hence, the time of sampling in the
season is a very important factor when evaluating zooplankton time-series.

The Fugloya - Bear Island (FB) transect, crossing the western entrance to the Barents Sea, is gen-
erally monitored by IMR 5-6 timer per year, covering the different seasons. Up to eight stations
with fixed positions are sampled during each coverage, although the number may vary depend-
ing on weather conditions. Zooplankton samples collected each year during the 1995-2021 pe-
riod from four fixed locations at different latitudes (70°30'N, 72°00’N, 73°30’N, and 74°00’N) and
representing different water masses (Coastal, Atlantic, and mixed Atlantic/Arctic) have been an-
alysed taxonomically. Average annual abundance for each of the species C. finmarchicus, C.
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glacialis and C. hyperboreus is estimated by pooling the four stations throughout the seasonal cycle
and summing up the copepodite stages I-VI (Figure A5.21, left). The arcto-boreal species C. fin-
marchicus is, by far, the most common of these three species (Skjoldal ef al., 2021), and displays
some interannual variation in abundance. C. finmarchicus tends to be most abundant at the three
southernmost stations. A particularly high abundance was recorded during 2010 along most of
the transect, except at the northernmost station. Except for 2013, C. finmarchicus has generally
been abundant along most of the transect until 2019. However, during the two last years, excep-
tionally low average abundances of C. finmarchicus were registered along the Fugloya-Bjernoya
section (Figure A5.21). The 2020 and 2021 averages were the lowest since the time-series was
started in 1995. 2020 comprised only 4 coverages of the transect, as the planned March cruise was
cancelled due to the COVID-19 situation. Both the May and August abundances of this species
in 2020 were very low compared to what is typical for those parts of the season in earlier years.
The above-mentioned low C. finmarchicus abundances were supported by a remarkably low FB
zooplankton biomass (8 stations) in May 2020 compared to this month in other years, while also
in August 2020 the biomass was much lower than typical for that month. Only 4 full coverages
of the FB section were made in 2021 (March, April, August, and December). The stations closest
to the Norwegian coast showed unusually low values in March and April, while all four stations
displayed abundances much lower than the average for August. Lack of coverage in May or
June, the most productive period, has most likely contributed to the low average estimated for
2021. The FB abundances of C. finmarchicus during the next years will be followed closely to see
if the low abundances registered these two last years are becoming a recurring feature.

The Arctic species C. glacialis has typically been most abundant at the two northern-most stations,
representing Atlantic (73°30'N) and mixed Atlantic-Arctic waters (74°00'N). This species also
shows some interannual variation in abundance, particularly in the late 1990s (Figure A5.21, left).
Abundance of C. glacialis along the FB transect has decreased since the initial years of this time-
series (1995-1998), with very low abundance recorded in some years since 2005, including 2021.
The abundance of the large and Arctic species, C. hyperboreus, along the FB transect has been low
relative to the abundance of C. finmarchicus, but generally also compared to C. glacialis through-
out the study period. Few individuals of this species have been recorded for some years since
2008, although the levels have not been particularly low during the very last years. The FB time-
series of C. hyperboreus abundance shows a clear interannual variability (Figure A5.21, left).

Calanus helgolandicus, a more southerly species, is observed regularly at the Fuglaya - Bear Island
transect, particularly during the December—February period (Dalpadado et al., 2012). Even in
winter, the abundance of C. helgolandicus along the FB transect seldom surpasses a few hundred
individuals per square meter. This species is common in the North Sea but is also observed in
the Norwegian Sea off mid-Norway, particularly in autumn (Continuous Plankton Recorder sur-
vey, Strand et al. 2020). Our FB time-series provides no evidence of an increase over the years,
neither of the proportion or absolute abundance of C. helgolandicus.
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Figure A5.21: Time-series of abundances (ind. m2) of Calanus finmarchicus, C. glacialis, and C. hyperboreus along the
Fuglgya-Bjgrngya (1995-2021) (left) and Kola (1992, 2008-2020) (right) transects. Note that for the FB transect, each bar
represents the annual average for 4 stations and mostly 5-6 coverages per year, while for the Kola transect the data
show early-summer abundances — hence these data are not directly comparable. Also, be aware of the strongly differing
scales for abundances between the two transects and the species. The right-hand sides from the vertical green lines show
the same years for the two transects. Dotted horizontal lines indicate the long term averages for the different species,
1995-2021 for the FB section and 1992, and 2004-2020 for the Kola section. Calanus finmarchicus was present in low
abundances at the Kola section in 1992 even if this is hard to see in the figure.

Russian (PINRO) investigations along the Kola section in July 2020 showed copepods as the
dominant group of zooplankton at that time, comprising on average 87% in abundance and 81%
in biomass, and C. finmarchicus as the dominant species. Average abundance of C. finmarchicus
in 2020 was ca. 41% of 2019 value, and ca. 25% of the long term average (Figure A5.21, right). The
highest abundance of C. finmarchicus was observed at 70°30'N, 72°00'N and 72°30'N at the sta-
tions influenced by Atlantic waters, while its lowest abundance was observed at the station at
73°00'N. In the C. finmarchicus population, individuals belonging to copepodite stages CIV-CV
dominated at all the stations, while copepodite stages CI-CIII were present at the three northern
stations.

The abundance of the Arctic species C. glacialis showed a considerable increase since 2018. How-
ever, its average abundance in 2020 was ca. 56% of the 2019 estimate, but 4.2 times higher than
the long term average (Figure A5.21, right). Previously, C. glacialis mainly occurred at the most
northern stations, while in 2020 it was observed at 8 stations, and its abundance increased north-
wards. Only copepodites of stage CV were observed for this species.

Average abundance of the arctic species C. hyperboreus, the largest Calanus species in the Barents
Sea, in 2020 was 1.6 times higher than in 2019 and exceeded the long term average by a factor of
2.3 (Figure A5.21, right). A gradual increase in C. hyperboreus abundance has been observed since
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2015. The highest abundance of this species in 2020 was observed at 73°30" N and 74°00" N, the
two northernmost stations of the transect, and the population was represented by copepodites
CIV-CVL

Species composition from the autumn ecosystem cruise

By Irina Prokopchuk

PINRO investigations of mesozooplankton conducted by the BESS during August-September
2019 showed that in the Russian part, copepods dominated both in abundance (79.5%) and bio-
mass (69.5%) (Figure A5.22). Total zooplankton abundance in the southern (south of ca. 75°N)
Barents Sea was higher than in the northern part (north of ca. 75°N) of the sea (2 190 and 1 725
ind. m?, respectively), while the total zooplankton biomass was about twice as high in the north-
ern as the southern Barents Sea (286.9 and 143.9 mg m?, respectively). However, the results from
the northern Barents Sea are not quite comparable with previous years as only 13 stations were
conducted in the northern part of the sea in 2019.
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Figure A5.22: Abundance (ind. m3) (left) and biomass (wet-weight, mg m3) (right) of the most numerous copepod species
(surface to sea floor) in the Barents Sea (based on the PINRO samples from the BESS during August-September of 2019)

In the southern Barents Sea, total zooplankton abundance and biomass in 2019 had increased by
factors 1.7 and 1.1, respectively, compared with 2018. Copepods dominated both abundance and
biomass (76.8 and 70.6%, respectively). Among other groups, the most important were chaetog-
naths comprising 16.6% of total zooplankton biomass, while their abundance was very low
(0.2%). Considering species composition of copepods, Oithona similis, C. finmarchicus and Pseu-
docalanus sp. were the most abundant (43.4, 23.2 and 15.9% of total copepod abundance, respec-
tively), and Metridia longa comprised 3.5% (Figure A5.22). However, in terms of copepod bio-
mass, C. finmarchicus (63.7%), Pseudocalanus sp. (14.4%) and M. longa (9.4%) were the most im-
portant species, while O. similis comprised only 3.0% (Figure A5.22). In 2019, abundance of C. fin-
marchicus, O. similis and Pseudocalanus sp. had increased compared to 2018, while increase of bi-
omass was observed only for Pseudocalanus sp. and O. similis. It is necessary to point out, in 2019
plankton was collected on 46 stations, while in 2018 only on 9 stations, so that the results for 2018
and 2019 should be compared with caution.
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In the northern Barents Sea, total zooplankton abundance in 2019 was ca. 87% of the 2018 value,
while total biomass increased by a factor of 1.2 in 2019 compared with 2018. Copepods were the
most abundant (89.2% of total zooplankton abundance) zooplankton group. Regarding total zo-
oplankton biomass, copepods (64.7%) also represented the most important group during 2019,
while chaetognaths and pteropods comprised 15.6 and 11.2%, respectively. In the northern Bar-
ents Sea, the small copepods Pseudocalanus sp. and O. similis were the most abundant (42.6 and
31.7% of total copepod abundance, respectively) (Figure A5.22). Total copepod biomass con-
sisted mainly of larger C. glacialis (56.8%) and M. longa (15.8%), and of small Pseudocalanus sp.
(12.8%) (Figure A5.22). Abundance and biomass of C. glacialis have been increasing since 2015.
Abundance and biomass of C. finmarchicus, M. longa and Pseudocalanus sp. increased in the pe-
riod from 2016 to 2018 and in 2019 it decreased. At the same time, the abundance and biomass
of O. similis have been decreased from 2016 to 2018, and its increase was observed in 2019.

Strand E, Baggien E, Edwards M, Broms C, Klevjer T (2020). Spatial distributions and seasonality of four
Calanus species in the Northeast Atlantic. Progress in Oceanography. 185, 102344.

Dalpadado P, Ingvaldsen RB, Stige LC, Bogstad B, Knutsen T, Ottersen G, Ellertsen B (2012). Climate effects
on Barents Sea ecosystem dynamics. — ICES Journal of Marine Science, 69: 1303-1316.

Skjoldal HR, Prokopchuk I, Bageien E, Dalpadado P, Nesterova V, Renning J, Knutsen T (2019). Compari-
son of Juday and WP2 nets used in joint Norwegian-Russian monitoring of zooplankton in the Barents
Sea. Journal of Plankton Research 41:759-769.

Skjoldal HR (2021). Species composition of three size fractions of zooplankton used in routine monitoring
of the Barents Sea ecosystem. Journal of Plankton Research, Vol. 43: 762-772.

Macroplankton biomass and distribution

Krill (euphausiids) represents the most important group of macrozooplankton in the Barents Sea,
followed by hyperiid amphipods. Krill plays a significant role in the Barents Sea ecosystem, fa-
cilitating transport of energy between different trophic levels. There are mainly four species of
krill in the Barents Sea; Thysanoessa inermis primarily associated with the Atlantic boreal western
and central regions, whereas the neritic Thysanoessa raschii mainly occurs in the southeastern
Barents Sea. These two species can reach 30 mm in length. Meganytiphanes norvegica, the largest
species (up to 45 mm) is mainly restricted to typical Atlantic waters. The smallest of the species,
the oceanic Thysanoessa longicaudata (up to 18 mm), is associated with the inflowing Atlantic wa-
ter.

Winter distribution and abundance

By Irina Prokopchuk (PINRO), Ksenia Zaytseva (PINRO), Anna Mikhina (PINRO), Andrey Dolgov
(PINRO)

Figures by Ksenia Zaytseva (PINRO) and Irina Prokopchuk (PINRO)

The PINRO long-term dataseries on euphausiids was initiated in 1959 and terminated in 2016
(Figure A5.23). A new time-series on euphausiids has been launched in February—-March 2015 in
the course of the Joint Barents Sea winter survey.
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Figure A5.23: Abundance-indices of euphausiids (log10 of number, ind. 1000 m3) based on trawl-attached plankton net
catches in the near-bottom layer of the Barents Sea from the Russian winter survey during October-December 1959-
2015. a) Southern Barents Sea; and b) Northwestern Barents Sea. Note that these dataseries were discontinued in 2016
but are presented here to show the general trends since the early 1950s and 1960s.

Euphausiids were collected in the southeastern Barents Sea in February 2021 during the Russian-
Norwegian winter survey using a trawl-attached plankton net. Since in a course of the survey
different areas were covered in different years (2015-2020), comparison with previous years re-
quires caution.

Distribution of euphausiids in the southeastern Barents Sea in February 2021 is presented in Fig-
ure A5.24. Total abundance of euphausiids in 2021 had decreased to ca. 41% of the 2020 abun-

dance. Average abundance of euphausiids in 2021 (755 ind. 1000 m™) was lower than in previous

years (2015-2020 average — 1212 ind. 1000 m™). In 2021, the average euphausiid abundance de-
creased in all the subareas. However, at one station of the eastern subarea the extremely high

total euphausiid abundance of 18440 ind. 1000 m™ was observed. This resulted in an increased
average abundance, making interannual comparison difficult, and thus this extreme value was
excluded from the analysis.

Euphausiids were traditionally represented by local species Thysanoessa inermis and T. raschii, as
well as by Atlantic species Meganyctiphanes norvegica and T. longicaudata. Two last-mentioned
species penetrate into the Barents Sea with warm Atlantic waters from the Norwegian Sea. An-
other warm-water species Nematoscelis megalops, which had been regularly registered in the
coastal, western and central areas since 2003, except 2020, was again observed in four subareas
of the Barents Sea in 2021. T. inermis is the most numerous species and comprised 60-70% of total
euphausiid abundance in the southeastern Barents Sea and in 2021 T. inermis comprised 74% of
total euphausiid abundance. In 2021, the abundances of T. inermis, T. raschii and T. longicaudata
had decreased considerably compared to 2020, while that of M. norvegica had increased.
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Figure A5.24: Euphausiid abundance (ind. 1000 m-3) based on trawl-attached plankton net catches in the near-bottom
layer of the southeastern Barents Sea from the Russian-Norwegian winter survey in February 2021.

Summer—autumn distribution and biomass
Area coverage and estimations

In 2021, coverage of the macroplankton was suboptimal due to lack of coverage in some areas in
the southeastern and eastern parts of the Barents Sea (Figure A5.25).
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Figure A5.25: Spatial coverage during the BESS in 2021.

Euphausiids biomass indices have been calculated in Excel for the period 1980-2017 based on
methods described in Eriksen and Dalpadado 2011. In 2021, R scripts (R is a free software envi-
ronment designed for data organization, statistical analyses and visualization (R Core Team,
2021) for estimation of macroplankton (both euphausiids and amphipods) biomass estimates
were developed and tested. During the night, most of krill migrate to upper water layer for feed-
ing, and therefore it is more available for the pelagic trawl. Pelagic amphipods stay at upper
water column and therefore catches not varied between day and night. New biomass indices
based on euphausiids night catches and amphipods both day and night catches, that were taken
by pelagic Harstad trawl. The catch weights were standardized for trawled distance, volume of
filtered water and covered depths layer (mainly upper 60 m) and presented as biomass (grammes
wet weight per square meter, g/m2). These biomasses were later averaged for each of 15
WGIBAR-subareas (Figure A5.26). Two datasets representing annual biomass indices as calcu-
lated by Excel and R were compared and found to be similar (Pearson correlation analysis,
r=0.56). Differences in indices could be related to differences in calculation of sun elevation, de-
fining night and day catches, and coverage area.
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Figure A5.26: Map showing subdivision of the Barents Sea into 15 WGIBAR-subareas (regions) used to calculate estimates
of 0-group abundance based on the BESS.

Here, we presented biomass time-series for euphausiids, and amphipods calculated by R for the
period 2003-2021. Note, that most of macroplankton were recorded to higher taxonomic lever at
the beginning, and since 2014, training of personnel and help from plankton experts improved
the identification of macroplankton.

Distribution and biomass indices of krill

by E. Eriksen, B. Husson, T. Prokhorova and A. Dolgov
Figure by S. Karlson and B. Husson

Distribution of krill and biomass

In 2021, the euphausiids (krill) taken by standard pelagic trawl in upper 60 m were identified to
species level at most of stations. Some parts of the eastern Barents Sea were not covered in 2021
(see above).

In 2021, traditionally krill were widely distributed in the Barents Sea (Figure A5.27). The catch
weights were standardized for trawled distance, volume of filtered water and covered depths
layer (mainly upper 60 m) and biomass calculated for each station and presented as grammes
wet weight per square meter (g/m?). The night catches were higher (8.79 g/m?) than day catches
(3.87 g/m?) and long term mean (2003-2021, 5.08 g/m?).
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Figure A5.27: Krill distribution, based on pelagic trawl stations covering the upper water layers (0-60 m), in surveyed area
of the Barents Sea in August—October 2021.

In 2021, a total of 107 night stations and 185 day stations were taken. During the night, most of
krill migrate to upper water layer for feeding, and therefore it is more available for the trawl.
Higher night biomasses with an average of 52 g/m2were observed in Bear Island polygon.

Based on the euphausiid species identification in 2021, large warm-water Meganyctiphanes
norvegica were widely distributed in the Barents Sea, what is typical for recent warm period. M.
norvegica were mostly restricted to the Atlantic waters in the central and southern areas with one
additional catch in the west. In contrast, local cold-water T. inermis and T. raschii were mainly
found in the southeastern and northern Barents Sea. Two catches of warm-water Thysanoessa
longicaudata were taken in the western area. The smaller T. longicaudata, and juvenile euphausiids
are not representative caught for their distribution due these small organisms escape through
the mesh of the pelagic trawl during hauling (see length distribution of captured krill from trawl
catches in ICES WGIBAR 2020).

In 2021, the total biomass of krill was estimated about 8.4 million tonnes wet weight for the cov-
ered area (Figure A5.28). It is the highest value since 2016 and the long term mean level of 5.5
million tonnes. The biomass is relatively high considering heavy predation by quite large capelin
stock and other planktivorous fish during the 2021 feeding summer season. High biomass of krill
suggests that satisfactory feeding conditions for planctivorous fishes can be expected in 2022.
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Figure A5.28. Krill species distribution, based on trawl stations both day and night, covering the upper water layers (0-
60 m), in surveyed area of the Barents Sea in August—October 2021. The proportions are based on wet weights.

Distribution and biomass indices of amphipods (mainly Hyperiids)

by E. Eriksen, B. Husson, T. Prokhorova and A. Dolgov
Figure by S. Karlson and B. Husson

In 2021, the amphipods taken by standard pelagic trawl were identified to species level at most
of stations. Some part of the eastern Barents Sea was not covered in 2021 (see above). The catch
weights were standardized for trawled distance, volume of filtered water and covered depths
layer (mainly upper 60 m) and presented as biomass (grammes wet weight per square meter,

g/m?).

In 2021, the amphipods were generally found in traditional area with low water temperature —
north of the Svalbard/Spitsbergen archipelago, and some catches were taken in the southwestern
and eastern areas (Figure A5.29). Total biomass of hyperiids was 271 thousand tonnes in 2021,
that was lower than in 2020 (665 thousand tonnes), while slightly higher than long term mean
(242 thousand tonnes).
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Figure A5.29: Amphipods distribution, based on pelagic trawl stations covering the upper water layers (0-60 m), in sur-
veyed area of the Barents Sea in August—October 2021.

The Arctic Themisto libellula is a dominant pelagic amphipod, which is carnivorous and has co-
pepods as important parts of the diet. The highest T. libellula catches were taken in the Svalbard
North polygon in 2017 and 2018 and were 10.1 and 11.6 gr/m? respectively. In 2021, catches were
lower with an average of 3.6 g/m2

Jellyfish

Area coverage and estimations

Area coverage see above and figure A5.25. Biomass of gelatinous zooplankton has been calcu-
lated by use of different softwares during the last for decades: SAS (for the new 23 fisheries sub-
areas, 1980-2017) and MatLab (for the new 15 WGIBAR-subareas (1980-2018, WGIBAR 2018)
and R (for the new 15 WGIBAR-subareas (2003-2021). Due to SAS-software upgrading which
led to challenges with the running of scripts and limited personnel resources with respect to
programming in MatLab, we decided to develop R-scripts. R is a free software environment de-
signed for data organization, statistical analyses and visualization (R Core Team, 2021) for esti-
mation of biomass indices for 15 WGIBAR-subareas. Two datasets representing annual biomass
indices as calculated by R and SAS were compared and found to be very similar (Pearson corre-
lation analysis, r=0.97).

Mean catches and total biomass were also estimated for groups: large jellyfish (Cyanea capillata
and Cyanea lamarckii) and small jellyfish (Aurelia aurita and Ctenophora species) and others.

Here, we presented time-series for biomass indices calculated by SAS (1980-2017) and by R
(2018-2021). Spatial biomass indices calculated by R for 2003-2021.

Distribution and biomass indices of jellyfish
By E. Eriksen (IMR), T. Prokhorova (VNIRO), A. Dolgov (VNIRO) and S. Karlson (IMR)

In August-October 2021, lion’s mane jellyfish (Cyanea capillata; Scyphozoa) was the most com-
mon and widely distributed jellyfish species, both with respect to occurrence (found at 238 sta-
tions) and weight (average catch of 19.8 kg/nm?, corresponding to 9.1 tonnes per sq nm) (Figure
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A5.30). Large catches (corresponding to > 10 tonnes per sq nmi) were made in the central and
southeastern Barents Sea. Moon jellyfish, Aurelia aurita, was found at 33 stations in the southern
Barents Sea with an average biomass of 356 kg/nm?. Single specimens of blue stinging jellyfish,
Cyanea lamarckii, were found at 21 stations in the western Barents Sea with average biomass 30
kg/nm?. C. lamarckii has been regularly observed in the Barents Sea in recent years and the pres-
ence of this warm-temperate species may be linked to the inflow of Atlantic water masses. Cten-
ophores were found at 13 stations in the central, northern, and southeastern Barents Sea with an

average biomass of 18 kg/nm? (Figure A5.31).
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Figure A5.30. Distribution of Cyanea capillata (wet weight; kg per square nautical mile) in the covered area of the Barents
Sea, August—October 2021. Catches both day and night from standard pelagic trawl 0-60 m depth
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Figure A5.31: Jellyfish composition in catches in the surveyed area in August—October 2021. Note that all circles are of
the same size and do not size of catch. Colours within the circles indicate species-composition.
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Geographical distribution of jellyfish, mainly C. capillata, has shown an increase in central, south-
ern, eastern, and northern areas since 2013 with the widest distribution in 2017, when biomasses
reached almost 5 million tonnes for the covered area of the Barents Sea (Figure A5.32).
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Figure A5.32: Spatial anomalies of jellyfish biomasses, mainly C. capillata, in covered area of the Barents Sea in August—
September 2003-2021. The names refer to the Barents Sea polygons used in ICES WGIBAR.

Biomass indices were calculated for the total of all jellyfishes for the period 1980-2003. In addi-
tion to the total biomass for all jellyfishes, the biomasses for large jellyfish (dominated by C.
capillata), small jellyfish (dominated by A. aurita), and other jellyfish (found occasionally) were
also calculated for the period 2004-2021. In 2021, total jellyfish biomass for the covered area of
the Barents Sea was 2.7 million tonnes (Figure A5.33). Biomasses were dominated by C. capillata
(2.6 million tonnes).
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Figure A5.33. Total biomass of jellyfish in covered area of the Barents Sea in August-September 1980-2021. Large jellyfish
(dominated by C. capillata), small jellyfish (dominated by A. aurita), and other jellyfish (found occasionally). NB: small
and other jellyfish were recorded from 2004 only (indicated by darker blue). Biomass estimates in 2018 and 2020 were
underestimated due to lack of complete coverage.
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R Core Team (2021). R: A language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. https://www.R-project.org/.

Benthos and shellfish

Benthos

N.A. Strelkova (VNIRO), L.L. Jorgensen (IMR), A.S. Kudryashova, D.V. Zakharov (VNIRO)

The distribution of megabenthos biomass shows relative stable large-scale patterns. Biomass and
number of taxa was above long term mean, while abundances were below. High biomass partic-
ularly in the southwest; and another, but much more variable, high biomass in the northeast and
northwest. In the southeast king crabs increased the biomass north of Kapp Kanin. Fluctuation
of total biomass of megabenthos is positive correlated with the water temperature on the Kola
Sections, but with a time-lag of about 7 years

The area where benthos was identified from bottom trawls (benthic stations) in 2021 is shown in
figure A5.34, and the main results of the BESS 2021, compared with 2020 and long term average
value, are given in table A5.3. Four vessels with a total of nine benthic experts (two experts
onboard of Russian vessel and seven experts onboard of Norwegian vessels) were involved in
this work. No benthic experts were onboard the Norwegian RV “Johan Hjort” during the first
part of cruise, which resulted in a total number of surveyed stations being below average (Table
Ab5.3) and no benthic data from a large area in the middle part of the sea (Figure A5.34).
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Figure A5.34: The A) number of taxa per station, B) number of individuals, and C) biomass per nautical mile according to
BESS 2020 (upper row) and 2021 (lower row). The northern shrimp Pandalus borealis (a semi-pelagic species) are ex-
cluded (but see the chapter below on “State of selected benthic species” in this annex).

Table A5.3: The main characteristics of the megabenthic bycatches (excluding Pandalus borealis) during BESS 2020, 2021,
and average long-term values for the period 2005-2020; the minimum-maximum / averagetstandard error

Characteristics long term average** 2020 2021
Number of stations 165-637 / 372.9+30.9 429 254
Total number of taxa 218-621/444.1+31.8 611 572
Total number of species 142-427 / 298.2+22.0 401 384

Number of taxa per station;

14.8-38.6 / 24.4+1.8

1-135/26.8+1.4

1-94/29.7+1.4

Number of individuals per station

421-7967 / 2 485450

1-265 775 / 1 488870

2-17 113 / 8424102

Number of individuals per n.mI*

522-9832 / 2 950+538

1-288 572 / 1 7331945

2-22204 /10774131

Biomass per station (kg)

10.0-95.7 /37.6%5.1

0.002-1 254 / 20.3+5.6

0.003-1 623 / 40.0+10.3

Biomass per n.ml (kg)

12.7-125.5 / 48.216.7

0.002-2 416 / 30.4+10.5

0.004-2 074 / 50.6+12.9

* n.ml - nautical mile

** calculated as the interannual average value of interstation mean values for each year during 2005-2020

Due to fewer stations in 2021 were the total number of benthic invertebrate taxa and species
slightly lower that in 2020 (Table A5.3). However, this does not indicate a reduced taxonomic
quality or decreased biodiversity because the average number of taxa per station and percentage
of benthic invertebrates identified to species was higher. The spatial distribution of the number
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of taxa per station in 2021 was generally the same as the long-term pattern. Large numbers of
taxa were recorded in the northwestern part of the sea, while small numbers were in the south-
east (Figure A5.34A).

The number of individuals per nautical mile or station in 2021 is lower, while the biomass is
higher than in 2020. The average values in 2021 are within the range of long-term variation for
both number and biomass (Table A5.3).

The species diversity

Despite the number of processed benthic stations showing some negative trends, the number of
annually recorded species has increased nearly twice over the period from 2005 to 2021 (Figure
A5.35).
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Figure A5.35: Number of trawl stations where benthos was identified (open circles and dotted line) and number of iden-
tified species (black circles and solid line) during the BESS 2005-2021.

This is the direct result of the join Russian-Norwegian efforts to improve the field guides of meg-
abenthos species and the growing skills of experts involved in the BESS.

During the BESS 2005-2017, 694 megabenthic species (1058 taxa) have been recorded in the Bar-
ents Sea and adjacent water of the shelf and upper bathyal (Zakharov at al., 2020).

From 20052021 the BESS cruise recorded several new benthic species for the Barents Sea; finding
of some of them could be a result of spreading of new species toward the north due to long
warming period (Zakharov, Jergensen, 2017; Golikov et al., 2013, 2014).

In 2021, ten new species were recorded for the first time since 2005 in the Norwegian part of the
Barents Sea: bryozoans Alcyonidium diaphanum, polychaetes worm Aphrodita hastata, crab Atelecy-
clus rotundatus, sea cucumber Bathyplotes natans, hydroid polyp Laomedea angulata, ascidians Pol-
ycarpa pomaria and Synoicum incrustatum, and soft corals of the Nephteidae family Gersemia mira-
bilis, Duva multiflora, and Pseudodrifa racemosa (Figure A5.36). With the exception of two ascidians
(S. incrustatum and P. pomaria) which have earlier been recorded in the Svalbard water (Gulliksen
et al., 1999), all listed species are the new for the Barents Sea fauna.
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Two species (crab A. rotundatus and sea cucumber B. natans) recorded in the southwestern part
of the Barents Sea shelf, could likely be a result of their spreading to the north due to long warm-
ing period.
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Figure A5.36: Megabenthic species recorded for the first time in 2021 in the Barents Sea and adjacent water since BESS
started in 2005.

Spatial distribution and temporal variation of megabenthic biomass

Because colonial and fragmented species (like e.g. sponges) are difficult to count, the biomass is
more frequently used when detecting long-term BESS variations in megabenthic communities.
Spatial distribution

Despite the interannual differences in area covered by stations, the monitoring series of the meg-
abenthos biomass-distribution shows relative stable large-scale patterns (Figure A5.37).
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Figure A5.37. Distribution of the megabenthos biomass (excluding Pandalus borealis) in the Barents Sea from 2005 to
2021.

In the southwestern part of the Barents Sea shelf and in its west and north margins, has dense
sponge aggregations (mostly formed by species of Geodia, Stryphnus and Steletta genus) been rec-
orded during the entire megabenthos monitoring period. Biomass of bycatches in these areas can
reach up to several tonnes per trawling. Local biomass hot spots in the Spitsbergen Bank includes
dense aggregations of sea cucumber Cucumaria frondosa, sea urchin of Strongylocentrotus genus
and sea squirts. High biomass records are also observed within the red king crab area near Kanin
Nos peninsula. The biomass hot spot in the Novaya Zemlya shallows coincides with the area of
dense snow crab population. The central Barents Sea is highly variable in biomass but does never
reach the highest or lowest recorded values in the Barents Sea.

Figure A5.37 also illustrates the deficiency and fault in the megabenthos assessment in several
of the survey years. In 2005, 2014, 2018 and 2021 there were a lack of station coverage in the
Norwegian or Russian areas. In 2019, the northeastern part of the sea was incompletely covered.
In 2014, 2015, 2016 and 2019 the Loophole area was not sampled because a commercial snow
crab fishery. In 2012 and probably 2017 the biomass was overestimated in the Russian zone due
to technical issues with the trawl tuning. Such lack of coverage and non-standardized processing
should be considered when analysing the megabenthic time-series.
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Interannual fluctuation of the mean values of the megabenthos biomass

To make an estimation of the long-term megabenthos dynamics, interannual changes of the
mean biomass were calculated for the total Barents Sea (Figure A5.38A), and thereafter expressed
for four separate areas of the sea — southwest and northwest (Figure A5.38B), southeast and
northeast (Figure A5.38 C). Moreover, with the aim of standardization of interannual data, the
biomass of Pandalus borealis and all catches more than one tonne are excluded from calculations.
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Figure A5.38: Interannual variations of the mean megabenthos biomass in total Barents Sea (A) and in it western (B) and
eastern (C) sections and fluctuation of the average annual temperature in the water layer 0-200 m in the 3-7 stations of
the «Kola Section» Meridian(D). Biomass of Pandalus borealis and all catches more than 1 tonne are excluded. The dotted
lines in the plots A, B, and C are no reliable data of mean biomass. The point lines in the plots A, B, and C are linear trend
lines. Area restrictions: Total Barents Sea — 68-80°N, 15-62°E; southwestern sector (SW) — 68-74°N, 15-40°E; northwestern
sector (NW) — 74-80°N, 15-40°E; southeastern sector (SE) — 68-74°N, 40-62°E; northeastern sector (NE) —74-80°N, 40-62°E.

The sixteen years of monitoring (though inconsistent in area-coverage and quality of sampling)
reveal a moderate, positive trend of increasing megabenthic biomass during the period 2006—
2021 when calculated for the “total Barents Sea” (Figure A5.38A).

According to indexes (“a” and “b”) of the linear trend line equations (y=ax+b), the highest level
of megabenthic biomass is observed in the northeast of the Barents Sea (NE, b=41.13), followed
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by southwest sector (SW, b=23.05), northwest (NW, b=15.81) and southeast (SE, b=13.02). The
positive trend of biomass dynamic is most pronounced in the southeast (SE, a=0.96) and south-
western (SW, a=0.81) parts of the Barents Sea shelf, followed by northwest sector (NW, a=0.47)
and minimal in the northeast part of the sea (NE, a=0.34) (Figure A5.38B and A5.38C). Such pat-
tern well reflects both the difference in the reaction of benthos to warming in different parts of
the Barents Sea (boreal, subarctic and arctic) and negative impact of the bottom-trawl fishery to
megabenthos.

On the background of this trend, there are strong interannual variations of average megabenthic
biomass values both for the total Barents Sea (Figure A5.38A) and for its separate sectors (Figure
A5.38B and A5.38C). Despite the significant uncertain of this parameter due to its sensitivity to
the area-coverage by stations and quality of sampling, weak positive correlation (r = 0.59 for
"total") between dynamic of megabenthic biomass and fluctuation of the water temperature on
the «Kola Section» Meridian (Figure A5.38D), with a time-lag of about 7 years, have been shown
(ICES, 2019, 2020).

A similar response to change of environmental conditions was documented for the Barents Sea
macrobenthos, but with a delay in approximately four years (Lubina et al., 2012, 2016; Denisenko,
2013). The difference in duration of the time-lag between macro- (grab’s) and mega- (trawl’s)
benthos can be caused by different mean size and longevity of the lifespan of these size groups
of benthic organisms causing a faster life-turnover for small organisms.

In 2021 mean biomass both for the total Barents Sea (Figure A5.38B) and for all four sectors (Fig-
ure A5.38C and A5.38D) slightly increased, which support the hypothesis of a 7-year time-lag
correlation between megabenthic biomass and water temperature. According to this hypothesis,
increasing of biomass in 2021 can be the result of the increasing temperature during 2014-2015.

Vulnerable habitats and distribution of their species-indicators

According to the criteria of NAFO (Kenchington et al., 2019) and a few recent publications (Buhl-
Mortensen et al., 2019; Burgos et al., 2020), three groups of the Barents Sea megabenthic species
can be characterized as indicators of vulnerable habitats: sponge ground, coral gardens, and sea
pens fields.

Sponge ground

Sponges are widely distributed on the Barents Sea shelf. Results obtained during the period of
2005 to 2020 shows that sponge aggregations larger than 500 kg/n.ml were mostly recorded in
the southwestern part of the shelf and in the northern margin (Figure A5.39, left). These dense
sponge aggregations are largely comprised of the Geodia genus (G. barretti, G. atlantica, G. macan-
drewii, G. phlegrae, G. parva, and G. hentsheli), Stelette rhaphidiophora and Stryphnus panderosus. In
the central and eastern part of the Barents Sea the sponge biomass does not usually exceed one
kilogramme per nautical mile of trawling (Figure A5.39).

In 2021, dense aggregations of sponges (more than a tonne per trawling) were recorded in three
stations in the southwestern part of the shelf, at 263 to 334 m depth. These sponge grounds were
dominated by Geodia barretti, and G. macandrewii. Dense aggregations of sponges with biomass
500 to 1000 kg/n.ml were recorded on southwestern part of the shelf at 327 m depth (dominated
by G. barretti) and to the north of Spitsbergen at 147 m depth (dominated by G. macandrewii)
(Figure A5.39, right).
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Figure A5.39: Distribution of sponges within the Barents Sea shelf according to BESS 2005-2020 (left) and in 2021 (right).
Coral gardens

The 2005 to 2020 monitoring series also revile on the Barents Sea shelf the five anthozoans species
indicators of “coral gardens”: stony cup coral Caryophillia smithii and Flabellum sp., and gorgo-
nian corals Isidella lofotensis, Radicipes sp., and Paragorgia arborea (Figure A5.40, left).

In 2021, stony cup corals identified as Flabellum sp. (79-439 g/n.ml) were found in the southwest-
ern part of the shelf at 226 to 393 m depth (Figure A5.40, right).

One individual of the nonbranched gorgonian coral Radicipes sp. (less than 1 gramme) and a few
fragments of the Isidella lofotensis (20 g/n.ml) were recorded at one station in the upper part of
continental slope north of Spitsbergen archipelago at 773 m depth (Figure A5.40, right).
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Figure A5.40: Stony cup corals and gorgonian corals sites within the Barents Sea shelf according to observations from the
BESS 2005-2020 (left) and in 2021 (right)

Sea pens fields

Three species of sea pens (Pennatulacea) were found within the Barents Sea shelf: Umbellula en-
crinus, Funiculina quadrangularis and Virgularia mirabilis (Figure A5.41 left). Among these species,
only U. encrinus forms quite dense aggregations that can be characterized as vulnerable habitat
“sea-pen fields”. The main fields of U. encrinus are located in the north margin of the Barents Sea
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shelf within the depth 109-1334 m (in the main deeper 200-300 m). The densest concentrations
of Umbellula were recorded in the Yermak Plateau and in the water around the Franz Josef Land
archipelago where its biomass reached more than 100 kg/n.ml. F. quadrangularis and V. mirabilis
were recorded only at a few stations (few grammes and few individuals per nautical mile).

In 2021 U. encrinus was recorded at three stations north of Spitsbergen archipelago at 114-773 m
depth (20 individuals; 2-136 g/mn.ml). Three small individuals of sea pen Virgularia sp. (~1
gramme) were recorded at one station north of Spitsbergen archipelago (Figure A5.41 right).
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Figure A5.41: Biomass (kg/n.ml) distribution of sea pens within the Barents Sea shelf according to the BESS 2005-2020
(left) and in 2021 (right).

Large upraised and fragile megabenthos taxa in the Barents Sea

Several other megabenthic species, widely distributed in the Barents Sea shelf, fit the criteria of
taxa, vulnerable for the bottom trawling: fragility and upraising (Jergensen et al., 2016). Among
them are the soft corals of Nephtheidae family, large brittle stars of the genus Gorgonocephalus,
and upraised and fragile non stalked sea lilies of the order Comatulida.

According to BESS 2005-2020 four valid species of the Nephtheidae family soft corals are widely
distributed within the entire shelf of the Barents Sea: Drifa glomerata, Duva florida, Gersemia fruti-
cosa, and G. rubiformis (Figure A5.42). The frequency of occurrence of the soft corals during BESS
2005-2021 is 45%, while the total biomass reach 92 kg/n.ml (average 0.69 kg/n.ml).

In 2021 seven species of the soft corals belonging to the family Nephtheidae were found during
BESS (Figure A5.42, right), among which Gersemia mirabilis, Duva multiflora and Pseudodrifa race-
mosa are new for the fauna of the Barents Sea. The recording of these species is a result of using
anew detailed identification guide of Nephtheidae family species on the Norwegian vessels dur-
ing the BESS 2021.
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Figure A5.42: Biomass (kg/n.ml) distribution of soft corals (a — Gersemia fruticosa, b — G. rubiformis, c — Drifa glomerata,
d — Duva florida) within the Barents Sea shelf according to BESS 2005-2020 and in 2021 (e).

The distribution of the largest among brittle stars species of the genus Gorgonocephalus (with a
10 cm disk diameter and an arm span up to a few dozen cm) is closely associated with popula-
tions of the soft corals. Some data suggests that embryos of Gorgonocephalus genus ophiuroids
develop inside the polyps of soft coral (e.g. the genus Gersemia). After leaving the polyps, the
young Gorgonocephalus clings to the surface of the soft coral before they leave the colony to attach
themselves to an adult gorgonocephalus ophiurids. After some time they eventually assume an
independent existence (Fedotov, 1924; Patent, 1970). The general pattern of the soft corals and
basket stars distribution within the Barents Sea shelf indicates a strong dependence of each other.
Both taxa are most abundant in the northeast part of the Barents Sea (Figure A5.42 and A5.43).

According to BESS 20052020 three valid species of Gorgonocephalus genus were found in the
Barents Sea shelf (G. arcticus, G. eucnemis and G. lamarckii) among which G. arcticus and G.
eucnemis are widely distributed within the main part of the sea, while G. lamarckii was recorded
in the southwestern part of the shelf (Figure A5.43). The frequency of the basket stars occurrence
during 2005 to 2021 is 31%, with a biomass up to 264 kg/n.ml (average 7.0 kg/n.ml).

In 2021, three species of the basket stars were recorded within the Barents Sea shelf: G. arcticus,
G. eucnemis, and G. lamarckii. The most abundant of them are G. arcticus, followed by G. eucnemis.
The G. lamarckii were only recorded on four stations in the Norwegian part of the survey to east
of Spitsbergen archipelago (Figure A5.43, bottom). Basket stars were recorded at 84 out of 254
stations of BESS, from 44 to 773 m depth, and a total biomass of the Gorgonocephalus brittle stars
ranging from 0.001 to 62.2 kg per nautical mile of trawling (average of 3.7 kg).
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Barents Sea shelf according to BESS 2005-2020 (top) and their biomass (kg/nm) distribution in 2021 (bottom).
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Another species that is abundant in the Barents Sea is the large, upraised and fragile comatulid
sea lilies that obviously fit the criteria of vulnerable taxa. Two species of the order Comatulida
(non-stalked crinoid) are distributed on the shelf of the Barents Sea. The bigger and more abun-
dant in the north and central part of the Barents Sea is Heliometra glacialis followed by the smaller
and less abundant Poliometra prolixa, having its main distribution in the water north and east of
the Spitsbergen archipelago (Figure A5.44, left).
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Figure A5.44: Biomass (kg/nm) distribution of the Comatulidae crinoids Heliometra glacialis and Poliometra prolixa
within the Barents Sea shelf according to BESS 2005-2020 (left) and 2021 (right).

In 2021 non-stalked crinoids were recorded at 68 out of 254 stations of BESS, from 47 to 773 m

depth, and with a total biomass ranging from 0.001 to 5.1 kg/nm per nm of trawling (average of
0.4 kg/nm) (Figure A5.44, right).
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State of selected benthic species

By Aleksei Stesko, Sergey Bakanev (PINRO), Ann Merete Hjelset, Carsten Hvingel (IMR)

The snow crab (Chionoecetes opilio) is a newly established species in the Barents Sea and was first
recorded in May 1996 on the Goose Bank area (Strelkova, 2016). Since then, it has increased in
both distribution and abundance. In 2012 commercial harvesting of the snow crab started.

Annual monitoring of the snow crab population began with the Norwegian and Russian Barents
Sea Ecosystem Survey (BESS) in 2004. While new dedicated snow crab surveys are under devel-
opment BESS hold the longest time-series on snow crab population status in the Barents Sea.

The snow crab data from BESS are quite variable but indicate that the snow crab population is
still developing both in distribution and abundance (Table A5.4 and Figure A5.45).
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Table A5.4: The total and mean catches (per nautical mile) of snow crab during BESS in 2005-2021.

Total Number of Mean .
Year number of stations with TOt?LéatCh’ Tota%(catch, abundance, Mea]r(l k};?nTass,
stations sSnow crab ’ 8 ind./nm &
2005 649 10 14 2.5 1 0.3
2006 550 28 68 11 3 0.5
2007 608 55 133 18 3 0.4
2008 452 76 668 69 11 1.2
2009 387 61 276 36 6 0.8
2010 331 56 437 22 10 0.5
2011 401 78 6219 154 29 2.4
2012 455 116 37072 1169 395 12.6
2013 493 131 20357 1205 210 12.7
2014 304 78 12871 658 206 10.5
2015 335 89 4245 378 57 5.2
2016 317 84 2156 137 26 1.9
2017 376 159 25878 1422 147 10.0
2018* 217 61 19494 846 393 16.7
2019* 323 87 15523 608 145 6.6
2020 461 141 4403 436 38 3.7

2021 341 105 1705 110 20 1.2
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Figure A5.45: Catches of snow crab in the Barents Sea derived from the Barents Sea ecosystem survey (BESS) data from
2007 to 2021. Snow crab density is expressed as the number of crabs per nautical mile. Reduced cruise coverage in 2018
and 2019.

In 2021 Northeastern part of the Barents Sea wasn’t covered by the survey, but most likely dis-
tribution of snow crab in this area is unchanged compared with the distribution in 2020 (Figure
A5.46).
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Carapace width, mm
The sex and size structure of the snow crab population from 2010-2021 (Bakanev and Pavlov, 2021, 2022,

with editions), number of individuals on the y-axis.

Since 2003, snow crabs in the eastern part of the Barents Sea, have been recorded in stomachs of
demersal fish species (cod, haddock, catfish, and thorny skate). A study by Holt et al. (2021)

Figure A5.47
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shows that the snow crab is a new prey item for cod. However, it does not represent an important
component of their diet, less than <10% in the period examined (2003-2018).

Northern shrimp (Pandalus borealis) is common and widely distributed in the Barents Sea, with
the highest densities on muddy flats at a bottom depth of 250-350 m and temperatures between
-0,5-1,5°C (Figure A5.47).
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Figure A5.47: Mean biomass (kg per nautical mile) per bottom temperature (C°) and depth (m) in the Barents Sea during
BESS 2005-2021 (S.V. Bakanev, C. Hvingel, 2022, in print).

During the survey in 2021 341 trawl hauls were completed — 275 of them contained northern
shrimp. The biomass of shrimp varied from several grammes to 129.1 kg/nml with an average
catch of 6.2+0.7 kg nml (Figure A5.48).
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Figure A5.48: Distribution of the Northern shrimp (Pandalus borealis) in the Barents Sea, August—October 2020 and 2021
(S.V. Bakanev, C. Hvingel, 2022, in print).

During the BESS 2006-2020 average catches of the shrimp varied from 4 to 11 kg (Figure A5.49),
all stayed stable around the average level. Some of the observed variation may related to incon-
sistencies in survey coverage.
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Figure A5.49: Mean catches of the Northern shrimp (Pandalus borealis) in the Barents Sea during the BESS 2006-2018.
The red line shows mean value over all years.

Biological analyses of the northern shrimp population in the eastern part of the BESS were con-
ducted in 2018 by Russian scientists. Similar to 2017, the bulk of the population consisted of
younger individuals: males of 12-27 mm carapace length; and females of 17-30 mm carapace
length (Figure A5.50).
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Figure A5.50: Size and sex structure of catches of the Northern shrimp (Pandalus borealis) in the eastern Barents Sea,
August—October 2020-2021 (S.V. Bakaneyv, C. Hvingel, 2022).
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Pelagic fish

By D. Prozorkevich (PINRO), E. Eriksen (IMR), B. Bogstad (IMR), T. Prokhorova (PINRO), H. Gjesater
(IMR), G. Skaret (IMR)

Total biomass

Zero-group fish are important consumers of plankton and are prey for predators (larger fish,
seabirds and marine mammals) and, therefore, are important for transfer of energy between
trophic levels in the ecosystem. Estimated total biomass of 0-group fish species (cod, haddock,
herring, capelin, polar cod, and redfish) varied from a low of 44 thousand tonnes in 1987 to a
peak of 2.91 million tonnes in 2004 with a long term average of 1.2 million tonnes (Figure A5.51).
In 2021, estimated total biomass of 0-group fish species was close to 1 million tonnes, which is
slightly below the long term mean. In 2021, the biomass of 0-group fish was higher than in 2018-
2020 and was dominated by cod, haddock and herring. The biomass of polar cod and capelin
were underestimated due to lack of coverage (see above) and were very low in 2021. For more
information about re-calculation of 0-group abundance and biomass indices see “Fish Recruit-
ment” by Eriksen ef al. 2022 in the BESS survey report.
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Figure A5.51: Biomass of 0-group fish species in the Barents Sea, August—October 1980-2021.

Capelin, young herring (age 1-4), and polar cod constitute the bulk of pelagic fish biomass in the
Barents Sea. During some years (e.g. 2004-2007 and 2015-2016), blue whiting (Micromesistius
poutassou) also had relatively high biomass in the deeper, western parts of the Barents Sea. Total
biomass of the main pelagic species during 1986-2021 fluctuated between 0.5 and 9 million
tonnes; largely driven by fluctuations in the capelin stock (Figure A5.52). During 2014-2020, the
cumulative biomass of capelin, herring, polar cod, and blue whiting was below the long term
average, while in 2021 the cumulative biomass was above the average, and at the same level as
in the period 2004-2013.
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Pelagic fish biomass in the Barents Sea
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Figure A5.52: Total biomass of pelagic fish component (excluding 0-group) in the Barents Sea in 1986-2021.

Capelin

Young-of-the-year

Estimated abundance of 0-group capelin varied from 958 million in 1993 to 1.5*1012 individuals
in 2019 with a long term average of 366*109 individuals for the 1980-2021 period (Figure A5.53).
A record strong year class of capelin occurred in 2019, followed by less strong (2020) and inter-
mediate (2021) year classes. In 2021, the total abundance index for 0-group capelin was slightly
below the long term mean, and estimated biomass of 0-group capelin was 82 thousand tonnes.
In 2021, the eastern Barents Sea was not fully covered, where 0-group capelin were also found,
and thus abundance and biomass indices were slightly underestimated.
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Figure A5.53: 0-group capelin abundance estimates corrected for Keff (blue columns). Red dotted line shows the long
term average, while orange columns showed indices that were corrected for lack of coverage.

The highest abundance per strata were found in the north central (Great Bank, 81*10° ind.) and
western (Bear Island Trench, 64*10° ind.) areas.

The 0-group capelin body length varied from 1 to 7.5 cm in 2021, while most of capelin were
medium size with body length of 3.5 to 5.4 cm. Larger individuals (with an average length above
5 cm) were found mainly in central, western, and southern areas. Small individuals (< 3 cm) were
found in the Franz Victoria Trough, Svalbard South and Svalbard North. The smallest (< 3 cm)
capelin in the northern areas most likely came from summer spawning. Small capelin (< 3 cm)
from summer spawning were also found in the Pechora polygon, where summer offspring have
been commonly observed.

Adult capelin

The BESS survey covered well the capelin distribution in 2021 except for the loophole (Interna-
tional waters), and the coverage was synoptical. The geographical distribution of capelin rec-
orded acoustically is shown in Figure A5.54. Capelin had a more northerly distribution in 2021
than in 2020, and concentrations were larger. The more northern distribution likely reflects a
higher proportion of bigger capelin in the population (2-year-olds) in 2021 than in 2020 when 1-
year-olds were dominating. Like in previous years, the main concentrations were found to the
southwest of Svalbard (Spitsbergen) between 76°N and 78°N, which is historically the most typ-
ical distribution area for feeding capelin at this time of the year. There were also significant con-
centrations on the eastern part of the Great Bank where little was found in 2020.
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Figure A5.54: Geographic distribution of capelin in 2021 (top panel) and 2020 (bottom panel). Circle size corresponds to
sa (nautical area backscattering coefficient) values per nautical mile. The red dashed line in the figure from 2020 marks
the area which had been covered by the time of the capelin assessment on 8 October 2020 before the entire survey had
been completed.

Average weight at age was lower than in previous years for all age groups 1, 2 and 3 (Figure
A5.55). In particular, it was low for the 2-year-olds which are dominating the capelin biomass.
This 2019 year class is the strongest since 2000, and the low growth is likely due to density-de-
pendent effects where the growth goes down due to competition for food (see chapter on trophic
interactions).
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Figure A5.55: Weight (upper) and length (lower) at age for capelin during August-September 1972-2021.

The total stock was estimated to about 4 million tonnes, which is the highest estimated biomass
since 2008 and above the long term average level (2.8 million tonnes) (Figure A5.56). About 36%
(1.438 million tonnes) of the 2021 stock had length above 14 cm and was therefore considered to
be maturing. 2-year old capelin (2019 year class) dominated in the capelin stock both in abun-
dance and biomass, and the abundance of 2-year-olds was the highest since 1991 (Figure A5.57).
This agrees well with the observed high abundances of 0-group capelin in 2019 and 1-group in

2020.

Age 1 capelin (2020 year class) were also more abundant than the long term average, which
means that there has been two consecutive years of good recruitment after 6 years of poor re-

cruitment.
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Figure A5.56: Age composition of the capelin stock (age 1-4) during 1972-2021. (Note: abundance of age 5 and older are
negligible and have been removed).
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Figure A5.57: Capelin biomass based on the 1972-2021 acoustic survey data: biomass of maturing and immatures, total
stock biomass and long term means.

Due to near total spawning mortality, the natural mortality of capelin can be estimated indirectly
only. Since fishing mortality for ages 1 and 2 is absent or very small, it can be assumed that the
total mortality for these age groups is natural. Figure A5.58 shows natural mortality (M) esti-
mated from the autumn survey as the change in abundance of age 1 capelin in year N to age 2
capelin in year N+1. In some years, negative mortality values were obtained most likely due to
underestimation of age 1 fish in the survey showing that there is high uncertainty associated
with the method. Negative values are not shown in the plot. This shows that the natural mortality
rate has been decreasing in recent years.
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Figure A5.58: Capelin survey mortality from age 1 to age 2 estimated from acoustic survey data. (Negative mortality
values are not shown).

Spatial distribution of capelin in the Barents Sea during the feeding period depends on the envi-
ronment and the composition and size of the stock. Important factors are position of the ice edge,
distribution of zooplankton, and capelin stock size and age composition (Ingvaldsen and
Gjoseeter 2013). In years with a large stock, capelin is distributed widely. Juvenile capelin is dis-
tributed further south than adults. During the 1972 to 1979 period, the capelin stock was large
and widely distributed. During 1980 to 1989, the stock size decreased, and distribution was more
southward. Since the 2000s, capelin feeding area expanded north- and eastwards. During 2010
to 2017, the stock was in good condition and feeding area expanded significantly northwards
into ice-free waters (Figure A5.59). This represented a northward shift in feeding area of 60 to 80
nautical miles compared to the 1970s. During 2018 to 2019, capelin stock size decreased, and the
area of distribution decreased correspondingly (Figure A5.60). In 2020 to 2021, the capelin stock
size has again increased due to good recruitment, and the distribution has again expanded north-
wards. In general, during periods of warming in the Barents Sea, capelin move further north and
northeastwards to find feeding grounds with high plankton biomass. But at low stock levels and
hence lower intraspecific competition for food, shorter migrations are needed for adequate food

supply.
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Figure A5.59: Distribution of capelin during August-September by decade (1970s, 1980s, 2000s, and 2010s). Biomasses
presented for World Meteorological Organization (WMO) squares system of geocodes which divide areas into latitude-
longitude grids (1° latitude by 2° longitude). One dot is equal to 500 tonnes.
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Figure A5.60: Distribution of capelin during August—September for recent periods of high temperature condition and cod
stock size. Note that cod abundance peaked in 2013 and that temperature decreased in 2018-2019. Time periods are
further broken down into sub-periods (2004-2009, 2010-2014 and 2015-2017 and 2018-2020). Biomass is presented for
WMO squares. One dot is equal to 500 tonnes.

Herring

Young-of-the-year

Estimated abundance of 0-group herring varied from 37*10¢ individuals in 1981 to 774*10° indi-
viduals in 2004 with a long term average of 155*10? individuals for the 1980-2021 period (Figure
A5.61). In 2021, the total abundance index for 0-group herring was higher to the long term mean
and was 209*10° individuals (Figure A5.61). Therefore, the 2021-year class of herring seemed to
be intermediate. Estimated biomass of 0-group herring was 184 thousand tonnes. In 2021, the
eastern Barents Sea was not fully covered, however zero border of herring distribution were
found in the east, and thus it will not influence abundance and biomass indices estimates.
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Herring 0-group numbers
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Figure A5.61: 0-group herring abundance estimates corrected for Keff (blue columns). Red dotted line shows the long
term average. Abundance of herring in 2018 and 2020 were somewhat underestimated due to lack of coverage in the
eastern Barents Sea.

0-group herring were found in the southern Barents Sea. The highest average herring abundance
per polygon (116*10? individuals) of average fish size (5.6 cm) were found in the Southwest pol-

ygon.

0-group herring length distribution had two peaks (3.5-4.5 cm and 5.0-5.9 cm) in 2021. Larger
individuals were observed in the Bear Island Trench, Hopen Deep and Central Bank with aver-
age length of 6.0 cm, while smallest in the southeastern areas. This could indicate less sufficient
feeing conditions in the southeastern Barents Sea.

Herring age 1 and older

Figure A5.62 shows biomass estimates of age 1 and 2 herring combined in the Barents Sea based
on the last ICES assessment for age 2+ herring, assuming M=0.9 for age 1. During 2013-2017,
biomass of young herring in the Barents Sea was relatively stable. It increased from 2017 to 2018
mainly due to contribution of the strong 2016 year class, and then decreased to a lower level in
2019-2020 and for 2021 it was estimated to be the lowest since 1988. Figure A5.63 shows herring
distribution in 2021 and 2020 with highest amounts in the southwest.

The 2020 estimate was dominated by the 2016 year class (age 4 herring). This year class had
decreased drastically in 2021, but since the biomass of other age groups was very low, the 2016
year class still had the highest biomass of the age groups. Neither the abundance of age 1-2 as
shown in Figure A5.62 nor the abundance estimates from the surveys (June survey and BESS)
carried out on young herring give a coherent picture. The estimates from the assessment depend
heavily on the assumption of M and also it varies between years whether or not also age 3 herring
is present in the Barents Sea. On the other hand, there are not survey data for all years, and they
are often inconsistent between years (e.g. the abundance of the 2016- and 2017 year classes in
2020 was higher than the estimates of those year classes in 2019). Thus, an analysis to determine
a time-series for young herring abundance in the Barents Sea, taking all data sources into ac-
count, should be given high priority.
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Figure A5.62: Estimated biomass of Norwegian Spring-spawning herring Age 1 and 2 in the Barents Sea — based on Work-
ing Group on Widely Distributed Stocks (WGWIDE) assessment (ICES 2021).
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Figure A5.63: Estimated distribution of herring in August—October in 2021 (top panel) and 2020 (bottom panel). Circle
sizes correspond to s, (nautical area backscattering coefficient) averaged over 1 nautical mile.

Polar cod
Polar cod is an Arctic species with a circumpolar distribution. Historically, the world’s largest

population of this species has been observed in the Barents Sea. In recent years, there have been
significant fluctuation of the polar cod stock size.
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Young-of-the-year

Estimated abundance of 0-group polar cod varied from 201*10¢ million in 1995 to 2189*10° indi-
viduals in 1994 with a long term average of 315*10° individuals for the 1980 to 2021 period (Figure
A5.64). In 2021, the total abundance index for 0-group polar cod was lower than the long term
mean and was 136*10° individuals (Figure A5.64). The eastern component has been dominated
in abundance and biomass during 1980, 1990 and early 2000s. Low abundance of 0-group cod in
the traditional core area, southeastern Barents Sea, is most likely due to redistribution of spawn-
ing sites out of the Barents Sea and into the western part of Kara Sea. This is indirectly confirmed
by 2019 to 2020 studies in the Kara Sea, where a significant amount of the mature polar cod was
found.
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Figure A5.64: 0-group polar cod abundance estimates corrected for Keff for the period 1980-2021 (blue columns). Red
horizontal line shows the long term average, while orange column shows indices that were corrected for lack of coverage.

Polar cod were found around the Svalbard (Spitsbergen) archipelago in 2021. Coverage of the 0-
group polar cod was not complete, especially in the northern and eastern parts of the Barents
Sea, and thus southeastern component of polar cod could not fully be presented here.

The largest polar cod with an average length of 5.4 cm were observed in the Svalbard North
polygons, while smallest with an average length of 2.9 cm were observed in the Pechora polygon.
Polar cod, like herring, had most likely a worse feeding condition in the southeastern Barents
Sea.

Adult polar cod

From 2010 to 2019 there seemed to be a general decrease in biomass of polar cod in the Barents
Sea (Figure A5.65). In particular, the abundance of age groups >1 seemed to decrease, but the
strong year class of 2015 gave a short-term increase in polar cod stock biomass in 2016, before
the stock size decreased again. In 2020, there was a strong increase in polar cod abundance, and
abundance of 1-year-olds and overall abundance were the highest on record. Also, in 2021, the
overall abundance was high, with high abundance of 1-year-olds and 2-year-olds. The Barents
Sea Ecosystem Survey is not designed to cover the entire population of polar cod, so changes in
abundance and biomass can result from changes in abundance and/or changes in distribution.
In 2020, the survey covered a larger area than normal, extended further north and further east
and was also conducted later in the season. But the main concentrations of polar cod were found
within the standard coverage area (Figure A5.66). In 2021, the survey coverage was similar as in
years prior to 2020, so there is no doubt that the increase in polar cod abundance in the Barents
Sea in the recent two years is real, and not an artefact of survey coverage. The main distribution
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of polar cod was found in the northeastern parts of the survey area around Franz Josef Bank
which is typical, but polar cod were also abundant west of 35°E, to southeast of Svalbard (Spits-
bergen), which was observed also in 2020, but not for a long time before that.

The total stock was estimated to be 1299 thousand tonnes. The biomass was dominated by 2-
year-olds, but abundance of 1-year-olds was above average and similar to the abundance of 2-
year-olds. The 2020 polar cod biomass estimate was one of the highest on record, and also the
2021 estimate was above average. It should be noted that in 2020, most of the sea in the northeast
was surveyed.

There is a high variability in polar cod recruitment (Figure A5.64 and Figure A5.65) which affects
polar cod biomass. The polar cod recruitment is linked to temperature and sea ice conditions
(Huserbraten et al. 2019; Bouchard et al. 2017). A decrease in recruitment is expected with de-
creasing ice coverage, but a transient period of increasing biomass was predicted by Bouchard et
al. (2017) for polar cod in Canadian waters due to earlier ice break-up and enhanced larval sur-
vival. Variability in cod distribution and consumption of polar cod may also influence polar cod
population size.

It is obvious that polar cod populations of the Barents Sea and Kara Sea are linked. The distribu-
tion of the 0-group polar cod in the Barents Sea shows that it is very likely that the 0-group polar
cod from spawning grounds in the southwest part of Kara Sea are brought into the Barents Sea
through the Kara strait. Thus, the polar cod population in the Barents Sea may be replenished by
“Kara Sea recruits”. The last investigation of polar cod in the Kara Sea (Figure A5.67) shows that
the TSB of polar cod increased and was estimated at 304 thousand tonnes (Anon, 2019) and the
total number of fish aged 3 years and more was 78%.

Polar cod. Number by age and total biomass
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Figure A5.65: Total abundance in billions (coloured bars / left axis) and biomass in millions of tonnes (orange line / right
axis) of polar cod in the Barents Sea (acoustic survey and BESS data) collected in August-September during 1986-2021.
(For 2003 the values are based on VPA due to poor survey coverage. A reliable estimate is not available for 2018).
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Figure A5.66: Estimated distribution of polar cod during August—October 2021 (top panel) and 2020 (bottom panel). Cir-

cle size corresponds to s, (nautical area backscattering coefficient) values per nautical mile.
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Figure A5.67: Estimated distribution of polar cod in the Kara Sea. Survey RV “Professor Levanidov” 15-29 September
2019. Background area colour correspond to s, (nautical area backscattering coefficient) averaged over 1 nautical mile.

Blue whiting

Acoustic estimates for the proportion of the blue whiting stock present in the Barents Sea have
been made since 2004. In 2017, the BESS data time-series were recalculated using a newer target
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strength equation (Pedersen et al., 2011), and a standardized area. The revised estimates were on
average about one third of the previous estimates. During 2004 to 2007, estimated biomass of
blue whiting in the Barents Sea was >200 000 tonnes (Figure A5.68) but decreased abruptly in
2008 and remained low until 2012. In 2012 and 2013 the strong 2011 year class contributed to an
observed increased abundance of blue whiting and in 2015 and 2016 the even stronger 2014 year
class contributed largely to the total estimated biomasses >150 000 tonnes in 2015 and 2016 (Fig-
ure A5.69). With strong year classes the young blue whiting is abundant along the shelf break to
the Norwegian Sea and partly distribute into the Barents Sea. In 2018 to 2020 the blue whiting
abundance in the Barents Sea was very low, but abundance increased slightly in 2021 mostly due
to the 1-year-olds.

Blue whiting. Number by age and total biomass
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Figure A5.68: Total abundance in billions (coloured bars / left axis) and biomass in millions of
tonnes (blue line / right axis) of blue whiting in the Barents Sea (BESS data revised in 2017) collected
in the period August-September during 2004-2021.
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Figure A5.69. Estimated distribution of blue whiting during August—October 2021 (top panel) and 2020 (bottom panel).
Circle size corresponds to s, (nautical area backscattering coefficient) averaged over 1 nautical mile.
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Demersal fish

B. Bogstad (IMR), D. Prozorkevich (PINRO), E. Eriksen (IMR), T. Prokhorova (PINRO), A. Russkikh
(PINRO), A. Filin (PINRO), E. Johannesen (IMR), P. Krivosheya (PINRO) and Yu. Kovalev (PINRO)

Most Barents Sea fish species are demersal (Dolgov et al., 2011); this fish community consists of
about 70 to 90 regularly occurring species, which have been classified into zoogeographic
groups. Approximately 25% are either Arctic or mainly Arctic species. The commercial species
are boreal or mainly boreal species (Andriashev and Chernova, 1995), except for Greenland hal-
ibut (Reinhardtius hippoglossoides) that is classified as either Arcto-boreal (Mecklenburg et al.,
2013) or mainly Arctic (Andriashev and Chernova, 1995).

Abundance estimates are available for commercial species that are assessed routinely at the ICES
AFWG. Figure A5.70 shows such biomass estimates for cod, haddock, beaked redfish and Green-
land halibut calculated in 2021. Total biomass of these three species peaked in 2010 to 2013 but
remain higher than in the period prior to 2007. Saithe occurs mainly along the Norwegian coast
and along the southern coast of the Barents Sea; few occur farther offshore in the Barents Sea
itself. The biomass of Sebastes norvegicus is fairly low and so we have omitted it from the over-
view. Other than these main commercial stocks, long rough dab is the demersal stock with the
highest biomass. Overall, cod is the dominant demersal species.

Demersal fish biomass in the Barents Sea
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Figure A5.70: Biomass estimates for cod, haddock (1983-2021), beaked redfish and Greenland halibut (1992-2021) from
AFWG 2021 (ICES 2021).

Cod

Young-of-the-year

Estimated abundance of 0-group cod varied from 276 *10¢ in 1980 to 464*10% individuals in 2014
with a long term average of 115*10° individuals for the 1980-2021 period (Figure A5.71). In 2021,
the total abundance index for O-group cod was above the long term mean and was 207*10°
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individuals. Cod estimated biomass in 2021 (385 thousand tonnes) was higher than the long term
mean for 1980-2021 (340 thousand tonnes).

Cod 0-group numbers
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Figure A5.71: 0-group cod abundance estimates corrected for Keff (blue columns). Red dotted line shows the long term
average, while orange columns showed indices that were corrected for lack of coverage.

The highest average abundance per polygon were found in the southern (Southeast, 85*10° ind.,
and Southwest, 53*10? ind.) areas. In 2021, the eastern Barents Sea was not fully covered, where
0-group cod were also found.

In 2021, 0-group cod were dominated by fish of 5.5-7.5 cm length. The largest cod (with an av-
erage length >10.0 cm) were observed in the Southwest followed by fish (with an average length
of 8.5-10.0 cm) observed in the Bear Island Trench, while smallest cod (with an average length <
6.0 cm) were found mainly in the Southeast polygons.

Cod one year old and older

The northeast Arctic cod stock is currently in good condition, with average total stock size, and
high spawning-stock biomass (Figure A5.72). 0-group abundance was very high in the beginning
of the last decade (2011-2014); but this has not resulted in strong year classes, as seen from the
recruitment time-series (Figure A5.73) and the updated stock-recruitment plot shown in Figure
A5.74.
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Figure A5.72: Cod total stock and spawning-stock biomass during the 1946-2021 period, including forecast for 2022. From
AFWG (ICES 2021).
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Figure A5.74: Spawning stock-recruitment plot for cod cohorts 1946-2018. Cohorts 2010-2018 shown as red dots.

Strong 2004- and 2005-year classes have, together with a low fishing mortality, led to rebuilding
of the cod stock’s age structure to that observed in the late 1940s (Figure A5.75).
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Figure A5.75: Age composition of the cod stock (biomass) in 1946, 2000 and 2019. From stock assessment in ICES 2019.

Cod expanded its distribution area to the north and northeast during the period from 2004 to
2013, while the northern limit of the distribution area in the Barents Sea has shifted considerably
southwards again since 2013 (Figure A5.76). This change is likely both related to decreased stock
size (Figure A5.72) and lower temperature in the area (Fig A5.10). However, the distribution area
along the western and northern coast of Svalbard was stable despite temperature decrease also
in this area. The reason for the difference in development between the areas is likely that in the
northern Barents Sea the temperature has now fallen below 0°C, while it is still above 0°C NW
of Svalbard.

Maps showing the average distribution in three periods (20042009, 2010-2014, 2015-2019) are
given in last year’s report.
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Figure A5.76: Distribution of cod catches (kg/nm) during August-September; for the years 2004, 2013, 2017 and 2021.

Figure A5.77 shows the distribution of cod > 50 cm based on data from the winter survey (Janu-
ary-March during 2008, 2011, and 2021. Note: the survey area was extended northwards in 2014
and coverage is often limited by ice conditions. Cod distribution observed during this survey
increased throughout the period, but it is unknown when cod began to inhabit areas north of
Bear Island and west of Svalbard during winter.
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Figure A5.77: Distribution of cod 250 cm during winter 2008, 2011, and 2021.
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NEA haddock

Young-of-the-year

Estimated abundance of 0-group haddock varied from 75 *10¢ ind. in 1981 to 92*10° individuals
in 2005 with a long term average of 12*10° individuals for the 19802021 period (Figure A5.78).
In 2021, the total abundance and biomass were higher than in 2020 and the long term mean and
was 26¥10° individuals and 216 thousand tonnes respectively. Thus the 2021-year class may be
characterized as strong. Half of the haddock abundance were found in the Southwest polygon
and was as high as 16*10° ind.

Haddock 0-group numbers
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Figure A5.78: 0-group haddock abundance estimates and fluctuation 1980-2021. Orange line shows the long term aver-
age; the blue columns indicate abundance; orange columns indicate corrected indices.

In 2021, 0-group haddock dominated by fish of 7.5 to 10.0 cm length. The largest haddock (with
an average length > 9.0 cm) were observed in the central areas (Hopen Deep and central Bank).
The smallest 0-group haddock, like 0-group of cod and other species were found in the south-
eastern Barents Sea (see above).

Haddock one year old and older

The Northeast Arctic haddock stock reached record high levels in 2009 to 2013, due to very strong
2004-2006-year classes. Subsequent recruitment has normalized and ten became very poor in the
recent 3 years. The stock remains at a relatively high level and the decline in total stock in recent
years was halted to the abundant 2016-year class, but the forecast for 2022 predict a further de-
cline in total stock biomass while spawning-stock biomass is predicted to be stable. (Figure A5.79
and A5.80). The large spawning stock did not, until 2016, result in strong year classes (Figure
A5.81).
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Figure A5.79: Haddock total stock and spawning stock development during the 1950-2021 period and forecast for 2022
from AFWG (ICES 2021).
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Figure A5.80: Recruitment of haddock during the 1950-2020 period (red) and forecast for 2021-2023 (green) from AFWG
(ICES 2021).
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Figure A5.81: Spawning stock-recruitment plot for haddock cohorts 1950-2018. Cohorts 2010-2018 shown as red dots.

Due to low indices from the ecosystem survey 2020 and winter survey 2021, and also low com-
mercial catches, the haddock stock was revised down compared to the prognosis used in quota
advice for 2021. The decline in indices in two different surveys suggests a stock decline related
to higher mortality or migration. The ecosystem drivers are unknown. The maps of the distribu-
tion in August-September 2019-2021 (Figure A5.82) show that haddock has disappeared from
the Novaya Zemlya bank area.
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Figure A5.82: Distribution of haddock during the ecosystem survey 2019-2021.

Long rough dab

Young of the year

Estimated abundance of 0-group long rough dab was low in 2013 and very high in 1986 (Figure
A5.83). In 2021, the total abundance index for 0-group fish were 128.6 million individuals that
was lower than in 2020 and long term mean (571 *10¢ individuals). Thus the 2021-year class of
long rough dab may be characterized as a weak.
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Figure A5.83: 0-group long rough dab abundance in the Barents Sea during the 1980-2021 period. Red dotted line shows
the long term average; the blue columns indicate fluctuating abundance.

In 2021, O-group long rough dab were mainly distributed north, south and east of Svalbard
(Spitsbergen), and the southwestern and southeastern corner of the Barents Sea. In 2021, the east-
ern Barents Sea was not covered well, but probably long rough dab was not distributed here
numerously.

Larger long rough dab were found in the northern polygons (Great bank, Svalbard North, and
Fr. Victoria Trough) with an average of 4 cm, while smallest long rough dab were found in the
Southwest polygon with an average of 1.6 cm.

Older long rough dab

Older long rough dab (LRD) (age 1+) is widely distributed in the Barents Sea. Usually, major
concentrations of long rough dab are distributed in the central, northern, and eastern parts of the
Barents Sea. LRD is a very numerous species. The total number of LRD in the Barents Sea can be
more than 5-10° individuals (Figure A5.84). Long rough dab abundance estimates based on re-
sults from the BESS time-series (August-September) have been relatively stable during the cur-
rent decade. Many small fish were observed in trawl catches especially in eastern areas during
the 2015 to 2017 BESS. The 2018 index was not calculated due to limited survey coverage in the
eastern region of the Barents Sea and in 2019 to 2021 the index was estimated somewhat above
the mean for the period 2004-2021 (Figure A5.84).
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Figure A5.84: Stock numbers and biomass of long rough dab based on BESS data during the 2004-2021 period, calculated
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using bottom trawl estimated swept-area from BESS.

Greenland halibut

Young of the year

In 2021, the total abundance index for 0-group fish were 53.6 million individuals, that was higher

than the long term mean of 29 million individuals (Figure A5.85).

0-group Greenland halibut was distributed west, north, and south of Svalbard (Spitsbergen) in
2021 like distribution in 2018 to 2020. 0-group Greenland halibut length varied from 3.0 to 8.9
cm. Larger fish were found in the Svalbard North and Svalbard South polygons, and fish length
were with an average of 6.8 cm, while slightly smaller fish were found in the Fr. Victoria Trough

with an average of 6.3 cm.
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Greenland halibut 0-group numbers
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Figure A5.85: 0-group Greenland halibut abundance estimates were not corrected for Keff (blue column). Red dotted line
shows the long term average.

0-group Greenland halibut is distributed mainly in the Svalbard (Spitsbergen) fjords and close
to the seabed, therefore, abundance indices in the open sea areas may not represent year class
strength but give some indication about recruitment dynamics.

Older Greenland halibut

The adult component of the stock is mainly distributed outside the ecosystem survey area, i.e.
on the slope. In recent years, an increasing number of large Greenland halibut has been captured
in deeper waters of the area surveyed by the BESS (Figure A5.86). Northern and northeastern
areas of the Barents Sea serve as nursery grounds for the stock. Greenland halibut are also rela-
tively abundant in deep channels running between the shallowest fishing banks.

The fishable component of the stock (length >45 cm) increased from 1992 to 2012 and then stabi-
lized before decreasing slightly in the most recent years (Figure A5.87). The harvest rate is low
but increasing.
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Figure A5.86: Greenland halibut distribution (specimens/nautical mile) during August-September 2021 based on the
BESS data.
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Figure A5.87. Northeast Arctic Greenland halibut: catches, recruitment, harvest rate and biomass of 45+ cm Greenland
halibut as estimated by the GADGET model during the 1992-2020 period (ICES 2021).

Deepwater redfish (S. mentella)

Young-of-the-year

Estimated abundance of 0-group deepwater redfish varied from 23*10¢ million individuals in
2001 to 1.6*10"2ind. in 1985, and the long term average abundance was 222*10° ind. for the 1980-
2021 period (Figure A5.88). In 2021, the total abundance index for 0-group deepwater redfish
was very low and was 41.4*10° ind., which is much lower than the long term mean. Thus the
2021-year class may be characterized as a weak. Estimated biomass was also low (96 thousand
tonnes) in 2021.

Deepwater redfish 0-group numbers
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Figure A5.88: 0-group deepwater redfish abundance corrected for Keff (blue column). Red dotted line shows the long
term average.
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0-group redfish was distributed from north of Norwegian coast to the northwest of Svalbard
(Spitsbergen) archipelago in 2021. The densest concentrations and the largest fish with an aver-
age of 3.7 cm were found in the Svalbard North polygon.

Deepwater redfish one year old and older

In 2020, deepwater redfish were widely distributed in the Barents Sea. During the BESS and the
winter survey, the largest concentrations were observed, as usual, in western and northwestern
parts of the Barents Sea. Biomass was higher during 2013-2021 than in preceding years. Geo-
graphic distribution of deepwater redfish during the 2021 BESS is shown in Figure A5.89. Most
of the adult fish are observed in the Norwegian Sea. Stock development trends from the latest
ICES AFWG assessment are shown in Figure A5.90. During the last decade, the deepwater red-
fish spawning-stock biomass has remained relatively stable around 800 000 tonnes.
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Figure A5.89. Geographic distribution of deepwater redfish during the 2021 BESS survey.
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Figure A5.90. Catches, recruitment, harvest rate and biomass for S. mentella in ICES Subareas 1 and 2 (ICES, 2020).
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Zoogeographical groups of non-commercial species

Distribution of zoogeographical fish groups

By E. Johannesen (IMR), T. Prokhorova (PINRO) and B. Husson (IMR)

During the 2021 ecosystem survey 90 species from 29 families were collected. It is 5 species less
than in 2020. The northeastern part between Franz-Joseph Land and Novaya Zemlya was not
covered, so less Arctic habitat were covered compared to last year (Figure A5.91). The highest
number of species belongs to the families Zoarcidae (14 species), Gadidae (10 species) and Pleu-
ronectidae (10 species). Among the analysed species most belong to the Arctic (29.9%), mainly
boreal (26.1%) and boreal (20.9%) zoogeographic groups. Median and maximum catches de-
creased for all, except mainly boreal and boreal species. Distribution of the groups have not
changed since the previous year. As usual boreal and mainly boreal species occurred mainly in
the southern and southwestern part of the Barents Sea, while arctic and mainly arctic species in
the northern and northeastern part. Arctic-boreal species were found in the central and northern
part of the area (Figure A5.91).
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Figure A5.91: Distribution of non-commercial fish species from different zoogeographic groups during the ecosystem
survey 2020 (left) and 2021 (right). The size of circle corresponds to abundance (individuals per nautical mile, only bottom
trawl stations were used, both pelagic and demersal species are included), commercial species excluded.

There is no trend in spatial distribution changes of species of each zoogeographical group in
recent years (Figure A5.92).

The median catch of species of the boreal zoogeographic group in 2021 was the highest since
2004, while those of the Arctic-boreal and mainly Arctic zoogeographic group in 2021 were the
lowest since 2004 (excluding 2010 when they were at about the same level) (Figure A5.93). There
is no clear trend in the other zoogeographic groups. It should be noted however, that variation
in survey coverage each year might influence the results (for more detail see section 1.6 Progress
report on ToR (f) in this report).
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Figure A5.92: The area occupied by species of different zoogeographical groups (% of total survey area calculated for each
year). Only bottom-trawl catches of non-commercial fish were used, both demersal and pelagic species are included.
2018 — are not included due to the poor coverage of the Russian Zone).
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Figure A5.93. Median catch (individuals per nautical mile) of non-commercial fish from different zoogeographic groups
(only bottom-trawl data were used, both pelagic and demersal species are included) (2014 - investigation area was lim-
ited in the north due to ice coverage, 2018 — are not included due to the poor coverage of the Russian Zone).

A biogeographic score was assigned for all species according to their zoogeographic affiliation
(Andriashev and Chernova, 1995). This index was averaged per trawl, weighed by the relative
abundance of each species in the trawl. Maps of the “arcticness” of the catches is plotted in Figure
A5.94, This shows a decrease in proportion of arctic species in trawls until 2008/2010, then a
stabilization of the situation.
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Figure A5.94: “Arcticness” index maps by years 2004-2021, the color goes from red (low arcticness) to blue (high arcti-
ness). All species were assigned a score according to their zoogeographic affiliation, then given weight according to their
relative abundance in the trawl. The graph shows the yearly averages, but please note the variable coverage, e.g. in 2014
when ice restricted access to the northern Barents Sea. Commercial species (Cod, haddock, Greenland halibut, deepwater
redfish, herring, polar cod, capelin, blue whiting) were excluded.

Abundance of small non-commercial fish species

By E. Eriksen, T. Prokhorova, and A. Dolgov

Despite the distribution and biology of the non-commercial fish species and their role in the Bar-
ents Sea ecosystem being investigated since mid-1990s, their distribution patterns, abundance
and biomass is poorly studied. Since 2012 abundance and biomass of pelagically distributed ju-
veniles of fish species from the families Agonidae, Ammodytidae, Cottidae, Liparidae, Mycto-
phidae and Stichaeidae (called “small fishes” here) were calculated presented in the Survey re-
port.

In 2021, the total biomass of small fishes (764 tonnes for all these families) was the lowest since
2008. Total biomass of small fish was dominated by species from families Stichaeidae, Liparidae
and Ammodytidae. Composition of small fish biomasses varied between polygons, the south-
eastern and southwestern polygons dominated by Ammodytidae, the northern and central pol-
ygons dominated by Stichaeidae and Liparidae (Figure A5.95).
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Figure A5.95: Spatial distribution of small-fish biomasses in the WGIBAR-subareas (polygons) in August-September 2021.

Abundance and biomass of Agonidae were calculated in R for the period of 2003 to 2021 for 15
WGIBAR-polygons. The highest densities of Agonidae were found in the Northeast during 2004
2007, 2009, and 2011, in the Great Bank in the 2013, 2016-2017 and in 2021, and in the Central
Bank 2008, 2015, 2018-2020 (Figure A5.96).

Total abundance and biomass of Ammodytidae calculated in R for the period of 2003-2021 for
15 WGIBAR-polygons. The highest densities of Ammodytidae were found in the Pechora during
2003, 2009, 2011, 2013, 2021, in the Thor Iversen Bank during 2004, 2008, 2012, in the Southeast
during 2005-2006, in the Bear Island Trench during 2007, 2014, 2018, in the Svalbard South dur-
ing 2015-2017, 2020, and in the Svalbard North during 2019 (Figure A5.96).
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Figure A5.96: Spatial distribution of mean polygon densities of Agonidae and Ammodytidae in August-September 2004—
2021.
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Marine mammals and seabirds

Marine Mammals

By Nils @ien (IMR), Roman Klepikovskiy (PINRO)

The summer abundance of minke whales in the Barents Sea has recently increased from a stable
level of about 40 000 animals to around 70 000 animals. Also, humpback whales have increased
their summer abundance in the Barents Sea from a low level prior to year 2000 to about 7000
animals in recent years. The other cetacean populations have remained stable in numbers. In
2020, 4159 individuals of twelve species of marine mammals were sighted during the Barents
Sea Ecosystem Survey (BESS) in August—October 2020. The baleen whales had aggregated dis-
tributions East of Bear Island area and west, north and east of Hopen in the area between 76°N
and 78°N.

During the BESS 2021, marine mammal observers were onboard all Norwegian and Russian RVs.
In total, 2168 individuals of 10 marine mammal species were observed during the BESS, of these
153 individuals were not identified to species level. The observations are presented in Table A5.5
and distributions in the Figure A5.97 (toothed whales) and Figure A5.98 (baleen whales).

As in previous years, white-beaked dolphin (Lagenorhynchus albirostris) was one of the most
abundant and widely distributed species. A larger number of dolphins were recorded north of
74°N, as in the previous year.

Besides white-beaked dolphin other toothed whales included sperm whale (Physeter macroceph-
alus), harbour porpoise (Phocoena phocoena) and killer whale (Orcinus orca) were observed. Sperm
whales were observed in the western areas (west of 30°E) of the Barents Sea and at deeper waters
along the continental slope. The harbor porpoises were recorded mainly in the southeastern
coastal areas. Killer whales were recorded in Svalbard South and Southeastern Basin regions.

Table A5.5: Numbers of marine mammal individuals by species observed during BESS 2021.

Name of species Total %
Fin Whale 246 11.4
Humpback Whale 157 7.2
Minke Whale 175 8.1
Sei whale 12 0.6
Blue whale 2 0.1
Unidentified whale 79 3.6
White-beaked dolphin 1375 634
Harbour Porpoise 20 0.90
Killer Whale 4 0.20

Sperm Whale 22 1.00
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Unidentified dolphins 70 3.2
Walrus 2 0.1
Unidentified marine mammal 4 0.20
Total sum 2168 100

The baleen whale species minke (Balaenoptera acutorostrata), humpback (Megaptera novaeangliae),
fin (Balaenoptera physalus), sei whales (Balaenoptera borealis) and blue whales (Balaenoptera muscu-
lus) were also abundant in the BS in 2021.

Minke whale were widely distributed in the BS. The densest aggregation of minke whale were
overlapping with capelin concentrations and in the western areas and southwest of Svalbard
(Spitsbergen).

The humpback whale were recorded mainly in the northcentral areas. The higher densities of
humpback whales were recorded in areas of high aggregations of mature capelin, and often to-
gether with fin and minke whales.

Fin whale was widely distributed in the research area, and was recorded to about 50°E. The
densest aggregations of fin whale were recorded in the north and southwest of Svalbard.
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Figure A5.97: Distribution of toothed whales in August—September 2021.

ICES



ICES

WGIBAR 2022

-15° -10° -5° 0° 5° 10° 15° 20° 25° 30°35° 40° 45° 50° 55 60° 82° 70° 75°  80° 85°

. ® Minke whale
~ © Humpback whale
® Fin whale

78°

80°

. © Seiwhale
© Blue whale
" @Unidentified whale

78° Number of ind.
178°

76° ;
P2
74°

72°

2 S

e 70°

70°

[

Figure A5.98: Distribution of baleen whales in August—September 2021.

In 2021, 12 individuals of sei whales were recorded south of Svalbard, they were not observed
there earlier. Two blue whales were recorded north of Svalbard. In 2021, the pinnipeds of walrus
(Odobenus rosmarus) only were observed. Two animals were registered at Svalbard. Harp seal
(Pagophilus groenlandicus), bearded seal (Erignathus barbatus), ringed seal (Phoca hispida) and polar
bears (Ursus maritimus) were not observed during the survey, likely due to lack of ice in the
survey area.

Since the late 1980s Norway has conducted visual sighting surveys in the Northeast Atlantic with
minke whales as target species to estimate summer abundance of this species and other cetacean
species. The surveys have been run as mosaic coverages of the total survey area over six-year
periods. In the Barents Sea the species most often observed during these surveys have been the
minke whale, followed by white-beaked dolphins, harbour porpoises, humpback whales and fin
whales. The impression is that minke whales are abundant in the northern and eastern areas
during summer. Harbour porpoises are mostly observed in the southern parts of the area and
we know that they are associated with the coastal areas along Kola and the fjord systems. Hump-
back whales are mainly sighted in the northwest and associated with the capelin distribution.
The white-beaked dolphins are observed in the southern and central parts of the survey area,
especially over the Central Bank. From these surveys a series of abundance estimates can be
compiled to illustrate the status over a period of nearly 30 years. Over the period from about
1995 to 2018 the summer abundance of minke whales has been quite stable but has recently
shown a considerable increase to the present 68 000 animals (Figure A5.99). Also, humpback
whales have shown a large increase in summer abundance in the Barents Sea from very small
numbers prior to year 2000 to around 7000 animals recently (Figure A5.100). Other cetacean spe-
cies have shown relatively stable abundances within the Barents Sea over the survey period.
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Figure A5.99:
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Figure A5.100. Summer abundance of humpback whales in the Barents Sea over the past 20 years.
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Marine mammal frequency of occurrence during 2004 to 2021

By Roman Klepikovskiy (PINRO)

The Barents Sea is a productive ecosystem and an important feeding ground for marine mam-
mals during summer and autumn. During the joint Norwegian-Russian ecosystem survey
(BESS), marine mammals have been observed visually from the vessels by experts. Frequency of
occurrence (FO, number of observations, not number of observed marine mammals) were esti-
mated based on the BESS data for the period 2004-2021 and showed in Figure A5.101. Three
peaks of FO of marine mammals were observed in 2007, 2010 and 2017-2021. Note, that lack of
marine mammal observers in the western part (2004, 2005, 2008, 2009 and 2014), and lack of full
coverage in the eastern parts of the Barents Sea in 2016, 2018 and 2020 may influence the result.
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Figure A5.101: Frequency of occurrence of marine mammals (number of observations) in the Barents Sea; during BESS in
2004-2021.

The BESS cover open sea and thus more than 90% of observations of all marine mammals’ ob-
servations belongs to Cetacea. The most frequently occurrent species during the BESS were
white-beaked dolphin (Lagenorhynchus albirostris), minke whale (Balaenoptera acutorostrata), fin
whale (Balaenoptera physalus) and humpback whale (Megaptera novaeangline) (Figure A5.102).
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Figure A5.102: Species composition of marine mammals’ observations, and their proportion in the Barents Sea; during
BESS in 2004-2021.

The Barents Sea were divided in to four (western, Svalbard or Spitsbergen, southeastern and
northeastern) regions (Figure A5.103) and FO’s were calculated for each region.
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Figure A5.103: Frequency of occurrence of marine mammals (%) in the four regions in Barents Sea during BESS in 2004~
2021: A - Svalbard/Spitsbergen, B — Western, C — Northeastern, D — Southeastern.

A. The Svalbard area is located between 76°N and 82°N and between 5 °E and 35 °E. The highest
frequency of occurrence of marine mammals (43.6% of all observations) were observed in the
area. Additionally, the largest number of species (16) were also observed in the area. This area,
especially east of Svalbard is a main capelin area. Capelin are an important prey for many of
marine mammals and overlap between highest numbers of observations and species and main
mature capelin observations most likely link to important feeding ground (first of all capelin, but
also euphausiids). Minke whale, fin whale, humpback whale and white-beaked dolphin were
most frequently observed in the area (Figure A5.103A).

B. The western area is located between 76°N and the Norwegian and Russian coasts and between
5°E and 35°E. Almost one third part of all observation were observed in the area. Totally, 14
species of marine mammals (next largest number of species recorded in the BS) were observed
and observation dominated by white-beaked dolphin, minke whale, fin whale, sperm whale
(Physeter macrocephalus), humpback whale (Figure A5.103B). The western area is also productive
area with highest concentrations of euphausiids and juvenile fish such as haddock, cod, herring,
redfish and capelin. Immature capelin and herring also observed here.

C. The northeastern area is located between 74°N and 82°N and between 35°E and 70°E. The
number of observed marine mammals was lesser and consisted 21% of all observations. Totally,
13 species were observed and white-beaked dolphin, humpback whale, minke whale, fin whale,
and harp seal (Pagophilus groenlandicus) were frequently observed (Figure A5.103C). This area is
dominated by polar cod, cod and capelin. Polar cod is an important prey for harp seals.

D. The southeastern area is located between 74°N the Russian coast and between 35°E and 70°E.
During BESS, the lowest numbers of marine mammals’ observations were found here (5.8% of
all observations). However, 10 different species were recorded, and white-beaked dolphin,
minke whale, harbour porpoise (Phocoena phocoena) and fin whale were most frequent observed
(Figure A5.103D). This area dominated by polar cod, cod and herring.
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Figure A5.103: Frequency of occurrence of marine mammals and species composition (%) in different areas (A - Svalbard,
B — Western, C — Northeastern, D — Southeast) in the Barents Sea during BESS in 2004-2021.

Figure A5.104 shown frequency of occurrence of marine mammals in these four areas in different
years. Svalbard or Spitsbergen was most of all other areas visited by marine mammals and num-
ber of their observations increased from 2004 to 2021. During last five years marine mammals
were observed about 400 times and more in the Svalbard area. Next highest visited area was the
western area, which was most likely used as migration corridor for some whales. Largest num-
bers of observations were observed during 2005-2007, 2010 and 2019-2021. The frequency of
occurrence and species composition varied between these four areas of the Barents Sea. The Sval-
bard, inhabiting by capelin, polar cod and macroplankton such as euphausiids and amphipods,
were visited more frequently and by a higher number of species, and thus had highest predation
pressure. The western area, inhabiting by 0-group fishes and macroplankton, experienced next
highest predation pressure, but this differ between years.
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Figure A5.104: Frequency of occurrence of marine mammals in four areas of the Barents Sea during 2004-2021.
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By Jon Aars (NPI), Hanne Johnsen (NPI), Christian Lydersen (NPI), and Kit M. Kovacs (NPI)

Sea ice habitat loss due to a warming climate is a serious threat to all ice-associated marine mam-
mals. Declines in Arctic sea ice and associated environmental changes have been linked to shifts
in species distribution. The Norwegian Polar Institute (NPI) conduct regular monitoring of wal-
ruses and polar bears in Svalbard updated through MOS]J (environmental monitoring of Sval-
bard and Jan Mayen) as well as research on species not covered by regular monitoring.

Walruses (Odobenus marinus) were once highly abundant in the Svalbard archipelago, but 350
years of unregulated harvest brought them to the brink of extinction before they were protected
in 1952. The population remains Red Listed as “vulnerable” today and following several decades
of protection one can now see a clear growth in the population (Figure A5.105).
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Figure A5.105: In the 1980s and 1990s, estimates were made from observations from land or ships, spread out over weeks
or months. Data from 2006 and 2012 are based on the number of animals on designated aerial surveys, and counts are
corrected for the proportion of animals at sea at the time of the survey. Source: https://www.mosj.no/en/fauna/ma-
rine/walrus-population.html

The first systematic abundance survey of walruses in Svalbard, also included in MOS]J, was con-
ducted in 2006 (Lydersen et al. 2008). Before that, crude “guestimates” were made from observa-
tions from land or ships, spread out over weeks or months. The walruses in Svalbard are part of
a shared population with Franz Josef Land, we only survey the Svalbard fraction. The survey in
2006 covered all known terrestrial haul-out sites within Svalbard (79 in total) during a tight time
window in August. 17 haul-out sites were occupied by animals when the survey was flown. The
photographs of the active sites revealed 657 animals. An extensive behavioural dataset from sat-
ellite-relay-data-loggers was used to correct for animals that were in the water at the time of the
survey. The resulting estimate was 2629 (95% CI: 2318-2998). With updates approximately every
five years, the second survey in this MOS]J time-series was flown in 2012 (Kovacs et al. 2014). The
new estimate was 3886 (95% CI: 3553-4262) and covered 91 haul-out sites of which 24 were oc-
cupied during the survey. Nine of the active sites contained females with calves, in contrast to
only one site in the 2006 survey. The most recent survey in this time-series was carried out in
2018. At the time of the survey, 5503 (95% CI: 5031-6036) walrus were estimated in the Svalbard
area (https://www.mosj.no/en/fauna/marine/walrus-population.html). This is a 41.6% increase
since the previous survey in 2012. Animals were present at 19 of the visited haul-out sites, and
calves were observed at seven of these. In 2018, there were 98 terrestrial walrus haul-out sites in
the database for Svalbard. The next update in this time-series is planned for 2023.
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The intensive hunting of polar bears (Ursus maritimus) in Svalbard began around 1870, and the
population was at low levels when the species was protected from 1973. In the following years
the population probably increased considerably, and newer data indicates that the population
has not likely been reduced the last 10 to 15 years, despite a large reduction in available sea ice
in the same period. In August 2004 the Barents Sea population of polar bears was estimated to
around 2650 (95% CI ~ 1900-3600) animals (Aars et al. 2009), a number assumed to reflect a sig-
nificant increase following the protection in 1973 (Aars et al. 2009; Derocher 2005). This means
that currently the population is not likely threatened by the effects smaller populations may be
affected by, such as loss of genetic diversity or random demographic processes. A study on ge-
netic diversity do however show a slight loss of genetic diversity among Svalbard bears, and
increased between-area structure within the archipelago, best explained by restricted movement
of bears due to less sea ice that work as a substrate for movement (Maduna et al. 2021).

The Barents Sea area inhabits one of the total nineteen assumed Arctic sub populations of polar
bears with a high genetic exchange towards neighbouring populations in the east and west (Pea-
cock et al. 2015). The availability of sea ice habitat has in recent years been reduced much faster
for the Barents Sea population than for other polar bear populations (Stern and Laidre 2016) and
reproducing females are increasingly prevented from reaching important denning areas east of
Svalbard (Aars 2013; Derocher et al. 2011).

The monitoring includes number of dens and sea ice coverage at Kongsgya and at Hopen, and
recruitment of cubs and yearlings using data from the annual capture-recapture program. The
occurrence of dens on Hopen and Kongseya clearly shows that few females reach these islands
in autumn if the ice arrives late, sometime after the first part of November. It is unclear whether
this means that the proportion of females in the subpopulation having cubs is declining. One
assumes that a higher proportion of adult females now den in the Russian Arctic (Franz Josef
Land). A model on the availability of denning areas (that all are on land) shows that while Franz
Josef land is still reachable from the hunting areas at the marginal ice zone, late in this century
all the denning areas may be unavailable for the pelagic bears (Merkel and Aars 2022). Habitats
have also shifted much further north following the ice edge which is the area where most polar
bears hunt for alarge portion of the year (Lone et al. 2018). Data from the annual tagging program
shows a weak decline in litter size over the years, but there is no significant decrease. Further,
there is no significant change over time in the number of cubs per adult female, or in the propor-
tion of females with yearlings. It appears that the local population at Svalbard has remained at
around 300 bears from 2004 to 2015, and the total number in the Norwegian Arctic has not been
declining, and possibly been increasing (Aars et al. 2017). There are no signs that the condition
(i.e. fat storage) of the monitored polar bears has decreased over time (Figure A5.106). Although
the loss of sea ice has been evident around Svalbard in recent years, and is expected to continue
in the coming decades, the size of the subpopulation may still be below the carrying capacity. It
is therefore not surprising that it looks as if the subpopulation is likely growing, or at least seems
to be stable, although the availability of habitats has become poorer for much of the year.
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Figure A5.106: Body condition index of adult male polar bears caught in spring (March—May) in the period 1993-2021
(no data for 2020). The lines in the middle of each box show the median value, and the box segments and lines above
and below the median each cover ca 25% of the data points. There is no significant trend over time. Source:
https://www.mosj.no/en/fauna/marine/polar-bear.html.

Climate change is affecting different species at different rates. The sudden sea ice decline in 2006
had an impact on the spatial overlap and the predator—prey relationship between polar bear and
ringed seal (Pusa hispida) (Hamilton et al. 2017). Following the reduction in sea ice, polar bears
spent the same amount of time at tidal glacial fronts during spring, but less time during summer
and autumn. Since ringed seals did not change their glacier front association during summer,
this led to a decrease in spatial overlap values between these two species in the coastal areas of
Svalbard. During summer polar bears are now moving greater distances daily and spend more
time close to ground-nesting bird colonies, where bear predation can have substantial local ef-
fects. This study shows the importance of considering multiple species when exploring the im-
pacts of climate change.

Other ice-associated marine mammals

NPI also do research and publish data on species of ice associated marine mammals not covered
by MOS]J. Among these species are bearded seal (Erignathus barbatus), ringed seals, white whales
(Delphinapterus leucas), bowhead whales (Balaena mysticetus) and narwhals (Monodon monoceros).

The rapid warming of the Arctic and consequential loss of sea ice represent a serious threat to
ice-associated species in the region. In 2015, an aerial survey was carried out to estimate the
abundance of Arctic endemic whale species in the marginal ice zone north of Svalbard. The sur-
vey was performed from the Russian/Norwegian border and westwards (i.e. in Norwegian wa-
ters). In an area of just over 52 000 km? no white whales were seen, but an estimated 343 (95%
CI: 136-862) bowhead whales and 837 narwhals (95% CI: 314-2233) was estimated to have oc-
curred in the study area (Vacquié-Garcia et al., 2017). The bowhead whales were generally found
close to the ice edge, while the narwhals were found deep into the ice all the way to the end of
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the survey lines (suggesting that their distributional area likely expanded north of the surveyed
area). This study highlights that the sea ice represents an important habitat for these species in
late summer in this region and clearly documents that aircrafts are required to conduct surveys
of bowhead whales and narwhals.

Passive acoustic monitoring (PAM) is an efficient method for studying marine mammals that are
vocally active in areas that are difficult to access on a year-round basis. PAM data from the Fram
strait suggests that bowheads and narwhal are present inside the ice all year-round (Stafford et
al. 2012, Ahonen et al. 2017,2019). Satellite tracking data from 13 bowhead whales from the Spits-
bergen population (Kovacs ef al. 2020) showed that the whales spread across the entire region
thought to be the historical range for this species regionally — extending from East Greenland far
into Russian territories, east of Franz Josef Land. The data showed that the whales dispersed
southward from wintering grounds in the northernmost parts of their range during spring, re-
turning northward again in autumn; a pattern opposite all other bowhead whale populations.
They occupied areas with particularly cold sea surface temperatures and spent most of their time
inside the ice edge, including areas classified as being 90-100% ice cover. Tagging of bowheads
from the Spitsbergen population thus revealed that they do not migrate in the classical sense like
other bowhead populations. In addition, a recently published study on genetics based on anal-
yses of skin samples from the satellite tagged individuals, revealed that these animals are parts
of the original Spitsbergen stock, and not individuals that have immigrated from other stocks
due to lighter ice conditions as speculated (Bachmann et al. 2021).

White whales are the most frequently observed whale species around Svalbard where it stays
close to the coast and glacier fronts during the ice-free time of year (Lydersen et al. 2001; Vacquié-
Garcia et al. 2018). In 2018 the first aerial survey of white whales covering the entire Svalbard
area was conducted (Vacquié-Garcia et al. 2020) and the stock size was estimated to 549 individ-
uals (95% CI: 436-723). Given that the species is one of the most frequently observed cetaceans
in the area the estimate was surprisingly low. It does however reflect on the previous difficulties
in finding animals in white whale tagging programs. These data are important in providing a
baseline for comparison with future estimates of this species very much affected by environmen-
tal changes.

Ringed seal is the principal prey of polar bears and is a key Arctic species that is closely associ-
ated with the sea ice for most of its life cycle. The Svalbard ringed seals have two different strat-
egies following breeding and molting. The first is to migrate northwards to the marginal ice zone
(Hamilton et al. 2015) while the other is to stay coastbound mainly close to glacier fronts (Ham-
ilton et al. 2016). It is mostly younger animals that migrate north while adult animals remain by
the coast. Satellite tracking of ringed seals before and after the marginal ice zone moved north
show change in behaviour in that they spend more time swimming and diving and less time at
the surface or resting on the ice compared to before (Hamilton et al. 2015). The data shows that
they must work harder to locate food which ultimately could affect the condition of the animals
with possible consequences for reproduction and survival (Hamilton et al. 2015). For the adult
ringed seals that live along the coast of Svalbard, satellite tracking shows that these remain very
connected to glacier fronts — more in the current situation than before the ice conditions changed
in the fjords on the west side of Svalbard (Hamilton et al. 2016, 2019). Now there are individuals
that stay in front of the same glacier front throughout the tracking period. Also, for these adult
seals, there is a verified change in diving behaviour which indicates that they must work harder
to locate food (Hamilton et al. 2016). In recent years, there have also been several reports of ringed
seals resting on land, which has previously been uncommon for this very ice-dependent species.
There have even been registrations of ringed seals grouped together with harbour seals (Phoca
vitulina) on land, which is a development no one had anticipated in connection with climate
change and the lack of sea ice for this species (Lydersen et al., 2017).
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Bearded seals are one of the least studied Arctic marine mammals. Tracking studies of adult
animals in Svalbard revealed large individual variation in diving, movement and activity pat-
terns (Hamilton et al. 2018). Bearded seals depend heavily on sea ice for giving birth and then
use it as nursing and resting platforms for the pups. The reduction of sea ice in Svalbard did not
affect the growth rate of pups since most females shifted from first-year ice floes to pieces of
glacier-ice for birthing and nursing their offspring (Kovacs et al. 2020). However, this is a short-
term solution since retraction of tidal glaciers eventually will end up on land, eliminating this
replacement birthing and nursing strategy.

Identifying marine mammal hotspots and areas of high species richness is essential to help guide
management and conservation efforts. A recent major study (Hamilton ef al. 2021) summarizes
the deployment of 585 satellite transmitters on 13 species of marine mammals in the Greenland-
and northern Barents Seas from the period 2005 to 2018 and shows that parts of the study area,
especially the northernmost parts, are to be regarded as "hot spot" areas for these marine mam-
mal species (Figure A5.107). The marginal ice zone (MIZ) of the Greenland Sea and northern
Barents Sea, the waters surrounding the Svalbard archipelago and a few Northeast Greenland
coastal sites were identified as key marine mammal hotspots and areas of high species richness
in this region.
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Figure A5.107: (a,c,e) individual hotspots and (b,d,f) location hotspots for the 13 species tagged around Svalbard and
Northeast Greenland over (a,b) the entire year, (c,d) during summer/autumn and (e,f) during winter/spring. Increasing
intensities of red indicate hotspots of different levels of statistical significance. Hamilton et al., 2021.
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Seabirds

By Per Fauchald (NINA)

About six million pairs from 36 seabird species breed regularly in the Barents Sea (Barrett et al.
(2002), Table A5.6). Allowing for immature birds and non-breeders, the total number of seabirds
in the area during spring and summer is about 20 million individuals. Ninety percent of the birds
belong to only 5 species: Thick-billed murre, little auk, Atlantic puffin, northern fulmar and
black-legged kittiwake. The distribution of colonies is shown in Figure A5.108. Colonies in the
high-Arctic Archipelago are dominated by little auks, thick-billed murres and kittiwakes. These
birds utilize the intense secondary production that follows the retreating sea ice. Little auks feed
mainly on lipid rich Calanus species, amphipods and krill while thick-billed murres and black-
legged kittiwakes feed on polar cod, capelin, amphipods and krill. The seabird communities, as
well as their diet change markedly south of the polar front. In the Atlantic part of the Barents
Sea, the seabirds depend more heavily on fish, including 0-group fish, capelin, I-group herring
and sandeels. The shift in diet is accompanied by a shift in species composition. In the south,
thick-billed murres are replaced by its sibling species, the common murre. Large colonies of At-
lantic puffins that largely sustain on the drift of fish larvae along the Norwegian coast, are found
in the southwestern areas.

159



160 | ICES SCIENTIFIC REPORTS 4:50

20°'W 0° ZOID E 40° E GC}ID E 80:’ E
’)_,\_9\,.3 I ‘:J ‘.‘ ] /‘,‘,\“ %
fe- N/ € 9 7
=
o
~
z
o
M~
b &Cg; J/ / )\ / " ) = ) e
| e2e ® <10,000pairs B Avte alle Fulmarus glacialis
— ra .
5% B 10,000- 100,000 pairs [T Urialomvia  [II Fratercula arctica
= A0 .
i ’C. > 100,000 pairs [ Rissatridactyla [JJll Uria aalge
2 = Z Bl T g
I

Figure A5.108: Major seabird colonies in the Barents Sea. Data compiled from SEAPOP (www.seapop.no), Fauchald et al.
(2015) and The Seabird Colony Registry of the Barents and White Seas.

Table A5.6: Seabirds in the Barents Sea sorted by breeding population size in decreasing number. Breeding pairs are from
Strgm et al. (2009). Observations on BESS 2020 are the observations from Norwegian and Russian vessels during the
ecosystem survey in 2021%*,

Species name

Scientific name

Breeding pairs

Observations on BESS 2021

Thick-billed murre Uria lomvia 1250000 2326
Little auk Alle alle >1 010 000 0
Atlantic puffin Fratercula arctica 910 000 349
Northern fulmar Fulmarus glacialis 500 000-1 000 000 9795
Black-legged kittiwake Rissa tridactyla 682 000 6517
Common eider Somateria mollisima 157 000-159 000 7
Herring gull Larus argentatus 122 600 504
Common murre Uria aalge 104 000 91
Arctic tern Sterna paradisaea 65 000 84
Black guillemot Cepphus grylle 58 000 0
Great black-backed gull Larus marinus 22930 225
Razorbill Alca torda 19 600 4
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Mew gull Larus canus 14 200 0
Glaucous gull Larus hyperboreus 9 000-15 000 111
Great cormorant Phalacrocorax carbo 11570 3
European shag Phalacrocorax aristotelis 6 350-6 400 0
European storm-petrel Hydrobates pelagicus 1 000-10 000 0
Lesser Black-backed gull Larus fuscus 3500 6
Ivory gull Pagophila eburnea 2 200-3 750 0
Northern gannet Morus bassanus 1900-2 150 47
Arctic skua Stercorarius parasiticus 1150 72
King eider Somateria spectabilis 1000 0
Common tern Sterna hirundo >1 000 0
Heuglin’s Gull Larus heuglini 600-1 100 191
Great skua Stercorarius skua 540-1 100 61
Leach’s storm petrel Oceanodroma leucorhoa 100-1 000 0
Steller’s eider Polysticta stelleri 10-100 0
Sabine's gull Xema sabini 1-10 0
Great northern diver Gavia immer 0-3 1
Long-tailed duck Clangula hyemalis ? 0
Black scoter Melanitta nigra ? 2
Velvet scoter Melanitta fusca ? 0
Red-breasted merganser Mergus serrator ? 0
Black-throated loon Gavia arctica ? 1
Long-tailed skua Stercorarius longicaudus ? 6
Pomarine skua Stercorarius pomarinus ? 792
Sooty shearwater Puffinus griseus 0 18
Ross's gull Rhodostethia rosea 0 0

*The Norwegian part of the survey in 2021 was restricted to the western and southern part of the Barents Sea.

Population monitoring in Norway and Svalbard has revealed a downward trend for several pop-
ulations the last 30 years, including black-legged kittiwakes (Figure A5.109A) and Atlantic puffin
(Figure A5.109E) on the Norwegian mainland and thick-billed murres (Figure A5.109F) on Sval-
bard. The population of common murre was decimated in the 1980s mainly due to a collapse in
the capelin stock combined with low abundance of alternative prey. The populations on Bjerngya
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and some colonies on the Norwegian mainland have increased since then (Figure A5.109C and
D). The status and trends of the populations of seabirds in the Eastern Barents Sea is less known.
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Figure A5.109: Seabird population fluctuations in SEAPOP monitoring sites on the Norwegian mainland (left panel) and
Svalbard (right panel). Data sources: Miljgovervaking Svalbard og Jan Mayen -MOSJ (www.mosj.no, updated 2022),
SEAPOP (www.seapop.no, updated 2022).

In addition of being an important breeding area for seabirds, data from recent tracking studies
(Fauchald et al. 2021) show that the Barents Sea is a “hot spot” for Northeast Atlantic seabirds
from March to October and in particular an important feeding area for seabirds in early autumn.
Accordingly, the number of pelagic seabirds reaches a maximum of approximately 10 million
individuals in August, just after breeding (Figure A5.110). This peak is mainly due to Atlantic
puffins, Northern fulmars, common murres and black-legged kittiwakes migrating from colonies
around the Norwegian Sea into the Barents Sea to feed. This period, from August to September,
is also the period when the auk species moult and become flightless for several weeks. After the
feeding period, parts of the populations of Atlantic puffin, thick-billed murre, black-legged
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kittiwakes, Northern fulmar and little auks leave the Barents Sea. Thus, the number of birds
reaches a minimum in the darkest period from December to January with about 5 million birds
(Figure A5.110). In general, populations from the western colonies leave the Barents Sea earlier
(September—October) and return later (March-April) than birds from the eastern colonies, and a
larger proportion of the eastern populations tend to stay in the Barents Sea throughout winter.
Migrating birds overwinter in large ocean areas in the northwest and north-central part of the
North Atlantic, including the coastal areas off southern and western Greenland, around Iceland,
in the Denmark Strait and in the Irminger and Labrador Seas. Common murres from Bjernoya,
Murman and Finnmark stay in the southern Barents Sea throughout the non-breeding period.
The seabirds return gradually to the colonies and adjacent areas in early spring from February
to April.
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Figure A5.110: Estimated number of adult breeding seabirds present in the Barents Sea area during the annual cycle.
Estimates are based on population size and year-round tracking of different populations by the SEATRACK program (see
Fauchald et al. 2021).

Broadly, the spatial distribution of seabirds during the ecosystem survey in September reflects
the climatic gradient from a boreal Atlantic climate with common murres, puffins, herring and
black-backed gull in the south and west, to an Arctic climate with little auks, thick-billed murres
and kittiwakes in the north and east (Figure A5.111). Seabirds have been surveyed uninterrupt-
edly on Norwegian vessels in the western part of the Barents Sea since 2004, however, the first
years and 2021 did not cover the northern areas. Based on the minimum annual survey extent
from 2009 to 2020, the abundance (Figure A5.112) of different species and the centre of gravity
of the spatial distribution (Figure A5.113) was calculated for each year.
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Figure A5.111: Density of seabirds during the Barents Sea ecosystem surveys in 2020 (top) and 2021 (bottom). Left panel
is the distribution of auks (little auk, thick-billed murre, Atlantic puffin and common murre). Right panel is the distribu-
tion of shipfollowers (northern fulmar, glaucous gull, black-legged kittiwake, black-backed gull and herring gull). Note
that the Norwegian survey in 2021 was restricted to the western and southern part of the study area.

Abundance estimates indicate relatively large fluctuations in the number of seabirds at-sea (Fig-
ure A5.112). Northern fulmar, black-legged kittiwake and herring gull have decreased signifi-
cantly in abundance the last ten years. These changes do not necessarily reflect the observed
population trends from the colonies (cf. Figure A5.109) since the at-sea abundances also are in-
fluenced by annual differences in migration pattern. Note that the ship-followers are attracted to
the ship from the surrounding areas and individual birds are therefore likely to be counted sev-
eral times. Accordingly, the estimated numbers of ship-followers are probably grossly overesti-
mated. Analyses of the centres of gravity show a northward displacement for several species the
last ten years (Figure A5.113). The centres of gravity of little auks, thick-billed murre, glaucous
gull, black-legged kittiwake, northern fulmar and black-backed gull have moved from 150 to 500
km northward from 2008 to 2019, suggesting that seabirds have been displaced toward the north
following a period of warming. Although longer time-series might be warranted, this result
could be an early signal of a “borealization” (Fossheim et al. 2015) of the seabird communities in
the Barents Sea. This result is corroborated by a recent study of the population dynamics of
breeding seabirds on Svalbard, suggesting a borealization of the seabird colonies (Descamps and
Strem 2021). The analyses of the Svalbard populations found a general decrease in Arctic species
(ivory gull, glaucous gull, little auk and thick-billed murre), while the more boreal species
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(common murre, northern fulmar, black-legged kittiwake, northern gannet and great skua) have
generally been stable or increasing.
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Figure A5.112: Abundance of auks (left) and ship-followers (right) in the Western Barents Sea during the ecosystem sur-
veys 2009-2020. Note that the numbers of ship-followers are systematically overestimated. Asterisks indicate significant
negative trends in the abundance estimates (* P < 0.05, ** P < 0.001).
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Figure A5.113: Centre of gravity in the north direction of the distribution of auks (left) and shipfollowers (right) in the
Western Barents Sea during the ecosystem surveys 2009-2020. Hatched lines indicate the positions of Hammerfest (Nor-
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Anthropogenic impact

Fishing activity

By Bjarte Bogstad (IMR) and Alexey Russkikh (PINRO)

Fishing activity in the Barents Sea is tracked by the Vessel Monitoring System (VMS) which offer
valuable information about temporal and spatial changes in fishing activity (Figure A5.114). The
most widespread gear used in the Barents Sea is bottom trawl; but longlines, gillnets, Danish
seines, and handlines are also used in demersal fisheries. Pelagic fisheries use purse-seines and
pelagic trawls. The shrimp fishery used special bottom trawls.

From 2011 onwards, minimum mesh size for bottom-trawl fisheries for cod and haddock is 130
mm for the entire Barents Sea; previously the minimum mesh size was 135 mm in the Norwegian
EEZ and 125 mm in the Russian EEZ. It is still mandatory to use sorting grids. Minimum legal
catch size was harmonized at the same time: for cod from 47 cm (Norway) and 42 cm (Russia) to
44 cm for all, and for haddock from 44 cm (Norway) and 39 cm (Russia) to 40 cm for all.
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Figure A5.114: Location of Russian and foreign fishing activity from commercial fleets and fishing vessels used for re-
search purposes in 2017-2021 as reported (VMS) to Russian authorities. These are VMS data linked with logbook data
(source: PINRO Fishery statistics database).

Catch dynamic

The commercial fisheries in the Barents Sea Ecoregion target few stocks. The largest demersal
fisheries target gadoid species: cod, haddock and saithe predominantly using trawls, gillnets,
longlines, and handlines. Pelagic fishery using midwater trawl and purse seine target for cape-
lin. The largest catches were observed in the 1960—80s and reached a total of 3-4 million tonnes,
mainly due to the catch of capelin. In recent years, large catches of capelin have been sporadic,
Gadoids catches varying around 1 million tonnes and the total catch has not exceeded 1.5 million
tonnes (Figure A5.115).

167



168 | ICES SCIENTIFIC REPORTS 4:50 | ICES

Catches - Barents Sea (1000 tonnes)

4500

4000

3500

3000

2500

2000

1500

1000

500

0
1908 1918 1928 1938 1948 1958 1968 1978 1988 1998 2008 2018

B Cod W Haddock " Saithe m Redfish m G. halibut B Capelin B Polar cod B Shrimp M Catfish

Figure A5.115: Catches of all species in the Barents Sea in 1908-2021 (Historical nominal catches 1950-2010, official
nominal catches 20062019, preliminary catches 2020-2021, ICES, Copenhagen)

The catches of other species are much less. They are caught both as directed fisheries and as
bycatch. Historically, very large catches of polar cod have been observed, but recently this spe-
cies has not been harvested, and redfish and shrimp dominate in catches. The total catch of these
species has been growing in recent years and is more than 150 thousand tonnes (Figure A5.116).
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Figure A5.116: Catches of ‘minor’ species for fisheries in the Barents Sea in 1908-2021 (Historical nominal catches 1950—
2010, official nominal catches 2006-2019, preliminary catches 2020-2021, ICES, Copenhagen).

The crustacean fisheries target also red king crab, and snow crab and using traps. Most catches
of crabs are from coastal areas.
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More information about the fisheries is available in the ICES Fisheries overview for the Barents
Sea.

By Aleksei V. Stesko (PINRO), Ann Merete Hjelset (IMR)
Northern shrimp (Pandalus borealis)

Norwegian and Russian vessels harvest northern shrimp over the stock’s entire area of distribu-
tion in the Barents Sea. Vessels from other nations are restricted to trawl shrimp only in the Sval-
bard Fisheries Protection Zone and the Loophole. No overall TAC has been set for northern
shrimp, and the fishery is regulated through effort control, licensing, and a partial TAC in the
Russian zone. The regulated minimum mesh size is 35 mm.

The stock assessment indicates that the stock has been fished sustainably and has remained well
above precautionary reference limits throughout the history of the fishery (NAFO/ICES 2021).
Accordingly, ICES used the MSY-approach to advice a TAC of 150 000 and 140 000 metric tonnes
in 2020 and 2021-2022 respectively (ICES 2021).

Geographical distribution of the fishery in 2009-2019 was more easterly directed compared to
previous decades. As results, catch levels from some of the more traditional western fishing
grounds have declined. Recent reports indicate lower catch rates than would be expected given
the overall good stock condition. This may be related to operation costs for a relatively small fleet
to move away from more traditional fishing grounds, and to find new grounds with commer-
cially viable shrimp concentrations. There are currently no indications of a significant shift in the
stock distribution itself.

Fisheries for northern shrimp in the Barents Sea and waters adjacent to Spitsbergen Archipelago
have been carried out since the 1950s. The largest catches were recorded in the mid-1980s (more
than 120 000 tonnes) and during 1990-1991, 2000 (approximately 80 000 tonnes). Since 2005, total
annual catch of northern shrimp in this area have remained at the 20 000—40 000 thousand tonnes
level (Figure A5.117) after 2018 total catch has rapidly grown mainly by Russian fishery, but in
2020 it decreased due to features of shrimp spatial distribution. In 2021 fishery effort was a bit
higher than 2020, however of the TAC in the Russian EEZ only 71% was caught.



170

ICES SCIENTIFIC REPORTS 4:50

\
3500
I 140.0
000 e bl | il
F 120.0
Py 2500 4 ---------------- W W= - @
c - 100.0 =
S 2000 S
2 L 80.0 ¥
= =
! el
> 1500 - -B- - 5
ﬁ - 60.0 ﬁ
S T
0 1000 \ II BB - - L 400 ©
, l an L
0 4 I . | B -l .‘ ' . e n S i -I. n = ' . 0.0
1991 1993 1995 1997 1999 2001 2003 005 2007 2009 2011 2013 2015 2017 2019 2021
E= Commercial stock, th. tonnes —Btrigger=0.5*Bmsy
§ =0=Catch (International), th. tonnes =0=Catch (Russia), th. tonnes )

Figure A5.117: Catch and recommended TAC of the northern shrimp in the Barents Sea and waters around Spitsbergen
archipelago in 1991-2021, 2022 is forecast (Bakanev, 2021; Bakanev, 2022 (in print)).

Trawl surveys of northern shrimp stocks have been carried out in the Barents Sea since 1982.
During the 2005-2021 period, the stock has remained stable, showing fluctuations but without a
clear trend.

Red king crab (Paralithodes camtschaticus)

Red king crab fishery has been managed separately in the Norwegian Economic Zone (NEZ) and
Russian Economic Zone (REZ) from 2007 onwards.

The commercial fishery for red king crab in the Russian Economic Zone of the Barents Sea has
been carried out since 2004. Russian Fisheries Regulations stipulate that males with carapace
width greater than or equal to 150 mm can only be caught using traps. Trawl bycatch of crabs
must be returned to sea alive.

Total catch also increased in subsequent years; in 2021, total catch of red king crabs in Russian
Economic Zone was 12.9 thousand tonnes (Figure A5.118, the commercial stock index for red
king crab was 200 thousand tonnes) bycatches. In 2021 also the fishing grounds in Eastern coast
region was exploited, after having been closed for fishery due to high bycatch numbers of fe-
males and illegal males for several years.
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Figure A5.118: Total catch of the red king crab in the Russian Economic Zone and Norwegian coastal waters of the Barents
Sea in 2003-2021.

Distribution of red king crab is assessed by trap and trawl surveys. In the coastal part of the
Barents Sea Russian vessels have been using traps for investigations since 2008. The most density
of egged female clusters was detected in Kanin peninsula region, in shallow waters 20-30 m
depths. Modern stock assessment of red king crab in the Russian EEZ based on special trawl
surveys 2017 to 2021. It increased until 2018-2019 but has particularly decreased since 2020. The
main clusters of crab commercial stock shifted to north-eastward. The most eastern boundary of
red king crab distribution was recorded in 2015 and 2017. Two adult individuals (male and fe-
male with eggclutch) in eastern Pechora Sea near Vaygach Island, and the southwestern coast of
Novaya Zemlya Archipelago. Some crabs were caught in the “Gorlo” of the White Sea. Science
observer worked in snow crab fishery reported about findings of king crabs near 75 N 48 E of
the Barents Sea, but he didn’t record it by photo or video (Stesko and Bakanev, 2022, in print). In
2021 PINRO's fishery observer had seen one specimen of crab near the Spitsbergen (Svalbard)
area in approximate coordinates 77 10 N 29 30 E at a depth of 180 m.

The Norwegian fishery for the red king crab (RKC) is subjected to two different management
regimes; a vessel quota fishery in the quota regulated area (QRA) and a free fishery with a dis-
card ban in the free fishing area (FFA) west of 26°E (North Cape) (See Sundet and Hoel 2016, for
detailed information).

In 2008 there was a change in the management of this fishery with the introduction of an annual
vessel quota in tonnes, minimum legal-size restrictions fishery for both male and female crabs
on 130 mm carapace length and trap limits of 30 traps among other things. For Norwegian land-
ings of red king crab, see Figure A5.118.

Snow crab (Chionoecetes opilio)

The snow crab fishery carried out by Norwegian, Spanish, and Russian vessels began in interna-
tional waters of the Barents Sea (Loophole) in 2013. During 2015-2016, average daily catch de-
clined by 10-20% compared with the 2014 estimate (Bakanev and Pavlov, 2021).

Russian vessels fished crabs in this area until 2016. In 2016, Russian vessels started fishing snow
crabs in Russian waters. In 2017-2021, the Russian fishery for snow crabs was conducted only
within the Russian EEZ (Figure A5.119).

Total catches increased until 2015, then decreased until 2017 before increasing again to a record
high value in 2021 (Figure A5.120).
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Figure A5.119: Spatial distribution of snow crab fishery from Norwegian (left panel) and Russian (right panel) vessels in
the period 2013-2021.
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Figure A5.120: Total landings (in tonnes) of snow crab from the Barents Sea in the period 2012 to 2021.

Russian vessels used conical and trapezoidal traps for the snow crab fishery until 2018, but now
they use mainly conical traps.

In July 2015, Norway and Russia agreed that the snow crab is a sedentary species. This decision
changed the status from a water column species to a resource of continental shelf (Joint Norwe-
gian-Russian Fisheries Commission, 2015).

The Norwegian fishery for snow crab commenced in 2012 with only 2.5 tones landed. The main
fishing area for the Norwegian fishery is in the central part of the Barents Sea (see Figure A5.119).
Snow crab in the Barents Sea fishery is exclusively harvested using conical pots deployed in
strings connected to longline. The minimum legal size for male snow crab in the Norwegian
fishery is now 95 mm carapace width (CW).

The further spread of the snow crab population to the west and northwest at the Norwegian
continental shelf, will probably depend on temperature and food resources available for the
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snow crab. The highest densities are still in central parts of the Barents Sea, with some scarce
observations on the west coast of Spitsbergen Island.
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Marine litter

T. Prokhorova (PINRO), B.E. Gresvik (IMR) and R. Klepikovsky (PINRO)

Plastic dominated among anthropogenic pollutants on the water surface in 2021 as in 2020 (72.4%
and 68.9% of observations, respectively) (Figure A5.121. The maximum surface observation of
plastic litter was 5 m?3, with the average of 0.01 m? (except the single maximum catch of 5 m3),
and this is the same value, as in 2020. Due to currents, recorded debris could be dumped directly
in some areas and transported from other areas. Wood was recorded in less observations in 2021
(13.2%) than in 2020 (22.1%). The maximum surface observation of wood in 2021 was lower, than
in 2020 (1.13 m? in 2021 and 1.96 m?® in 2020), but the average observation was higher (0.23 m? in
2021 and 0.12 m? in 2020). Metal, paper and rubber was observed singularly (3.9-5.3% of the
observations).
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Figure A5.121: Type of observed anthropogenic litter (m3) at the surface in the BESS 2021 and 2020. Taken from the 2021
and 2020 BESS survey report (Prokhorova et al., 2022; Prokhorova et al., 2021).

Anthropogenic litter was observed in 11.5% of pelagic trawl stations and 28.1% of bottom trawl
stations in 2021 (in 24.6% of pelagic trawl stations and 27.4% of bottom trawl stations in 2020)
(Figure A5.122 and A5.123). Plastic dominated from all anthropogenic matter in the both the
pelagic and the bottom trawl stations in 2021 (10% of pelagic stations and 89.6% of bottom trawl
stations with observed litter). This predominance of plastic among the anthropogenic litter is
observed annually (Figure A5.124). Thus, plastic was recorded in 88.5% of pelagic stations with
observed litter in 2020, in 96.5% in 2019, in 95.6% in the period of 2014-2018 and in 94.7% in the
period of 2010-2013 (ICES, 2019). The same in the bottom trawls — 92.6% of bottom stations with
observed litter in 2020, 82.3% in 2019, 81% of stations in the period of 2010-2013 and 88.7% in the
period of 2014-2018 (ICES, 2019).

Weight of plastic litter from pelagic trawls in 2021 was from 0.5 g to 11 kg with average of 0.012
kg (except the single maximum catch of 11 kg). Weight of plastic litter in bottom trawls in 2021
was from 0.1 g to 6 kg with average of 0.04 g (except the single maximum catch of 6 kg). The
average weight of plastic both in the pelagic and bottom stations was lower, than in 2020.

Processed wood was registered in 10.4% of the bottom trawl] stations with observed litter in 2021
(compared with 5.8% in 2020, 24.8% in 2019, 11.3% in the period of 2010-2013 and 19% in the
period of 2014-2018) (Figure A5.124) (ICES, 2019).

Other types of litter (textile, metal and rubber) was observed in trawls singularly.
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Figure A5.122: Type of anthropogenic litter collected in the pelagic trawls in 2021 and 2020. Crosses indicate trawl sta-
tions. Taken from the 2020 and 2019 BESS survey report (Prokhorova et al., 2022; Prokhorova et al., 2021).
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Figure A5.123: Type of anthropogenic litter collected in the bottom trawls in 2021 and 2020. Crosses indicate trawl sta-
tions. Taken from the 2020 and 2019 BESS survey report (Prokhorova et al. 2022; Prokhorova et al. 2021).
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Figure A5.124: Frequency of occurrence of plastic in pelagic and bottom trawls that contained litter and of processed
wood in bottom trawls in the period of 2010-2013, 2014-2018, 2019, 2020 and 2021 during the BESS survey.

Litter from fishery was a significant part of plastic litter both in the pelagic and bottom trawls in
2021 (36.6% and 66.1%, respectively), as in 2020 (50.7% and 67%, respectively) (Figure A5.125).
Fishery related litter was recorded in 25.5% of plastic litter observations at the surface in 2021
and in 22.6% in 2020 (Figure A5.125). Fishery related litter was represented by ropes, rest of nets,
floats/buoys etc.
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Figure A5.125: Proportion of fishery plastic of the plastic litter collected in the pelagic trawls (to the left), bottom trawls
(in the middle) and at the surface (to the right) in the BESS 2021 and 2020 (crosses — trawl stations).
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Contaminants in marine organisms

By Sylvia Frantzen (IMR), Stepan Boitsov (IMR), Mikhail A. Novikov (VNIRO)

Levels of heavy metals and organic contaminants in fish and crustaceans from the Barents Sea
are in general relatively low and below maximum levels set for food safety. One exception is
arsenic, which is found in relatively high concentrations. For most substances, concentrations are
stable or slightly decreasing.

IMR conducts regular monitoring of chemical contaminants in biota through two different pro-
grammes. 1) A three-year monitoring programme designed to monitor the level of pollution in
the Barents Sea, last updated with sampling in 2018. 2) An annual monitoring programme with
focus on seafood safety and pollution levels in indicator species, updated with new data from
2020.

In programme 1, levels of certain organic contaminants (PCB, chlorinated pesticides and PBDEs)
are analysed mainly in liver of fish (Boitsov et al., 2016; 2019). The exact species sampled varies
from year to year, but some species have been sampled repeatedly in three year cycles and tem-
poral data exist for Greenland halibut (Rheinhardtius hippoglossoides), long rough dab (Hippoglos-
soides platessoides), haddock (Melanogrammus aeglefinus), capelin (Mallotus villosus), polar cod (Bo-
reogadus saida), saithe (Pollachius virens), herring (Clupea harengus), cod (Gadus morhua), golden
redfish (Sebastes norvegicus) and peeled shrimp (Pandalus borealis). The sampling programme is
designed to monitor pollution levels over time. Samples are mainly taken on the ecosystem
cruise in summer/early autumn.

In programme 2, levels of metals including As, Cd, Hg and Pb are analysed in fillet and liver of
Atlantic cod, whole capelin and polar cod as well as whole and peeled boiled shrimp. Levels of
persistent organic pollutants (POPs) are analysed in liver of cod, whole capelin and polar cod
and whole boiled shrimp, and a few samples of cod fillet have also been analysed. The POPs
include dioxins and dioxin-like PCBs, non-dioxinlike PCBs (PCB6, PCB7), organochlorine pesti-
cides, brominated flame retardants (PBDEs, HBCD and TBBP-A), per- and polyfluoralkyl sub-
stances (PFAS) and PAHs. The monitoring programme is designed to document levels of con-
taminants with regards to food safety, while also gaining information on pollution levels by an-
alysing indicator organisms representing varying trophic levels and niches. Samples are mainly
taken on the winter cruise in January to March.
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In addition to these regular monitoring programmes, some species have been sampled and ana-
lysed as a part of special surveys (Nilsen et al. 2020; Frantzen and Maage 2016; Julshamn et al.
2015). In 2021, a comprehensive baseline study of contaminants in haddock (Melanogrammus ae-
glefinus) was finalized and reported, where 545 fish from the Barents Sea sampled during 2005
2018 were analysed (Kogel et al. 2021). Saithe (Pollachius virens) and Greenland halibut are mon-
itored for contaminants annually. Since the previous report, HI has analysed new samples of
cod, saithe, Greenland halibut and haddock from the Barents Sea.

In both programme 1 and 2, where temporal data exist, samples are not taken at fixed positions
or at fixed fish size, so temporal trends must be interpreted with caution.

Analyses are performed with accredited analytical methods according to ISO 17025.

Since 1986, scientists of the Polar Branch of VNIRO have been sampling fish annually for analysis
of contaminants. Samples of some species were collected over a long period of time, whereas
sampling of other species was carried out occasionally. In 2021, a comprehensive study of total
arsenic content in cod, haddock, long rough dab (Hippoglossoides platessoides), Greenland halibut
and European plaice (Pleuronectes platessa) was finalized and published, where hundreds of fish
specimens from the Barents Sea sampled during 2009-2020 were analysed (Novikov et al. 2021).
Muscle and liver of different fish species are analysed for metals including Hg, As, Cd, Pb, Cr,
Ni, Co, polyaromatic hydrocarbons (PAH), alkanes and chlorinated pesticides including DDT,
HCB, HCH and chlordane. Results for Hg and As until 2020 are presented here.

For fish species that are regularly monitored, there are available time-series that describe varia-
tions in the content of pollutants over time. Among species monitored regularly are Atlantic cod,
Greenland halibut, plaice, haddock, and long rough dab.

In general, levels of contaminants in fillet of fish and muscle of crustaceans from the Barents Sea
are very low and below EU and Norway’s maximum levels for food safety for substances where
such regulatory limits exist (Hg, Cd, Pb, sum dioxins and dioxin-like PCBs and sum PCB6) (Fig-
ure A5.126-A5.133; EU, 2021).

Arsenic levels in some of the fish species and all crustaceans were relatively high (Figure A5.126-
A5.129). In Norway and EU, there is no maximum level for arsenic, whereas Russia has a maxi-
mum level of 5 mg/kg wet weight. For cod, haddock, Greenland halibut, Atlantic and spotted
wolffish, plaice as well as shrimp, red king crab and snow crab, mean arsenic concentrations
were above this limit. The levels of arsenic in the snow crab and shrimp were particularly high
(Figure A5.128 and A5.129). The concentrations of arsenic were much higher in fish analysed in
Norwegian monitoring than in fish analysed in Russian monitoring. In Russian monitoring, only
plaice and spotted wolffish had mean concentrations of arsenic above 5 mg/kg. Sediments in the
Norwegian part of the Barents Sea, monitored through the MAREANO programme
(www.mareano.no/en) have higher levels of arsenic than sediments in the Norwegian Sea, and
itis believed that this is caused by high natural background levels. The sediment monitoring also

showed that arsenic concentrations in surface sediments were lower near the coast of Northern
Norway than further north in the Barents Sea, showing that there are spatial differences in arse-
nic levels within the sea area.

With respect to food safety, arsenic present in fish and crustacean muscle is usually arsenobetain,
which has very low toxicity (EFSA 2009). The most toxic species of arsenic is inorganic arsenic.
A large number of fish samples from Norwegian sea areas, including cod and Greenland halibut,
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were previously analysed for total and inorganic arsenic (Julshamn et al. 2012). Even samples
with very high total arsenic concentrations had very low levels of inorganic arsenic (<0.003-0.006
mg/kg ww). More recently, fillet samples of 161 haddock from the Barents Sea were analysed for
inorganic arsenic, and the concentrations varied from <0,002 to 0,0085 mg/kg wet weight in sam-
ples where total arsenic content varied between 1.1 and 41 mg/kg (Kogel et al. 2021). Also anal-
yses of inorganic arsenic in red king crab have shown that inorganic arsenic makes only a very
small portion (<0.4%) of the total arsenic concentrations (Julshamn et al. 2015). Differences be-
tween species in arsenic level may at least in part be related to their diet, where a more benthic
diet seems to lead to higher arsenic levels than a predominantly pelagic diet (Neff 1997).
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Figure A5.126: The total arsenic content (A) in muscle and (B) liver of bottom fish species from the Russian part of the
Barents Sea in 2019-2020, in mg/kg wet weight. Species included (fillet/liver): Atlantic cod (n=54), long rough dab (n=44),
plaice (n=23/22), Greenland halibut (n=55/21), haddock (n=22/20), spotted (n=15) and Atlantic (n=14) wolffish. The av-
erage in muscles is + 2 m, the average in liver is + 2 m (95% confidence interval). The red line shows the maximum per-
missible regulatory level of content in fish products (for Russia).
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Figure A5.127: Concentrations of arsenic (As, mg/kg wet weight) in a) muscle and b) liver of fish species from the Norwe-
gian part of the Barents Sea: Species included cod (2020-2021, n = 125), saithe (2020-2021, n = 98/50), haddock (2015-
2018, n=557/539), tusk (2014, n=160/9*), golden redfish (2018, n = 50/4*), beaked redfish (2018, n = 249/19*), Atlantic
wolffish (2014, n = 29/13*), spotted wolffish (2014, n = 27/13*), jelly wolffish (2014, n = 12/2*) and Greenland halibut
(2020-2021, n=249). Mean % 95% confidence intervals are given. Red line indicates the maximum allowable level set for
food safety in Russia. *Pooled samples of liver were analysed.

179



180

ICES SCIENTIFIC REPORTS 4:50

5 0,05
0,04

0,03

(mg/kg wet weight)
W
 l
Hg (mg/kg wet weight)

0,02

1 0,01

0 0.00
Shrimp Red king crab Shrimp Red king crab

Figure A5.128: The content of (A) arsenic and (B) mercury in muscles of marine invertebrates of the Russian part of the
Barents Sea in 2020-2021, in mg/kg wet weight. The average of £ 2 m (95% confidence interval) is shown. The red line
shows the maximum permissible regulatory level of As content in marine invertebrates (for Russia).
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Figure A5.129: Concentrations in the Norwegian part of the Barents Sea of A) mercury (Hg, mg/kg wet weight), B) cad-
mium (Cd, mg/kg wet weight) and C) arsenic (As, mg/kg wet weight) in muscle of red king crab (Paralithodes camtchati-
cus, 2012, n=155), snow crab (Chionoecetes opilio, 2014 + 2016, n=64) and shrimp (Pandalus borealis, boiled, 2017-2021,
n=15). Mean, minimum and maximum values are shown. Red lines indicate maximum allowable levels set for food safety.
*Composite samples.

The levels of mercury in muscle of fish from the Norwegian part of the Barents Sea (Figure
Ab5.130) are generally lower than in the same species sampled in the Norwegian Sea and the
North Sea (Azad et al. 2019; miljostatus.no; Frantzen et al. 2022). Data from VNIRO also show
low concentrations of mercury in muscle of Barents Sea fish, well below maximum levels set for
food safety (Figure A5.131). However, the mercury concentrations in muscle and liver of cod and
haddock from the Russian part of the Barents Sea were considerably higher than in the same
species from the Norwegian part of Barents Sea. On the other hand, Atlantic and spotted wolffish
from Norwegian monitoring had much higher mercury concentrations than the same species
analysed in Russian monitoring. Only Greenland halibut muscle had relatively similar concen-
trations. The reason for these differences are not currently known. Some of the differences may
be due to methodological differences such as size range of fish analysed or differences in the
analytical methods. The fish from both areas were however sampled in the open Barents Sea,
and muscle and liver samples of individual fish were analysed. A proper comparison of results
should also include the fish physical parameters such as size/age and condition. Besides, a com-
parative laboratory study where both labs analyse the same samples would be useful in order to
investigate whether the analytical methods provide the same results. It is, however, also possible
that there are differences in mercury levels within different regions of the Barents Sea. This could
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be due to factors such as different input of mercury from rivers or melting sea ice, or transport
of mercury with currents from west towards the east. A relatively recent study showed that riv-
erine input may have a greater influence on mercury flux to the Arctic than previously believed
(Sonke et al. 2018).

Mercury in muscle of crustaceans from the Barents Sea analysed in Norwegian and Russian mon-
itoring were low and well below maximum levels for food safety (Figure A5.128 and A5.129).
The level of cadmium (Norwegian data) was considerably higher in shrimp than in both crab
species (Figure A5.129). Cadmium levels in shrimp from the Barents Sea are higher than the lev-
els in shrimp sampled in Norwegian sea areas further south (Frantzen et al. 2022). This corre-
sponds well with findings from other studies of increasing cadmium levels in crustaceans from
south to north (Wiech et al. 2020; Zauke et al. 1996, Zauke and Schmalenbach 2006). It likely has
natural causes. However, a good explanation has so far not been found.
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Figure A5.130: Concentrations of mercury (Hg, mg/kg wet weight) in a) muscle and b) liver of fish species from the Nor-
wegian part of the Barents Sea: Species included (fillet/liver): cod (2020-2021, n = 125), saithe (2020-2021, n = 98/50),
haddock (2015-2018, n=557/539), tusk (2014, n=160/9*), golden redfish (2018, n = 50/4*), beaked redfish (2018, n =
249/19*%), Atlantic wolffish (2014, n = 29/13*), spotted wolffish (2014, n = 27/13*), jelly wolffish (2014, n = 12/2*) and
Greenland halibut (2020-2021, n= 249). Mean * 95% confidence intervals are given.

*Pooled samples of liver were analysed.
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Figure A5.131: The total mercury content (A) in muscle and (B) liver of bottom fish species from the Russian part of the
Barents Sea in 2019-2020, in mg/kg wet weight. Species included (fillet/liver): Atlantic cod (n=54), long rough dab (n=44),
plaice (n=23/22), Greenland halibut (n=55/21), haddock (n=22/20), spotted (n=15) and Atlantic (n=14) wolffish. The av-
erage in muscles is £ 2 m, the average in liver is * 2 m (95% confidence interval).

Concentrations of fat soluble organic contaminants, such as for instance dioxins and dioxin-like
PCBs or non-dioxinlike PCBs (PCB6), are in general very low in muscle of fish and crustaceans
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from the Barents Sea (Figure A5.132 and A5.133). The concentrations are higher in fish species
that store a larger portion of their lipids in the fillet, such as Greenland halibut, than in lean fish
species that mainly store lipids in the liver. The concentrations in boiled and peeled shrimp were
on average similar as for cod muscle, and red king crab and snow crab had similar levels of these
substances. For species such as shrimp, which are also analysed in other Norwegian sea areas,
concentrations of dioxins and PCBs are lower in the Barents Sea than in shrimp from the North
Sea and the Norwegian Sea.
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Figure A5.132: Concentrations of A) Sum of dioxins and dioxin-like (dl-) PCBs (ng TEQ/kg weight) and B) sum PCB6 (ug/kg
wet weight) in muscle of cod (2020-2021, n = 30), saithe (2019-2020, n = 20), haddock (2014, n = 7*), tusk (2014+2016;
n = 10*), Greenland halibut (2020, n = 149), golden redfish (2018, n = 49), beaked redfish (2018, n = 347), Atlantic wolffish
(2014, n = 6*), spotted wolffish (2014, n = 4*) and jelly wolffish (2014, n = 2*). Mean, minimum and maximum values are
shown. Red lines indicate maximum allowable levels set for food safety in EU and Norway. For non-dioxinlike PCBs,
maximum level in EU and Norway applies to the sum PCB6.

*Composite samples analysed.
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Figure A5.133: Concentrations of A) sum of dioxins and dioxin-like (dI-) PCBs (ng TEQ/kg weight) and B) sum PCB6 (ug/kg
wet weight) in composite muscle samples of red king crab (2012, n = 29), snow crab (2014, n = 9*) and shrimp (2017-
2021, n = 15* cooked and peeled). Mean, minimum and maximum values are shown.

*Composite samples analysed.

Over the last decade, the levels of some pollutants in fish have decreased, while the levels of
others remain relatively stable. Studies on the concentrations of metals in 2009-2020 by the Polar
Branch of VNIRO indicated stable long-term decreasing trends in the contents of chromium and
nickel in muscle of Greenland halibut cod, plaice and haddock (rf. last year’s report). A decreas-
ing trend, albeit less pronounced, also occurred for other examined metals such as cobalt, copper
and lead

The decreasing levels of some metals in fish muscle may indicate a decrease in the overall pollu-
tion of the Barents Sea by some heavy metals in the last decade. This conclusion is in agreement
with the data on the pollution of the Barents Sea waters in the same period (Novikov and
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Draganov 2017, 2018). Additionally, the presented trend for cod may also be caused by shifts of
its feeding areas northwards to the Arctic where the Barents Sea waters are cleaner than the At-
lantic waters that are affected by the North Cape Current.

However, the results of Russian long-term studies (2012-2021) of arsenic and mercury contents
in commercial bottom fish species Greenland halibut, cod, haddock and long rough dab of the
Barents Sea, showed no temporal trend in the content of these elements in muscle or liver (Figure
Ab5.134-A5.137). The values of the regression coefficients were low. Analysing these trends, we
can note some isolation of the dynamics of the total arsenic content in Greenland halibut com-
pared to other fish species. This is probably due to the biological features of this species in the
Barents Sea. With respect to mercury content, there are practically no differences in trends be-
tween the studied fish species.

Also, in IMR’s long-term monitoring of cod between 1994 and 2021, very stable mercury levels
are observed (Figure A5.138). The mean concentration in 2021 was similar to 2020, and both years
mean concentrations were slightly lower than most previous years.
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Figure A5.134: Trend (linear) of total arsenic content in muscle of bottom fish species of the Barents Sea 2012-2021.
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Figure A5.135: Trend (linear) of the total arsenic content in liver of bottom fish species of the Barents Sea.
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Figure A5.136: Trend (linear) of mercury content in muscle of bottom fish species of the Barents Sea.
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Figure A5.137: Trend (linear) of mercury content in liver of bottom fish species of the Barents Sea.
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Figure A5.138: Annual concentrations of mercury in fillet of cod sampled in Norwegian monitoring from 1994 to 2021.
For each year, mean, minimum and maximum values are shown.

Concentrations of mercury in polar cod and capelin were lower than in higher trophic level fish
and were in general well below 0.01 mg/kg wet weight (Figure A5.139). Polar cod most years
had a slightly lower mean Hg level than capelin. There have been weak, but significantly de-
creasing trends for the levels of mercury in both species since 2006/2007 (Figure A5.139). The
trends were not related to sampling latitude, as there was significant decrease also when sepa-
rating between fish sampled in different latitudes (Figure A5.139, bottom). For capelin the de-
crease seems to have tapered off after 2015.

185



ICES SCIENTIFIC REPORTS 4:50

0.020 _

B Polar cod
< 0.015 [] capelin
o
2
0
2
© 0.010 +
2
()]
=<
()]
£ 0.005 ¢
()]

I
0.000
-1.6 -1.6 B) Polar cod
A) Capelin . "N <75°N: r=-0.89;n.s;r?=0.80
181 N <75°N:r=-0.75; p < 0.005; 2 = 0.57 18t N 75-78°N: r=-0.70; p < 0.001; 2 = 0.49
= >75°N:r=-0.44;p<0.05;r2=0.20 \\\ " >78°N: r= -0.52; p<0.05r2=0.27
-2.0 \ .
o 22 Ty, B e
%} \xu\\:?\x\ 8 g
4 o |
2.4 i f ~_
-2.6 -2.6 % T Q\f\f
28079 0 0 > a0 0 0 BT o @ 0 0 a0 a0 S D
N \ N N N N N Q q/ Q L LN A NN N 9 g
PSS ST TS S S

Figure A5.139: Temporal variation in mercury concentration (Hg, mg/kg wet weight) in composite samples of whole cap-
elin and polar cod. Top: For each year (2006—-2021) and species, mean, minimum and maximum values are given. Bottom:
Temporal trend from of log-transformed mercury concentrations from 2006/2007 to 2021 for A) capelin south and north
of 75°N and B) polar cod south of 75°N, 75-78°N and north of 78°N. Results of Pearson’s one-way correlation between
logio-transformed mercury concentration (LogHg) and year are shown.

Levels and temporal trends of organic contaminants in fish liver or whole
fish

Concentrations of organic contaminants are found in fish and crustaceans in the Barents Sea at
measurable and significant levels, and the concentrations are higher in liver than in fillet of most
fish species. The levels of the analysed substances are, however, relatively low in the Barents Sea
compared to areas further south, except for the level of HCB, which is at the same level or higher
in the Barents Sea than in the Norwegian Sea and the North Sea (Frantzen et al. 2022). The per-
sistent organic pollutants PCBs and PBDEs are generally above environmental quality standard
(EQS) values, which may indicate potentially harmful effects for animals at high trophic level
such as for instance polar bears. There is evidence that the health of polar bears and seabirds
may be negatively affected by contaminants (see references in Frantzen et al. 2022).

In order to evaluate time-trends for levels of persistent organic pollutants in the Barents Sea bi-
ota, data from analyses of liver of cod and whole capelin and polar cod have been assessed (Fig-
ure A5.140-A5.146).
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Figure A5.140: Temporal trend for dioxins and dioxin-like PCBs (ng TEQ/kg wet weight) in cod liver, including fish with
lengths between 50 and 70 cm. Top: Concentrations per year of Sum dioxins and furans (dioxin), sum dioxin-like PCBs
(dI-PCB) and sum dioxins and dI-PCB, given as mean values and non-outlier range. Red line represents EU’s and Norway’s
maximum level for the sum of dioxins and dioxinlike PCBs applying to fish liver. Bottom: Correlation between log10-
transformed concentration of the sum dioxins and dI-PCB and year, categorized by latitude south and north of 73°N.
Results of Pearson’s correlation with log10 transformed concentrations are shown for each category.

The level of dioxins and dioxin-like PCBs and non-dioxinlike PCBs in liver of cod appears to
have decreased since 2007 (Figure A5.141 top, Figure A5.142 top). In 2007, the mean concentra-
tion of the sum of dioxin and dioxinlike PCBs was slightly above the special maximum level of
20 ng TEQ/kg wet weight applying to fish liver in Norway and EU, while in the years 2017 to
2020 mean concentrations were mostly below 10 ng TEQ/kg. However, because geography and
fish size may affect the results, an analysis of the trend has been done separately for samples
taken south and north of 73°N and including only fish between 50 and 70 cm length. For the sum
of dioxins and dioxin-like PCBs there then was a significant, but very weak, decline in the level
of dioxins and dI-PCB south of 73°N and no decline north of 73°N (Figure A5.141 bottom). Di-
oxin-like PCBs dominate the sum of dioxins and dioxin-like PCBs and the dioxins and furans
initially had very low concentrations and changed much less over the years than the dioxin-like
PCBs (Figure A5.141 top).
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Figure A5.141: Temporal trend for non-dioxinlike PCBs, PCB7 (sum of PCB-28, 52, 101, 118, 138, 153, 180; ug/kg wet
weight) in liver of cod. Top: Annual concentrations of sumPCB7, in Programme 1 (P-1) and Programme 2 (P-2) in liver of
cod from 1992 to 2021. For each year, mean, minimum and maximum values are shown. Bottom: Correlation between
concentrations of PCB7 in fish from P-2 between 50 and 70 cm, categorized by latitude south and north of 73°N. Results
of Pearson’s correlation are shown for each category.

The non-dioxinlike PCBs (given as PCB7 or PCB6) are often used as a proxy for total PCB con-
tamination. The non-dioxinlike PCBs in cod liver have been analysed in programme 1 since 1992
and in programme 2 since 2006, during which time their levels seem to have decreased (Figure
Ab5.142 top). Between 1992 and 2008, mean concentration more than halved from almost 300 to
around 100 pg/kg, and in 2020 the mean concentration was only around 50 pg/kg. When includ-
ing only cod between 50 and 70 cm from programme 2 (2007-2021) and categorizing between
fish sampled south and north of 73°N, there was still significant, although weak, decrease in the
PCB7 concentration for both geographical areas (Figure A5.142 bottom). It was clearly higher
concentrations in liver of cod caught in the area south of 73°N than in those caught north of 73°N.
Data from programme 1 has also shown a significant decrease with time since 1992 after correct-
ing for fish size (weight basis) for cod from southern Barents Sea (Boitsov et al. 2019).
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Figure A5.142: Temporal trends for concentrations of PCB7 (sum of PCB-28, 52, 101, 118, 138, 153, 180; ug/kg) in com-
posite samples of whole capelin and polar cod in composite samples of whole capelin and polar cod from 2006 to 2021.
Top: For each year from 2006 to 2020, mean, minimum and maximum values (ug/kg wet weight) are shown. Bottom:
Correlation between lipid weight concentrations of PCB7 (ug/kg lipid weight) in A) Capelin, categorized by latitude south
and north of 75°N, and B) polar cod, categorized by latitude south of 75°N (correlation not shown), between 75 and 78°N
and north of 78°N. Results of Pearson’s correlation are shown for each category.

The levels of PCB7 in capelin and polar cod also seem to have decreased somewhat since 2006,
and perhaps more steeply in capelin than in polar cod (Figure A5.143 top). There was a signifi-
cant decrease in concentrations with increasing latitude, and since the samples tended to be taken
further north in later years, an effort has been made to separate the effects of latitude and year.
Also, fat contents of the fish may affect the concentrations of PCBs, as they are fat soluble. How-
ever, lipid normalized concentrations of PCB7 (ug/kg lipid weight) in capelin showed significant
decreasing trends both south and north of 75°N (Figure A5.143). Polar cod showed no temporal
trend for lipid normalized PCB7 concentrations neither north of 78°N nor between 75 and 78°N
(Figure A5.143). Samples of polar cod were only taken south of 75°N during 2009 to 2011.

Among chlorinated pesticides, there has been a clear decrease in concentrations of DDT in cod
liver since 1992 (Figure A5.144). HCB levels in cod liver have remained very stable, although
mean concentration of HCB in 2021 was the lowest since 2007. After correcting for fish size
(weight), a significant decrease in the levels of both these contaminants was found in cod liver
from the southern Barents Sea analysed in programme 1, although the decrease was very weak
for HCB (Boitsov ef al. 2019). For polar cod and capelin, the level of HCB seems to have been
increasing up to 2019, and decreasing between 2019 and 2021 (Figure A5.145). The trends have
not been analysed with regard to sampling latitude and fat content. HCB is one of a few contam-
inants which have been found in higher levels in biota and air of the Barents Sea region than in
the North Sea and the Norwegian Sea (Frantzen et al. 2022).
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Figure A5.143: Annual concentrations of sum DDT (top) and hexachlorobenzene (HCB, bottom) in liver of cod from 1992
to 2021. Results from programme 1 (P-1) and programme 2 (P-2) are given separately. For each year, mean, minimum
and maximum values are shown.
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Figure A5.144: Annual concentrations of hexachlorobenzene (HCB) in composite samples of whole capelin and polar cod
from 2006/2007 to 2021. For each year, mean, minimum and maximum values are shown.

The level of brominated flame retardants, PBDEs, appears to have decreased since 2006/2007,
both in cod liver, capelin and polar cod (Figure A5.146). For cod liver, the decreasing trend was
significant (here shown for the concentration of PBDE-47 the most dominating congener) in liv-
ers of cod sampled both south and north of 73°N (Figure A5.146 bottom). There was no change
after 2015. For capelin, PBDE decreased significantly (PBDE7, ug/kg lipid weight) for samples
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taken south of 75°N, but not for those taken further north (Figure A5.146A). For PBDE in polar
cod, there was no significant trends when categorizing between samples taken at different lati-
tudes (Figure A5.146B).
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Figure A5.145: Temporal trend for polybrominated diphenyl ethers (PBDEs, pug/kg wet weight) in liver of cod from 2006
to 2021. Top: Results from programme 1 (P1) and programme 2 (P2) are given as mean, minimum and maximum values
per year. In P1, PBDE15 is the sum of 15 PBDE congeners and for P2, PBDEG6 is the sum of 6PBDE congeners (PBDE 28, 47,
99, 100, 153, 154). Bottom: Correlation between log10 transformed concentration of PBDE-47 and year, categorized by
latitude south and north of 73°N. Only individuals between 50 and 70 cm sampled in programme 2 are included, and
results of Pearson’s correlation are shown for each category.
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Figure A5.146: Temporal trend of concentrations of sum PBDE7 (sum of PBDE 28, 47, 99, 100, 153, 154, 180) in composite
samples of whole capelin and polar cod from 2006 to 2021. Top: For each year, mean, minimum and maximum values of
wet weight concentrations (ug/kg wet weight) are shown. Bottom: Correlation between lipid weight concentrations of
PBDE7 (pg/kg lipid weight) and year in A) Capelin, categorized by latitude south and north of 75°N, and B) Polar cod,
categorized by latitude south of 75°N (correlation not shown), between 75 and 78°N and north of 78°N. Result of Pear-
son’s correlation is shown.

There are thus indications that the levels of persistent organic contaminants such as dioxins,
PCBs and DDTs have been decreasing and are still slowly decreasing in the Barents Sea. This
pattern seems to be the clearest for PBDEs, which were banned around 2005. HCB seems hardly
to decrease at all. The latter may be because HCB can be breakdown product from other pesti-
cides still in use, and also formed during incomplete combustion of industrial waste containing
chlorinated organic materials. The mercury level in cod fillet has remained very stable since 1994,
while concentrations may be decreasing in polar cod.

Radioactive pollution

By Hilde Elise Heldal (IMR)

Levels of radioactive pollution in the Barents Sea are low and generally decreasing. The levels in
fish and seafood are far below the maximum permitted level for radioactive cesium in food set
by the Norwegian authorities after the Chernobyl accident (600 Bq/kg). The Norwegian routine
monitoring of the wreck of the Russian nuclear submarine “Komsomolets” has not revealed any
elevated contamination levels in the area adjacent to the wreck. A dedicated expedition in 2019
with RV “G. O. Sars” and the advanced Remotely Operated Vehicle (ROV) Zgir 6000 did, how-
ever, confirm that releases of '¥Cs from the reactor are still occurring, 30 years after “Komso-
molets” sank.
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The most important sources for radioactive contamination in the Barents Sea are well known and
include global fallout from atmospheric nuclear weapons testing during the 1950s and 1960s,
river transport by the Ob and Yenisey rivers of radionuclides originating from Russian nuclear
enterprises, discharges from European reprocessing plants for spent nuclear fuel (Sellafield and
La Hague) and fallout from the Chernobyl accident in 1986. Additionally, liquid and solid radi-
oactive wastes dumped in the Barents and Kara Seas and wrecks of sunken nuclear submarines
represent potential sources.

Monitoring of radioactive contamination in Norwegian sea areas is performed within the na-
tional monitoring programme “Radioactivity in the Marine Environment” (RAME), which is co-
ordinated by the Norwegian Radiation and Nuclear Safety Authority (DSA). We focus on the
most abundant anthropogenic (man-made) gamma-emitting radionuclide cesium-137 (*¥’Cs), but
the levels of other anthropogenic radionuclides like strontium-90 (*Sr), plutonium-238 (338Pu),
plutonium-239,240 (2°24Pu) and americium-241 (*!Am) are also determined in a selection of the
samples. In recent years, there has been a growing focus on natural radionuclides like lead-210
(29Pb), radium-226 (#¢Ra) and radium-228 (*%Ra) in the marine environment. An additional an-
thropogenic source for these radionuclides to the marine environment is extraction of oil and
gas. For example, produced water discharge natural radionuclides to the marine environment
with activity concentrations about 1000 times higher than seawater concentrations (NRPA, 2004;
Dowdall and Lepland, 2012).

The main sample collection for investigations of radioactive pollution in seawater, sediments
and marine biota in the Barents Sea is carried out every third year. The last sampling campaign
was in 2021, when samples were collected from R/V “Johan Hjort” and R/V “G. O. Sars” during
the Barents Sea ecosystem survey in August/September.

In addition to the three-year sampling cycle, samples of cod (Gadus morhua) are caught along the
coast of Finnmark and in the Bear Island area twice a year and analysed for '¥Cs. The results are
part of a time-series from around 1990. Samples of surface sediments are also taken yearly at two
locations in the Laksefjord in Finnmark. Further, levels of radioactive contamination are investi-
gated once a year the near the wreck of the Russian nuclear submarine “Komsomolets”, which
sank in 1989 in the Norwegian Sea 180 to 190 km south-southwest of Bear Island. Samples of
surface seawater (approximately 500 L) and bottom seawater (approximately 500 L) are collected
with a CTD-rosette multi bottle sampler with large (10 L) water samplers. Sediment samples are
collected with a sediment sampler of the type “Smegen Boxcorer”. The samples are analysed for
a range of radionuclides (e.g. 28Pu, 2°24Py, '¥Cs and %Sr) at IMR and DSA.

A joint Norwegian-Russian monitoring programme of radioactive contamination in the northern
areas was established in 2006. The programme is a working group under the Joint Norwegian-
Russian Expert Group on Investigation of Radioactive Contamination of the Northern Areas.
The expert group is coordinated by Roshydromet on the Russian side and DSA on the Norwe-
gian side. The monitoring programme is described and results are summarized in e.g. Jensen et
al. 2017 and ICES 2020.

The results from the 2021 sampling campaign are not yet ready. Therefore, the present chapter
summarizes results from the last Norwegian sampling campaign in the Barents Sea in 2018. Sam-
ples were prepared and analysed during 2019. Results from analyses of '¥Cs in sediments, sea-
water and marine organisms and '¥’Cs, ¥K and ??*Ra in sediments are included. Analyses of %Sr,
28Py, 29240Py and 2! Am in seawater have been performed by the DSA, but the results will not be
presented here.
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Activity concentrations of '¥Cs in sediments collected in the Barents Sea in 2018 were below 10
Bqg/kg dry weight (dw) (Figure A5.147, Table A5.7). These levels are low and comparable to pre-
viously reported values (e.g. Skjerdal ef al. 2020; Gwynn et al. 2012). Elevated levels of ¥7Cs are
still found in sediments in fjords in mid-Norway, in areas which were heavily contaminated with
fallout from the Chernobyl accident. These results are shown in Figure A5.147 for comparison.

Activity concentrations of the natural radionuclides ¥K and ?Ra are given in Table A5.7. The
levels of these radionuclides in marine sediments depend on e.g. the mineralogical composition
and grain size distribution of the samples. The levels are comparable to those found in the Nor-
wegian Trench (Dowdall and Lepland, 2012; Helvik, 2019) and in the Baltic Sea (Ilus et al. 2007).
The ongoing project “NORM in Norwegian marine areas” aims at explaining observed geo-
graphical variations of natural radionuclides in sediments in Norwegian sea areas (DSA-info
2:2021; Heldal et al., in press).
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Figure A5.147: Activity concentrations of 1*’Cs (Bq/kg dry weight) in sediments in the Barents Sea 2018. Results for sam-
ples collected in 2018 close to “Komsomolets” and in four Norwegian fjords are included for comparison
(IMR/DSA/RAME).

Table A5.7: Activity concentrations of 13Cs, %°K, 22Ra (Bqg/kg dw) in sediments collected in 2018. n= humber of samples.

¥Cs (Bqkg'dw)  “K (Bqkg!dw) *®Ra(Bqkg!dw)

min max min max min max n
Barents Sea 0.8+0.1 4.8+0.6 552+£52 1021498 2843 9411 7
"Komsomolets" 43+0.5 63+0.6 51048 555453 2243 26 +3 4
Selected Norwegian fjords 54+0.6 191+£17 525450 820+78 2443 50 +6 8
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Levels of 1¥Cs in seawater in the Barents Sea in 2018 are shown in Figure A5.148 and Table A5.8.
The levels are low, and the results indicate that ¥Cs is relatively homogenously distributed
throughout the Barents Sea except for a tendency to somewhat elevated levels in coastal waters
along the coast of Troms and Finnmark. In general, levels of 17Cs in seawater in the Barents Sea
are slightly lower than levels in other Norwegian sea areas. The higher '¥Cs-levels in the Skag-
errak are due to the closer proximity to important contamination sources, namely outflowing
Baltic seawater, containing Chernobyl contamination, and the European reprocessing plants for
spent nuclear fuel, Sellafield and La Hague. The '¥Cs-levels in seawater in fjords in mid-Norway
are also somewhat elevated due to Chernobyl contamination (Figure A5.148).
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Figure A5.148: Levels of 137Cs (Bq/m3) in seawater collected in 2018 in the Barents Sea. Results for samples collected close
to “Komsomolets”, in four Norwegian fjords and in the Skagerrak are included for comparison (IMR/DSA/RAME). Where
two numbers are given, the left hand refers to surface water and the right hand refers to bottom water.

Table A5.8: Activity concentrations of 3’Cs (Bq/m?3) in surface and bottom seawater in 2018. n= number of samples.

137Cs (Bgq/m’®)
min max n
Barents Sea, surface 1.1+£0.2 2.1+0.6 7
Barents Sea, bottom 1.5+0.4 - 1
"Komsomolets", surface 1.1+0.8 - 1
"Komsomolets", bottom 0.8 +0.4 - 1

Selected Norwegian fjords, surface 1.8+£0.5 3.0+0.5 4
Skagerrak, surface 2.540.6 13.6+0.8 10
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Fish and marine organisms

Activity concentrations of 1¥’Cs in common species of fish collected in the Barents Sea in 2018 are
below 0.2 Bq/kg fresh weigh (fw) (Figure A5.149). This is far below the maximum permitted level
for radioactive cesium in food set by the Norwegian authorities after the Chernobyl accident (600
Bg/kg fw). To place the results into context, time-series of '¥Cs in cod along the coast of Troms
and Finnmark, and in the Bear Island area from approximately 1990 until present are shown in
Figures A5.150 and A5.151, respectively. It is evident that the levels have decreased during this
period, and the levels in cod in the Barents Sea have been below 0.2 Bq/kg fw for the past ten
years. The decrease is due to reduced discharges from Sellafield and La Hague and radioactive
decay of pollution from nuclear testing during the 1950s and 1960s and the Chernobyl accident
1986. In addition, the pollution is diluted in seawater over time.

0,20
= 0,18
=
® 0,16
(]
2 014
% 0,12
o
& 0,10
®
< 008
Q0,06
8 0,04
<
9 0,02 I
0,00
) . . A) & Q 9
& & & & SRS & & o
& ?-,\Q“ S & F & & s @“ & &
& © & TR & RC S
Q
& & N ) °
O & O

Figure A5.149: Activity concentrations (Bq/kg fw) of 137Cs in common species of fish caught in the Barents Sea in 2018
(IMR/DSA/RAME). Between 1 and 5 samples of each species have been analysed. For species where more than one sam-
ple has been analysed, the average is shown, and the minimum and maximum activity concentrations are shown with
bars. The activity concentration for snow crab was below the detection limit, and half the detection limit is plotted. The
uncertainty in single measurements vary between 20 and 50%.
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Figure A5.150: Activity concentrations of *’Cs (Bq/kg fw) in cod caught in the Bear Island area in the period 1993 to 2020

(IMR/DSA/RAME). Uncertainties in single measurements are generally below 30%.
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Figure A5.151: Activity concentrations of 13’Cs (Bq/kg fw) in cod caught along the coast of Troms and Finnmark in the

period 1991 to 2020 (IMR/DSA/RAME). Uncertainties in single measurements are generally below 30%.

Komsomolets

Although “Komsomolets” rests in the Norwegian Sea, it is relevant to include here due to the
proximity to the Barents Sea and the fact that it is known to leak radioactive contamination to
the marine environment (Nejdanov, 1993; Gladkov et al., 1994; Kazennov, 2010). Despite this fact,
Norwegian routine monitoring has not revealed any elevated contamination levels in the area
adjacent to the wreck (Gwynn et al., 2018; Figure A5.152). Since 2013, sampling has been carried
out using an acoustic transponder that allow samples to be collected at a distance of less than 20
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m from the hull of the submarine. We have not found elevated levels of ¥Cs in these samples
either.

In July 2019, a research cruise to “Komsomolets” was carried out with RV “G. O. Sars” and the
advanced Remotely Operated Vehicle (ROV) ZLgir 6000 (Heldal et al., 2019). The expedition was
organized under the Joint Norwegian Russian Expert Group for investigation of radioactive con-
tamination in Northern Areas. Using the ROV, the condition of “Komsomolets” was visually
documented and samples of seawater, sediment and biota were taken at specific locations in the
immediate vicinity of the submarine (Figure A5.153). Onboard analyses of seawater sampled
directly from the ventilation pipe where releases have previously been documented, showed
activity concentrations of 1¥Cs between <8.0 and 857 Bq/L (Heldal et al., 2019). This confirms that
releases from the reactor are still occurring, 30 years after “Komsomolets” sank. The releases of
137Cs from “Komsomolets” to the marine environment appeared to vary in amount and duration.
Samples collected during the expedition will now be further analysed in the laboratory for ¥’Cs,
%Sy, plutonium-isotopes and other radionuclides as well as trace metals to further understand
the nature of the releases from the reactor and to determine if any plutonium from the two nu-
clear warheads has been released into the marine environment. The analyses are delayed due to
the COVID-19 pandemic, but we aim to compile and publish results from the investigation in a
report under the Joint Norwegian Russian Expert Group for investigation of radioactive contam-
ination in Northern Areas in 2022.
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Figure A5.152. Activity concentrations of 13’Cs in sediments (Bq/kg dw) and bottom seawater (Bq/m?3) collected in the
area adjacent to the sunken nuclear subarine «<Komsomolets» in the period 1993 to 2020. Open symbols show activity
concentrations below the detection limit. For these samples, half the detection limit is plotted.
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Figure A5.153: The Remotely Operated Vehicle (ROV) Zgir 6000 investigating “Komsomolets” in July 2019. Photo:
IMR/Zgir 6000.
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Shipping activity

By Nina Mikkelsen and Gro I. van der Meeren (IMR)

Marine traffic is monitored by information obtained from the Automatic Identification System
(AIS). All vessels >300 gross tonnage are required to transmit AIS after the International Mari-
time Organization (IMO) adopted this requirement in Regulation 19 of SOLAS chapter V in 2000.
Since 2014, all fishing vessels >15 m operating in Norwegian waters are required to have AIS
Class A transponders.

The marine traffic, excluding fishing vessels, cover less distance than in other ocean regions.
Shipping activity measured by annual vessel density is highest in coastal areas and in areas with
high fishing activity (Figure A5.154). In the Barents Sea Management Plan (BSMP) area covering
the Norwegian sector of the Barents Sea, there was an annual increase in sailed distance (nm) in
from 2015 to 2019, followed by a slight drop in 2020. The drop in marine traffic was largely gen-
erated by reduced activity by the vessels belonging to the vessel categories cruise ships, tankers,
other activities and passenger ships (including domestic traffic by the coast such as ferries) (Table
A5.9). When including fishing vessels, they account for approximately 40% of the annual sailed
distance, followed by passenger ships and vessels classified to “Other activities” category by the
Norwegian Coastal Administration (NCA).

Receding sea ice allows more frequent open passage for shipping in the Barents Sea and the
Northeast passage between the Atlantic and Pacific Oceans. Shipping activity related to tourism,
petroleum-related activities and marine cargo transport is expected to increase, while fisheries
activities expand northwards (Fauchald et al., 2021). Prognosis made by Norwegian Coastal Ad-
ministration up to 2040 indicate that traffic in the Norwegian sector of the Barents Sea will in-
crease with approximately 40% (DNV GL, 2018).

The shipping lanes between the Barents Sea and the North Atlantic are important for ship traffic
and good surveillance reduce the risk for major pollutions due to accidents, as well as close mon-
itoring of vessels carrying dangerous goods and petroleum products.
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Figure A5.154: Shipping density, including fishing vessels, in the Barents Sea 2019. Black line illustrates the border of the
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Norwegian Barents Sea Management Plan area (Source EMODnet, BarentsWatch-Norwegian Coastal Administration).

Table A5.9: Sailed distance (nm) in the Norwegian sector of the Barents Sea by vessel categories (n=15) in the period

2015 to 2021 (Source Norwegian Coastal Administration).

Vessel category

Bulk carriers

Chemical tankers
Container ships

Crude oil tankers
Cruise ships

Fishing vessels

Gas tankers

General cargo ships
Offshore supply ships
Oil product tankers
Other activities

Other service offshore vessels
Passenger ships
Refrigerated cargo ships
Ro-Ro cargo ships

Total

2015

534292
265369
7989

134 367
227953
4277153
74161
1239784
182941
94722
1079946
71874
1441073
263 090
44 983

2016

503 049
265 386
2213
194211
264 298
4470835
73 041
1386177
180251
106 318
1039217
41401
1576353
291138
29471

2017

600473
315022
7520

237 228
294 569

4 465 287
74740
1372945
217974
114009
1214171
63 394
1600270
289 687
38248

2018

586 581
351550
22712
227 397
344900
4393 803
223596
1335260
195381
143270
1048 646
43 340
1628957
279095
38791

2019

640359
325201
24772
255622
383789
4095 986
471899
1310613
152980
151979
1257220
58 685
1602 633
257728
39241

2020

512732
241008
23279
240 225
61391
4396 588
344075
1325157
194 065
136563
1064 146
58 368
1269051
222115
28229

2021

425512
247 665
13577
224 248
35735
4368 417
282915
1379263
228 946
135859
1938278
48 348
1393314
229793
33959

9939696 10423358 10905536 10863 280 11028 704 10116992 10985 830
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Table A5.10: Emission to air 2019 by vessel categories in the Norwegian sector of the Barents Sea (source Norwegian
Coastal Administration)

Vessel category co, co NO, PM SO,
Bulk carriers 147 294 341 3469 318 557
Chemical tankers 63 848 146 1323 105 188
Container ships 2547 6 39 1 3
Crude oil tankers 125 905 290 2933 259 625
Cruise ships 130054 284 2569 205 491
Fishing vessels 409 564 956 5725 155 233
Gas tankers 521296 1194 11802 1006 2693
General cargo ships 118305 275 1886 51 161
Offshore supply ships 54821 120 750 22 31
Oil product tankers 14061 32 231 12 26
Other activities 132629 301 1869 51 92
Other service offshore vessels 18851 39 279 11 26
Passenger ships 211381 456 3743 276 492
Refrigerated cargo ships 32840 73 454 13 44
Ro-Ro cargo ships 5736 12 83 3 8
Total sum 1989133 4526 37155 2487 5 668
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Figure A5.155: Emission (tons) to air of particles (PM), SO2, CO, NOx) by all vessels within the Norwegian Barents Sea
Management Plan area 2015 to 2021 (source Norwegian Coastal Administration).

The impacts of shipping activity are generally linked to ordinary emission and pollutants due to
normal cruising but does also include risk of introducing alien species through biofouling and
ballast water, underwater noise and illegal release of pollutants. Underwater noise generated by
vessels can travel hundreds of kilometers and is predominantly at low frequency (Popper and
Hawgkins, 2019). Vessel noise may cause disturbance in fish behavior, communication, detection
of predator and prey and orientation and reproduction (Ivanova et al., 2020; Popper and Has-
tings, 2009; Slabbekoorn ef al., 2010). There are also documented effects on marine mammals from
vessel noise on behavioral and acoustic responses, auditory masking, stress and collisions (Erbe
et al., 2019; Hauser et al., 2018; Schoeman ef al., 2020). Underwater noise from vessels may affect
marine mammals when within 2 km for icebreaker vessels and as far as 52 km for tankers (Hal-
liday et al., 2017).
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Release of pollutants from ordinary cruising may be countered by improved technology and
fuel, reducing the environmental footprints even when the traffic increases. Several risk mitigat-
ing measures are already in place to reduce the environmental impacts caused by shipping ac-
tivity and described in the International Convention for the Prevention of Pollution from Ships L

Pollution generated by estimated emissions to air by all vessel categories increased in the period
from 2015 to 2021, followed by a slight decline in 2020 and 2021 (Figure A5.155). CO: is released
in the highest quantity of all emissions by all vessels and usually most frequently by vessel cat-
egories with high values of sailed distance (Figure A5.156). The release of Nitrogen oxides (NOx)
is the second most important, followed by Particular Matter (PM), Sulphur dioxide (SOz) and
Carbon monoxide (CO) is released in much lower quantities. In the period from 2016 to 2021,
there has been an increase in CO2 emissions by Gas tankers sailing in the Barents Sea, which also
corresponds to the sharp increase in sailed distance by this vessel category from 2018 (Table
A5.9). COz2emissions by Cruise ships had a sharp decline in 2020 and 2021 due to COVID-19
pandemic.

1 https://www.imo.org/en/KnowledgeCentre/ConferencesMeetings/Pages/Marpol.aspx
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Figure A5.156: CO, emissions to air by vessel categories (n=15) in the Norwegian sector of the Barents Sea in the period
2016 to 2021 (Source Norwegian Coastal Administration).

The northern part of the Barents Sea is within the boundaries of the IMO’s International Code
for Ships Operating in Polar Waters (Polar Code)?, which include mandatory measures covering
both safety and prevention of pollution to protect the environment. The code entered into forces
on 1 January 2017 and is mandatory under both the International Convention for the Safety of
Life at Sea® and MARPOL.

2 https://www.imo.org/en/MediaCentre/HotTopics/Pages/Polar-default.aspx
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Oil and gas

By Nina Mikkelsen and Gro I. van der Meeren (IMR)

Oil and gas exploration and exploitation in the Norwegian sector of the Barents Sea include seis-
mic surveys, drilling of wellbores and production of oil and gas. Transport related to the activi-
ties is covered by separate vessel categories in the previous chapter.

The Norwegian authorities grants exclusive rights to conduct exploration drilling and produc-
tion at the Norwegian continental shelf in two licensing rounds. The numbered licensing rounds
include frontier parts of the shelf are normally held every other year while Awards in Predefined
Areas (APA) are announced every year. APA comprise mature parts of the shelf with known
geology and good infrastructure (NPD, 2022a). Few new numbered licenses in frontier areas has
been granted since 2018, with only three licenses in 2021 (25 round), while the number of APA
licenses increased sharply in 2019 (APA2018) and 2020 (APA2019) (Figure A5.157). In 2021, three
APA licenses were offered in the Norwegian sector of the Barents Sea (APA2020). The offered
APA in the period 2016 to 2020 were widely distributed (Figure A5.158).
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Figure A5.157: Number of licenses granting rights to conduct exploration drilling and production of oil and gas at the
Norwegian continental shelf in the Barents Sea (2000-2021). Numbered licensing rounds (grey) in include frontier areas
(19t to 25 licensing round) and Awards in Predefined Areas (APA2004-APA2020) (green) comprise the mature part of
the shelf (Source the Norwegian Petroleum Directorate).
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Figure A5.158: Offered Awards in Predefined Areas (APA) at the Norwegian Continental Self in the Barents Sea (source
The Norwegian Petroleum Directorate).

There are currently two producing fields at the Norwegian continental shelf (NCS) in the Barents
Sea. The fields, Snehvit and Goliat, came on stream in 2007 and 2016, respectively. A third field,
Johan Castberg is under development and expected to come on stream in 2024. Produced oil at
Goliat field is exported in tankers, while gas from Snehvit field is transported by pipeline to
Melkoya onshore Liquified Natural Gas (LNG) facility at the coast of Northern Norway (Figure
A5.159). After a record high production volume in 2018, the total production volume (million
Sm? oil equivalents4) at the NCS in the Barents Sea has declined (Figure A5.160). LNG plant at
Melkoya has been closed since Sept. 28, 2020 after a fire (OGJ 2020). The startup date for Ham-
merfest LNG had has been postponed due to consequences from Covid-19 pandemic and oper-
ational restrictions and the current plan is to start up in May 2022 (Equinor 2022). A large oil
reservoir named Wisting (Figure A5.159) was proven in 2013, approximately 300 kilometers off
the coast of Northern Norway. The discovery will most likely be developed as a stand-alone
development and the plan for development and operation is expected to be submitted by the
end of 2022 (NPD 2022b).

Drilling activity produce underwater noise and pollution, but the Norwegian authorities applies
a zero environmental harmful discharge policy applies for the whole Norwegian continental

4 standard cubic metres of oil equivalent (Sm3 o.e.)
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shelf (Ministry of Petroleum and Energy, 2011). Visible drill cuttings can extend to less than 50 m
after 3 or more years post-drilling (Cochrane et al., 2019) and environmental impact has been
confined to <30m from the wellhead (Dijkstra et al., 2020). Bacterial community changes have
been observed within 100 m from the drilling site and bacterial perturbations may last for more
than eight years after drilling (Nguyen et al., 2021).
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Figure A5.159: Active fields for oil- and gas exploitation in the Norwegian EEZ, by March 2021 (Source The Norwegian
Petroleum Directorate).
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Figure A5.160: Annual production from the Barents Sea petroleum fields, from 2007 to 2021 (source The Norwegian
Petroleum Directorate).

Seismic technology is used to analyse the ground below seabed to discover new oil and gas re-
sources and to monitor production fields. The prevalence of geophysical surveys at the NCS in
the Barents Sea vary greatly from year to year in terms of area covered, type of survey, shooting
density and more (NPD 2022a). The ordinary seismic surveys are two-dimensional (2D), three-
dimensional (3D) or four-dimensional (4D) (NPD 2020, Slabbekoorn et al., 2019). 2D surveys are
often used in large regional aiming to discover oil and gas resources while 4D is largely used for
reservoir monitoring (NPD 2019, Slabbekoorn et al., 2019). 3D surveys are increasingly used, as
they provide more detailed information and an increasing average acreage per survey (NPD,
2020) (Figure A5.161).
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Figure A5.161: Number of seismic surveys in the Norwegian EEZ (Barents Sea) from 2009 to 2020 (source The Norwegian
Petroleum Directorate).

Norway has managed seismic surveys based on potential impact of fish stocks since 1980s and
since 2018, marine mammals are included in the advice (Sivle et al., 2021). An annual advice on
seismic surveys is included in the annual advice on the impact of anthropogenic noise in Nor-
wegian waters and includes temporal/spatial maps of areas where seismic and electromagnetic
surveys are not recommended (Sivle et al., 2022). Spawning grounds for fish are closed for seis-
mic surveys. Underwater noise created by seismic exploration of the seabed may have an impact
on fish and marine mammals causing behavioural or physical change (Slabbekoorn et al., 2019).
Although there is a lack of knowledge on population effects, effects from seismic shooting have
been documented in several studies; reduced likelihood for social interaction in humpback
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whales (Dunlop et al., 2020), subtle changes to bowhead whale surfacing, respiration, and dive
behaviour (Robertson et al., 2013), changed distribution, local abundance and catch-rates of fish
(Engas et al., 1996; Lokkeborg et al., 2012). Underwater noise from seismic survey may potentially
mask communication up to 18 km from the source (Rogers et al. 2021)
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Interactions, drivers and pressures

By Bjarte Bogstad (IMR), Dmitri Prozorkevich (PINRO), Andrey Dolgov (PINRO), Georg Skaret (IMR),
Irina Prokopchuk (PINRO), Padmini Dalpadado (IMR), Aleksandr Benzik (PINRO), Anna Gordeeva
(PINRO), Johanna Fall (IMR)

Feeding data for capelin and polar cod could not be updated before this year's WGIBAR meeting,
thus there are only minor updates of the diet information. For cod some updates including 2021
data were available, also estimates of historic consumption by cod are changed since last year
due to updates in the cod assessment. Several papers on diet studies for these species will be
presented at the 19t Norwegian-Russian symposium in Tromsg in June 2022.

Feeding and growth of capelin and polar cod

Fourteen years (2006-2019) of capelin diet were examined from the Barents Sea where capelin is
a key species both as a prey and predator. The PINRO/IMR mesozooplankton distribution usu-
ally shows low plankton biomass in the central Barents Sea, most likely due to predation pres-
sure from capelin and other pelagic fish. This pattern was also observed during 2017 to 2020. In
the Barents Sea, a pronounced shift in the diet from smaller (<14 cm) to larger capelin (=14 cm) is
observed. With increasing size, capelin shift their diet from predominantly copepods to euphau-
siids, (mostly Thysanoessa inermis - not shown), with euphausiids being the largest contributor to
the diet weight in most years (Figure A5.162). However, in 2019 the portion of copepods slightly
increased compared to 2018, while the portion of euphausiids somewhat decreased. Hyperiid
amphipods contributed a small amount to the diet of capelin (4% on the average). The stomach
fullness is the highest in the central and northern areas of the Barents Sea (Fig A5.163), where the
capelin concentrations usually are the highest. The TFI values in 2019 were somewhat higher
than in the two preceding years.
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Figure A5.162: Stomach fullness (PFI, Lilly and Fleming 1981) of capelin during the BESS survey in August-September
2006-2019. Number of fish sampled in each year is indicated on top of the bars.
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Figure A5.163: Geographic distribution of Total Fullness Index (TFl, Lilly and Fleming 1981) and PFI for capelin, in 2019.

Capelin growth decreased from 2009 onwards in a way similar to earlier periods of relatively
high capelin abundance (1990-1992, 1998-2002) (Figure A5.164). There was a corresponding de-
crease in stomach fullness of capelin from 2009 onwards. These trends were reversed in 2014;
both weight-at-age and stomach fullness were at high levels until 2019/2020 but capelin weight
at age 2 decreased considerably in 2021 due to density-dependent growth (Figure A5.166).

The decrease in individual growth rate and condition of capelin observed before 2014 for the
large capelin stock may have been caused by reduced food availability linked to strong grazing
on the largest planktonic organisms; as suggested by reduction of the largest size fraction (>2
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mm) in the Norwegian zone during the autumn survey (see section above about Zooplankton).
Plankton species composition in the northeastern area has changed. Large calanoid copepods,
Calanus finmarchicus and C. glacialis are important prey items for capelin. Abundance and bio-
mass of boreal C. finmarchicus and arctic C. glacialis have increased since 2015 providing favour-
able conditions for capelin feeding. Small copepods Pseudocalanus spp. are one of the most nu-
merous copepods species in the Barents Sea. However, this copepod is not consumed by capelin,
likely due to its small size (approximately 2.5 times smaller than C. finmarchicus), though its
abundance had been increased up to 2018 and stayed at high level in 2019.

Capelin weight at age vs. TFI
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Figure A5.164: Growth (weight at age from ecosystem survey) and stomach fullness (TFl) of capelin in 1973-2021.

Capelin growth depends on the state of the plankton community (Skjoldal et al., 1992; Dalpadado
et al., 2002; Orlova et al., 2010). Capelin produces a strong feedback mechanism on zooplankton
stock levels through predation (Figure A5.165, Dalpadado et al., 2003; Stige et al., 2014); it has
been found to be particularly pronounced for krill in the central Barents Sea (Dalpadado and
Skjoldal, 1996).
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Figure A5.165. Fluctuation of capelin stock and zooplankton biomass in the Barents Sea in 1984-2021.

There is evidence of a density-dependent effect on capelin growth. This is reflected in decreasing

length of individual capelin (2- and 3-year-olds) with increasing capelin abundance (Figure

A5.166). The 2021 observation for age 2 (red dot) corresponds well with the general pattern of

density-dependent growth for this age group.
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Figure A5.166: Average length as function of abundance for capelin at age 2 and 3. Red dots: 2021 observations.

Diet data from 2007 to 2019 indicate that polar cod mainly feed on copepods, amphipods (mainly

hyperiids Themisto libellula and occasionally gammarids), euphausiids, and other invertebrates
(to a lesser degree) (Figure A5.167). Large polar cod also prey on fish. The total stomach fullness
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index decreased after 2011 and was at a fairly low level in 2012 to 2015; the index increased again
in 2016 to the highest level measured in this 10-year time-series and remained relatively high in
2017 to 2019 (Figure A5.168). In 2019, the portion of copepods and euphausiids slightly increased,
compared to 2018. Despite increased number of Themisto libellula in the Barents Sea in 2019, the
portion of amphipods in polar cod diet slightly decreased compared to 2018.

The growth rate of polar cod was low for age 3 and intermediate for ages 1-2 in 2016 to 2018
(Figure A5.169) and, thus, does not reflect the increase in stomach fullness from the 2012-2015 to
the 20162018 period. It should be noted that spatial coverage for polar cod is incomplete during
most years of the BESS; thus, growth and stomach fullness data may not reflect the status of the
entire population. The stomach fullness was the highest north of Spitsbergen and in the northern
Barents Sea. The higher proportion stomach filling (high TFI) in the diet specially in 2018 but
also in 2019, compared to 2017 may reflect the high abundances of Themisto libellula in the east
Svalbard region.
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Figure A5.167: Stomach fullness (PFl) of polar cod during the BESS survey in August-September 2007-2019. Number of
fish sampled in each year is indicated on top of the bars.
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Polar cod weight at age vs. TFI
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Figure A5.169: Growth (weight at age from ecosystem survey) and stomach fullness (TFl) of polar cod in 1986 to 2021.

Feeding, growth, and maturation of cod

Feeding

Figures A5.170 and A5.171 show the consumption and diet composition of cod.
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Figure A5.170: Cod consumption 1984 to 2020. Consumption by mature cod outside the Barents Sea (3 months during
first half of year) not included. Norwegian calculations, from AFWG 2021.
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Figure A5.171: Cod stomach content composition in the Barents Sea in 1984 to 2021, by weight (aggregated over all size
groups).

Cod is the major predator on capelin; although other fish species, seabirds and marine mammals
are also important predators. The cod stock abundance in the Barents Sea peaked around 2013
and have declined since, although it is still above the long term average. The cod spawning stock
and thus the abundance of old, large fish is still relatively high. Estimated biomass of capelin
consumed by cod in recent years has been close and in some years above the biomass of the
entire capelin stock (Figure A5.172). Abundance levels of predators other than cod are also high
and, to our knowledge, stable.
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Figure A5.172: Size of the capelin stock and estimated consumption of capelin by cod. Note that the capelin biomass is
estimated in September and may not be representative for the biomass available for cod during the year when year-to-
year variability is high.

Estimated consumption of capelin by cod during first and second parts of the year has indicated
different temporal patterns. Consumption during the 1st and 2" quarters has been high during
earlier periods and includes consumption during the spawning period, and during spring and
early summer prior to seasonal capelin feeding migrations. From 2009 onwards, however, a
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major difference has been the pronounced increase to a much higher level of consumption in the
3rd and 4% quarters (Figure A5.172). This reflects the northward movement of cod stock, and a
larger spatial overlap between cod and capelin under the recent warm conditions. A declining
trend is seen in the last years, which may be due to both a lower capelin stock and the northern
limit of cod distribution moving southwards (see the section above about Zoogeographical
groups of non-commercial species).

Polar cod abundance vs. cod consumption
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Figure A5.173: Acoustic estimates of polar cod compared to consumption of polar cod by cod and % of polar cod in cod
diet, 1986-2020.

Figure A5.173 shows that there generally is a reasonable correspondence between the proportion
of polar cod in the cod diet and acoustic estimates of polar cod.

Shrimp consumption by cod and shrimp catch vs.
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Figure A5.174: Shrimp consumption by cod and shrimp catch vs. biomass estimates of shrimp (ICES NIPAG 2021).

The estimated biomass of shrimp in the Barents Sea has increased in recent years. The trends in
shrimp biomass are to some extent reflected in the cod diet (Figure A5.174). Note that the pro-
portion of shrimp in the cod diet in 2019 was the highest since 2007.
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Figure A5.175. Cod diet composition in the northern part of the Barents Sea during the ecosystem survey in August—
September 2011-2019. Red dots indicate capelin, and blue dots polar cod.

Capelin is the main prey item for cod. High or low stock biomass of capelin affect the biological
state of cod.

During the first capelin collapse (1985-1989) the importance of capelin in cod diet decreased from
53% in 1985 to 20-22% (maximum) for the remainder of the collapse period. During that period,
an increase of other prey was observed; in particular, hyperiids which constituted 7 to 23% of
the capelin diet and redfish which constituted 3 to 18%.

During the second capelin collapse (1993-1997), the proportion (by weight) of capelin in the cod
diet was high during the first 2 years (47% and 30%), followed by a decreased to 6 to 16%. During
this period, cannibalism in cod increased sharply from 4-11% to 18-26% of the diet. In addition,
more intensive consumption of hyperiids was observed (1-12%), but the proportion of hyperiids
consumed was still much lower than during the first collapse.

During the third capelin collapse (2003-2006), consumption of capelin by cod was rather high
(10-26%). Several alternative prey groups were present in the cod diet in similar quantities: ju-
venile haddock (6-11%) and cod (5-10%); herring (3—-11%); blue whiting (1-5%); and hyperiids
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(1-12%). Consumption of capelin by cod during the most recent years has remained somewhat
stable (17-31%) but has been much lower than during earlier periods of high capelin abundance
(average 36-51%). In recent years, a relatively diverse cod diet has been recorded: with stable
high consumption of juvenile cod and haddock (6-11 and 5-11%, respectively); other fish species
(11-15%); and other food types (21-33%) (mainly ctenophores and crabs).

Investigations of cod diet in the area north of 76°N showed different types of feeding intensity
in three different local areas (Dolgov and Benzik, 2014). Cod feeding intensity was low (149-169
0/000) in areas near western and southern Spitsbergen — where cod feed on non-commercial fish.
Other local areas were characterized by high feeding intensity (MFI 214-251-169 ©/o00) with cape-
lin as dominant; non-target species (snailfish and sculpins), polar cod, and hyperiids were also
consumed. These two are traditional areas of cod distribution during summer. The third area
(Franz Josef Land, northern Novaya Zemlya, and adjacent areas) has become available habitat
for cod only since 2008; in this area, cod (MFI 284-340 %/o0) feed intensively on polar cod and
capelin. Northward expansion of cod distribution, and their movement into northeastern Barents
Sea results in better feeding conditions for cod under their high stock biomass and decreasing of
main prey (capelin and polar cod). However, cod intensively fed on capelin and polar cod in
2015 to 2018 despite their low stocks (Figure A5.175). In 2019, consumption of these important
prey was much lower and occurred in rather restricted areas in the northern Barents Sea com-
pared to previous years.

In addition, some new prey items have recently appeared in the cod diet. The non-indigenous
snow crab (Chionoecetes opilio) has become a rather important prey item for cod, especially in for
large cod in the eastern Barents Sea alongside Novaya Zemlya (Dolgov and Benzik, 2016, Holt et
al., 2021). The percentage (by weight) of snow crab in the cod diet sharply increased from 2014
onwards (Figure A5.176). In contrast, two other non-indigenous crab species (red king crab and
deep-water crab Geryon trispinosus) have not become more important in the cod diet. The differ-
ence is probably related to higher overlap between cod and snow crab, and more appropriate
body shape and size of snow crab than the other crab species as prey for cod.
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Figure A5.176. Importance of snow crab in cod diet (% weight of total consumption) in 1984 to 2020. Based on Norwegian
consumption calculations.

Weight at age for young cod as measured from the winter survey has decreased in recent years
(Figure A5.177) and was in 2021 the lowest observed or very close to that for age groups 3-7. The
decreasing trend in growth seems to have been halted now, however. Concerning consumption,
the biggest decrease in per capita consumption was observed for age 2 and this corresponds well
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to the decrease in growth from age 2 to 3 as measured from the winter survey (Figure A5.178).
Maturity-at-age for cod decreased considerably in 2015 to 2016 but then increased again. The
2021 values are however somewhat below the level observed in 2000 to 2010 (Figure A5.179).
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Figure A5.177: Cod weight at age 3-7 as calculated from the winter survey, for 1994 to 2021.
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Figure A5.178: Cod consumption at age 2vs.growth from age 2 to 3.
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Figure A5.179: Maturity-at-age for cod ages 6-9 (ICES 2021).

Causes of capelin stock fluctuations

Stock size fluctuations

The Barents Sea capelin has undergone dramatic changes in stock size over the last four decades.
Three major stock collapses (when abundance was low for several years and fishing moratori-
ums imposed) occurred during 1985-1989, 1993-1997, and 2003-2006. During the recent period
2014-2020 the stock size has fluctuated considerably. A rapid decline in stock size was recorded
from 2014 and in 2015 to 2016 the total stock size was below 1 million tonnes. The capelin stock
size estimate from 2016, however, must be considered an underestimate (Skaret et al., 2019). Stock
size again increased in 2017. The 0-group abundance in 2019 was record high, which was con-
firmed by high abundances of 1-year-olds in 2020 and 2-year-olds in 2021. The 2020 year class
was also above average, so the abundance of capelin in autumn 2021 was the highest since 2008
and mostly consisting of 1 and 2-year-olds.

Previous capelin collapses have had serious effects cascading both upwards and downwards in
the foodweb. Reduced predation pressure from capelin has led to increased amounts of zoo-
plankton during periods of capelin collapse. When capelin biomass was drastically reduced, its
predators were affected in various ways. Cannibalism became more prominent in the cod stock,
cod growth was reduced, and maturation delayed. Seabirds experienced increased rates of mor-
tality, and total recruitment failures; breeding colonies were abandoned for several years. Harp
seals experienced food shortages, and recruitment failure, and increased mortality; partly be-
cause they invaded coastal areas and were caught in fishing gear. The effects were most serious
during the 1985 to 1989 collapse, whereas the effects could hardly be traced during the third
collapse. Gjoseeter et al. (2009) concluded that these differences in effect likely resulted from in-
creased availability of alternative food sources during the second and third collapses (1990s and
2000s). It is too early to draw firm conclusions about cascading effects related to the “mini-col-
lapses” observed recently, since it may take some years before lagged effects are observable.
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The capelin stock collapses were caused by poor recruitment, most likely in combination with
low growth and increased predation pressure. It is likely that high levels of fishing pressure
during 1985 to 1986 amplified and prolonged the first collapse. After each collapse, the fishery
has been closed and the stock has recovered within a few years due to good recruitment. Several
authors have suggested that predation by young herring on capelin larvae has had a strong neg-
ative influence on capelin recruitment and, thus, has been a significant factor contributing to
these capelin collapses (Gjoseaeter et al., 2016), while others (Dolgov et al., 2019) claim that other
reasons for the periodic recruitment failures could be more important.

Recruitment of capelin

Capelin is a short-lived species and thus the stock size variation is strongly influenced by the
annual recruitment variability (Figure A5.180). There was a better correspondence between the
abundance of 0-group and one-year-olds in the first half of the time period where both estimates
are available. It should be noted that estimates of the abundance of the 0-group are carried out
by the swept method and have a large uncertainty for small year classes. In recent years, very
high but fluctuating estimates of 0-group were obtained and the mortality from age 0 to age 1
has seemingly increased (Figure A5.181). Especially the year classes 1985, 2008, 2015-2016 and
2018 were heavily reduced in size from the 0-group to the 1-group stage. While the three first
capelin stock collapses were initiated by increased mortality at the early larval stage, between
the larval survey in May-June and the 0-group survey in August, the increased mortality on
young capelin in recent years is seemingly occurring later; between the 0-group survey and the
acoustic measurement of the 1-year-olds. The reasons for this seemingly increased natural mor-
tality at this stage is unknown but could likely be caused by other factors than those in effect
during the collapses in the 1980s, the 1990s, and the 2000s. In 2019, a record strong year class
occurred, and the 2020 year class was also strong, so there have now been two years in a row
with recruitment above the long term mean.
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Figure A5.180: Capelin at age 0 and 1 for the year classes 1980 to 2021.
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Figure A5.181: Fluctuation of capelin natural mortality from age 0 to age 1 for the year classes 1980 to 2020. The years
with “negative” mortality was removed.

There is a strong positive correlation between first year growth of capelin and recruitment (Berg
et al. 2021) (Figure A5.182). This indicates that good growth conditions in early life stages en-
hance survival, while the effect of density-dependent growth increases later in life.
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Figure A5.182: Model estimated deviation from the overall temporal trend of size of first otolith growth zone (gz1) as a
function of log-transformed number of recruits (From Berg et al. 2021). The model used was a Bayesian hierarchical
spatio-temporal model.

Figure A5.183 shows a stock-recruitment plot (updated from Gjesaeter et al. (2016)) for the year
classes 1973 to 2020. The SSBs are those estimated by the assessment model for capelin (ICES
2021a).

The points are coloured according to the amount of young herring estimated to be in the Barents
Sea in the spawning year. The amount of herring is the abundance of age 1 and age 2 herring
from the assessment model times the mean weight of these age groups (ICES 2021b). The 1989-
year class is the strongest year class at age 1 (700 billion). The average recruitment in the period
is about 180 billion. It is seen that the recruitment in “red years” are below average recruitment
in 13 out of 15 years, while in “green years” the recruitment is below average in 11 out of 18
years. In years with low numbers of young herring in the Barents Sea the recruitment is below
average in 5 out of 11 years, and only when the SSB is below 100 kt. This supports the hypothesis
that capelin recruitment is negatively affected in years with substantial amounts of young her-
ring in the Barents Sea (Gjosaeter ef al. 2016). On the other hand, the general shape of the stock—
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recruitment relationship, where the highest recruitment is obtained for small to medium SSBs,
points to the possibility of cannibalism or other density-dependent mortality mechanisms (Dol-
gov et al., 2019). In any case, the large variability in recruitment clearly indicates an interplay of
many factors affecting the recruitment of capelin.
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Figure A5.183: SSB/R plot for capelin. Cohorts 1981 to 2020. Points coded according to herring biomass as explained in
the text. (Updated from Figure 7 in Gjgsaeter et al. 2016).

Figure A5.184 depicts a stock-recruitment plot based on maturing stock size during autumn %
year before spawning instead of estimated spawning stock size, and estimated number of 0-
group capelin as an indicator of recruitment instead of one-year-olds.
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Figure A5.184: Relationship between mature stock biomass (>14 cm) with spring fishery subtracted (biomass at 1 Oct. Y,
total landings from 1 January to 1 April. Y+1 are subtracted, 1000 tonnes) and 0-group index in millions (Y+1), covering
the cohorts 1980 to 2021. The size of bubbles indicates the biomass of herring at age 1-3 (ICES WGIBAR data). Minimum
diameter of bubble corresponds to 0.02 million tonnes of herring (1983), the maximum - 4.802 million tonnes. (2005).
The red point is the 1989 cohort which is the basis for the current reference point (Blim). The green point is the 2021-
year class.

Causes of polar cod stock fluctuations

The acoustic estimates of the Barents Sea polar cod stock (Figure A5.185) have been highly vari-
able, and this is likely due to both natural variations in stock size and variable survey coverage.
Consequently, the fluctuations in stock size are probably less than what is derived from the esti-
mates of stock size.



230

ICES SCIENTIFIC REPORTS 4:50

Polar cod biomass and recruitment

2000 120
1800
1600 100 =
] &
% 1400 80 2
S 1200 S
S 5
S 1000 60 =
= =
@ 800 g
e €00 40 =
k) 2
(&}
“ 400 o &
200 u
0 0

1986 1989 1992 1995 1998 2001 2004 2007 2010 2013 2016 2019

TSB e Recruitment

Figure A5.185: Total stock biomass and recruitment (acoustic estimate of 1-year-olds) of polar cod in the Barents Sea.

The reasons for this are unclear. Norway conducted commercial fisheries on polar cod during
the 1970s; Russia has fished this stock on more-or-less a regular basis since 1970. However, the
fishery has for many years been so small that it is believed to have very little impact on stock
dynamics. Reasons for the stock fluctuations must therefore be sought in variable natural mor-
tality and variable recruitment, or a variable part of the total stock may be found outside the
Barents Sea.

The rate of natural mortality for this stock appears to be quite high; even in absence of fishing
the total reduction in numbers from one age group to the next judged from the acoustic surveys
are substantial in some years. It appears that polar cod mortality has increased in recent years,
although “negative mortalities” in some years make it difficult to draw firm conclusions, as
stated above. Presumably most of the natural mortality is caused by various predators. Although
it is generally assumed that polar cod is a key forage species in the Arctic, and that large preda-
tory fishes (like cod), seals, and seabirds are important consumers, not much is known about the
details, like for instance who are the dominant predators on each of the polar cod age groups.
Since polar cod are normally found at deeper waters as they grow older and larger, seabirds
probably play a minor role in consuming larger polar cod. On the other hand, predatory demer-
sal fish like cod, Greenland halibut, long rough dab and others probably mostly consume larger
polar cod. Seals are able to feed over most depths in the Barents Sea, and polar cod is known to
be a dominant prey for harp seals (Haug ef al. 2021 and references therein). Only for cod do we
have a year by year consumption estimate of polar cod, and the consumption estimates varies
from less than 100 kt (in the 1980s and in 2014 and 2017) to more than 700 kt (in 2009). Preliminary
analysis of cod consumption in the arctic Barents Sea in late summer shows a strong increase in
cod’s consumption of polar cod from the period 20042007 to 2008-2013, coinciding with a re-
duction in polar cod biomass. In the later period, the cod stock increased and expanded its dis-
tribution to the north and northeast, overlapping more with the polar cod habitat. After this pe-
riod, consumption of polar cod has been reduced to similar, or slightly higher, levels as before
the expansion. The consumption after 2013 has seemingly decreased somewhat in pace with the
decrease in cod stock size, and the more southern distribution of cod during the feeding season.
However, consumption increased in 2020 following the recruitment of the strong 2019-year class.
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Since the mid-1990s, there has been a general trend of increase in both air and water temperature
in the Barents Sea (see the section above about Meteorological and oceanographic conditions);
record high temperatures have been recorded during the 2000s. The areal extent of sea ice cov-
erage has never been lower than in 2016. In the Barents Sea, the area of Arctic water decreased,
while a larger portion has been dominated by warmer Atlantic water. These climatic changes
have likely affected the distribution and abundance of Arctic species like polar cod. It should be
noted that, since 2016, the temperatures have decreased somewhat, and the ice coverage has
shown an increasing trend. Nevertheless, the ice coverage in November 2020 was the smallest
since 1951, that could affect spawning condition for polar cod in winter 2020/2021. At the same
time, there is a lack of knowledge of the spawning area of polar cod. Previously, spawning was
in the southeastern part of the Barents Sea, but in the last warm years it shifted to the southwest-
ern part of the Kara Sea. Some spawning places have in 2013 been found in a shallow water area
at 77°00’-77°30" N 75°-80° E (Prokhorova et al., 2013). How spawning places can affect polar cod
recruitment and therefore stock size fluctuation is unknown.

0-group polar cod prey on small plankton organisms such as copepods and euphausiids, while
adults feed mainly on large Arctic plankton organisms such as Calanus hyperboreus and C. glacialis
and hyperiids. The biomass of Arctic forms of zooplankton decreased in recent years and most
likely influenced negatively the feeding conditions for 0-group polar cod. However, no signifi-
cant changes in the condition of adults were observed in recent years. This indicates a high de-
gree of adaptability of this species to changes in the environment and enough available food
resources.

The recruitment (Figure A5.185) has been spasmodic in recent years; mostly modest but with
very strong year classes in 2014 and 2019. Less is known about recruitment mechanisms of polar
cod than of capelin, but some recent studies of recruitment of polar cod (Eriksen ef al., 2019,
Huserbraten et al., 2019, and Gjeseeter ef al., 2020) may shed some additional light on this topic.

Based on a particle tracking model, Eriksen ef al. (2019) studied simulated drift patterns of polar
cod eggs in the Svalbard area. It has been inferred from 0-group distributions that some spawn-
ing must have been taking place near Svalbard, but the location of this spawning is unknown.
By releasing “eggs” several places around the Svalbard peninsula, from inner fjords to the outer
coast, and letting these “eggs” drift with the currents until late summer and then compare their
distribution with observed distributions of 0-group, the authors were able to backtrack the most
probable spawning locations. Because there is a clockwise gyre flowing around Svalbard, they
concluded that outer coastal areas both at the western, northern and eastern coasts of Svalbard
would be possible spawning areas, but that spawning locations under the ice east of Svalbard
was the most probable spawning area for the western component of polar cod. This finding was
confirmed by similar studies carried out by Huserbraten et al. (2019), who expanded the particle
drift experiment to many more years and included the whole Barents Sea. The data-driven bio-
physical model of polar cod early life stages used in the latter study predicted a strong mecha-
nistic link between survival and variation in ice cover and temperature; ice cover was positively
related to survival of polar cod eggs and larvae, while temperature was negatively related to
survival. The backtracking model also suggested a northward retreat of the spawning assem-
blages in the eastern Barents Sea, possibly in response to warming.

Gjoseeter et al. (2020) used the same biophysical model to characterize the environmental and
developmental properties of the early life history of individuals that reached the 0-group stage
at the time and place of observations, and examined if and how ice cover, ice breakup time,
maximum temperature, and spawning-stock biomass relate to modelled larval survival. Results
indicate that high ice coverage has a significant positive effect and high temperature a significant
negative effect on survival of eggs and larvae from an eastern spawning component. No
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significant effects were found for the western spawning component, possibly because the varia-
tions in ice cover have been less noticeable there.

These recent studies support earlier findings that successful polar cod recruitment is associated
with an ice cover until the eggs hatch. After hatching, however, larval survival depends on avail-
able food, which will only be available after ice break-up and onset of primary and secondary
production. One may hypothesize, that ice break-up synchronizes these events, since the melting
of ice and the associated stabilizing of the water column, warming of the surface layer, and deep-
ening of the photic zone may initiate both hatching of eggs and onset of algal production.

Eriksen, E., M. Huserbraten, H. Gjoseeter, F. Vikebe and J. Albretsen (2019). "Polar cod eggs and larval drift
pattern in the Svalbard archipelago.” Polar Biology. https://doi.org/10.1007/s00300-019-02549-6

Gjeseeter, H., Huserbraten, M.B.O., Vikebg, F. and Eriksen, E.2020. Key processes regulating the early life
history of Barents Sea polar cod. Polar Biology. https://doi.org/10.1007/s00300-020-02656-9

Huserbraten, M. B. O., E. Eriksen, H. Gjosaeter and F. Vikebe (2019). "Polar cod in jeopardy under the re-
treating Arctic sea ice.” Communications Biology 2 407. https://doi.org/10.1038/s42003-019-0649-2

Cod-capelin-polar cod interaction

The interaction among cod, capelin, and polar cod is one of the key factors regulating the state
of these stocks. However, this interplay is far from fully understood. Cod prey on capelin and
polar cod and can strongly influence the numbers of these species, while the availability of these
prey for cod varies. In addition, 0-group cod may also feed on 0-group capelin.

A prerequisite for feeding interactions is geographical overlap. The summer overlap between
cod and capelin increased from 2008 to 2016, mainly due to an increasing cod stock and increased
size of suitable habitat for cod. Similarly, the overlap with polar cod increased in this period.
However, the northern limit of the summer cod distribution has moved southwards in recent
years as the cod stock has declined, which may have been beneficial for the polar cod. The effect
on cod’s overlap with capelin is less clear. Figure A5.186 shows the overlap between cod and
capelin from three recent BESS years with high capelin abundance and declining cod abundance:
2013, 2017 and 2021. Although cod overlaps with capelin in the north in all these years, the abun-
dance of cod in the main capelin distribution area decreased from 2013 to 2017 and from 2017 to
2021. In general, there is low correspondence between changes in cod-capelin horizontal overlap
and changes in capelin consumption in summer. The cod-capelin feeding interaction mainly
takes place on the banks of the northern Barents Sea, where cod’s consumption of capelin is more
strongly related to vertical overlap with capelin than horizontal overlap.
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Figure A5.186: Capelin acoustic recordings overlaid with cod CPUE from BESS for three years of high capelin abundance,
2013, 2017 and 2021. The circle sizes for cod corresponds to the fourth root of CPUE (kg/nmi?) per demersal trawl station,
while capelin circle sizes for capelin correspond to NASC per nautical mile. Different red colours indicate overlapping
circles.

The cod-capelin overlap was relatively low in the period 2004 to 2015, suggesting a weak aggre-
gative response of cod to capelin (Fall et al. 2018). However, increasing cod population size and
water temperatures in this period influenced a northward shift of the late summer overlap area
(Fall et al. 2018). The overlap between immature cod and capelin showed a rising trend, while
the mature cod-capelin overlap had a less clear trend over time (Figure A5.187A). The overlap
area also increased in size, particularly for immature cod, which reflects the northeastwards ex-
pansion of the cod stock. The observed increased overlap over time could be interpreted as facil-
itating increased consumption of capelin per unit of cod stock in recent years. However, when
comparing the amount of capelin consumed by cod in the summer-autumn period with the over-
lap, there is no obvious relationship (Figure A5.187A and B). Consumption by immatures peaked
during a period of average overlap, and for mature cod, the overlap trend is a near inverse of the
trend in consumption. Generally, correlations between spatial overlap and consumption have
been weak in summer, at several spatial scales (Fall, 2019).

Since cod is mainly distributed near the seabed and capelin in the free water masses, cod may
overlap with capelin in the horizontal dimension but still be segregated by depth, always or
during parts of the day. A recent study on drivers of variation in cod’s consumption of capelin
considered both capelin density (horizontal overlap) and capelin depth distribution (vertical
overlap), finding that horizontal overlap had small effects on consumption, while vertical over-
lap was important (Fall ef al. 2021). Even when accounting for variation in capelin depth distri-
bution, changes in capelin density did not have a strong effect on cod consumption (Fall et al.
2021). A potential explanation for this is that once capelin is present, it is present in densities that
allow cod to reach satiation (Fall and Fiksen 2019). Cod fed more intensively on capelin when
capelin came close to the seabed, especially at banks and bank edges of the Barents Sea (Fall et
al. 2021). Aarflot ef al. (2018, 2020) showed that capelin also feed more effectively over the banks
where plankton are trapped in shallow and light conditions during the day, pointing to a trade-
off between foraging and predation risk for capelin. How these findings reflect the feeding dy-
namics in other seasons should be further explored.
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Figure A5.187: Deviations from A) mean overlap and size of the overlap area 2004-2015, and B) mean capelin biomass,
cod biomass, and estimated capelin consumption by cod 2004-2020. Panel A shows mean overlap and size of the overlap
area (overlap extent) from Fall et al. (2018) using predictions from the area north of 74 N. Panel B shows the same data
as Figure A5.172 but split on cod maturity stage (age 3—-6 were considered immature) with the addition of cod stock
biomass. Quarterly consumption estimates for 2021 were not available for the working group.

Cod can prey intensively on polar cod. When polar cod and capelin occur in mixed concentra-
tions, which they often do in northern and eastern areas, polar cod may be easier to catch due to
lower swimming speeds (confirmed by trawl catch analyses) and distributions closer to the bot-
tom. However, capelin is a fatter and energetically more valuable prey item. A potential example
of this trade-off was seen in cod feeding on mixed aggregations of polar cod and capelin on the
Great Bank, where the proportion of polar cod in cod stomachs was higher in the smallest cod
(Skaret et al. 2020). According to the estimated consumption of various prey species by cod (Fig-
ure A5.170 abd A5.171) the consumption of polar cod is much lower than the consumption of
capelin. Overlap between cod and polar cod varied between areas and seasons. In northern and
eastern areas cod overlap with polar cod prespawners during late autumn—early winter and with
younger polar cod during summer—-autumn, and as seen during the cod expansion phase when
overlap with polar cod increased in the northernmost Barents Sea. The polar cod biomass in the
Barents Sea is currently (2021) much lower than the capelin biomass, and this situation is likely
to persist for a couple of years.

Interspecific interactions in this trophic system are very complex and require more detailed
study.
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