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1 Introduction

This is the full version of the Joint Norwegian-Russian environmental status 2013 report on
the Barents Sea Ecosystem. The report was initiated by the Joint Russian-Norwegian
Commission on Environmental Cooperation and the work has been carried out in co-operation
with the Joint Russian-Norwegian Fisheries Commission.

The main objective of this report is to provide a comprehensive description of the Barents Sea
ecosystem using relevant scientific knowledge from both Russian and Norwegian scientists.
The report is aimed at groups such as decision makers, professionals involved in ecosystem-
based research and management, and journalists. It presents the main findings of expert
groups addressing the current status of the Barents Sea ecosystem, including: climate;
microbes and viruses; phytoplankton; zooplankton; benthos, shellfish, and squid; fish; marine
mammals; sea birds; infectious organisms; threatened and introduced species; fisheries; oil
and gas extraction; and pollution.

This report contributes to the scientific basis for further development of a coordinated
ecosystem-based approach to the management of human activities affecting living resources
in both Norwegian and Russian Territories of the Barents Region. Norway has already
developed and implemented an “Integrated management plan for the Barents Sea—Lofoten
area”; Russia is working to develop a similar plan.

Development and implementation of ecosystem-based management plans requires extensive
information about various components of the system and its dynamic interactions, as well as
information about the effects of anthropogenic activities on the ecosystem. Toward meeting
these objectives, this report provides a basic description of major components of the Barents
Sea ecosystem and how they interact, including the physical environment. It also describes
human activities, and discusses their impact on the ecosystem. The status of major ecosystem
components is described using the most recent data. Some aspects of long-term change are
discussed. In addition, examples of important issues relevant to the development of
ecosystem-based management are highlighted.

It should be noted that although core issues are discussed, no attempt is made to address a
complete list of relevant themes. Human activities and subsequent anthropogenic impacts are
expected to increase in the future. Accordingly, the report emphasizes the importance of
monitoring all components of the ecosystem, including human activities, to provide
information needed for an integrated ecosystem-based approach to resource management.

This report builds upon earlier reports on the status of the Barents Sea ecosystem developed
jointly by the Polar Research Institute of Marine Fisheries and Oceanography (PINRO in
Russia) and the Institute of Marine Research (IMR in Norway). This effort has been led by
PINRO and SEVMORGEO (SMG) on the Russian side and by the Norwegian Polar Institute
and the Institute of Marine Research on the Norwegian side. The expert groups began their
work in March 2014; therefore, the report builds on data collected in 2013 and earlier.



2 General background description of the ecosystem

M.M. McBride (IMR), P. Fauchald (NINA), A. Filin (PINRO), A. Hgines (IMR), E.
Johannesen (IMR), O. Korneev (SMG), P. Makarevich (MMBI), M. Skern-Mauritzen (IMR),
J.E. Stiansen (IMR), and A.B. Storeng (MD)

2.1  Overview of the ecosystem

The Barents Sea is a high-latitude large marine ecosystem that is bordered by Norway and
Russia. It is influenced by Atlantic Water to the south and west and by Arctic or mixed
(Atlantic and Arctic) water to the north and east. It is the largest and deepest of the
Continental Shelf seas surrounding the Arctic Ocean. This region is characterized by: extreme
environmental conditions; large seasonal and annual changes in ocean climate; and
moderately high productivity. It is a transition zone for warm and saline water on its way
from the Atlantic to the Arctic Ocean, and for cold and les saline water on route from the
Arctic to the Atlantic (Figure 2.1.1). The Sea is an important feeding area for cod, capelin,
haddock, herring, sea perch, catfish, plaice, halibut, Atlantic salmon, and redfish. The system
is driven by climate conditions and is highly susceptible to the effects of climate change, e.g.,
temperature, which strongly influences the distribution, growth, and recruitment of species
which support major international fisheries. Nutrient concentrations (nitrates, phosphates, and
silicic acid) are significantly lower than in other polar areas (Sakshaug and Holm-Hansen,
1984). The main sources of pollution are: industrial activities linked to marine transport and
the extraction of petroleum products (oil and gas); and fresh-water runoff.
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Figure 2.1.1. The Barents Sea is a marginal sea of the Arctic Ocean located off the northern coasts of Norway
and Russia with vast majority of its area lying in Russian territorial waters.
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2.2  Geographic description

The Barents Sea is one of the shelf seas situated on the continental shelf surrounding the
Arctic Ocean. It is positioned between 70° and 80°N on the North European continental
shelf. Its topographic features include the Svalbard archipelago to the Northwest, and Novaya
Zemlya archipelago to the east. It connects with the Norwegian Sea to the west, the Arctic
Ocean to the north, and the Kara Sea to the east. Its contours are delineated by the continental
slope between Norway and Spitsbergen to the west, the top of the continental slope towards
the Arctic Ocean to the north, Novaya Zemlya archipelago to the east, and the coasts of both
Norway and Russia to the south (Figure 2.1.1). It covers an area of approximately 1.4 million
km2. It is a relatively shallow sea with an average depth of 230 meters (m) and a maximum
depth of about 500m at the western entrance. Its bottom topography (bathymetry) is
characterized by troughs and basins (300m — 500m deep) separated by shallow bank areas,
with depths ranging from 100-200m. The three largest banks are Central Bank, Great Bank
and Spitsbergen Bank. Several troughs over 300 m deep run from central Barents Sea to the
northern (e.g., Franz Victoria Trough) and western (e.g., Bear Island Trough) continental
shelf break. These western troughs allow the influx of Atlantic Water to the central Barents
Sea.

2.3 Abiotic components

A. Filin (PINRO), R. Ingvaldsen (IMR), A.L. Karsakov (PINRO), O.V. Titov (PINRO), A.G.
Trofimov (PINRO), and J.E. Stiansen (IMR)

2.3.1 Meteorological conditions

2.3.1.1 Air pressure, winds, and air temperature

Climate conditions in the Barents Sea are determined by both Atlantic and Arctic climate
systems. The winter North Atlantic Oscillation (NAO) explains about 15-20% of the inter-
annual variability in air and sea temperatures in the southern region. The climate oscillates
between warm and cold states. The warm state is characterized by low air pressure over the
Sea giving southwesterly winds which cause increased Atlantic inflow, higher seasonal
temperatures, and more northward positioning of the Polar Front. Consequently, there is less
ice, and heat flux from the sea surface to the atmosphere is high. A high heat flux causes low
air pressure and the cycle is closed. The cold state is characterized by a high-pressure center
blocking the Atlantic inflow, low sea temperatures and more ice. Low heat flux from ocean
to atmosphere thereby creates a high atmospheric pressure. It is uncertain whether the
atmosphere is driving the ocean or the ocean driving the atmosphere. In either case, local
positive feedback mechanisms are required to strengthen and maintain the existing state,
whether warm or cold. Exposed only to local forces, marine climate can be stable; inducing a
flip-flop between warm and cold states requires external forcing by large-scale oceanic and
atmospheric circulation. In the Barents Sea, a positive NAO index is associated with several
processes controlling inflow; a high NAO is associated with both a higher volume flux and
higher temperatures of the inflowing water (Ingvaldsen and Loeng, 2009). Spatial and
temporal variability of air temperatures in the Barents Sea depends greatly on solar radiation,
atmospheric circulation, and transport of warm or cold waters by sea currents. During
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January, air temperatures range from -7°C in the south to -25°C in the north; during July,
temperatures range from 12°C in the south to 1°C in the north. There is substantial inter-
annual variability of air temperature, but clear similarities occur in year-to-year fluctuations,
at least in the southern region (Ozhigin et al., 2011).

2.3.2 Oceanographic conditions

2.3.2.1 Currents and transport / Circulation and inflow

In the Barents Sea, the general pattern of circulation is strongly influenced by large-scale
atmospheric circulation, inflow of waters from adjacent seas, bottom topography, tides, and
other factors — all of which make it rather complicated and variable (Figure 2.3.1).
Circulation is characterized by inflow of relatively warm Atlantic Water, and coastal water
from the west. This inflow of Atlantic Water divides into two branches: 1) a southern branch
that flows parallel to the coast and eastwards towards Novaya Zemlya; and 2) a northern
branch that flows into the Hopen Trench. Coastal Water has more fresh-water runoff and a
lower salinity than Atlantic Water; it also has a stronger seasonal temperature signal. In the
northern region of the Barents Sea, fresh and cold Arctic Waters flows from northeast to
southwest. Atlantic and Arctic water masses are separated by the Polar Front that is
characterized by strong gradients in both temperature and salinity. There is large inter-annual
variability in ocean climate related to variable strength of Atlantic Water inflow, and
exchange of cold Arctic Water. Thus, there can be considerable seasonal variation in
hydrographic conditions (Ozhigin et al., 2011).
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Figure 2.3.1. Main currents and water transport systems in the Barents Sea region.
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Inflow from the Norwegian Sea takes place through the Bear Island Channel. Close to the
coast low salinity (S = 34.4 pss) water of the Norwegian Coastal Current (NCC) carries a
substantial fraction of runoff from the Baltic and the Norwegian coasts into the southern
Barents Sea (Figure 2.3.1). It continues eastward as the Murman Coastal Current. Additional
low salinity water is added as it passes the entrance to the White Sea and the mouth of the
Pechora River, so the salinity remains low (S = 34.6 pss). Most of this ‘‘coastal’” water passes
into the Kara Sea through the Kara Gate. River runoff and net precipitation are small, and the
NCC is the major freshwater source for the Barents Sea (Tantsiura, 1959; Loeng, 1991, 1992;
Wassmann, 2006).

2.3.2.2 Stratification

Vertical stratification of different water masses within the Barents Sea is important for
primary production. Different mixing regimes in Atlantic Water, the trench/Polar Front
region, and the Melt Water/Arctic Water region are structured by different stratification
mechanisms; this has implication for the phytoplankton community development and new
production (Reigstad et al., 2002). Stratification of water masses in these regions may occur in
several different ways: 1) through fresh surface water from melting ice along the marginal ice
zone; 2) through solar heating of surface layers in Atlantic Water masses; or 3) through lateral
dispersion of waters in the southern coastal region (Rey, 1981). Extensive ice formation,
brine rejection in winter, and the subsequent melting of the ice in summer lead to a separation
of the water column into a colder and denser deep-water, and a less saline, less dense upper
layer. In the north, annual production is initiated by strong stratification developing as ice
melts and light becomes available (Reigstad et al., 2002). Low salinity surface water
contributes, together with inflows from the Arctic Ocean and the Kara Sea, to maintain stable
stratification in the northern and eastern regions (Wassmann et al., 2006). In the central
Barents Sea, ice that drifts over Atlantic Water is melted rapidly by heat from below, creating
a thin, low-salinity layer and strong stratification over the Atlantic Water. This occurs
throughout the year, and strong stability ensures a rapid phytoplankton bloom in the upper
layer once sufficient light is present (Wassmann et al., 2006). Within the Atlantic Water,
stratification is close to absent in spring, but weak stratification develops slowly from solar
radiation during the summer (Reigstad et al., 2002).

2.3.2.3 Ice conditions

Ice conditions in the Barents Sea are influenced by both Atlantic and Arctic Oceans, and by
atmospheric conditions. Typically, ice coverage is at a minimum in September, when an
average of 5% of the Sea is ice-covered; while maximum ice cover is in April and ranges
between 35% and 85%, with an average of 61%. Long-term yearly mean ice coverage is
close to 40%. However, high seasonal variability in extent of the ice is characteristic. Inter-
annual variability is also large, and the extent of ice varies widely depending on whether the
winter is mild or severe. During winter, the ice-covered area expands from north to south and
from east to west. By the end of winter the sea ice has reached its maximum thickness (130-
150 cm). The ice edge retreats northward and eastward through September, most rapidly
during June-July (Ozhigin et al., 2011).
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2.4  Biotic components
2.4.1. Microbes
Y. Barsheim (IMR), and T. Shirokolobova (MMBI)

Typical of other ocean, 6 types of microbes (single-celled microorganisms) occur in the
Barents Sea: Archaea; Bacteria; Viruses; Fungi; Protista; and Microbial Mergers. In
biogeochemical cycles of the ocean, a multitude of processes are catalyzed by Bacteria and
Archaea; functioning of these cycles in the Barents Sea do not differ qualitatively from those
at lower latitudes. The carbon cycle serves well as an example of a biogeochemical cycle
(Figure 2.4.1). Heterotrophic prokaryotes (denoted as bacteria for simplicity) are major
degraders of dissolved organic carbon (DOC) — their principle source of energy and carbon.
At high latitudes, DOC accumulates in the photic zone during the productive season;
concentrations then decrease in September/October due to a combination of bacterial
degradation and physical mixing processes (Bgrsheim and Myklestad, 1997; Begrsheim, 2000).
Primary production is the ultimate source of DOC, but all life processes contribute to the
transfer of organismal carbon from primary producers into the pool of DOC (Bersheim et al.,
2005). Grazing and predation produces fecal material which may be released as DOC, or
occur as pellets. Fecal pellets typically sink to the seafloor to form sediments, but may also
become dissolved in the water column as DOC. The Barents Sea is fairly shallow, and during
winter the water column mixes from surface to bottom in many parts of the shelf basin. Thus,
re-suspension of sediments and leaching of DOC accumulated in the sediments provides an
additional source of DOC; this occurs primarily during winter. Figure 2.4.2 shows
concentrations of DOC in the northern parts of the Barents Sea during July-August, 2007.
Table 2.4.1 shows the depth distribution from the same expedition (Barsheim and Drinkwater,
2014).
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Figure 2.4.1. A box diagram showing major biochemical pathways for carbon in marine systems.
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Total bacterial abundance in the south-eastern Barents Sea varies from 1.4-10° to over 10°
cells mI, Highest total bacterial abundance occurs in coastal areas and zones having water
masses with different characteristics than open ocean waters. Profiles of total counts usually
show increased abundance in the thermocline layer and bacterial biomass can vary during the
year up to twice the mean value; maximal rates are observed during spring-summer, and
minimal rates observed during autumn-winter (Baytaz and Baytaz, 1987, 1991; Teplinskaya,
1990; Mishustina et al., 1997).

Bacterial production rates have been measured in the Polar Front region (Table 2.4.2).
Production rates were highest in warm Atlantic Water, but decreased rapidly northwards as
temperatures decreased (Bgrsheim and Drinkwater, 2014).

Table 2.4.1. Depth distribution of total organic carbon (TOC), uM C tstandard deviation. Number of samples
shown in parentheses.

Depth interval (m) Atlantic water Arctic water Front, Atlantic Front, Arctic
0-20 90.6+19.9(47) 73.8+8.5(56) 83.5+11.0(14) 86.1+8.1(21)
0-30 88.3+18.1(66) 73.5+8.2(92) 81.7+10.3(23) 84.2+9.4(34)
Below 30 69.8+17.6(116) 67.5+15.4(93) 71.648.1(37) 74.749.7(41
Below 50 69.5+18.9(98) 65.5+17.7(60) 71.2+8.1(32) 74.4+9.6(18)
Table 2.4.2. Depth distribution of bacterial production rates, mmol C m= day™.
Depth interval (m) | Atlantic Front mainly Front mainly Arctic | Arctic
Atlantic

0-20 0.41+0.11 0.045* 0.18+0.055 0.062+0.047
0-30 0.32+0.18 0.050+0.025 0.15+0.068 0.060+0.042
Below 30 0.019+0.025 0.019+0.020 0.013* 0.028+0.0084
Below 50 0.010+0.011 0.012+0.006 0.013* 0.027+0.0071

*One measurement only

13




77

7651

Latitude

761

765 — - ' - -
% 2 0 R 34

Longitude
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Barents Sea. Stations analyzed for TOC are labeled as: red circles = Atlantic Water; blue circles = Arctic Water;
red triangles = Front with mostly Atlantic Water below a fresher layer; and blue triangles = Front but mostly
Arctic Water.
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Parasitism by viruses also constitutes a source of DOC. This is illustrated by the reproductive
cycle of lytic bacteriophages — viruses parasitizing bacteria (Figure 2.4.3). After infecting a
bacterial cell and multiplying within that cell (at the cost of the bacterial metabolism), the host
cell is destroyed allowing viral particles to be released into the water. As the cell breaks up,
dissolved constituents are also released. Not only bacteria, but all other organisms from
phytoplankton to mammals, are susceptible to viral attacks (Brussard et al., 2007; Frada et al.,
2008; Marcussen and Have, 1992). Although bacteriophages have the extreme effect of
completely destroying their hosts, the subsequent release of organic substances used by
bacteria is a general consequence of viral infectivity.

For viruses, the probability of finding a host to infect depends on the hosts’ concentration. For
this reason, dense populations are more likely to undergo epidemic viral infections than sparse
populations. This concentration effect on microbial population dynamics has been called the
“killing the winner” hypothesis (Thingstad and Lignell, 1997). Populations which are
successful at nutrient acquisition and fast growth increase their abundance, but with the
consequence of also increasing propagation of their viral parasites. The logical inference of
this hypothesis is that viruses are important to keeping high diversity.

The life-history strategy of viruses is believed to include the ability to seize genes from their
hosts and from other viruses, and then incorporate them to benefit their own existence (Mann
et al., 2005). In addition, genes from viruses are sometimes incorporated into genomes of their
hosts. It is believed that such horizontal transfers of genes between non-related organisms are
mediated by viruses, and that this is an important factor in evolution (Biers et al., 2008; Lang
and Beatty, 2007). Some genes transported by viruses are associated with pathogenic
properties, and have been studied extensively. The gene for toxin production in the bacterium
causing cholera is carried by a virus, changing harmless cells of the common estuarine
bacterium (Vibrio cholera) into an extremely potent pathogen in humans (Waldor and
Mekalanos, 1996).

The sheer numbers of viruses are staggering; counted in a microscope numbers of viruses
normally exceed numbers of bacteria by a factor of ten, approximately. Measured as
genotypes, which is a fair proxy for species, there are more than 5,000 different types of
viruses in 100 liters of seawater. In a kg of sediment, the number may approximate 1 million
(Breitbart et al., 2002; 2004). Even more intriguing than the high diversity of viruses is the
high diversity within their individual genomes. Clearly, every genotype consists of a variety
of gene sequences with a variety of ages and origins (Dinsdale, 2008).

Both bacteria and viruses are highly variable and abundant in the Barents Sea (Figure 2.4.4).
A sampling transect during midsummer showed that concentrations of viruses ranged from
5-10% to 6.4-10% particles-per-liter; while bacterial total counts varied from 4-10% to 6-10°
cells-1-1 (Venger et al., 2012; Howard-Jones et al., 2002). Viral abundance co-varied to a fair
degree with bacterial abundance, except for the station farthest north which was ice-covered
(Table 2.4.3). In general, the dynamics of bacteria and viruses in this northern area do not
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differ from other parts of the Barents Sea, but the situation in northern ice-covered areas
requires further investigation.
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Figure 2.4.4. Results from a south to north transect in the Central Barents Sea during June-July 1999 (From
Howard-Jones et al. 2002). Bacterial (@) and viral (—) abundance are presented as cells or VLP (virus-like
particles) per liter across the Barents Sea. Stations 1-10 are at the southern and central Barents Sea, stations 11—
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Table 2.4.3. Vertical profiles of water temperature and total counts of viruses and bacteria in the Barents Sea in
August 2010. Location of the Stations is shown in Figure 2.4.5. From Venger et al. 2012,

Sampling area Station Depth. m T Viruses, Ny | Bacteria, Ng Nv / Ng

I 10 0* 3.6 1.7 0.4 4.5
75** 3.2 1.9 0.5 3.6

140*** 1.2 0.4
10 0 4.5 7.5 2.1 3.6
65 4.4 4.3 0.3 12.6

220 0.5 0.4
17 0 4.6 3.2 1.1 3.0
60 4.2 3.3 0.6 5.8
300 0.7 3.2 0.5 6.1
18 0 2.4 3.6 0.9 3.9
45 2.8 23.0 0.7 33.6
210 0.7 3.1 0.5 6.6

19 0 1.9 0.7
60 1.8 7.0 0.6 11.7
160 0.5 3.3 0.4 9.1
20 0 3.0 4.2 0.7 5.7
50 3.0 8.1 0.6 13.9

250 0.7 3.1 0.5
21 0 3.4 5.5 0.8 7.6
35 3.2 3.4 0.4 7.9
310 -0.2 29 0.5 5.6
11 39 0 4.7 25.1 3.4 7.4
14 4.6 30.4 1.3 23.3
210 2.6 6.6 0.3 19.4
40 0 4.4 36.7 1.0 35.4
50*** 4.5 455 0.8 60.7
42 0 4.5 64.1 1.9 33.0
35 4.0 61.7 1.5 42.4
70 1.4 19.0 0.7 29.1
43 0 4.2 52.2 1.2 53.6
33 3.7 50.0 1.0 52.2
250 1.8 10.7 0.5 21.7

*The Surface layer. **The pyclocline. ***The near bottom layer

2.4.2 Phytoplankton
S.H. Larsen (IMR) and E. Druzhkova (MMBI)

The Barents Sea has a number of water masses with the relatively warmer and more saline
(>35) Atlantic Water which flows through the southern part of the Barents Sea, and the
colder, less saline (34.4-35) Arctic Water to the north. The boundary between these two
water masses is marked by the Polar Front, and the different physical and chemical properties
of these water masses influence the growth and development of the resident phytoplankton
species (Loeng and Drinkwater, 2007). Seasonal changes in sea-ice formation and melt,
freshwater inputs into coastal waters, and seasonal changes in solar radiation also result in the
formation of stratified layers with different populations of phytoplankton compared to those
lower in the water column. Recent declines in the extent, thickness, and duration of ice cover
in the Northern Barents Sea are expected to result in a poleward movement of phytoplankton
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species, and earlier dates for initiation of the spring bloom in both open water and sea-ice
algal communities (Wassmann, 2011).

Current phytoplankton gross primary production averages about 90 g C m2 y* (+ 19%) in the
Barents Sea (Wassmann et al., 2006; Wassmann, 2011), with lower values (up to about 60 g C
m2 y1) found under northern and north-eastern sea-ice covered regions. However, there is
much spatial and inter-annual variability due both to changing physical conditions and the
occurrence of phytoplankton bloom-forming species (notably diatoms, and the
prymnesiophytes: Phaeocystis pouchetti and Emiliania huxleyi). A review of estimates of
gross primary production for different regions of the Barents Sea is provided by Wassmann et
al. (2006). Gross primary production is more variable towards northern and eastern regions
of the Barents Sea and least variable in the region north of Norway (Wassmann, 2011). The
Norwegian Institute of Marine Research maintains two regular survey-sampling transects in
the northern region: Fulgaya-Bjgrngya transect (FB) and Vardg-Nord transect (VN).

Species succession follows a general pattern during the growing season; however, there is
much interannual variability along both these transects. The mean pattern for FB transect
during 2008-2012 is shown in Figure 2.4.6. Cell numbers of all species are low in the winter
period. With increasing solar radiation and stratification in the surface waters, phytoplankton
numbers begin to increase in spring typically in coastal waters (Loeng and Drinkwater, 2007).

On average, diatoms form the first peak during April, followed by flagellate and ciliate
species in May. A second peak of diatoms occurs during June-July, together with peak
dinophyte and cryptophyte cell numbers. Late summer is characterized by high numbers of
flagellate species (Rey, 2004).
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Phytoplankton species in the coastal pelagic zone tend to have a more complicated annual
cycle compared to open shelf areas. For instance, monitoring by the Murmansk Marine
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Biological Institute (MMBI) of subarctic coastal systems in the eastern Barents Sea shows
two periods of peak abundance taking place; one in early spring and one in late spring.
Moreover, once seasonal stratification has become established the summer stage sets in; this
starts with a peak in early-summer and ends with another peak in autumn.

In these coastal waters, the start of spring phytoplankton activity (mid-March) is linked to the
emergence of early-spring diatoms, namely Thalassiosira hyalina (Grun.) Gran, T. cf.gravida
Cl., Navicula pelagica Cl., N. septentrionalis (Grun.) Gran, Nitzschia grunowii Hasle, and
Amphora hyperborea (Grun.). Cell abundance in this period is low and can range from
several dozens to several hundred cells I". The first spring maximum takes place in mid-April
and occurs due to early-spring neritic arcto-boreal diatom species such as Thalassiosira,
Chaetoceros, Navicula, and Nitzschia. Parameters measuring quantitative phytoplankton
development reach maximums which are sustained over a few days. Phytoplankton
abundance during early-spring bloom ranges from several hundred thousand to 2 million cells
I1, and biomass ranges from 1 to 3 mg It. During this period, the core of the phytoplankton
community is concentrated in the upper 10-cm layer. Species forming the first maximum
phytoplankton bloom are: Thalassiosira cf. gravid; 7. Nordenskioeldii; Chaetoceros socialis;
C. furcellatus; and Navicula vanhoeffenii.

The second spring maximum (late May to early June) is linked to freshwater runoff from
surrounding land masses, date of initiation, quantitative characteristics, and qualitative
structure varies from year to year, depending on when the maximum runoff takes place. In
most cases, the phytoplankton activity repeats the first spring event, potentially with reduced
number of dominants. However, in years with the low freshwater runoff, Phaeocystis
pouchetii dominates in the bloom in the pelagic zone. The summer period (end of June — end
of August) is marked with more of dinophyte microalgae in the phytoplankton community.
The autumn succession cycle (from mid-September to early October) is usually associated to
emergence of spring diatom forms in the pelagic zone. In this period, diatoms of the genus
Chaetoceros and dinophytes of such genera as Ceratium, Dinophysis, and Protoperidinium
dominate in the pelagic zone. Abundance does not exceed 2000 cells It with biomass of less
than 5 pg 1'%,

During the winter period (mid-November through mid-March), the entire phytoplankton
community is in a dormant stage. Phytoplankton in the pelagic zone mainly consists of large
oceanic dinophyte algae of cosmopolitan and arcto-boreal origin. Abundance ranges from
several to dozens of cells I'Y. Ceratium longipes, C. tripos, Dinophysis norvegica, and
Protoperidinium depressum form the core of the dominant complex.
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2.4.3 Zooplankton

T. Knutsen (IMR), I. Berchenko (MMBI), P. Dalpadado (IMR), A. Dolgov (PINRO), S. Falk-
Petersen (NPI), V. Nesterova (PINRO), I. Prokopchuk (PINRO), and A. Yurko(PINRO)

2.4.3.1 Crustacean zooplankton

In the Barents Sea ecosystem, zooplankton forms a link between phytoplankton (primary
producers) and fish, mammals and other organisms at higher trophic levels. The most
abundant zooplankton species — calanoid copepods, krill, and hyperiid amphipods — form
the major diet of herring, capelin, polar cod, and juveniles of other fish species. The Arctic
front in the Barents Sea marks the boundary between the mainly Arctic zooplankton species
(Calanus glacialis and Themisto libellula) and the Atlantic/subarctic species (C. finmarchicus,
Meganyctiphanes norvegica, Thysanoessa spp. and Themisto spp.).

Favorable conditions for the phytoplankton bloom/primary production at the ice edge as it
retracts during summer and autumn, temporarily support large concentrations of crustaceans
and other zooplankton species which become forage for seabirds, mammals, and fish. Blooms
in Atlantic waters are not as intense as blooms at the ice edge; they occur over a longer period
of time, however, and have higher total phytoplankton production. The spring bloom in
Atlantic waters is of particular importance for reproduction of Calanus finmarchicus — the
predominant herbivorous copepod in the central Barents Sea. It has an annual life cycle, and
each new generation develops during spring and summer, being nourished by the seasonal
phytoplankton bloom.

Among omnivorous zooplankton, krill (e.g. Thysanoessa spp.) are considered most important.
Thysanoessa inermis and T. longicaudata dominate the central and northwestern Barents Sea,
whereas distribution of T. raschii is restricted to shallow waters in the southeast region.
Carnivorous zooplankton such as hyperiid amphipods (Themisto spp.) may feed on C.
finmarchicus; as such, they compete with fish that consume zooplankton.

Herbivorous zooplankton in high latitude and ice-covered seas are exposed to large variations
in food availability, not only between seasons (Lee and Hirota, 1973; Falk-Petersen et al.,
2000b) but also between years, decades and longer periods (Falk-Petersen et al., 2007, 2009).
Pelagic Calanus species — forming a major component of the Arctic marine foodweb —
must, therefore, be adapted to an environment that changes markedly on different time scales.
This readily accounts for the biodiversity within the Calanus complex in terms of different life
strategies, different ecological niches, and different centers of distribution between different
species.

The Arctic Calanus species (Calanus finmarchicus, C. glacialis, and C. hyperboreus) have an
impressive plasticity. In the North Sea, C. finmarchicus can have a life span of less than a
year (Wiborg, 1954; Marshall and Orr, 1955); while in the Norwegian Sea — along the coasts
of northern Norway, Greenland, and east Canada, and the Barents Sea — the life span is
mainly one year (MacLellan, 1967; Lie, 1968; Sekerak et al., 1976; Tande, 1991, Falk-

20



Petersen et al., 1999). C. glacialis may have a life span ranging from 1 to 3 years; however, in
most areas a life span of 2 years is reported (Conover and Huntly, 1991; Kosobokova, 1999).
C. hyperboreus shows the most impressive plasticity, with a life span ranging from two to five
years (Dawson, 1978; Conover and Huntly, 1991; Hirche, 1997; Falk-Petersen et al., 1999,
2008).

Interconnected current systems in Atlantic and Arctic waters transport Calanus finmarchicus,
C. glacialis, and C. hyperboreus long distances. These species are found distributed all over
the Arctic, including the Norwegian Sea, the Barents Sea, the White Sea, the Arctic Ocean,
the Greenland Sea, and in coastal waters bordering Siberia, East Canada and Alaska.
However, these different species do originate from different centers of distribution, and are
used as indicator species for the different water masses (Van Aken et al., 1991). The three
Calanus species also have different core areas for over-wintering, the Norwegian Sea being
central for Calanus finmarchicus, the Arctic shelf area is central for C. glacialis, and the
Greenland Sea and Arctic Ocean are central for C. hyperboreus (Jaschnov, 1970; Runge et al.,
1986; Conover, 1988; Tande, 1991; Hirche and Mumm, 1992; Hirche and Kwasniewski,
1997; Hirche, 1997).

Despite the fact that the coastal Barents Sea (the Kola Peninsula coast) has a lower index of
maximum biomass, the production potential of this area is considered to be relatively high.
For example, maximum biomass in the 50 m surface layer — within the limits of 20 miles
from the coast in the area from Kildin Island to the Svyatoy Nos Cape — has been estimated
to be 1,300 mg/m? during July. In comparison, maximum biomass in the open Barents Sea has
been estimated to be 2,000 mg/m? during a similar time of year (Kamshilov et al., 1958).

In a qualitative sense, the assemblage of zooplankton in the coastal area is characterized by
the presence of more than 100 species, instars (stages between molts), and life-forms.
Although only 20 of these species contribute significantly to total community biomass, their
density is more than 100 individuals per m3. C. finmarchicus, euphausiids, and species of
Metridia, Oithona, Pseudocalanus, Acartia, Temora, and Cladocera are included in this
category, as well as larvae from acorn shells and polychaetes (Kamshilov and Zelikman,
1958; Fomin, 1978, 1985).

Dynamic seasonal changes in zooplankton community structure occur. The period from
March through the middle of May is characterized by rapid growth of meroplanktonic forms;
most abundant among them are larvae of barnacles (Cirripedia) and polychaetes
(Polychaeta). During this period, the presence of holoplanktonic organisms is noticeably
lower than that of meroplanktonic forms. Gradual changes in the species’ complex have taken
place by the end of July. Holoplanktonic organisms — represented mainly by the copepods C.
finmarchicus, Pseudocalanus elongatus, Oithona similis, Acartia sp., Temora longicornis, and
Microcalanus sp. — become dominant. The end of June through August is the typical
summer stage of seasonal community development. This stage typically has maximum
biomass production during the year, and significant species diversity. During mid-August
through September, the community gradually transitions into a climacteric state. This process
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is expressed by reduced quantities of zooplankton, gradual decreases in larval forms of
bottom invertebrates in the pelagic zone, and cessation of growth for major copepods species.
Winter stages of seasonal succession display a minimum biomass of holoplanktonic
organisms, and an absence of benthic invertebrate larvae (Fomin, 1985; Druzhkov and Fomin,
1991).

In the Barents Sea ecosystem, zooplankton forms a link between phytoplankton (primary
producers) and fish, mammals, and other organisms at higher trophic levels. The most
abundant zooplankton species are calanoid copepods, krill, and hyperiids amphipods which
are the major diet of herring, capelin, polar cod, and juveniles of other fish species. The Arctic
Front in the Barents Sea marks the boundary between the mainly Arctic zooplankton species
(Calanus glacialis and Themisto libellula) and the Atlantic/subarctic species (C. finmarchicus,
Meganyctiphanes norvegica, Thysanoessa spp., Themisto abyssorum and Themisto
compressa). Among omnivorous zooplankton, krill (e.g. Thysanoessa spp.) are considered
most important. Thysanoessa inermis and Thysanoessa longicaudata dominate the central and
northwestern Barents Sea, whereas distribution of Thysanoessa raschii is restricted to shallow
waters in the southeast region. Carnivorous zooplankton such as hyperiid amphipods
(Themisto spp.) may feed on C. finmarchicus; in so doing, they compete with fish that
consume zooplankton.

Long-term monitoring data indicate substantial year-to-year variations in indices of biomass
and abundance for zooplankton in the Barents Sea (Figure 2.4.7 and Figure 2.4.8). In Figure
2.4.7, the highest average biomass during this period was recorded in 1994 and 1995 with a
minor peak in 2006. During 1988-1992, average zooplankton biomass was low relative to the
estimated average value for the last 11 years. A comparable trend is reflected in data from the
upper water column 0-100 m during the period 1988-2008 (not shown, as this series is now
terminated). Data from O-bottom m and 0-100 m indicate that by the period of the ecosystem
survey (August-September) zooplankton have initiated their seasonal vertical migration to
deeper water to overwinter. It is also apparent that smaller zooplankton (180-1000 pm size
fraction) are most abundant at the 0-100m depth interval, and are more important in the upper
water column during this time of the year. We observe particularly in 2008 that the biomass
size-fraction 1000-2000 um (bottom-0 m), which normally contains a substantially amount of
the older Calanus stages, was significantly reduced compared to the previous years, while the
180-1000 pum size-fraction was considerably larger than observed during the two preceding
years. This might suggest that the overwintering stock of Calanus in central- and western
region of the Barents Sea was significantly reduced in 2008. During the last six years, the
total size-fractionated biomass has been only slightly below the long-term mean (with the
exception of 2012), but dropped markedly below the long-term mean in 2013. Also, the
biomass in size-fraction 1000-2000 um increased steadily from 2008, while a drop occurred in
2013 (Figure 2.4.7). It is noteworthy, that biomass in the largest size fraction (>2000 um) has
shown a decreasing from 2006 until the present.

Development of the Barents Sea krill stock (Figure 2.4.8) shows a moderately increasing
trend over the last 10 years, with slightly less variation in the north-western area compared to
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the southern area. It is indeed interesting to compare this increase in abundance to the dietary
preferences of capelin in various regions of the Barents Sea, which shows an increased
importance of euphausiids in the capelin diet.
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Figure 2.4.7. Long-term size composition of zooplankton biomass (WP2 net) in the water column (bottom to 0
meter depths) from the central-western part of the Barents Sea (Norwegian data only).
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Figure 2.4.8. Variation in abundance indices of krill in southern (a) and north-western (b) regions of the Barents
Sea (data from macroplankton survey conducted by PINRO).
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2.4.3.2 Gelatinous zooplankton

Gelatinous zooplankton is a term often used by non-specialists in reference to classes of
organism that are jelly-like in appearance. The term "jellyfish™ is commonly used in reference
to marine invertebrates belonging to the class Scyphozoa, phylum Cnidaria. Neither of these
terms implies any systematic relationship to vertebrate fish. The term "jellyfish" is also often
used in reference to relatives of true scyphozoans, particularly the Hydrozoa and the Cubozoa.
In the Barents Sea ecosystem, however, comb-jellies (phylum Ctenophora) and cnidarians
(phylum Schyphozoa) are the predominant species of "gelatinous zooplankton".

Both comb-jellies (Ctenophora) and "true™ jellyfish are predators which may compete with
plankton-eating fish, as copepods often are significant prey items for both groups. However,
little is known about their prey and size preferences, or the succession of various groups of
“jellyfish”. Along with increased temperatures and changes in other components of the
Barents Sea ecosystem, research interest has increased to understand how these changes effect
the abundance and distribution of gelatinous zooplankton and their prey.

2.4.4 Benthos and shellfish

L.L. Jgrgensen (IMR), S. Cochrane (Akvaplan NIVA), O. Lyubina (MMBI), P. Lyubin
(PINRO), N. Anisimova (PINRO), P. Renaud (Akvaplan NIVA), J. Sundet (IMR), and T.
Thangstad (IMR)

Benthic ecosystems in the Barents Sea have considerable value, both in direct economic
terms, and in their ecosystem functions. Benthic fauna are an integral component of the
ecosystem, and benthic processes are tightly linked to total system dynamics. A total of 3,245
faunal taxa have been recorded — of this total, benthic macrofauna (60%) and meiofauna
(34%) make up the majority — and more than 3,050 species of benthic invertebrates inhabit
the Barents Sea (Sirenko, 2001). A wide range of organisms are represented: some buried in
sediment; others attached to a substrate; some slow and sluggish; others roving and rapid.
Many feed by actively or passively sieving food particles or small organisms from the water.
Others are detritus feeders eating bottom sediments, scavengers eating carrion, or carnivores
actively hunting other animals. This diversity among bottom animals is believed due to the
number of viable micro-habitats. In shallow waters, kelp forests form feeding and nursery
habitats for many species of fish, birds, and mammals. Below the sublittoral zone, sea
anemones, sponges, hydrozoans, tunicates, echinoderms, crustaceans, mollusks, and many
other animal groups abound on hard substrates. These large conspicuous animals are not
abundant on sand or muddy bottoms. In fact, some of these habitats may at first look rather
lifeless. However, most benthic animals in these habitats live buried within the sediments.
Polychaete worms, crustaceans, bivalves, and a number of other taxa are found in the
sediments. Muddy areas often form habitat for dense aggregations of brittle stars, sea stars, or
bivalves.
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Iceland scallop (Chlamys islandica), northern shrimp (Pandalus borealis), red king crab
(Paralithodes camtschatica), and snow crab (Chionoecetes opilio) are benthic residents which
are harvested commercially. Many species of benthos are also interesting for bio-prospecting
or as a future food resource, such as sea cucumber, snails, and bivalves. These species are
intricate components of the ecosystem. Important fish species such as haddock, catfish, and
most flatfishes primarily feed on benthos. Many benthic animals, primarily bivalves, filter
particles and effectively clean oceanic waters. Others scavenge on dead organisms, returning
valuable nutrients to the water column. Detritus feeders and other active diggers regularly
move the bottom sediments around; thereby increasing sediment oxygen content and overall
productivity — much like earthworms on land (ICES AFWG, 2014).

The benthic community is regulated by several factors, but multivariate analyses indicate that
water depth and sediment type (i.e., predominant grain size) are consistent factors determining
species composition of benthic fauna (e.g. Kendall, 1996; Dahle et al., 1998; Carroll et al.,
2000). Our current understanding of benthic faunal patterns in the Barents Sea is based largely
on bathymetric features and distribution of sediments. Characterization of the entire Barents
Sea as a “‘shelf sea’ tends to oversimplify the depth variation and bathymetric complexity of
the region. Species diversity is relatively high compared to other Arctic seas, with the number
of species steadily declining eastwards with distance from the North Atlantic; this trend is
attributed to influence of the Arctic Ocean. Most (80%) of total benthic faunal biomass is
attributed to 24 taxa, with 50% of that attributable to only 8 species (Wassmann et al., 2006).

Eight (8) squid species occur in the Barents Sea (Golikov et al., 2008). The flying squid
(Todarodes sagittatus) was a significant fishery resource in Norwegian waters during several
periods up about 1988 (Borges, 1990). However, since then this squid has almost been absent
from our waters, and only sporadic catches have been recorded. Gonatus fabricii is another
abundant squid species in off-shore waters of the Barents and the Norwegian Sea (Bjarke,
1995). This squid is important food for several bird and cetacean species, and also a potential
fishery resource.

2.45 Fish

B. Bogstad (IMR), K.V. Drevetnyak (PINRO), I. Byrkjedal (UiB), A.V. Dolgov (PINRO), H.
Gjeseater (IMR), E. Johannesen (IMR), S. Mehl (IMR), A. Hgines (IMR), M.S. Shevelev
(PINRO), and O.V. Smirnov (PINRO)

245.1 Species diversity and zoogeography

Recent data indicate that more than 200 fish species representing 70 families occur in the
Barents Sea (Dolgov, 2004; Bogstad et al., 2008). Predominant families are: eelpout
(Zoarcidae); snailfish (Liparidae); codfish (Gadidae); sculpin (Cottidae); flatfish
(Pleuronectidae); and rockling, ling, and tusk (Lotidae). These families account for nearly
80% of species regularly occurring in the Barents Sea, and more than 40% of species recorded

25



in this region (Dolgov et al., 2011). Around 100 fish species appear regularly in trawl catches
during scientific surveys.

Different fish species are not evenly distributed in the Barents Sea; rather, species’ abundance
is highest in areas with preferred environmental conditions. Distribution of species caught
during ecosystem and winter surveys has been mapped in an Atlas of the Barents Sea Fishes
(Wieneroither et al., 2011, 2013). Different water masses — Coastal Water, Atlantic Water,
Arctic Water, and frontal zones between these water masses — are important determinants of
distribution and abundance for fish species. Depth is also an important determinant for
demersal fishes (Johannesen et al., 2012); while distribution of zooplankton is an important
determinant for pelagic species.

Andriashev and Chernova (1995) classified 166 fish species inhabiting the Barents Sea into
seven zoogeographical groups based on their distribution and water-mass association: Arctic;
Mainly Arctic; Arctoboreal; Mainly Boreal; Boreal; South Boreal; and Widely Distributed
(Table 2.4.4); 107 of these species occur regularly (Figure 2.4.9), and all species classified as
Arcto-boreal and Mainly Boreal occur regularly. Arctic species have the southern extent of
their distribution in areas north of the Polar Front. Some Arctic species inhabit deep waters of
the polar basin, and 80% of recorded Arctic species occur regularly. For species classified as
Boreal and South Boreal the northern extent of their distribution is in the Barents Sea; 50 % of
these species occur regularly. Less than 10% of Widely Distributed species occur regularly,
and thus may be considered short-term residents.

Table 2.4.4. Definition of zoogeographical fish groups.

Zoogeographical Definition (cited from Andriyashev and Chernova 1995)

group

Arctic Species which continuously live and reproduce in Arctic waters. These include
Arctic deepwater species (bathyal and abyssal), the so-called Scandinavian endemic
Arctic Fauna.

Mainly Arctic Species which are usually found in Arctic waters but which also occur in adjacent
boreal waters

Arcto-boreal Species which are distributed in the Arctic and in boreal waters

Mainly Boreal Species characteristic of boreal waters but common also in the boundary regions of
the Arctic

Boreal Species characteristic of boreal waters but only rarely and temporarily occurring in
the bordering regions of the Arctic

South Boreal This conditional category refers primarily to the Atlantic boreal subtropic (usually
pelagic) species

Widely Distributed | Species common not only in the boreal and subtropical zone, but also in the warm
waters
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2452 Main fish species — stock size and fluctuations

Principal demersal stocks of commercial importance in the Barents Sea include: Northeast
Arctic cod (Gadus morhua); haddock (Melanogrammus aeglefinus); redfish (mainly deep-sea
redfish, Sebastes mentella); Greenland halibut (Reinhardtius hippoglossoides); long rough
dab (Hippoglossoides platessoides); wolfish (Anarhichas lupus); and European plaice
(Pleuronectes platessa). Analytical assessments have not yet been conducted for long rough
dab, wolffish, and plaice. Major pelagic stocks include: capelin (Mallotus villosus) and polar
cod (Boreogadus saida); in western and southern parts of the Barents Sea, immature
Norwegian Spring-Spawning herring (Clupea harengus) and blue whiting (Micromesistius
poutassou) are also important. All these species have varied significantly in abundance due to
a combination of fishing pressure and environmental conditions (Figures 2.4.10 and 2.4.11).
Until the 1970s, deep-sea redfish was abundant in the Barents Sea. However, due to
overfishing of this long-lived slow-growing species, the stock declined dramatically during
the 1980s and remained at low levels until recent signs of recovery.

There is significant interannual variability in recruitment patterns of Barents Sea fish species
(Figure 2.4.12). Contributing factors include: spawning stock biomass; climate conditions;
food availability; predator abundance; and distribution. Variation in recruitment of some
species, including cod and herring, has also been associated with changing inflow of Atlantic
Water into the Barents Sea.
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Figure 2.4.10. Biomass of the most abundant demersal fish species in the Barents Sea (ICES AFWG, 2014).
Data are taken from: cod VVPA estimates; age 3+ haddock VPA estimates; age 3+ Sebastes mentella VPA
estimates, age 2+ (only available from 1992 onwards).
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Figure 2.4.11. Biomass of pelagic fish species in the Barents Sea. Data are taken from; capelin: Acoustic
estimates during September-October, age 1+ (ICES AFWG, 2014); herring: VPA estimates of age 1 and 2
herring (ICES WGWIDE, 2014) using standard weights at age (10 g for age 1 and 44g for age 2); polar cod:
Acoustic estimates in September-October, age 1+ (Anon., 2014); blue whiting: Acoustic estimates in September-
October, age 1+ (Anon., 2014). Polar cod estimates are only available from 1986 onwards and blue whiting
estimates from 2001 onwards.
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Cod (Gadus morhua)

Adult Northeast Arctic cod undertake annual spawning migrations from the Barents Sea to the
western coast of Norway (2.4.13). Spawning occurs largely in the Lofoten area during March-
April. Cod larvae are then advected via the Norwegian coastal current and the Norwegian
Atlantic current back to the Barents Sea where they settle at the bottom around October. Cod
is a keystone species and the most important predatory fish in the Barents Sea. It feeds on a
wide range of prey, including: larger zooplankton species; most available fish species; and
shrimp. Cod prefer capelin as prey, and feed on them heavily as they migrate into southern
and central regions to spawn. Capelin stock fluctuations strongly effect cod growth,
maturation, and fecundity; they also indirectly affect cod recruitment, as cod cannibalism is
reduced during years with high capelin biomass. Euphausiids are also important prey for cod
during the first year of life (Ponomarenko, 1973, 1984); in years when the capelin stock is
low, cod predation on euphausiids increases (Ponomarenko and Yaragina, 1990). Along
Norway’s coast, coastal cod is fished together with Northeast Arctic cod. The TAC for
Norway includes both coastal cod and Northeast Arctic cod. Catches are separated by type of
cod based on the structure of otoliths sampled from the commercial fishery.
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Northeast Arctic cod
—» Spawning migration
Distribution area

Spawning area

Minor spawning area Figure 2.4.13. Distribution area for
23.05.2013 www.imr.no Northeast Arctic cod.
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Haddock (Melanogrammus aeglefinus)

Haddock is an important demersal gadoid species that undertakes extensive migrations to and
from its spawning grounds in the Barents Sea (Figure 2.4.14). Variation in haddock
recruitment has been associated with changing inflow of Atlantic Water to the Barents Sea.
Water temperature during the first and second years of the haddock life cycle is an indicator
of year-class strength; if mean annual bottom water temperature does not exceed 3.8°C during
this period the probability of having a strong year class is low, even if other factors are
favorable. Water temperature is not a consistent determinant of year-class strength; however,
a steep rise or fall in water temperature can have a marked effect. Haddock feed primarily on
relatively small benthic organisms, including crustaceans, mollusks, echinoderms, worms, and
fish. They are omnivorous, however, and also feed on plankton. During capelin spawning,
haddock prey on capelin and their eggs. When capelin abundance is low, or when their areas
of distribution do not overlap, haddock may switch to other species, i.e. young herring,
euphausiids, or other benthic organisms (Zatsepin, 1939; Tseeb, 1964). Haddock stock size
shows large natural variation, largely due to fluctuations in year class strength. Similar to cod,
annual consumption of haddock by marine mammals (primarily seals and whales) depends on
the availability of capelin. During years when the capelin stock is large, the importance of
haddock in the diet of marine mammals is minimal; when the capelin stock is reduced, the
proportion of haddock consumed by marine mammals tends to increase.

Haddock North East Arctic
Distribution area
Spawning area
Spawning area — uncertain

L _'Valid area Figure 2.4.14. Distribution area for
10.01.2013 www.imr.no Northeast Arctic haddock.
—_—_ - - = r-:2
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Redfish (Sebastes mentella and Sebastes norvegicus)

Deep-sea redfish (S. mentella) and golden redfish (S. norvegicus) have traditionally been
important commercial species in the Barents Sea ecosystem; current stock levels, however,
have been severely reduced. Young redfish are plankton eaters (Dolgov and Drevetnyak,
1995); larger individuals consume larger prey, including other fish species (Dolgov and
Drevetnyak, 1993). Until 1990, huge amounts of post-larval redfish filled pelagic waters of
the Barents Sea during summer and autumn (Figure 4.2.15). These O age-group redfish
consumed plankton, and were consumed by other larger fish. Whether this niche once filled
by redfish has been filled by other plankton feeders is not well understood. Since redfish are
viviparous and give birth to live larvae, a strong relationship is assumed between age
composition of the spawning stock and levels of recruitment. In the Barents Sea, low
abundance of larval and juvenile redfish is believed to indicate low spawning stock size.
Fisheries for both these species are currently restricted in order to rebuild spawning stock
size; this is expected to improve conditions and lead to increased production.
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Figure 2.4.15. Distribution area for golden redfish (left) and deep-sea redfish (right) and in the Barents Sea

region.
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Greenland halibut (Reinhardtius hippoglossoides)

Greenland halibut is a large piscivorous flatfish that has the continental slope — between the
Barents Sea and the Norwegian Sea — as an important area for adults; it is also found in the
deeper waters of the Barents Sea (Figure 2.4.16). Investigations during the period 1968-1990
indicated that cephalopods (squids, octopuses) and fish (mainly capelin and herring)
predominated in Greenland halibut stomachs (Nizovtsev, 1975; Shvagzhdis, 1990; Michalsen
and Nedreaas, 1998; Dolgov, 2000). With increasing predator length, ontogenetic shifts in
prey preference were evident; decreasing proportions of small prey (shrimps and small
capelin), and increasing proportions of larger fish. The largest Greenland halibut sampled, at
lengths more than 65-70 cm, primarily had cod and haddock as stomach contents.

Greenland halibut

Distribution — adult
%72, Distribution — young

Capelin Barents Sea

Feeding area
N Spawning area

¥ : = Spawning area — Spawning migration
! g =& 'Valid area — - Larval drift
de |- __ ,}\A { 19.06.2013 www.imr.no 7 04.06.2013 www.imr.no
Figure 2.4.16. Distribution area for Figure 2.4.17. Distribution area for
Northeast Arctic Greenland halibut. Barents Sea capelin.

Capelin (Mallotus villosus)

Capelin is a key species because it feeds on zooplankton near the ice edge, and is typically the
most important prey species for top predators in the Barents Sea. In this way, it serves as a
major transporter of biomass from the northern Barents Sea to the south (Hamre, 1994).
During summer capelin migrate northward as the ice retreats; there they have continuous
access to new zooplankton production zones uncovered by melting ice. They often reach 78-
81°N by September-October, before beginning their southward migration to spawn on
northern coasts of Norway and Russia. During spawning migrations capelin are preyed upon
extensively by cod, other piscivorous fish species, several species of marine mammals, and
birds (Figure 4.2.17) (Dolgov, 2002).

Abundance of young herring in this area has an effect on capelin recruitment. It is reported
that when large year classes of herring enter the Barents Sea, the following year’s capelin
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recruitment is usually poor, and the subsequent year’s capelin stock is likely to collapse
(Gjosater and Bogstad, 1998). In recent years, capelin recruitment and stock size has been at
an intermediate level; likewise, biomass of young herring in the area has been at an
intermediate level.

Herring (Clupea harengus)

Herring spawn along the western coast of Norway; larvae are then transported northward to
coastal areas of the southern Barents Sea, and into some Norwegian fjords. Juveniles are
distributed in southern parts of the Sea, which serve as nursery areas for approximately three
years before they migrate west and south along the Norwegian coast to join the adult stock
(Figure 4.2.18). In the south-eastern Barents Sea, both Norwegian spring-spawning herring
and local herring stocks (Cheshko-Pecherskaja herring) are found. These two species can be
distinguished by counting the number of vertebrae. In acoustic estimates of young herring in
this area, the proportion of each stock is determined separately for each WMO (World
Meteorological Organization) square (1° latitude x 2° longitude).

Polar cod (Boreogadus saida)

Polar cod is a cold-water species largely inhabiting eastern and northern regions of the
Barents Sea. It spawns in both the south-eastern area and the area east of Spitsbergen (Figure
2.4.19). It is important prey for several marine mammals, but also for Arctic cod (Orlova et
al., 2001). Polar cod is semi-pelagic and inhabits the lower water column. It is a plankton
feeder, with a rather short life cycle; fish older than 5 years are rarely found. Presently, there
is little commercial fishing on this stock.

Blue whiting (Micromestisius poutassou)

In the northeast Atlantic region, blue whiting is mainly distributed in the Norwegian Sea
(Figure 2.4.20). The marginal northern extent of its distribution is at the entrance to the
Barents Sea; its population there is relatively small. During years with inflow of warm
Atlantic Water masses, blue whiting may enter the Barents Sea in large numbers; they can be
a predominant species in western areas. Such a situation occurred during 2000-2001, and blue
whiting abundance remained significant until 2007. During its early life history (until age 5),
this species is primarily a plankton feeder; its diet later become more piscivorous.

Blue whiting, capelin, polar cod, and young herring are largely plankton feeders. General
distribution patterns for these four species have only minimal overlap: blue whiting in the
west; capelin in the north; polar cod in the east (some overlap in the Spitsbergen region); and
herring in the south. In the south-western region, blue whiting and herring may overlap in
areas of distribution, but they tend to occupy different depths in the water column. Their lack
of overlap with other predominant pelagic species — both in area of distribution and depth in
the water column — suggests low interspecies competition in feeding on the local
zooplankton.
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I Juvenile area (0-3) Il Wintering area, adult herring (sept-jan)

Figure 2.4.18. Distribution area for Norwegian spring-spawning herring during its life cycle (Belikov et al.,
2004).

Wintering area I Spawning area
B Feeding area —*  Larvae drift

Figure 2.4.19. Distribution area for polar cod.

35



Figure 2.4.20. Distribution area for blue
whiting.

Distribution area [ Spawning area

Saithe (Pollachius virens)

Saithe is a boreal species found in north Atlantic waters (Figure 2.4.21). In the north-eastern
Atlantic saithe is separated into six stocks: 1) west of Ireland; 2) west of Scotland; 3) around
Iceland; 4) around the Faroe Islands; 5) in the North Sea; and 6) in the northeast Arctic —
along the coast of Norway (62° N at Mare to Kola Peninsula) and the south-eastern Barents
Sea. It also occurs at Svalbard in low abundance.

4 4| Saithe
Feeding area (2-3 year or older)
w7 Growing area (1-3 year)
Spawning area
Spawning area - uncertain

—» Spawnig migration : . .. . .
17?06_2013 ww?,,im(,no Figure 2.4.21. Distribution of saithe.
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Tagging studies indicate that saithe undertake both feeding and spawning migrations; there
are also migrations between stocks. Young saithe may migrate extensively from the western
Norwegian coast to the North Sea. Adults follow Norwegian spring-spawning herring far out
into the Norwegian Sea, sometimes all the way to Iceland and the Faroe Islands. Saithe occur
in both pelagic and demersal zones of the water column, at depths from 0-300 m. They often
occur in dense concentrations, e.g. in the pelagic zone where currents concentrate their prey
items. Predominant prey items for young saithe are Calanus copepods, krill, and other
crustaceans. With age they become increasingly piscivorous and prey on: herring; sprat;
young haddock; Norway pout; and blue whiting. In the northeast Arctic saithe spawn during
winter; peak spawning occurs during February at 150-200 m depths and temperatures from 6—
10°C. They undergo regular annual spawning migrations from the northern coast of Norway
to areas off the western coast of Norway; they also sometimes migrate to northern regions of
the North Sea, but to a lesser extent. Principal spawning areas are: Lofoten; Haltenbanken;
and banks outside the Mgre and Romsdal region. Eggs and larvae drift northward with the
currents. Nursery grounds for 0 age-group saithe include shore areas extending from the
western coast of Norway to south-eastern regions of the Barents Sea. They migrate to coastal
banks as 2—4 year olds.

2.45.3  Other fishery species

Three wolffish species — common wolffish (Anarhichas lupus), spotted wolffish (A. minor),
and northern wolffish (A. denticulatus) — occur in the Barents Sea and adjacent waters.
Wolffish are large (up to 180 cm), long-lived (up to 25 years), and demersal. These life-
history characteristics make them particularly vulnerable to exploitation. Common wolffish
and spotted wolffish are fished commercially, while the fishery on northern wolffish is
minimal.

Long rough dab (Hippoglossoides platessoides) are abundant and widely distributed in the
Barents Sea. As one of the most common groundfish species, it plays an important role in the
benthic community. Because it is hardly fished commercially, detailed information on its life
history and ecology is limited, and physical processes which influence the dynamics of this
species are not well understood. During 2004-2013, ecosystem survey swept-area measures of
abundance for long rough dab have been between 300,000 and 600,000 metric tons (tonnes).
This is likely a minimum estimate of stock abundance.

2.4.6 Marine mammals

K.M. Kovacs (NPI), A.K. Frie (IMR), M. Skern-Mauritzen (IMR), S.E. Belikov (VNIIPriroda),
V.N. Svetochev (MMBI), and C. Lydersen (NPI)

Polar bears, seven pinniped species, and five cetacean species reside full-time in the Barents
Sea Region. In addition, eight whale species are regular seasonal migrants that come into the
Barents Sea to take advantage of summer-time peaks in productivity as the ice retreats
northward during summer. Three additional dolphin species are observed occasionally in the
southern Barents Sea; and sei whales (Balaenoptera borealis) have been observed north of
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79° off the west coast of Spitsbergen; however, these species are considered rare north of the
Norwegian Sea (Table 2.4.5).

The marine mammal community of the Barents Sea and adjacent northern waters represents a
vast range of body sizes — from the ringed seal (1.3 m, 60 kg) up to the blue whale (24 m,
100,000+ kg) — and displays concomitant variation in life-history strategies and ecology
(Kovacs et al., 2009). Most species feed at relatively high trophic levels, with polar bears and
killer whales being apex predators. However, some of the largest baleen whales, such as blue
whales and bowhead whales, feed at the zooplankton level of the food web, specialising on
krill and copepods, respectively. The largest Barents Sea pinniped, the walrus also feeds
primarily on small benthic invertebrates in shallow waters (e.g. Gjertz and Wiig, 1992). Other
marine mammals in the region feed on a combination of benthic, pelagic, and even sympagic
(ice-associated) fauna (including both fish and invertebrates). However, schooling fish
including capelin, polar cod, and herring are the primary diet for many marine mammals in
the Barents Sea Region (e.g. Nilssen et al., 1995; Bogstad et al., 2000; Andersen et al., 2004;
Labansen et al., 2007). Climate change is having an impact on the Barents Sea fish
community, resulting in a marked borealization of the region (Fossheim et al., 2015) that will
have ramifications for the dietary composition of many marine mammal species in the coming
decades. Declines in polar cod alone, will induce considerable change in the diets of many top
trophic species (e.g. Haug et al., 2007; Labansen et al., 2007; Lindstrgm et al., 2013).

The large total biomass of marine mammals in the Barents Region implies that they play an
important role in the structure and functioning of communities they occupy (Bowen, 1997).
Consumption estimates for marine mammals in the Barents Sea suggest that, as a group, they
consume 1.5 x the amount of fish biomass harvested by fisheries (e.g. Bogstad et al., 2000;
Folkow et al., 2000; Nilssen et al., 2000). Examples of the impacts of extreme prey shortages
— such as effects of the capelin stock crashes in the Barents Sea during the 1980s and 1990s
— show that these top predators do experience “bottom-up” controls (Haug et al., 1991,
Nilssen et al., 1998), and are clearly impacted by fishery overexploitation or environmental
cycles which may cause reductions in stocks of their prey.

Currently, only minke whales and harp seals are commercially exploited by Norway, at low
levels relative to their abundance. Ringed seals and bearded seals are harvested at low levels
in both Russia and Norway. Quotas are set for commercial harvests, but for harp seals the take
is only a small part of the allowable catch (ICES WGHARP, 2014). Additionally, a quota is
set for harvesting white whales in the Russian Barents Region by the Fisheries Ministry
(N=50 for the White Sea and N=200 for the Barents Sea); this species is protected in
Norwegian waters. Coastal seals (harbour and grey seals) are legally harvested by licensed
sport hunters in Norway and their numbers are also reduced by bounty hunts in some areas
along the Norwegian coast (Nilssen and Haug, 2007; Nilssen et al., 2009); the coastal seals
are protected in Russian waters. All other marine mammals are protected throughout the
Barents Sea, both in Norwegian and Russian territories. Non-consumptive use of marine
mammals in the Barents Region occurs primarily through tourism in the wild; this industry
has increased rapidly in Svalbard over the past few decades and is also becoming more
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common within the Frans Josef Land Sanctuary. Small numbers of white whales are taken
from the White Sea, from within the overall quota set by Russia, for display in aquariums and
zoos around the world.

The abundance and diversity of marine mammals in the Barents Sea area attracted the
attention of the earliest European explorers to the region. Massive harvesting which began in
the 1600s targeted various marine mammal species over the next 300-400 years. All of the
Great Whales were over-harvested, beginning with the earliest whaling that was concentrated
on the fat, slow “right whale” family (including bowheads in the High Arctic). Advances in
technology (such as the steam-driven engine, harpoon canons, effective floating mechanisms
etc.) resulted in an expanded number of species that could be caught effectively. Walruses,
seals, and polar bears were initially taken largely as by-catch in the northern whaling industry.
But, these animals became the target of significant commercial harvesting in the Barents Sea
and adjacent areas as whaling started to decline. Harbour seals, grey seals, and harbour
porpoise have been exploited throughout their range by coastal inhabitants from early human
history. Additionally, ringed seals, bearded seals, harp seals, and white whales have been
harvested starting as early as the 1400s in Russian coastal areas of the Barents Sea
(Alekseeva, 2008). West Ice harp seals and hooded seals have been the subject of commercial
harvesting for centuries. However, due to precipitous declines in hooded seal populations
following WWII, this species is now Red Listed by the International Union for the
Conservation of Nature (IUCN); the West Ice quota (Norwegian and Russian hunting area) is
set at zero (ICES WGHARP, 2008; Salberg et al., 2008). Analyses based on a 2012 survey,
suggest that the Greenland Sea hooded seal population will likely continue to decline slowly
even in the absence of commercial hunting (@igard et al., 2014). Impacts of climate change
are likely contributing to this trend; one factor being increased predation by polar bears on
harp and hooded seal pups as the ice edge has moved closer to mainland Greenland in recent
years (McKinney et al., 2013). Despite a history of over-exploitation, the Barents Sea region’s
marine mammal community is still rich in species, and some populations, particularly among
the pinnipeds, are very abundant (Table 2.4.5).
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Table 2.4.5. Residency status and abundance of marine mammals in the Barents Sea region.

Common Name Residency Abundance Uncerta
Genus species status inty”
level
Polar bear Year-round 2650 E
Ursus maritimus (95% CI: 1900-3600)"
Walrus Year-round 12000 ?
Odobenus (Sval. — 3886 - 95% CI: 3553-4262)%
rosmarus Frans Josef Land thought to be similar to
Svalbard (not surveyed)
(Pechora Sea — 3943 — Cl 3605-4325)°

Ringed seal Year-round 100000 ?2?
Pusa hispida (Sval. partial - 7585 - 95%

Cl: 6332-9085)%*

White Sea 20000%°
Bearded seal Year-round Northern Barents Sea ~10,000 ??
Erignathus barbatus White Sea ~ 6000
Harp seal Year-round** | 1368200 (95% CO: 1226300-1509378, Barents E
Pagophilus Sea stock)*
groenlandicus 627410 (95% CI: 470540-786280, Greenland

Sea stock)*
Hooded seal Year-round** 84020 (95% CI: 68060-99980)% E
Cystophora cristata
Grey seal Year-round 2000 Troms-Finnmark® E
Halichoerus grypus 3500 Murman coast®
Harbour seal Year-round 3,500 E/?
Phoca vitulina (Sval. ~1800, Cl range 1300-4418°, Troms &
Finmark 19677, 400-500 Murman Coast 8
White Sea - unknown numbers®)

Bowhead whale Year-round Some hundreds!* 2?
Balaenoptera
acutorostra
White whale (beluga) | Year-round 10000 7??
Delphinapterus
leucas
Narwhal Year-round 1000 ?7?
Monodon monoceros
White-beaked Year-round 60000-70000% 2?
dolphin
Lagenorhynchus
albirostris
Harbour porpoise Year-round 11000 ??
Phocoena phocoena
Blue whale Seasonal NE Atlantic 979 E
Balaenoptera migrant (95% CI: 137-2542)9
musculus
Fin whale Seasonal NE Atlantic 6409 (95% CI: 4356-9431)10 E
Balaenoptera migrant (c. 1,800 in Barents Sea proper and
physalus Spitsbergen Shelf)
Humpback whale Seasonal NE Atlantic 1450 (95% CI: 898-2341)10 E
Megaptera migrant

novaeangliae
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Table 2.4.5 cont.

Common Name Residency Abundance Uncer-
Genus species status tainty”

level
Minke whale Seasonal NE Atlantic 101615 E
Balaenoptera migrant Barents Sea (EB)34125'2
acutorostrata Norwegian Sea (EW) 21218
Killer whale Seasonal NE Atlantic: - a few thousands®? 27?
Orcinus orca migrant
Northern bottlenose Seasonal A few sightings in the Norwegian Sea ?77?
whale migrant and west of Spitsbergen, no accurate
Hyperoodon ampullatus estimate available (~60-70%)
Long-finned pilot whale Seasonal A few sightings along the Norwegian -
Globicephala melas migrant coast, north to Bjerngya, no estimate

available

Sperm whale Seasonal NE Atlantic 6,207 (95% CI: 4053- E
Physeter macrocephalus migrant 9505)*°
Sei whale Summer vagrant - -
(Balaenoptera
borealis)
Common dolphin Summer vagrant - -
Delphinus delphis
Bottlenose dolphin Summer vagrant - -
Tursiops truncatus
White-sided dolphin Summer vagrant - -
Lagenorhynchus acutus

*There is broad uncertainty in assessments of abundance for marine mammal population in the Barents Region:
some populations have been assessed recently and completely (E); while many assessments are based on partial
estimates by region that have been extrapolated to the whole Barents Sea (providing a reasonable or somewhat
uncertain estimate); in some cases there is little or no available abundance data — so the values presented
represent educated guesses based on sighting records or other less-quantitative estimators.

**harp and hooded seals leave the Barents Sea for breeding; some hooded seal populations undertake post-
breeding or pre-molting foraging expeditions as well, while some spend much of the year in the Barents Region.

Sources: Aars et al. (2009); a survey was flown in late summer 2015 and an updated estimate will be finalised in
2016, 22Kovacs et al. (2014), 2 Lydersen et al. (2012a), *Krafft et al. (2006), *Lukin et al., (2006), new aerial
surveys have been conducted, but the estimate is not yet revised; *ICES WGHARP (2014), *ICES WGHARP
(2013), ® @igérd et al. (2012), *Merkel et al. (2013), "Sjgpattedyrutvalget report (2014 unpubl. Data), 8Zyrvanov
(2000), & Vlad Svetochev, pers. comm. — but no recent data., *Pike et al. (2009), °@ien (2008), *Christensen et
al. 1992a lists 10s to 100s — but recent sightings suggest that some few hundred in the region as a whole is likely;
NPI unpublished data; > (NE Atlantic includes whole survey area minus Iceland) Solvang et al. (2015), **Foote
et al. (2007), **Klepikovskiy and Shestopal (2006); *@ien 1993, 6 minimum estimate from Bjgrge and @ien
(1995).
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247 Seabirds

H. Strem (NPI), J.V. Krasnov (MMBI), S. Descamps (NPI), M.V. Gavrilo (AARI), P.
Fauchald (NINA), G.H. Systad (NINA), and G. Tertitski (RAS)

Introduction

The Barents Sea Region supports some of the largest concentrations of seabirds in the world.
A total of 33 species breed regularly in the region, and about 20-25 million seabirds harvest
approximately 1.2 million tonnes of biomass annually from the area.

Seabirds spend most of the year at sea, visiting land only to breed, and find all their food in
the marine environment (Schreiber and Burger, 2002). Typically, they form large breeding
colonies in inaccessible locations along the coast or on remote islands. Seabirds are
characterized by long life spans (10-40 years), deferred maturity (breeding delayed up to five
years of age), small clutch size (only one egg in many cases), and extended chick rearing
periods (sometimes up to several months) (Schreiber and Burger, 2002). Such life history
characteristics imply that seabird populations are more vulnerable to factors which affect
adult survival than factors which affect breeding success or survival to maturity (Gaston,
2004). Many seabirds are specialised top predators; therefore changes in their behaviour or
population dynamics may reflect changes occurring at lower trophic levels or at early life
stages. This makes them suitable indicators of changes occurring in the marine environment
(e.g. Cairns, 1992; Furness and Camphuysen, 1997; Tasker and Furness, 2003).

A total of 33 seabird species breed regularly in the Barents Sea Region (Table 2.4.6, Figure
2.4.28). The majority belong to five systematic groups, including: Gaviiformes (divers);
Procellariiformes (petrels and fulmars); Pelicaniformes (cormorants and gannets);
Anseriformes (seaducks); and Charadriiforms (skuas, gulls, terns, phalaropes, and alcids).
Based on their foraging habitats (coastal vs. pelagic), their behaviour (surface feeding vs.
diving) and principal diet (fish, zooplankton or benthos) seabird species can be divided into
five ecological groups (Anker-Nilssen, 1994; Table 2.4.6). The pelagic feeding species
dominate the Barents Sea seabird community, comprised both of diving — Briinnich’s
guillemot (Uria lomvia), Atlantic puffin (Fratercula arctica), and little auk (Alle alle) — and
surface feeding species: northern fulmar (Fulmarus glacialis) and black-legged kittiwake
(Rissa tridactyla).

Most seabird species breeding in the region are to some extent migratory, utilizing the high
productivity during summer. More than 50% of the Barents Sea may be ice covered during
winter. Although many populations leave the region during autumn and winter, they are often
replaced by other populations from breeding areas further to the east which over-winter in the
Barents Sea (e.g. Steller’s eider/Polysticta stelleri and king eider/Somateria spectabilis,
Figure 2.4.29).
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Population sizes

The Barents Sea Region (here defined as the north-eastern part of the Norwegian and
Greenland Seas, and the Barents and White Seas) supports some of the largest concentrations
of seabirds in the world (Norderhaug et al., 1977; Anker-Nilssen et al., 2000). In total, more
than 5 million pairs of seabirds breed in the region. The most abundant species are the:
Briinnich’s guillemot (Uria lomvia/1.25 mill. pairs); little auk (Alle alle/>1,000,000 pairs);
Atlantic puffin (Fratercula arctica/910,000 pairs); and black-legged kittiwake (Rissa
tridactyla/680,000 pairs). Other common species include: Northern fulmar (Fulmarus
glacialis/500,000-1,000,000 pairs); common eider (Somateria mollisima/158,000 pairs);
herring gull (Larus argentatus/122,000 pairs); common guillemots (Uria aalge/104,000
pairs); and Arctic tern (Sterna paradisaea/65,000 pairs). The Norwegian mainland, Novaya
Zemlya, and Svalbard are the three main breeding areas; supporting more than 80% of the
total breeding populations in the region (Table 2.4.6). However, precise estimates of the status
of different seabird species in the Barents Sea region are made difficult by a lack of updated
information from the eastern Barents Sea, especially Novaya Zemlya and Franz Josef Land.

High seabird density in the Barents Sea is a consequence of high primary production and large
stocks of pelagic fish species such as capelin (Mallotus villosus), herring (Clupea harengus),
and polar cod (Boreogadus saida). Seabird community composition reflects the
environmental gradient from warm Atlantic areas in the south to cold ice-filled arctic areas in
the North. In northern and eastern areas, the marginal ice-zone is important feeding habitat
where seabirds forage on migrating capelin, polar cod, and zooplankton (Mehlum and
Gabrielsen, 1993; Mehlum et al., 1996; Mehlum et al., 1998). Seabird communities in
southern and western areas feed on juvenile gadoids, juvenile herring, sandeels (Ammodytes
sp.) and capelin (e.g. Anker-Nilssen, 1992; Barrett and Krasnov, 1996; Barrett et al., 1997;
Fauchald and Erikstad, 2002). Atlantic puffins, black-legged Kittiwakes, and common
guillemots dominate the seabird communities south of the Polar Front, while more Arctic
species such as Briinnich’s guillemot and little auk dominate in the north.
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Figure 2.4.28. Seabird
colonies in the Barents Sea
Region. Source: The Seabird
Colony Registry of the
Barents and White Seas and
NINA.

Figure 2.4.29. Steller’s Eider
migration patterns (Source:
www.seagog.no).


http://www.seapop.no/

Table 2.4.6. Breeding population estimates (pairs) of seabirds in the Barents Sea Region 2015.

Regions Total
Ecologica |[Norwegian Murman Nenets Novaya Franz Josef
Species I group [coast coast White Sea  district Zemlya Land Svalbard Pairs
Great northern diver ~ Gavia immer CFi 0 0 0 0 0 0 0-3 0-3
Northern fulmar Fulmarus glacialis PSu |100 0 0 0 >2,500 7,000-8,000 500,000- 500,000-
1, 000,000 1,000,000
European storm-petrel Hydrobates pelagicus PSu [>100 0 0 0 0 0 0 >100
Leach’s storm petrel ~ Oceanodroma PSu [0 0 0 0 0 0 0 0
leucorhoa
Northern gannet Morus bassanus PSu (2,100 150-250 O 0 0 0 0 2,250-2,350
Great cormorant Phalacrocorax carbo CFi 5,500 1,200 370 0 0 0 0 7,070
European shag Phalacrocorax CFi  [5,000 350-400 0 0 0 0 0 5,350-5,400
aristotelis

Common eider Somateria mollisima CBe (9,000 3,000-4,000 9,500 1,500 25,000 1,000-2,000 17,000 66,000-68,000
King eider Somateria spectabilis CBe [0 0 0 500 ? 500 1,000
Steller’s eider Polysticta stelleri CBe [0 0 0 10-100 2 0 0 10-100
Long-tailed duck Clangula hyemalis CBe |? ? ? ? ? 0 <1,000 1,000
Black scoter Melanitta nigra CBe |? ? ? ? ? 0 0 ?
Velvet scoter Melanitta fusca CBe |? ? ? ? 0 0 0 ?
Red-breasted merganser Mergus serrator CFi P ? ? ? ? 0 0 ?
Acrctic skua Stercorarius parasiticus  PSu  [? ? 150 ? ? ? >1,000 >1,150
Great skua Catharacta skua PSu [20 7-10 0 1-10 >50 0 1,000 1,100
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Regions Total
Ecologica |[Norwegian Murman Nenets Novaya Franz Josef
Species I group [coast coast White Sea  district Zemlya Land Svalbard Pairs
Sabine's gull Xema sabini PSu [0 0 0 0 0 0 >10 >10
Mew gull Larus canus CSu (10,000 500 3,700 ? 0 0 <5 14,200
Lesser Black-backed
gull Larus fuscus PSu? <100 >3200 0 0 0 <5 >3,300
Herring gull Larus argentatus CSu (11,500 17,500 5,100 0 0 0 <5 34,100
<100
(Tersky
West-Siberian Gull Larus heuglini CSu [ 0 coast) 500-1,000 *? 0 0 600-1,100
Glaucous gull Larus hyperboreus PSu [0 0 0 2000 > 2,000 >1000 4,000 >9,000
Great black-backed gull Larus marinus CSu 14,500 7,500 330 1 1 0 100 12,430
40,000-
Black-legged kittiwake Rissa tridactyla PSu 37,000 < 87,000 40-50 150-200 50,000 100,000 245,000 515,000
Ivory gull Pagophila eburnean PSu [0 0 0 0 0 2,000-3,000 1,000-2,000 3,000-5,000
Common tern Sterna hirundo CSu (1,000 0 Few 0 0 0 0 >1,000
Acrctic tern Sterna paradisaea CSu (4,000 <10,000 33,000 > 1,000 ? > 1,000 <10,000 59,000
Common guillemot Uria aalge PDi (14,000 7,800-8,400 0 0 750 0 132,000 155,000
250,000-  200,000- 1,067,000-
Briinnich’s guillemot ~ Uria lomvia PDi [<100 1,800 0 0 500,000 250,000 615,000 1,367000
Razorbill Alca torda PDi [<45,000  100-1,000 3,870 0 1-10 0 120 19,600
Black guillemot Cepphus grille CBe (20,000 6,000 1,930 100 6,000-7,000 3,000-4,000 20,000 58,000
Little auk Alle alle PDi [0 0 0 0 30,000- >500,000 >1,000,000 >1,530,000
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Regions Total
Ecologica [Norwegian Murman Nenets Novaya Franz Josef
Species I group [coast coast White Sea  district Zemlya Land Svalbard Pairs
50,000
Atlantic puffin Fratercula arctica PDi 907,000 <5,000 1-2 0 >100 0 <10,000 910,000
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The most abundant species

Little auks and Briinnich’s guillemot in combination are believed to be the most numerous
seabird species in the Barents Sea Region. The largest colonies (several over 100,000 pairs)
inhabit Spitsbergen, Hopen, Bjgrngya (Bear Island), and the west coast of Novaya Zemlya.
Briinnich’s guillemots generally winter in waters off Iceland, Greenland, and Newfoundland
(Canada); although birds from Novaya Zemlya and Franz Josef Land likely remain in the
Barents Sea throughout the year. Outside the breeding season Briinnich’s guillemot appear in
coastal waters and at sea, often in ice-filled areas. Their diet consists mainly of fish and
crustaceans. In the northern Barents Sea, important prey items include polar cod and
crustaceans.

For the Barents Sea little auk population, a crude estimate of more than one million pairs has
been made, and the global population is set to more than 40 million pairs. Little auks feed in
both inshore and offshore waters. Their main food during the breeding season consists of
small crustaceans, especially copepods (Calanus spp.). At times other than the breeding
season, the little auk is pelagic and migrates to wintering areas off south-western Greenland.
Some little auks may also winter around Svalbard, in the Barents Sea, and along the
Norwegian coast south to the Skagerrak.

Black-legged kittiwake is the most common gull in the Barents Sea region, and breeds in all
sub-regions. It is also the most abundant species of gull in the world, and the most oceanic in
its habitat. The total breeding population in the Barents Sea region is estimated to be 680,000
pairs. This species can be observed in all coastal areas as well as at sea, including ice-filled
waters. The largest colonies are found on Bjgrngya, Hopen, and the west coast of Novaya
Zemlya. The black-legged kittiwake feeds mainly on small fish up to 15-20 cm long and
invertebrates, but they also scavenge offal or discarded fish behind fishing boats. In the
northern Barents Sea, capelin, polar cod, amphipods, and euphausiids are important
components of their diet. However, composition of their diet changes between areas and
seasons. Kittiwakes disperse widely over most of the North Atlantic outside the breeding
season.

The northern fulmar is restricted to north-western areas of the Barents Sea region, with a large
breeding population in Svalbard. The northern fulmar is primarily a pelagic species which
remains far out at sea except during the breeding season. Even during breeding, it sometimes
makes long foraging trips. Fulmars breeding on Bjgrngya are known to feed in the central
Barents Sea; during the chick-rearing period, they may along the coast of northern Norway
(Weimerkirch et al., 2001). They feed on small pelagic animals caught near or on the sea
surface; in Svalbard they feed mainly on squid, polychaetes, pteropods, crustaceans, and small
fish. They also scavenge fishery discard and offal. In the Arctic, the fulmar has been observed
in both open sea areas and in ice-filled waters.

In the Barents Sea region, the Atlantic puffin breeds primarily in northern Norway and

western Murman coast; it also breeds in small scattered colonies in Novaya Zemlya,
Spitsbergen, and Bjgrngya. During autumn, puffins assemble in the Barents Sea. Wintering
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areas for the different populations are poorly understood, but many birds winter in the
southern Barents Sea and further south in the Norwegian Sea (Figure 2.4.30;
www.seapop.no). Atlantic puffin feed mainly on small schooling fish. Crustaceans, squid, and
polychaete worms are also important food items for some populations, especially outside the
breeding season. Most puffins search for food in offshore pelagic waters. During the non-
breeding season, they are pelagic in both distribution and feeding habits.

The common eider is the most abundant breeding sea duck inhabiting the entire coastline of
the Barents Sea region. It is relatively sedentary and forms local populations. Common eiders
breed on small islets where they are relatively safe from mammalian predators as long as there
IS no sea ice. They breed in colonies of variable size and density, but may also nest solitarily.
Common eiders feed on various benthic animals; blue mussels Mytilus edulis are a preferred
food source, which they catch by diving down to about ten metres. Small crustaceans,
echinoderms, annelids, and small fish and their fry — found in the inter-tidal zone and the
shallows — are also part of their diet. Common eiders in the High Arctic are migratory, and
leave the breeding grounds, wintering along the coast of Kola and Northern Norway. Some
birds from Spitsbergen winter in Iceland (Bakken et al., 2003). Some birds may spend the
winter in restricted ice-free waters off the west coast of Svalbard, and possibly west off
Novaya Zemlya. Mainland common eiders do not migrate far, and winter largely within their
breeding range, leaving only the most easterly regions. In mid winter, abundance of common
eiders in eastern Finnmark, Norway increases to approximately 50,000 individuals, indicating
that birds from Russian populations move into this area (Figure 2.4.31). Also, there is an
increase in the wintering population in western Finnmark from mid November, which
corresponds to the size of the Svalbard population. King eiders exhibit a similar migration
pattern.

Seabirds play an important role in transporting organic matter and nutrients from the sea to
the land (Ellis, 2005). This transport is of great importance especially in the Arctic, where
lack of nutrients is an important limiting factor. This is especially evident in the high-Arctic
archipelagos of Svalbard and Franz Josef Land, where rich vegetation is found below seabird
breeding colonies; this vegetation is then grazed by reindeer (Rangiferus rangiferus), geese
(Branta spp. and Anser brachyrhynchos), and ptarmigan grouse (Lagopus mutus).
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2.4.8 Infectious organisms
V. Kuklin (MMBI), M. Tryland (UiT - Arctic University of Norway), and M.M. McBride (IMR)

2.4.8.1 Fish

At present, fish are considered best indicators of health of the aquatic environment, and of
changes due to anthropogenic stressors. Frequency in the occurrence of disease is a valuable
indicator of the state of the Barents Sea ecosystem, and can be useful to identify factors
causing negative impacts. Monitoring long-term changes in the prevalence of diseases is
needed to determine if, and how, they correlate with human activities and impacts (Karasev et
al., 2011).

Data from 2006 indicate a low prevalence of fish disease in the Barents Sea. Mean
prevalence for the period 1999-2007 is 0.6%. The highest proportion of diseased fish (2.0%)
was observed in 2003. Between 2003 and 2011, only 02.-0.3% of fish sampled annually —
including, cod, haddock, long rough dab, wolfish species, blue whiting, grenadier, saithe, and
sculpins — were found to be diseased (Karasev et al., 2011).

As of yet, objective estimates of parasite species diversity for all organisms in the Barents Sea
have not been possible because taxonomic groups of their hosts have been studied to varying
degrees. However, parasites (mostly helminths) are an integral part of any marine ecosystem,
and circulate in the sea through trophic relationships among nearly all living organisms in the
foodweb. Karasev et al. (2011) reported 235 different species of parasites to occur in the
Barents Sea, representing: 8 classes; 33 orders; 74 families; and 140 genera.

2.4.8.2 Helminthofaunal infections in seabirds

In surveys of 20 species of seabirds, 99 species of helminthes were recorded, 37 trematoda
species, 41 cestoda species, 18 nematods, 5 species of the order Acanthocephala. There are 84
species of helminthes in birds from the Murman coast, and 49 of them are characteristic for
that area only. There are 10 (1) species from Novaya Zemlja and 28 (7) from Svalbard. Six
species of helminthes are found across the entire Barents Sea. Representatives of all main taxa
of parasitic worms (trematoda, cestoda, nematoda, acanthocaphala) were found in 8 bird
species: common eider (Somateria mollissima), Steller's eider (Polystica stellery), purple
sandpiper (Calidris maritime), black-legged kittiwake (Rissa tridactyla), European herring
gull (Larus argentatus), great black-backed gull (L. Marinus), glaucous gull (L.
Hyperboreus), and black guillemot or tystie (Cepphus grille).

The helminth fauna of Barents Sea seabirds consists mostly of species with life cycles linked
to coastal ecosystems. Invertebrates and fish from the littoral and upper sublittoral complex
serve as their intermediate hosts. There are some exceptions to this: Cestodes from the
Tetrabothriidae and Dilepididae families which are able to complete their entire life cycle in
the open sea.
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The highest levels of infection and highest diversity of parasites have been recorded in birds
whose diet is based on littoral and upper sublittoral invertebrates. Ichtyophageous and
planktophageous bird species have the lowest indices of infestation and parasite species
diversity.

The diversity of trematode fauna in seabirds of the Arctic islands is quite poor; levels of
infection are also quite low. This is due to a lack of intermediate hosts (mollusks) and
unfavourable environmental conditions. At the same time many cestode species from the
families Dilepididae, Hymenolepididae, Tetrabothriidae, and Acanthocaphala are found in
birds from all parts of the Barents Sea. This is explained by the abundance of sublittoral
crustaceans — intermediate hosts for those parasites (Kuklin and Kuklina, 2005).

Birds from the East Murman coast show strong local patterns in helminthofauna. To perform
objective evaluation of parasitological situation, it is necessary to have data from areas that
differ in their geographical and ecological parameters.

Over the past 50 years, there have been significant quantitative and qualitative changes in the
avian helminthofauna of Murman, including changes in the composition of helminth species
occurring, as well as a significant drop in levels of trematode and cestode infestation. This
results from the decreased number of birds occurring and change in their food base. Capelin
(Mallotus villosus) over-fishing has also played a significant role as it is a main food base for
many species.

Pathogenicity of helminthes for the seabirds of the Barents Sea

Infestation of seabirds with helminthes leads to changes in levels of proteins, lipids,
carbohydrate metabolism, and minerals. The presence of intestinal parasites causes changes
in the physiological condition of blood as well as liver and kidney dysfunction. The most
pronounced metabolic changes are recorded in birds infected with: cetodes from the
Hymenolepididae and Tetrabothriidae families; cyclophyllid tapeworms from the Dilepididae
and Tetrabothriidae families; trematodes from the Microphallidae family; and joint infections
by trematodes from the Microphallidae and Heterophyidae families (Kuklin and Kuklina,
2005).Studies have shown that the most dramatic changes in metabolic processes of seabirds
occur from the 4™ through the 10" day after infestation, after which the system “parasite-host”
becomes more stable and less antagonistic. Birds are most susceptible to infestation during the
first year of life, probably due to an underdeveloped immune system.

2.4.8.3 Bacterial and viral infection in Marine mammals

Bacteria of the genus Brucella are widely distributed among marine mammals in the Barents
Sea, including in the polar bear population (Nymo et al., 2011). A previous investigation
revealed high prevalence of anti-Brucella antibodies (35%) and Brucella-bacteria (Brucella
pinnipedialis; 38%) in hooded seals (Cystophora cristata). Such antibodies were also
detected in: harp seals (Phoca groenlandica); ringed seals (Pusa hispida); minke whales
(Balaenoptera acutorostrata); fin whales (B. physalus); and sei whales (B. borealis) (Tryland
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et al., 1999). Brucella pinnipedialis was isolated from 38 % of the investigated hooded seals
(n=29) from the north-east Atlantic Ocean, but not from ringed seals (Pusa hispida) from
Svalbard; no pathological lesions were associated with the presence of bacteria (Tryland et al.,
2005b). A Brucella sp. isolate was also obtained from a minke whale off the coast of
Finnmark, Northern Norway (Clavareau et al., 1998). A recent study revealed that pups (< 1
month old) had a substantially lower seroprevalence (2.5 %) than yearlings (35 %), suggesting
that the bacterium is not transferred from mother to pup, and that the animals are exposed
during their first year of life (Nymo et al., 2013). Recent studies have also indicated that
isolates of Brucella pinnipedialis obtained from hooded seals have a less pathogenic character
than many other species of Brucella bacteria (Larsen et al., 2013; Nymo et al., 2014). Anti-
Brucella antibodies have also been detected in polar bears from Svalbard (3.6 %, n=253) and
the Barents Sea (15.9 %, n=44) (Tryland et al., 2001).

The bacterium (Bordetella bronchiseptica) has been identified as a frequent secondary
invader and pathogen in seals, following infections with phocine distemper virus (PDV)
(Register et al., 2000). Also Salmonella sp., Mycobacterium sp. and Mycoplasma sp. may
cause disease in marine mammals and are also zoonoses, i.e. can cause infectious disease in
man (Tryland, 2000; Tryland et al., 2014).

Phocid Herpesvirus Type 1 (PhHV-1) cause infections with clinical signs of upper respiratory
tract disease, fever, vomiting, diarrhea, acute pneumonia and hepatitis in neonatal phocids,
and can also cause ocular infections (wild and captive seals). Antibodies against PhHV-1 have
been detected in harp seals (Phoca groenlandica) and hooded seals (Cystophora cristata) of
the North-East Atlantic Ocean (Stuen et al., 1994). In harbor seals at Svalbard, antibodies (72-
100%, n= 383, 1998-2010) and PhHV-1-specific DNA in ocular swab samples (8 %, n= 73,
2009; 3 %, n= 63, 2010) have been detected, but no clinical symptoms associated with the
PhHV-1 infections were found (Roth et al., 2013).

Phocine distemper virus (PDV) usually gives respiratory disease in seals, but also symptoms
from CNS. PDV epizootics killed approximately 18,000 and 22,000 harbour seals (Phoca
vitulina) and grey seals (Halichoerus grypus) along the coasts of northern Europe in 1988 and
2002, respectively (Seibel et al., 2007; Duignan et al., 2014). No such disease has been seen
in coastal seal colonies in northern Norway or Svalbard, but antibodies have been detected in
harbour seals and walrus (Odobenus rosmarus) at Svalbard (5% and 31%, respectively) (M.
Tryland, unpublished data). Antibodies against PDV were also detected in harp seals (Phoca
groenlandica) and hooded seals (Cystophora cristata) from the pack ice of the Greenland Sea,
north of Jan Mayen (West Ice) (Stuen et al., 1994), and in polar bears (Ursus maritimus) from
Svalbard and the Barents Sea (8%) (Tryland et al., 2005a).

Infection with rabies virus was observed in one ringed seal at Svalbard in 1980. Influenza-
virus, parapoxvirus, and calicivirus may also cause disease in marine mammals, and also are
potential zoonotic agents (Tryland et al., 2014). When testing polar bears for calicivirus, an
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antibody prevalence of 2 % was found, whereas no individuals had antibodies against rabies
virus (Tryland et al., 2005a).

2.4.9 Rare and threatened species

M. Tsyganova (VNIIPriroda), M. Gavrilo (AARI), I. Salvesen (ADB), S.E. Belikov
(VNIIPriroda), J. Gjgsater (IMR), J.A. Kalas (ADB), and H. Strgm (NPI)

In this chapter we handle species of particular conservation concern due to their population
status. These are the species present in the Barents Sea area and also listed on the Global Red
List (IUCN, 2015), the Russian Red Data book (Danilov-Danilyan et al., 2001)* and/or the
Norwegian Red List (Kalas et al., 2006). The groups of species included are restricted to
mammals, birds and fish species. This is due to the general lack of knowledge and lack of
relevant assessments for other taxonomic groups in the Barents Sea area. Some information is
available in the Norwegian 2006 Red List, but both the Global Red List and the Russian Red
Data Book include such assessments to a minor degree. For future reports the goal should be
to include a far broader spectrum of taxonomic groups.

Species included in this chapter have either very small populations or have recently
undergone considerable population decline (or are expected to do so in the near future).
Assessments are conducted using the IUCN criteria (IUCN, 2015); however the 3 lists
(Global, Russian, and Norwegian) cannot be compared directly. The Global list is based on
the global assessment (IUCN, 2015), and includes assessments for the global population of
particular species. The Norwegian Red List is a regional red list using the IUCN categories
and criteria on a Norwegian scale (IUCN, 2015), i.e. covering Norwegian populations and
'rescuing’ effects from neighbouring populations. The framework for the Red Data Book of
the Russian Federation is based on: the Federal law “On the Environmental Protection” (10
January, 2002); the Federal law "About animal world" (5 May, 1995); and the Decree of the
Government of the Russian Federation #158 (February 19, 1996) — which states the Red
Data Book of the Russian Federation to be an official document providing information about
rare and endangered species of animals and plants, as well as necessary measures for their
protection and recovery. In other words, it represents a state inventory of such species as well
as scientific background for their conservation strategies in Russia. All these lists are closely
related and have high relevance for the conservation of biodiversity.

Relevant species are presented in Table 2.4.7 that, in addition to the Red List categories, gives
information about the species status relative to international conventions or agreements.
However, all conventions/agreements are not relevant for all species groups.

This table includes a total of 56 species, comprised of 28 fish species, 9 bird species, and 16
mammal species. More detailed information on particular species of fish, birds, and mammals
is included in other chapters of this report.
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Table 2.4.7. Threatened species in the Barents Sea.

Convention/International Agreement Status Explanation

IUCN Red List Categories and Criteria: Version 3.1. 2001. EX — extinct; EW - Extinct in the Wild; CR - Critically Endangered; EN- Endangered; VU —

Norwegian Red List Vulnerable; NT - Near Threatened; LC- Least Concern; DD - Data Deficient; NE - Not
Evaluated

The Red Data Book of the Russian Federation 0- Probably extinct; 1- Endangered; 2 - Decreasing number; 3- Rare; 4 - Uncertain status; 5 -

Rehabilitated and rehabilitating
Convention on the Conservation of European Wildlife and Natural Habitats 2 — species listed in Annex Il to the Convention; 3 — species listed in Annex I11 to the Convention
Bern, 19.1X.1979 (The Bern Convention)
Convention on the Conservation of Migratory Species of Wild Animals 1 —species listed in Annex I to the Convention; 2 — species listed in Annex Il to the Convention
(CMS) (The Bonn Convention), updated 2008

OSPAR List of Threatened and declining species X - Bird species included in OSPAR List of Threatened and/or Declining Species and Habitats
OSPAR Commission, 2008

SPEC Category and Threat Status. SPEC 1 — Species of global conservation concern, i.e. classified as globally threatened, Near
Birds in Europe Series: Population Estimates, Trends and Conservation Threatened, or Data Deficient; SPEC 2 — Concentrated in Europe and with an Unfavourable
Status BirdLife International. 2004 Conservation Status; SPEC 3 — Not concentrated in Europe but with an Unfavourable

Conservation Status; .Non-SPECE — Concentrated in Europe but with a Favourable Conservation
Status; Non-SPEC — Not concentrated in Europe and with a Favourable Conservation Status.

Status
UICN The Red Data UICN International Conservation instruments
Red List Cat/Crit Book of the Red List CITES TheBern The Bonn OSPAR List of SPEC category &
. Russian Cat/Crit Convention Convention Threatened and  Threat Status
Species Federation declining species
1 2 3 4 5 6 7 8 9
Birds
Gavia adamsii 3 NT (Winter) 2 2 - NON-SPEC, S (P)
Phalacrocorax carbo Bio 3 - - NON-SPEC, S
Phalacrocorax aristotelis 3 2 - - 4,S
Somateria mollisima Bio 3 2 - NON-SPEC, S
Polysticta stelleri VU/A2bcd+3bcd+4bcd Bio VU/C1 (Winter) 2 1 + 1, L*W
Xema Bio 2 - - NON-SPEC, S
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Table 2.4.7 cont.

Status
UICN The Red Data UICN International Conservation instruments
Red List Book of the Red List CITES TheBern TheBonn  OSPAR Listof SPEC category &

. Cat/Crit Russian Cat/Crit Convention Convention Threatenedand  Threat Status
Species Federation declining species
1 2 3 4 5 6 7 8 9
Birds cont.
Rissa tridactyla No VU/A2b 3 2 + NON-SPEC,S
Pagophila eburnean NT 3 EN/C1 2 - + 3, E(P)

(Svalbard)
Uria aalge No CR/A2ab 3 2 - NON-SPEC, S
Fratercula arctica No VU/A2b 3 2 - 2,4
Mammals
Ursus maritimus VU/A3c 4 Svalbard 2
VU/A3c
Odobenus rosmarus DD 2 Svalbard VU/D1 2
Phoca vitulina 3 VU/A3b 3 2
(Svalbard D1)

Halichoerus grypus 3 NT 3 2
Lagenorhynchus acutus 4 2 2 2
Lagenorhynchus albirostris 3 2 2 2
Phocoena phocoena VU/A2b 4 2 2
Cystophora cristata VU/A2b VU/A2a
Monodon monoceros NT 3 DD 2 2 2
Hyperoodon ampullatus DD 1 1 3 2
Balaena mysticetus 1 CR/D1 1 2 1
Megaptera novaeangliae 1 1 2 1
Balaenoptera musculus EN/Alabd 1 NT 1 2 1
Balaenoptera physalus EN/Ald 2 1 2
Delphinapterus leucas NT DD
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Table 2.4.7 cont.

Status
UICN The Red Data UICN International Conservation instruments
Red List Bookofthe RedList  CITES TheBern  The Bonn OSPAR List of SPEC category &
] Cat/Crit Russian Cat/Crit Convention Convention Threatened and  Threat Status
Species Federation declining species
1 2 3 4 5 6 7 8 9
Mammals cont.
Eubalaena glacialis EN/D1 1 RE Eubalaena glacialis EN/D1 1
Lutra lutra NT VU/Ab4 Lutra lutra NT
Fish
Anguilla anguilla CR/A3bd App Il X
Squalus acanthias VU/A2bd+3bd+4bd CR/A2d X
mmodytes marinus VU/A2abcd
Lamna nasus VU/A2bd+3d+4bd VU/A2ad X
Molva dypterygia VU/ALd
Sebastes marinus VU/A4b
Sebastes mentella VU/A3b
Hippoglossus hippoglossus EN/Ald NT
Molva molva NT
Somniosus microcephalus NT NT
Theragra finnmarchica NT
Trisopterus esmarkii NT
Amblyraja hyperborea DD
Bathyraja spinicauda NT DD
Careproctus derjugini DD
Careproctus dubius DD
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Table 2.4.7 cont.

Status
The Red International Conservation instruments
Data Book
UICN of the UICN OSPAR List of
Red List Russian Red List The Bern The Bonn Threatened and  SPEC category &
Species Cat/Crit Federation Cat/Crit CITES Convention Convention declining species Threat Status
1 2 3 4 5 6 7 8 9
Fish cont.
Careproctus knipowitschi DD
Careproctus tapirus DD
Careproctus telescopus DD
Cottunculus konstantinovi DD
Cyclopteropsis mcalpini DD
Gymnelus andersoni DD
Gymnelus viridis DD
Leucoraja fullonica DD
Liparis tunicatus DD
Gadus morhua VU/Albd North Sea
Melanogrammus aeglefinus VU/Ald+ 2d
Chimera monstrosa NT
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2.4.10 Introduced species

M. Tsyganova (VNIIPriroda), B. Berenboim (PINRO), I. Salvesen (ADB), J. Gjgseter (IMR),
A. Jelmert (IMR), and J.A. Kalas (ADB)

Invasion of non-indigenous species — spread of the representatives of various groups of
living organisms beyond their primary habitats — is global in nature. Non-indigenous species
often act as biological pollutants, and may threaten the ecological security of a region. Their
introduction and further spread often leads to the undesirable environmental, economic, and
social consequences.

e Bioinvasion includes all cases of introduction of living organisms into ecosystems
outsides of their original (usually natural) range. This may occur through various
pathways, including:

e Natural movement associated with population dynamics and climatic changes;

e Intentional introduction and reintroduction;

e Nonintentional introduction after being transported in the ballast waters of ships.

During the last half century, 2 major crab species were introduced to the Barents Sea: red king
crab (Paralithodes camtschaticus) in the 1960s; and snow crab (Chionoecetes opilio) in the
1990s.

In the beginning of this century, the following non-indigenous fish species expanded their
habitat range from the southern boreal complexes northward into the Barents Sea: snake
pipefish (Eutelurus aequoreus); sail ray (Dipturus linteus); whiting (Merlangus merlangus);
grey gurnard (Eutrigla gurnardus); and megrim (Lepidorhombus whiffiagonis). These fish
species can only occur in the Arctic waters of the Barents Sea during periods of anomalous
climate warming, and thus may considered temporary residents.

Four species of nudibranch snails have recently been for the first time on the Murman coast of
Russia; these gastropods are likely to have migrated eastward in response to a warming Arctic
Ocean (Martynov et al., 2006). Also, established populations of the sea snail (Aporrhais
pespelecani sp) have recently been observed on the Murman coast of the Barents Sea —
signifying that this mollusc has expanded its range nearly 1,000 km eastward.

Also during this century (2000), fish species from southern boreal areas have expanded
northward to appear in the Barents Sea, including the: snake pipefish (Entelurus aequoreus);
snail ray (Dipturus linteus); whiting (Merlangius merlangus); grey gurnard (Eutrigla
gurnardus); and megrim (Lepidorhombus whiffiagonis). Both crab species appear to have
become permanent residents. These fish species, however, have occurred in the Barents Sea
only during anomalously warm periods and, thus, may be regarded as temporary residents
(Berenboim and Sundet, 2011).
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Nonetheless, a number of nonindigenous species — which were either deliberately or
accidentally introduced to the Barents Sea as a result of human activity — will probably stay
in the Barents Sea for an indefinite period of time.

Under various predicted scenarios for climate change in the Arctic, warming periods may last
quite some time. Hence, there is need to explore possible range expansions of other boreal
species, and their impacts on indigenous communities. It also is important to evaluate the
long-term economic consequences (positive and negative) of introduced species.

Table 2.4.8. Introduced species.

Name Main taxon (phylum/class/order)

Species that appeared in the Barents Sea as a result of human activity:

Codium fragile ssp scandinavicum (*) Chlorophyta /Bryopsidophyceae/Bryopsidales
Bonnemaisonia hamifera Rhodophyta/Florideaphyceae/Bonnemaisoniales
Caprella mutica Arthopoda/Malacostraca/Amphipoda
Paraltihodes camtsachaticus Arthropoda/Malacostraca/Decapoda

Cionocetes opilio Arthropoda/Malacostraca/Decapoda

Species that are in the Norwegian Sea, approaching the Barents Sea:

Heterosiphonia japonica Rhodophyta/Florideaphyceae/Ceramiales
Molgula manhattensis Chordata/Ascidacea/Pleurogona
Balanus improvisus Arthopoda/Maxillopoda/Sessilia

Species not encountered in Norway, but with the possible high environmental impact

Didemnum vexillum Chordata/Ascidacea/Enterogona

Uncertain transportation/distribution (cryptogenic species):

Gyrodactylus salaries Plathyhelminthes/Trematoda/Monopisthocotylea

24.10.1 Red king crab (Paralithodes camtschaticus)

This species was deliberately introduced from the Far East to the Kola Bay and the adjacent
waters of the Barents Sea by Russian scientists to enhance the fishing resources, in the 1960s.
During the 1980s and 1990s they expanded to new areas and the crab reached the Norwegian
shelf, and occupied practically all large fjords in the eastern Finnmark. Therefore, in the early
1990s, the crab caused heavy problems for the traditional fisheries. In addition, anxiety was
expressed that this new species could cause serious harm to the biodiversity of the marine
ecosystem. On the other hand, the red king crab was considered as a valuable fishing resource

60



for the fishing industry in both countries. Therefore, a joint red king crab research was
regularly discussed at the Joint Norwegian-Russian Fisheries Commission (JNRFC).

2.4.10.2 Snow crab (Chionoecetes opilio)

This species has not been deliberately introduced into the Barents Sea and is therefore
considered to be an auto-invasive species. There are several hypotheses on how it was
introduced and we think there are two probable ways. It may have migrated from the Beaufort
Sea north through the Siberian Sea since it has been recorded in most areas along this track
including the Kara Sea. Today distribution pattern in the eastern Barents Sea supports such a
hypothesis. There is however, also a possibility that the snow crab larvae could be brought to
the Barents Sea through ballast water from the crabs’ native areas.

25 Human activities

The Barents Sea is strongly influenced by human activities; historically, related to fisheries
and hunting marine mammals. More recent human activities also involve: ship transport of
goods; oil and gas activities (exploration, extraction, and shipping); tourism; aquaculture; and
bioprospecting. In recent years, interest has increased to determine the most likely response of
the Barents Sea ecosystem due to anthropogenic effects and future climate change.

2.5.1 Fisheries and other harvesting

Harvested demersal stocks in the Barents Sea and adjacent waters (ICES areas | and II)
include cod, haddock, saithe, and shrimp. In addition, redfish, Greenland halibut, anglerfish,
wolffish, and flatfish species (e.g. long rough dab and plaice) are common on the shelf and at
the continental slope. Ling and tusk are common at the slope and in deeper waters. In 2012,
catches of about 1,300 thousand tonnes are reported from stocks of cod, haddock, saithe,
redfish, Greenland halibut, and anglerfish.

The main pelagic stock harvested in the Barents Sea is capelin, but polar cod is also
harvested. During 2009-2013, capelin supported a combined fishing quota of 200,000-
400,000 tonnes. During 2014, the quota was reduced to 65,000 tonnes. There was no fishery
for polar cod in 2012-2013 due to low interest from the industry. Young herring is found in
the Barents Sea, but is not fished there. Herring is fished in adjacent waters — the Norwegian
Sea and along the Norwegian coast — mainly in ICES area lla, but there are also some
catches in ICES area Ilb and areas further west. Both the herring stock and its fishery appear
to be in decline; the total quota was decreased from 619,000 tonnes in 2013 to 419,000 tonnes
in 2014. The highly migratory blue whiting and mackerel stocks have extended their feeding
migrations into the Barents Sea, and in 2013 about 26,000 tonnes of blue whiting and 211,000
tonnes of mackerel were harvested in ICES areas Ila and Ilb.

Species with relatively low landings from the Barents Sea include: salmon Salmo salar;

Atlantic halibut (Hippoglossus hippoglossus); European hake (Merluccius merluccius);
pollack (Pollachius pollachius); whiting (Merlangius merlangus); Norway pout (Trisopterus
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esmarkii); anglerfish (Lophius piscatorius); lumpsucker (Cyclopterus lumpus); and types of
argentines, grenadiers, flatfishes, dogfishes, skates, crustaceans, and molluscs.

The most widespread gear used in the central Barents Sea is bottom trawl; in demersal
fisheries longlines and gillnets are also used. Pelagic fisheries use purse seines and pelagic
trawls. Other gears commonly used along the coast include handlines and Danish seines. Less
frequently used gears include float-lines (used in a small directed fishery for haddock along
the coast of Finnmark, Norway) and various pots and traps (used to catch fish and crabs).
Gears used vary with fishing season, area, and country; Norway has the largest variety due to
the coastal fishery. In Russian fisheries, bottom trawls are the most commonly used gear type.
A longline fishery — mainly directed at cod and wolffish — is also conducted; although this
fishery has increased in recent years, it remains at a relatively low level. Other countries
fishing in the Barents Sea mainly use bottom trawls.

For most of the exploited stocks a catch quota (TAC) is agreed upon, and a number of
additional regulations are applied. Regulations differ between gear types and species, and may
differ between countries.

From 2011 onwards, the minimum mesh size for cod and haddock bottom traw! fisheries has
been 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.
A compromise agreement between Norway and Russia has been in effect since 2011 on the
minimum legal retention length for cod: from 47 cm (Norway) and 42 cm (Russia) to 44 cm
for both countries. Likewise for haddock: from 44 cm (Norway) and 39 cm (Russia) to 40 cm
for both. This change may lead to increased fishing opportunities in areas which previously
would be closed; it may also lead to increased discarding of undersized fish, when larger fish
are available. Accordingly, effects of these regulatory changes should be carefully monitored.

2.5.2 Oil and gas activities
0. Korneev (SMG), O. Raustein (NPD), A. Ovsyannikov (SMG), and O.W. Lind (NPD)

2.5.2.1 Historical development
Russia

Seismic surveys in the Russian sector of the Barents Sea began in late 1960s. The process

consisted of 5 stages:

1. Until 1973, the first reconnaissance transsections were done in the southern part of
Pechora sea shelf;

2. During 1972 -1978, “SEVMORGEOLOGIA” conducted research on the entire southern
Side of the Barents Sea shelf, including Yuzhno-Barents (southern Barents) depression;

3. During 1978-1990s, a number of large and unique deposits of oil, gas and gas condensate
were located, primarily in the southern and central parts of the Barents Sea;
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4. During 1979-1980, three specialised organisations were established in Murmansk —
Arktikmorneftegazrazvedka (AMNGR) for exploratory drilling and oil production;
Sevmorneftegeofizika (SMNG) for seismic research; and Arctic Marine Engineering-
Geological expedition (AMIGE) for complex geotechnical investigations;

5. Starting in 1995, focus was placed on northern parts of the Barents Sea shelf. The regional
stages of exploration were completed during 2008-2014, during this period seismic
surveys were conducted by the operators; Gazprom and Rosneft in licenced areas.

During 2014, 2D-seismic surveys were carried out over 17,315 square km, and 3D-seismic
surveys were carried out over 5,797 square km, within licensed areas in the Russian sector of
Barents Sea. Based on the seismic survey data collected (state and private),
"VNIIOkeangeologia"” estimated 486,290 linear km in the Russian sector of the Barents Sea,
which provided the regional (low) network density equal to 0.46 / km? (Figure 2.5.10). As a
result of these surveys and the drilling of 55 exploration wells by state and private companies,
11 field deposits were discovered in the Barents and Pechora seas, including: 4 oil deposits
(Prirazlomnoe, Varandey-sea, sea-Medyn, Dolginskoye); 1 oil and gas deposit (North
Gulyaevskaya); 3 condensate deposits (Pomerania, Ice, Shtokman); and 3 gas deposits (North
Kilda, Murmansk, Ludlovskoe).

Norway

Seismic data acquisition on the Norwegian shelf is divided into several categories: seismic
surveys performed by the authorities; commercial seismic; and scientific data gathering. Since
1969, the Norwegian authorities have acquired seismic data in unopened areas of the
Norwegian Sea and in the Barents Sea. Seismic surveys have also been conducted in the area
around Svalbard. Until 2001, purchase of Norwegian Petroleum Directorate's seismic data for
the southern Barents Sea was mandatory for companies wishing to acquire other data in the
same area. This requirement has been discontinued in accordance with Storting White Paper
No. 39 (1999-2000).

During the period 2007-2009, the Norwegian Petroleum Directorate performed regional 2D
and 3D seismic surveys in the Nordland VII area and a limited area in Troms Il, as a follow
up to the integrated management plan. After an agreement between Russia and Norway in
2011 regarding boundary delimitation of neighbouring area in the Barents Sea, the Norwegian
Petroleum Directorate performed between 2011-2012 regional 2D seismic surveys in the
Barents Sea South-East area. This area was opened for petroleum activity in 2013, and
selected blocks are included in the planned 23rd licensing round for petroleum exploration on
the Norwegian continental shelf. Based on a recommendation from the Government, a group
of 33 oil companies was established with Statoil as operator. In 2014, 3D seismic data was
acquired, covering the selected blocks in the Barents Sea South-East area (Figure 2.5.10).

Further differentiation has been made between company-owned seismic, license-owned
seismic, and marketable seismic. All these categories have in common that an exploration
permit must be obtained from the Norwegian Petroleum Directorate. These data are being
reported to the authorities in accordance with provisions in Section 10.4 of the Petroleum Act.
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The authorities have also issued scientific exploration licences. These licences grant the
owner exclusive rights to publish the results.

A common map of seismic surveys in both parts of Barents Sea is represented in Figure 2.5.1.
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Figure 2.5.1. Map reflecting the seismic activity that has been carried out in the Barents Sea before 2014
(source: the Norwegian Petroleum Directorate and “Official report SEVMORGEOQ for Ministry of Natural
Resources and environment "Project of Complex management Plan for Russian part of the Barents Sea", 2015).

Exploration and appraisal wells

Petroleum activities have taken place in the Norwegian part of the Barents Sea since 1980; the
first discovery, 7120/8-1 Askeladd, occurred the following year. This discovery is now a part
of the Snghvit field. More than 100 exploratory wells have been drilled up to the end of 2014,
resulting in 6 main discoveries: Johan Castberg; Wisting; Gotha; Alta; and the fields Snghvit
and Goliat.

Locations for 55 exploration wells in the Russian sector of Barents Sea are presented in
Figure 2.5.2. According the license agreements, the plan is to drill 34 exploration wells before
2024.
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Figure 2.5.2. The locations of the exploration wells in Russian sector of the Barents Sea.
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25.2.2 Current status of petroleum activities

Norway

In the Norwegian sector, one field in production (Snghvit); one field will likely start
production in 2016 (Goliat); another is in the planning phase (Johan Castberg).

Russian areas

C] Discoveries
Licences

Norwegian areas

Discoveries
I:] Licences
[:] APA area

Report No. 8 to the Storting - Framework for petroleum activities
- Areas where no petroleum activity will be permitted

Areas where no new petroleum activity will be permitted

Areas where no exploration drilling in oil-bearing formations will
be permitted 1 March - 31 August

| Variable extent of the marginal ice zone

Figure 2.5.3. Map reflecting current status of petroleum activities in the Barents sea (source: the Norwegian
Petroleum Directorate and Official report SEVMORGEO for Ministry of Natural Resources "Cadastre of the

Russian offshore zone", 2007.

Snghvit

Snghvit is a gas and condensate field with an underlying thin oil zone. The field is located in
the central part of the Hammerfest basin, and is developed with subsea templates with slots
for 19 production wells and one CO:> injection well. So far, nine production wells and one
CO: injection well have been completed. Snghvit was the first development in the Barents
Sea, and has no surface installations. The gas is being transported to Melkgya outside
Hammerfest in a 160 km pipeline. The field came on stream in August 2007.

Reception facilities at Melkgya outside Hammerfest take delivery of the unprocessed well
stream from Snghvit. Gas condensate, water, and CO: are separated before the natural gas is
cooled down to liquid form (LNG), and stored in huge tanks. The gas is transported to the
buyers in specially built tankers. CO> is transported back to the field in a separate pipeline,
and is injected in a formation under the producing gas leg.
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Goliat

Goliat is located 50 km southeast of Snghvit, only 70 km from the coast of Norway, and is in
the developing phase. The field is designed as a floating production and storage facility with
subsea wells. Oil will be processed at the installation and transported by ship. Plans are for the
associated gas to be injected into the reservoir for pressure support. Production of gas will be
evaluated at a later stage. Recoverable resources at Goliat are approximately 28 million Sm?®
oil and approximately 7.5 billion Sm? of gas.

Johan Castberg

Johan Castberg field is located 100 km north of Snghvit and 210 km from the coast of
Norway, and is still in the planning phase. Johan Castberg includes three oil discoveries:
Skrugard; Havis; and Drivis. The operation design will have a floating production facility
with subsea wells. The recoverable resources in Johan Castberg are in the range 72-105
million Sm3 oil.

Russia

Currently in the Russian sector, oil production is carried out only at the Prirazlomnoye field
by means of an offshore ice-resistant fixed platform (MISP). According to the Joint Stock
Company "Gazprom™ press service, recoverable reserves from Prirazlomnoye are
approximately 71,960,000 tonnes of oil. Commercial production at Prirazlomnoye platform
began December 20, 2013. The first batch of ARCO type (Arctic Oil) was shipped on April
18, 2014, and by September 2014 MISP "Prirazlomnaya™ had produced its 1st million barrels
of oil.

The license to explore Prirazlomnoye field is owned by "Gazprom Neft Shelf" (a subsidiary of
JSC "Gazprom Neft"). The platform is designed specifically for field development and
provides all the necessary technological operations: drilling; production; storage and shipment
of oil tankers; and production of heat and electricity. MISP "Prirazlomnaja” holds the
distinction of being the world's first to produce hydrocarbons on the Arctic shelf from a fixed
platform (artificial island) under the difficult conditions of drifting ice floes. The platform is
designed to operate in extreme climatic conditions, meets the most stringent safety
requirements, and is able to withstand maximum ice loads.

Extracted oil is stored in tanks located on caisson platforms with three-meter concrete walls
covered with two-layer steel-plated sheets to maintain resistance to corrosion and wear. A
caisson can store approximately 94 thousand tonnes (113 thousand m3). Its margin of safety
surpasses existing load standards. The platform also uses a "wet" method of storing oil that
prevents ingress of oxygen in tanks and, thus, prevents the formation of explosive conditions.

Shtokman

The Shtokman gas field is located in the central part of the Russian sector of the Barents Sea
shelf, about 600 km northeast of Murmansk at depths of 320-340 m. Phase | of the Shtokman
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project began in February 2008. "Shtokman Development AG™" was set up as a joint project
consisting of the three leading global corporations: JSC "Gazprom™ (51%); Total SA (25%);
and Statoil ASA (24%). Terms of cooperation extend 25 years from the date of
commissioning. Life of the deposit is predicted to extend over 50 years. In 2012, an
underwater gas pipeline (550 km in length and 36 inches in diameter - 36 inch) was
completed. The gas together with gas condensate arrives from the offshore via double
trunkline. Landfall is located on the northern shore of the Kola Peninsula in Opasova Bay.

2.5.2.3 Potential petroleum resources
Russia

Petroleum resources in the Russian sector of the Barents Sea are estimated to be 33,328.1
million tonnes of oil equivalent (t.o.e.). Petroleum resources of the Pechora Sea have been
estimated to be 5,728.1 million tonnes of oil equivalent. Petroleum resources in the Russian
sector of the Barents Sea represent 32% of the total for the Russian Arctic.

Norway

In 2014, petroleum resources in the Norwegian sector of the Barents Sea were estimated to be
510 million standard cubic meters of oil equivalents (Sm? o.e.); of these, 34 million Sm®o.e.
have already been produced. Last year, due to new discoveries, the estimate for undiscovered
resources in the Norwegian sector of the Barents Sea increased to 1.2 billion Sm? o.e.

25.2.4 Emission, operational, and accidental discharges
Operational discharges to the sea

The main discharge into the Barents Sea from oil and gas activities comes from drilling and
well operations and from activities during the production phase. In the Russian section oil
extraction on Prirazlomnoe resources is conducted with virtually “Zero discharge”.

Drilling

During drilling, two types of waste are created: used drilling fluids; and cuttings (solid
material from the well bore). The harmfulness of these discharges will depend on the type of
drilling fluid used. Drilling fluid consists of water or oil as a base fluid, and different kinds of
chemicals. The effects of these discharges are evaluated based on their intrinsic properties,
i.e., potential for accumulation in tissues, biodegradation rate, and acute toxicity.

Discharge of oil-based drilling fluids or cuttings drilled with oil based drilling fluids have
been prohibited from Norwegian drilling operations since 1992 due to proven harmfulness of
mineral oil. Used drilling fluids and cuttings are therefore injected into the reservoir or
brought to shore for proper handling.

Water based drilling fluids contain sea water and additives which normally are not considered
harmful to the environment. Discharge of used drilling fluids and cuttings drilled with water
based drilling fluids are permitted in most areas of the Norwegian continental shelf.
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Discharge of cuttings will lead to a certain degree of smothering of the sea bed. This has been
shown so far to have very limited effect on the sea bed communities, and amount of rocks,
pebbles, sand, and clay deposited is often less than deposits resulting from natural movement
of solids by bottom water currents. However, special care must be taken in areas with existing
or expected cold water coral and swamp communities.

Production

A form of discharge is “produced water” — water that is produced as a byproduct along with
the oil, condensate, and gas. Since the 2011 revision of the Lofoten — Barents Sea Integrated
Management Plan, discharge of produced water has been allowed in the Norwegian section of
the Barents Sea under the same conditions as for the rest of Norway’s continental shelf.
Produced water contains: dispersed oil (small oil droplets); dissolved oil; and naturally
occurring chemical components like heavy metals (e.g., lead and chromium) and
radionuclides (226Ra and 228Ra); and organic compounds (i.e., inter alia carboxylic acids,
volatile fatty acids (acetic acid), BTX (benzene, toluene and xylene), phenols, PAH
(polyaromatic hydrocarbons), and alkyl phenols.

During the early years of oil production, amounts of produced water were usually low, but the
water/oil ratio increases over time (80 — 95 % water content is not uncommon from some old
fields in the North Sea). In most Norwegian waters, produced water is injected into the
formation or discharged into the sea — if the dispersed oil content and the Environmental
Impact Factor are sufficiently low. Other types of fluids which may occur are: drainage water;
cooling water; household water; and sewage water.

Large amounts of chemicals are used during drilling and production. Treatment and disposal
of these chemicals follow the same procedures as for produced water. The effects of chemical
discharge are evaluated based on their intrinsic properties (potential for accumulation in
tissue, biodegradation rate, and acute toxicity) and their contribution to the Environmental
Impact Factor.

Air Emissions

Offshore oil and gas activities contribute to air pollution, e.g., CO2 emissions, NOx, non-
methane volatile organic compounds (NMVOC), methane, soot/black carbon, and SO..
Emissions arise from energy production, gas flaring, and venting (release of unburned gas
from pipes and valves in normal operational processes.

Noise

Noise from seismic surveys, drilling, and production may have an effect on fish and marine
mammals.
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Accidental discharge

During drilling and production activities, there is always a risk of accidental discharge. Most
accidental discharge of oil or chemicals is small, and caused by overfilling tanks, leakage
from pipes or transfer lines, loose fittings or couplings, and valves that have been left open.
Pipeline ruptures also may occur.

Blowouts are very uncommon, but could result in large amounts of oil being released. A
blowout may occur if there is a loss of control during exploratory drilling due to lack of
knowledge about the geology in the area.

Other large technical failures, e.g., pipeline breakage, refilling lines, etc., may also cause large
spills.

2.5.3 Maritime transport/shipping
0. Korneev (SMG) and A. Bambulyak (Akvaplan-niva)

2531 Shipping activity

In number, fishery activities currently account for most shipping traffic. The cruise vacation
industry contributes to annual and seasonal variations in the amount of shipping traffic. A
large share of goods to, or circulated within, Norway's three northernmost counties are
transported by ship. Marine shipping is also very important for Russia; connecting territories
with each other, and playing a vital role in external economic activities. Marine shipping
plays a central role, and remains essential, in supporting the life of coastal communities in
Russia.

The largest liquid commodity transported by ship is oil (crude oil and oil products) being
carried — from northern Russia and northern Norway to destinations in Europe and North
America — by LNG (Liquefied Natural Gas) and LPG (Liquefied Petroleum Gas) tankers
from Melkgya to Norwegian and Russian oil depots. In 2013, nine terminals in the Russian
Arctic from Ob Bay (Kara Sea) to Kola Bay (Barents Sea) received crude oil, oil products,
and gas condensate for export via production pipelines, river tankers, railways over land, and
ship cargo vessels. A number of small tankers traveled from these terminals to European and
American destinations, but most petroleum cargo was transhipped in ice-free areas of the
Barents Sea, at FSO (Floating, Storage, Offloading) in the Kola Bay or STS (ship-to-ship
transfer) terminals in Northern Norway. According to Russian port administrations, customs,
and operators, petroleum terminals in the Russian arctic offloaded for export between 9 and
15 million tons of liquid hydrocarbon annually during the period from 2004 to 2013 (Figure
2.5.4).
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Figure 2.5.4. Liquid hydrocarbons exported from the Russian Arctic through the Barents Sea
(Bambulyak et al., 2015a).

The largest crude oil export terminal (Varandey) with a capacity of 12.5 million ton/year was
set in operation in June 2008. In 2009, it transported 7.4 million tons of crude oil for export.
In 2012, Varandey’s export volume dropped to 3.1 million tons, but again increased in 2013
to 5.4 million tons, as new onshore oil fields were connected to the terminal via the pipeline
grid. It was predicted that up until 2015, Varandey and other terminals would ship between 10
and 15 million tons of Russian crude oil, gas condensate, and refined products for export over
the Barents Sea. These annual volumes will increase with increased oil production and
shipment from Prirazlomnaya platform in the Pechora Sea; this platform began production of
commercial oil in December 2013, and is expected to offload 6 million tons of crude oil when
reaches maximum production level. Two new ports and petroleum export terminals have been
constructed in Ob Bay (Kara Sea): Sabetta port will have an annual export capacity of 30
million tons and ship 16.5 million tons of LNG and gas condensate from Yamal LNG when
completed; also the offshore terminal in Novy Port is constructed to offload 8 million tons of
crude oil per year.

In addition to transport of Russian oil and petroleum products on the Barents Sea, in 2007
Snghvit gas field and the LNG plant on Melkgya started production and shipment of gas
condensate, LNG, and LPG. Also in 2007, Melkgya offloaded 67,000 tons of gas condensate
and 131,000 tons of LNG. In 2008, they shipped almost 2 million tons of gas products a year.
During 2009-2013, the plant offloaded between 4 and 5 million tons of liquid hydrocarbons
annually, mostly as LNG.

Analyses of tanker traffic indicate that types of petroleum cargo have varied from year to
year. While terminals in the Kara- and the Pechora Sea have offloaded crude oil and gas
condensate produced in their immediate areas, port terminals in the White- and the Barents
Sea have handled light and heavy petroleum products and gas condensate delivered long
distances by railway. In 2013, crude oil, mostly from Varandey, had the largest share (46%)
of petroleum cargo volume exported from Russia through the Barents Sea; gas condensate had
the second largest share. In coming years, it is expected that the share of crude oil will
increase due to both an increase in oil shipments from Varandey and Prirazlomnaya, and a
decrease in gas condensate shipments from terminals in the White Sea due to a new terminal
being put on stream in Ust'-Luga in the Baltic Sea (Bambulyak et al., 2015b).
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2.5.3.2 Ship to ship (STS) transfer

The first STS terminal was established in Kola Bay of the Barents Sea in 2002. During 2002-
2004, five more STS and FSO (Floating Storage and Offloading vessel) terminals were
established in Ob Bay of the Kara Sea, Onega Bay of the White Sea, and the Kola Bay. The
STS terminal in Onega Bay transhipped heavy fuel oil in 2003, and was closed after an
accidental oil spill. The STS terminal in the Ob Bay tranships crude oil from Western Siberia
during summer and sends it either to Belokamenka FSO in the Kola Bay or directly to major
West European ports. Two STS terminals near Murmansk in the Kola Bay are used for
transhipments of petroleum cargo brought from Murmansk or gas condensate from Dudinka.
Belokamenka receives mostly crude oil produced in Timano-Pechora oil-and-gas bearing
province and shipped from Varandey; it can also be used for transhipment of Prirazlomnoye
oil. A heavy fuel oil export terminal in Mokhnatkina Pakhta in Kola Bay also uses a FSO.

In the Norwegian section of the Barents Sea, STS transfer of petroleum products has been
carried out since 2002 in two fjords in Finnmark, Bgkfjord, and Sarnesfjord. Gas condensate
is the main product being transhipped at these locations by the end of 2013; however, there
are pending applications for STS and FSO transfer of other products, including crude oil. A
project has been launched to construct an oil depot and offloading terminal in Kirkenes,
Finnmark, Norway with a planned capacity of up to 20 million tons per year. The terminal is
planned for transhipment of crude oil from the Russian arctic (Bambulyak et al., 20153,
2015b.

Shipping lanes have been established for tankers sailing along the coast; use of these lanes is
obligatory in the Norwegian section of the Barents Sea, but traffic to and from STS transfer
sites in the fjords goes closer to land. Transfer of petroleum products made in the fjords —
either at dockside or under anchor — is considered to be Norwegian industrial activity; it,
thus, falls under control of the Norwegian Environmental Agency (MDir) and the Norwegian
Coastal Administration (Kystverket). STS transfers made outside Norwegian territorial waters
— as long as the ships operate under their own engine power — are subject to provisions of
the MARPOL 73/78 (International Convention for the Prevention of Pollution from Ships)
Convention, Annex I. "MARPOL" is short for marine pollution and 73/78 is short for the
years 1973 and 1978.

2533 Discharge from maritime transport

Day-to-day impacts of shipping on the environment are caused by ordinary operational
discharge. Discharge of sludge and oily bilge water from machinery and discharge of oil and
oily mixtures (slops) from cargo areas is regulated internationally under the MARPOL
Convention. The Convention permits a certain level of discharge of oily bilge water and oily
mixtures from tank washings. However, all ships are required to have separate ballast tanks,
and this can almost eliminate discharge of oily ballast water. Sea surface oil slicks with
unidentified sources are reported every year; most are assumed to come from illegal discharge
from ships.
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2534 Introduction of non-indigenous species

Maritime transport to Norway and tanker traffic to Northwest Russia is currently dominated
by vessels from large European ports; also a small number of vessels sail from Asia along the
Northern Sea Route (NSR). These vessels tend to call at ports in the same biogeographic area,
and take on ballast water from areas where the flora and fauna is similar to that in the Barents
Sea. However, there is a risk to further spread non-indigenous species which are already
established, either ballast water or attached to ships’ hulls. Other categories of vessels, such as
general cargo and container ships, operate in a global market; many of which likely come
from foreign ports in other biogeographic zones, but where physical and chemical conditions
are similar to those in Barents Sea. In the future, there may be increased risks associated with
use of NSR combined with a failure to properly treat ballast water.

2.5.4 Other human activities

2.5.4.1 Marine Tourism

Tourism is one of the largest and steadily growing economic sectors world-wide. Travel
excursions to the far north have increased considerably in recent decades; currently nearly one
million tourists visit the Barents Sea region annually. Tourist fishing has become a growing
industry along the Norwegian Barents Sea coast. There also is a long tradition of small-scale
subsistence fishing for citizens in both Norway and Russia.

2.5.4.2 Aquaculture

Large-scale commercial aquaculture operations took off in the 1980s. Since then, salmon
aquaculture has experienced remarkable growth as a result of expanded new culture locations,
improved productivity, enhanced husbandry and management practices, and growing global
markets (Liu et al., 2011). Notably, in a few decades salmon farming has dramatically
expanded to the extent that farmed salmon has replaced wild salmon in both production and
markets. Different types of aquaculture are conducted in the Barents Sea:

1) The most common production is open-sea cage farming of Atlantic salmon (Salmo salar)
and rainbow trout (Oncorhynchus mykiss);

2) Other marine species such as Atlantic cod (Gadus morhua L.) and halibut (Hippoglossus
hippoglossus L.) are produced to a lesser extent;

3) Blue mussel (Mitulus edilus) farming is conducted in sea, with natural seeding;

4) On-shore fish farming of species such as Arctic charr/Arctic char (Salvelinus alpinus) and
sea trout (Salmo trutta) is also possible in Arctic areas if clean water and energy for
heating is available (Taramger et al., 2014).

73



Norway

In Norway, production of farmed fish has risen sharply — since the industry was established
at the beginning of the 1970s as a supplement to agriculture — to the point that Norway now
accounts for about half of the world production of farmed Atlantic salmon (Salmo salar).
During the last 40 years aquaculture has become an important industry, especially for small
coastal communities, and an important source of foreign exchange. Most Norwegian Sea
farms are cage systems located in deep, sheltered fjords (FAO, 2015). Atlantic salmon and
rainbow trout farmed in sea cages are the two most important species farmed in Norway,
representing approximately 97 % of total production volume and value. In 2009, other
important farmed species in volume were rainbow trout and cod. Shellfish are also cultivated,
including: mussels (1,649 tonnes in 2009); European flat oysters (Ostrea edulis); and scallops.
Of these species, mussels are the most important both in terms of value and volume (FAO,
2015).

Russia

The Russian Federation has a long marine coastline (approximately 60,000 km) with large
areas in the Barents Sea which are suitable for aquaculture operations. The Murman Barents
Sea coastal region can be divided into 3 unequal areas based on environmental conditions for
aquaculture purposes: 1) from the Norwegian border to the Rybachiy-Sredniy Peninsula; 2)
from the Rybachiy-Sredniy Peninsula to Kola Bay; and 3) from the eastern part of the Kola
Bay to Teriberka Bay. In Russia, the aquaculture industry began in the 1970s, although some
scientific-technical development had been carried out since the end of 1960s. Salmon and
sturgeon (Acipenser gueldenstaedtii) breeding have an even longer history (Moyseev et al.,
1985; VNIRO, 1998; Bagrov, 2004). The first Russian commercial fish farming in the Barents
Sea was initiated in 2005 in Pechenga Bay and Ambamaya Bay. In 2012, Atlantic salmon
farming was started in the Ura Bay. After a decrease in production during the mid 1990s due
to market-related factors, new developments in the sector have taken place, including: a wider
range of cultured species; a shift to semi-intensive methods; and use of modern feeding
methods. In Russia, marketing fish products operates on three levels: local; regional; and
federal. National production of farmed Atlantic salmon is entirely targeted at the domestic
market as an alternative to imported Atlantic salmon. The only aquaculture products exported
are sturgeon and trout eggs (FAO, 2015).

2.5.4.3 Bioprospecting

Marine bioprospecting may be defined as the systematic search for bioactive molecules and
compounds from marine sources which have new and unique properties, as well as the
potential for commercial applications, including: medicines; foods and feeds; textiles;
cosmetics; and the process industry. The Barents Sea, where temperate waters from the Gulf
Stream and cold waters from the Arctic meet, is home to diverse organisms, which are well
adapted to the extreme conditions of their marine habitats. This high species biodiversity
represents a correspondingly rich source of chemical diversity, and there is growing scientific
and commercial interest in the biotechnological potential of that biodiversity. This makes
these arctic species attractive for marine bioprospecting (Leary, 2008).
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2.6  Ecosystem interactions

M.M. McBride (IMR), S. Boitsov (IMR), P. Fauchald (NINA), A. Filin (PINRO), A. Hagines
(IMR), E. Johannesen (IMR), J. Klungsgyr (IMR), O. Korneev (SMG), P.R. Makarevich
(MMBI), M. Skern-Mauritzen (IMR), J.E. Stiansen (IMR), and A.B. Storeng (DN)

2.6.1 Abiotic impact

Physical conditions in the Barents Sea are largely determined by three main water masses:
Coastal Water; (North) Atlantic Water; and Arctic Water. These three water masses are linked
to three different current systems: the Norwegian Coastal Current; the Atlantic Current; and
the Arctic Current. Climatic variability is determined by their properties and the activity of
inflowing Atlantic Water. Variations in activity of these currents may be explained by
external forcing, but may also be a result of processes taking place in the Barents Sea itself.
Year-to-year variability in sea temperatures is profoundly influenced by the relatively warm
Atlantic water masses flowing in from the southwest (Loeng, 1991) as well as regional heat
exchange with the atmosphere (Adlandsvik and Loeng 1991; Loeng et al. 1992). The inter-
annual variability is, to a large extent, determined by conditions during winter, the season
when differences in temperature — between both inflowing and local water masses, and
between the local atmosphere and the sea surface — are at their highest (Ottersen and
Stenseth, 2001).

Ottersen and Stenseth (2001) demonstrate that climatic processes on the scale of the North
Atlantic basin may profoundly influence the ecology of the highly productive Barents Sea.
The impact of inter-annual and decadal shifts in regional climate — sea temperature in
particular — on fish recruitment in the Barents Sea has also been well documented (Satersdal
and Loeng, 1987; Ottersen and Sundby, 1995). In the Barents Sea ‘‘warm”’ years are good
years production-wise for three principal reasons: 1) a larger ice-free area allows for higher
primary productivity; 2) warm years imply large influxes of zooplankton from the south into
the Barents Sea, and; 3) higher temperatures lead to higher biological activity at all trophic
levels (Sakshaug, 1997). As a result, above-normal sea temperatures tend to have a positive
impact on fish production.

Climatic fluctuations have a significant effect on the ice conditions, which in turn influence
the biological production in the northern Barents Sea (Loeng, 2007). The composition and
migratory habits of living organisms in the Barents Sea are determined by the contrast of the
environmental conditions between the Atlantic and the local water masses (Matishov, 1986a).
Bottom-up processes are important as changes in climate conditions (e.g. warming and
reduced sea ice extent) will likely influence the timing and magnitude of phytoplankton
blooms and thus influence primary productivity of the Barents Sea (Dalpadado et al., 2014).
Despite high interannual variability, the ice extent in the Barents has decreased by 60% over
the last 200 years (Vinje, 2001; Wassmann et al., 2006).

Productivity in the Barents Sea is responsive to loss of sea ice, but the location of storm tracks

in creating additional mixing to fuel nutrient replenishment is also an important factor
(Drinkwater, 2011). Inflowing Atlantic Water largely controls nutrient concentrations in the
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southern and central Barents Sea. Thus, winter concentrations are typical for the North East
Atlantic; these water masses have recently been exposed to biological production as surface
waters. The spatial distribution of new production and phytoplankton biomass in the Barents
is strongly linked to nutrient consumption during the productive period (May—early
September) and vertical mixing during winter (Wassmann et al., 2006).

2.6.2 Biotic interactions

The microbial loop is an important pathway for channeling carbon through the food web.
Studies of the microbial food web in the Barents Sea are scarce, but they are essential for a
more balanced understanding of the pelagic ecosystem. Scattered investigations in the
Barents Sea indicate that small planktonic forms including microbes are prevalent (e.g.,
Thingstad and Martinussen, 1991; Hansen et al., 1996; Hansen and Jensen, 2000;
Arashkevich et al., 2002; Verity et al., 2002; Wassmann et al., 2005). Investigations close to
the Barents Sea entrance (Verity et al., 1999) and in its marginal ice zone (Verity et al., 2002)
suggest that often more than half of the dominant pico- and nano-plankton cell biomass is
heterotrophic. Indeed, most microbes are heterotrophic, using organic compounds as both
carbon and energy sources (Wassmann et al., 2006).

The food web has 5-6 trophic levels: phytoplankton — zooplankton — pelagic fish —
demersal fish — sea birds — marine mammals (including polar bear Ursus maritimus).
Species diversity is relatively high compared to other Arctic seas. A total of 3,245 faunal taxa
have been recorded in the Barents Sea (Sirenko, 2001). Of this total, benthic macrofauna
(60%) and meiofauna (34%) comprise the vast majority of known species. Most (80%) of the
total benthic faunal biomass can be identified within 24 taxa, with 50% attributable to only 8
species. These benthic organisms — bottom assemblages of fish and invertebrates, both
commercial and non-commercial — channel a significant part of the energy flow through the
system (Wassmann et al., 2006) (Figure 2.6.1).
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Figure 2.6.1. General scheme of food web in the Barents Sea ecosystem (From Yaragina and Dolgov, 2009).
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As in other marine systems, phytoplankton constitutes the main source of primary production
in the Barents Sea. As such, changes in annual phytoplankton production — in response to
variability in climate and oceanographic conditions — will directly affect overall functioning
of the marine ecosystem. Zooplankton species form the trophic link between phytoplankton
(primary production) and organisms higher in the food chain. Hence, favorable conditions for
the phytoplankton bloom/primary production at the ice edge — as it retracts during summer
and autumn — temporarily support large concentrations of zooplankton species which are
forage for fish, seabirds, and mammals. Blooms in Atlantic waters are not as intense as
blooms at the ice edge; they occur over a longer period of time, however, and result in higher
total phytoplankton production. Primary production increases rapidly in spring, when mixed-
layer depth decreases above the critical depth and algae receive sufficient light to grow and
accumulate. This may take place earlier in the marginal ice zone where ice-melt and brine
formation induce an early stratification. Production acceleration in the more southern Atlantic
Water depends on a more slowly evolving thermal stratification (Falk-Petersen et al., 2000;
Wassmann et al., 2006).

The spring bloom in Atlantic Water is of particular importance for reproduction of Calanus
finmarchicus — the predominant herbivorous copepod in the central Barents Sea. It has an
annual life cycle, and each new generation develops during spring and summer, being
nourished by the seasonal phytoplankton bloom. Carnivorous zooplankton such as amphipods
(Themisto spp.) may feed on C. finmarchicus in competition with plankton-feeding fish such
as capelin and herring. At the same time, carnivorous zooplankton species become prey for
these same fish species. Among the omnivorous zooplankton, krill species (e.g. Thysanoessa
spp.) are regarded as the most important. The main zooplankton species on the Atlantic side
of the Barents Sea are C. finmarchicus and Thysanoessa inermi; whereas in Arctic waters
larger species such as Calanus glacialis and amphipods (Thermisto libellula) dominate (Melle
and Skjoldal, 1989; Dalpadado and Skjoldal, 1996; Dalpadado, 2002; Ellingsen et al., 2008).
Variability in temperature, salinity, wind conditions, and sea-ice dynamics affect primary
(phytoplankton) and secondary (zooplankton) production (Rey, 2004; Wassmann et al., 2006).
During cold climatic periods, primary production in the Barents Sea can decrease due to
increased ice coverage and, hence, reduced area for production. This may in turn result in
reduced secondary production during cold periods (Yarangina and Dolgov, 2009).

Small pelagic planktivorous fish exert bottom-up control on top predators, depriving the latter
of energy-optimal food resources, as well as top-down control on mesozooplankton
(Yarangina and Dolgov, 2009). The capelin is a specialized plankton feeder, the most
important planktivorous fish, and an ecological keystone species in the Barents Sea (Hamre,
1994; Gjgseaeter, 1998). Capelin graze heavily on lipid-rich mesozooplankton — primarily
copepods, euphausiids, and amphipods —and, thus, represent a crucial link between lower-
and higher-pelagic trophic levels. Schools of capelin undertake annual feeding migrations to
the north, generally following the marginal ice zone bloom with its subsequent zooplankton
growth. Northward migrating capelin, forming the ‘‘capelin front’’, deplete their own feeding
grounds of available prey in a relatively short time (Hassel et al., 1991); they constitute a rich
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food source for marine mammals (e.g., Folkow et al., 2000; Nilssen et al., 2000). Other fish at
the same trophic level include juvenile herring, polar cod, blue whiting, and several other
species during their O-group stages (Hamre, 1994; Bogstad et al., 2000; Gjegseter and
Ushakov, 2003; Wassmann et al., 2006).

Cod is the top predator in the Barents Sea; its diet is a good indicator of the state of the
ecosystem. Capelin is the most important prey for cod (Bogstad and Mehl, 1997; Bogstad and
Gjosater, 2001). Other important prey items for cod include: krill (Euphausiacea); polar cod;
amphipods (mainly Hyperiidae); shrimp (Pandalus borealis); haddock (Melanogrammus
aeglefinus); herring; blue whiting (Micromesistius poutassou); and juvenile cod. It may also
consume significant amounts of adult herring (Bogstad and Mehl, 1997). Apart from cod,
other abundant piscivorous fish stocks in the Barents include: haddock; deep-sea redfish
(Sebastes spp.); Greenland halibut (Reinhardtius hippoglossoides); long rough dab
(Hippoglossoides platessoides); and thorny skate (Raja radiata) (Bogstad et al., 2000;
Dolgov, 2002). In recent years, biomass estimates for other piscivorous fish species in the
Barents have been low compared to that of cod and haddock (Eriksen (Ed.), 2014) (Table
2.6.1). Based on available information on the diet and consumption of these species, less than
half the total prey consumed is fish (Wassmann et al., 2006).

The Barents Sea has a diverse and abundant seabird community; and one of the largest
concentrations of seabirds in the world (Norderhaug et al., 1977; Anker-Nilssen et al., 2000).
These common and ecologically important species acquire all or almost all of their diet from
the sea — where they consume considerable amounts of fish and invertebrates — and remain
within the Barents Sea region during a substantial part of the year. The consumption of
marine prey by birds results in a large return of nutrients to the marine ecosystem as
excrement (Zelikman and Golovkin, 1972; Wassmann et al., 2006). Peak seabird abundance
occurs in the spring—summer season. An estimated 20 million seabirds harvest approximately
1.2 million tons of biomass from the Barents Region annually (Barrett et al., 2002). In doing
so, they play an important role in transporting organic matter and nutrients from the sea to the
land (Ellis, 2005). This transport has particular significance for production in the Arctic,
where lack of nutrients can be an important limiting factor. While most seabirds migrate out
of the Barents during winter, some species remain throughout the year. Sea ice conditions
affect their abundance. ‘“Warm’’ years with little ice show a higher number of guillemots in
at-sea surveys of the Barents compared to ‘‘cold’” years (Erikstad et al., 1990). The
distribution of seabirds in the Barents is mainly determined by food availability and
distribution. During winter and spring, most seabirds are found close to the food-rich ice edge
and the Polar Front. In spring and summer, most seabirds are concentrated around breeding
colonies. Major seabird colonies are found on Bear Island, Hopen, southeastern part of
Svalbard, Troms and Finnmark County, the Murman and Nenets coasts, Novaya Zemlya, and
Franz Josef Land (Wassmann et al., 2006).
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Table 2.6.1. Estimates of abundance (N, million individuals) and biomass (B, thousand tonnes) of the main
demersal fish species in the Barents Sea for the 2004-2014 period (Eriksen (Ed.), 2014).

Year 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 (LTM

. ] 14 15 26 42 25 20 17 20 22 27 112 23
Atlantic wolffish

7 6 11 11 14 8 17 13 9 30 112 | 13

] 12 11 12 12 13 9 7 9 13 13 18 11
Spotted wolffish

31 92 46 42 51 47 37 47 83 84 151 | 56

] 3 3 2 3 3 3 3 6 8 12 16 5
Northern wolffish

26 26 19 25 22 31 25 42 45 52 134 ] 31

2957 | 2910 | 3705 | 5327 | 3942 | 2600 | 2520 | 2507 | 4563 | 4932 | |3046 | 3596
Long rough dab

311 | 280 | 378 | 505 | 477 | 299 | 356 | 322 | 584 | 565 | |413 | 408

52 19 36 120 57 21 34 36 21 36 | 1170 | 43

Plaice
43 11 19 55 29 13 21 26 13 29 | 1121 | 26

39 110 | 219 64 24 17 26 83 114 | 233 | |105 | 93

Norway redfish
4 15 19 10 4 2 2 9 12 25 16 10

) 13 23 16 20 42 12 22 14 32 75 145 27
Golden redfish

9 11 16 11 17 11 4 5 8 20 113 ] 11

Deep-water 263 | 336 | 526 | 796 | 864 | 1003 | 1076 | 1271 | 1587 | 1608 | [927 | 933

redfish 106 | 143 | 219 | 183 | 96 | 213 | 112 | 105 | 196 | 256 | [208 | 163

182 | 358 | 430 | 296 | 153 | 191 | 186 | 175 | 209 | 160 | |43 | 234

Greenland halibut
39 53 77 86 76 90 150 88 86 94 153 84

757 | 1211 | 3518 | 4307 | 3263 | 1883 | 2222 | 1068 | 1193 | 734 |11110] 2016

Haddock
261 | 342 | 659 | 1156 | 1246 | 1075 | 1457 | 890 | 697 | 570 | 1630 | 835
. 36 31 28 70 3 33 5 9 14 18 13 25
Saithe
41 26 49 98 7 29 9 10 13 33 16 32
Cod 1513 | 1012 | 1539 | 1724 | 1857 | 1593 | 1651 | 1658 | 2576 | 2379 | 1373 | 1750
o

1074 | 499 | 810 | 882 | 1536 | 1345 | 2801 | 2205 | 1837 | 2132 | |1146 | 1512

620 | 1026 | 1838 | 2065 | 3579 | 3841 | 3530 | 5976 | 3089 | 2267 | /1254|2783

Norway pout

W(Z(WW|Z2|WW|Z2|WV|Z2|0|Z2|V|Z2|0|Z2|0| 2|V | Z2|W|(Z2|W|[Z2|W|Z2|W|Z2

13 14 32 61 97 131 | 103 68 105 | 40 137 | 66

Marine mammals are consumers of production at several trophic levels in Arctic systems, and
because of their large body size and the abundance of some species, they are thought to have
an important top-down influences on the structure and function at lower levels of the food
web (Bowen, 1997). Marine mammals which have adapted to become year-round residents in
the Barents Sea include: walrus (Odobenus rosmarus); ringed seal (Phoca hispida); bearded
seal (Erignathus barbatus); white whale (Delphinapterus leucas); narwhal (Monodon
monoceros); and bowhead whale (Balaena mysticetus). Harp seal (Pagophilus groenlandicus)
is a resident in both the Arctic and sub-Arctic parts of the Barents Sea. Harbour seal (Phoca
vitulina) reside year-round in the Arctic at Svalbard, but this species, along with the grey seal
(Halichoerus grypus), has a range that is rather restricted to north-temperate areas, i.e., in the
southern parts of the Barents Sea. Marine mammals which seasonally migrate to the Sea
include: Minke whale (Balaenoptera acutorostrata); fin whale (B. physalus); humpback
whale (Megaptera novaeangliae); white-beaked dolphin (Lagenorhynchus albirostris);
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harbour porpoise (Phocoena phocoena); and to a lesser extent killer whale (Orcinus orca) and
blue whale (Balaenoptera musculus) (Wassmann et al., 2006).

2.6.3 Human impact(s)

The Barents Sea is strongly influenced by human activity: historically, involving the fishing
and hunting of marine mammals. More recently, human activities also involve marine
transport of goods, oil and gas, tourism, aquaculture, and bioprospecting.

Fishing is believed to have the largest human impact on the fish stocks in the Barents Sea, and
thereby on the functioning of the whole ecosystem. However, observed variations in both
fished species and the ecosystem as a whole are also the effect of other pressures such as
climate and predation.

A reduction in fuel consumption per kilogram (kg) fish caught by the Norwegian fishing fleet
has been observed in recent years. Purse seiners and coastal seiners have the lowest fuel
consumption per kg fish caught (0.07-0.08 Itr/kg fish); whereas long-liners, small coastal
vessels, and the bottom trawlers have higher fuel consumption (from 0.17-0.34 ltr/kg fish).
All fleets have managed to reduce their fuel consumption in recent years.

The Barents Sea remains relatively clean with low pollution levels compared to marine areas
in many industrialized parts of the world. Major sources of contaminants in the Barents Sea
are natural processes, long-range transport, accidental releases from local activities, and ship
fuel emissions.

The Barents Sea can become an important region for oil and gas development. Currently
offshore development is limited both in the Russian and Norwegian economic zones (to the
Snghvit field north of Hammerfest in the Norwegian sector), but this may increase in the
future with development of new oil- and gas fields. In Russia there are plans for the
development of Stockman, a large gas-field west of Novaya Zemlya. The environmental risk
of oil and gas development in the region has been evaluated several times, and is a key
environmental question facing the region as well as an area of popular concern (Hiis Hauge et
al., 2013) (Figure 4.4.9).

Transport of oil and other petroleum products from ports and terminals in northwest-Russia
increased over the last decade. In 2002, about 4 million tons of Russian oil was exported
along the Norwegian coastline, in 2004, the volume reached almost 12 million tons, but the
year after it dropped, and from 2005 to 2008 was on the levels between 9.5 and 11.5 million
tons per year. In a five-ten years perspective, the total available capacity from Russian arctic
oil export terminals can reach the level of 100 million tons/year (Bambulyak and Frantsen,
2009). Therefore, the risk of large accidents with oil tankers will increase in the years to
come, unless considerable measures are imposed to reduce such risk.
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Tourism is one of the largest and steadily growing economic sectors world-wide. Travels to
the far north have increased considerable during the last 15 years, and there are currently
nearly one million tourists annually visiting the Barents Region.

The high biodiversity of the oceans represents a correspondingly rich source of chemical
diversity, and there is a growing scientific and commercial interest in the biotechnology
potential of Arctic biodiversity. Researchers from several nations are currently engaged in
research that could be characterized as bio-prospecting.

Aquaculture is growing along the coasts of northern Norway and Russia, and there are several
commercial fish farms producing salmonids (salmon, trout), white fish (mainly cod) and
shellfish.

Both human-induced climate change and ocean acidification may have large impacts on the
Barents Sea ecosystem in the future. Accordingly, interest has increased in determining the
most likely ecosystem response.

2.6.3.1 Overfishing

Barents Sea fish stocks undergo large variations in recruitment related to variations in
environmental factors and interactions between species, including birds and marine mammals.
The ecosystem has an inherent tendency to fluctuate between: 1) periods of strong cod and
herring recruitment with reduced capelin stock size; and 2) periods when herring are largely
absent, cod recruitment is moderate, and the capelin stock is large (Gjaseter, 1995).

Fisheries for pelagic stocks also strongly impact the ecosystem by intensifying these inherent
fluctuations (Gjesater, 1995). Overfishing clearly contributed to complete collapse of the
herring stock at the end of the 1960s (Dragesund et al., 1980), and may also have contributed
to the capelin stock collapse in the mid-1980s. At the same time several gadoid stocks
collapsed (cod, haddock, and saithe) (Nakken, 1998).

As such, an important effect of fisheries for pelagic stocks in the Barents Sea is to increase the
instability in the entire ecosystem. The reduced herring stock in 1983 limited its potential to
rebuild following good recruitment conditions in 1983-85. Subsequent herring year classes
were therefore too small to support the cod stock, and the capelin stock was more heavily
preyed upon. The cod stock suffered from a food shortage; growth declined and mortality
increased due to both cannibalism and fishing mortality. The result was that all three stocks
were heavily reduced, and the crisis at the fish level of the ecosystem had severe effects on
the higher levels of the food web, e.g. dying seals and birds, and led to economic ruin for
many fishermen (Gjasater, 1995).
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2.6.3.2 Habitat destruction (bottom trawling)

There is generally wide species diversity on the seabed. Russian researchers have identified
approximately 2,700 species of benthic animals in the Barents Sea; comprising approximately
80% of the total fauna in the region. Fishermen have long reported that in some areas sponges
and corals dominate the seabed. New coral reefs are continually being described along the
coast of Norway where they are found mainly at depths of between 200 and 600m (Buhl-
Mortensen, 2006). Some 109 species of sponge are found along the coast of Norway in the
Barents Sea, but information about the geographic distribution of sponge colonies is limited.

These cold-water coral reefs, coral gardens, and sponge aggregations provide habitat for a
variety of fish and invertebrates and thus represent hotspots of biodiversity and carbon cycling
in the Barents Sea. Lophelia pertusa forms coral reefs, while horn corals (e.g., Paragorgia
arborea, Paramuricea placomus, and Primnoa resedaeformis) may form coral forests, with
colonies up to three meters high (Buhl-Mortensen, 2006).

These high-latitude habitats are dominated by large sessile fauna; many of which are K-
selected and have: slow growth rates, relatively long life spans, low reproduction rates, and
are important for energy transmission in the ecosystem (MacArthur and Wilson, 1967). Such
species are vulnerable to bottom-trawl fisheries and other human activities such as oil and gas
exploration. Because corals and sponges grow very slowly, recovery of these habitats may
require from decades to centuries to recover, and in some cases may not recover at all (Fossa
et al.,, 2002; Fossa and Kutti, 2010). As such, they are examples of Vulnerable Marine
Ecosystems (VMEs). Impact or damage may lower the local biodiversity and diminish the
possibility for many species to find shelter and feeding grounds (Buhl-Mortensen, 2006).

The most widespread fishing gear used in the central Barents Sea is bottom trawl, but also
long line and gillnets are used in the demersal fisheries. Pelagic fisheries use purse seine and
pelagic trawl. Trawl doors may cause furrows of up to 20cm deep depending on the door
weight and the hardness of the sediment. Such marks are likely to last longer in sheltered
areas with fine sediments. Side-scan and video recordings of a sandy/gravel bottom in the
Barents Sea also showed physical disturbance from trawling, with highly visible furrows
(10cm deep and 20cm wide) and berms (10cm high) caused by the doors and smaller
depressions created by the rockhopper gear (Humborstad et al., 2004; Lagkkeborg, 2005).

It is estimated that between 30 and 50% of Lophelia reefs are either impacted or destroyed by
trawling. Passive gear like long-lines and gillnets anchored on the bottom also impact the
coral reefs, but to a considerably lower extent than trawling (Fossa et al., 2002). Norway’s
Institute of Marine Research has documented the remains of sponges left behind in bottom
trawl tracks. In addition to the direct physical destruction (crushing) from bottom trawling,
particles are stirred from the seabed which may block the sponges’ pores; thus reducing their
ability to filter food particles from the water (Buhl-Mortensen, 2006).
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A comprehensive experiment conducted on the Grand Banks showed a 24 percent decrease in
total biomass of megabenthic species (Prena et al., 1999). For the macrofauna, total numbers
of individuals decreased by 25 percent (mainly owing to declines in polychaetes) immediately
after trawling in one of the three years of the experiment (Kenchington et al., 2001). The most
prominent feature of the Grand Banks study was considerable interannual variability in the
mega- and macrofaunal assemblage, which indicates that the benthic community at the study
site is dynamic and exhibits natural changes (Kenchington et al., 2001). Similar conclusions
can be drawn from the Barents Sea experiment by Kutti et al. (2005) and Lgkkeborg (2005).

2.6.3.3 Acidification (CO2 emissions)

As an inflow shelf into the Arctic Ocean the Barents Sea has a strong potential for significant
uptake of CO; from the atmosphere, and is vulnerable to the effect of increased levels of CO>
leading to ocean acidification (Orr et al., 2005; Steinacher et al., 2009; Bates and Mathis,
2009). This may be detrimental to marine organisms, and hence may affect energy transfer
through food-chains (Fabry et al., 2008). Several studies have demonstrated a coupling
between sea-ice melt and calcification state, implying that further freshwater addition from
glacier and sea-ice melt may speed up acidification (Chierici and Fransson, 2009; Yamamoto-
Kawai, 2009). The increase in atmospheric CO> and elevated oceanic uptake of atmospheric
CO:- results in decreased pH and carbonate ion concentrations; this is expected to put stress
particularly on calcifying marine organisms (i.e., calanus, pteropods, and fish). Due to its
present carbonate chemistry with relatively high CO. levels, the Barents Sea is particularly
vulnerable for enhanced freshening and loss of sea-ice cover, which will promote further
solubility and amplification of ocean acidification. In addition to direct effects of changes in
pH and carbonate ion concentrations on marine organisms and ecosystems, there also may be
indirect effects on internal molecular processes within marine organisms (i.e., blood-
regulation and protein synthesis). Additional effects include, potential changes in
biogeochemical cycling of substances, especially nutrients and micronutrients, and their
bioavailability for primary production (Breibarth et al., 2010; Ingvaldsen et al., 2013).

2.6.3.4  Pollution

The Barents Sea remains relatively clean with low pollution levels compared to marine areas
in many other industrialized parts of the world. Major sources of contaminants in the Barents
Sea include: natural processes; long-distance transport of atmospheric deposition; accidental
releases from local industrial activities; and vessel fuel emissions. Norway has recently
conducted a number of baseline studies to provide essential and reliable information on levels
of contamination in important commercial species in the Barents Sea and adjacent waters,
e.g., concentrations of metals in muscle and liver tissues of more than 800 Northeast Arctic
cod caught at 32 sites during 2009-2010 (Julshamn et al., 2013).

Reported disposal of large quantities of radioactive wastes in Arctic Seas by the former Soviet
Union has prompted interest in the behavior of long-lived radionuclides in polar waters. The
question has arisen as to whether radionuclide bioconcentration factors and sediment partition
coefficients in the Arctic are different from those derived from studies in temperate
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ecosystems. Fisher et al. (1999) present concentrations in seawater and calculated in situ
bioconcentration factors for 90Sr, 137Cs, and 239+240Pu (the three most important
radionuclides in Arctic risk assessment models) in macroalgae, crustaceans, bivalve molluscs,
sea birds, and marine mammals as well as sediment Kd values for 13 radionuclides and other
elements in samples taken from the Barents Sea and the Kara Sea. Results indicated that
surface water concentrations of each of the three radionuclides were very similar between the
two bodies of water, indicating no evidence of locally elevated concentrations of any of these
contaminants in the dissolved phase. Further, surface and deep water concentrations of 90Sr
and 137Cs generally did not differ appreciably (Fisher et al., 1999).

2.6.3.5 Aquaculture effects

Norwegian aquaculture has grown from its pioneering days in the 1970s to be a major

industry (Taramger et al., 2014). Along with expansion have come a number of operational

challenges related to: genetic integrity of wild stocks; parasitism; disease; and nutrient loading
of the environment. It has even been suggested, that salmon farming may actually be the
major threat to the viability of wild salmon populations due to facilitating the spread of
diseases, escapees, environmental pollution, etc. (Liu et al., 2011). Based on evidence of the
severity, geographical extent and duration and/or reversibility of the various impacts related to

open sea cage salmon farming in Norwegian coastal waters, Taranger et al. (2014) report on a

risk assessment the environmental impact of salmon farming considering hazards related to:

1) genetic introgression of escaped farmed salmon into wild populations; 2) impact of salmon

lice (Lepeophtheirus salmonis) on wild salmonid populations; 3) potential disease transfer

from farmed salmon to wild salmonid populations; and 4) local and regional impacts of
nutrient loading from marine salmon farms. Primary findings were that:

e During 2010-2012, 210of the 34 populations included in assessment (62%) had moderate-
to-high risk of undergoing genetic changes due to introgression of farmed salmon.
However, a recent study of 20 Norwegian rivers has demonstrated that there is only a
moderate correlation between the observed frequency of escapees and introgression of
farmed salmon; therefore, validation of the level of introgression in a higher number of
native populations will be required in the future.

e During 2010-2013, salmon lice infections from salmon farming were estimated at109
stations along the Norwegian coastline. Twenty-seven of these stations (25%) indicated
moderate or high likelihood of mortality for wild migrating salmon smolts. For sea trout
later in the season, 67 of the stations indicated moderate or high likelihood of mortality on
wild sea trout.

e The high frequency of viral disease outbreaks in farm-raised salmon entails extensive
release of causal pathogens for certain diseases in many areas. This makes it likely that
migrating wild salmon and local sea trout will be exposed to the associated causal
pathogens. However, the extent and consequences of this exposure remain largely
unknown.

e During 2013, 2% (of the 500 stations investigated) had unacceptable organic loading in
fauna and benthic sediments under fish farms. Whereas, 11% classified with high organic
loading, but were still within an acceptable threshold. The remaining 87% of the farms had
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a moderate-to-high loading conditions. The risk of eutrophication and organic overloading
in benthic communities beyond the farm production area was considered low based upon
case studies and limited monitoring data (Taramger et al., 2014).

2.6.3.6 Invasive and Non-indigenous species

Non-indigenous aquatic species are of primary concern to many regulating authorities and are
seen as a top anthropogenic threat to the world’s oceans. In many regions the most prominent
introduction vectors are shipping, intentional introductions for aquaculture and stocking
purposes — including target and non-target species. Hence, the relatively low number of non-
indigenous species occurring in European Arctic waters (including the Barents Sea) may be
due to the comparably lower number of ports accommodating ships during inter-oceanic
voyages, and fewer aquaculture facilities (Gollasch, 2006). Nonetheless, a number of non-
indigenous species — ranging from unicellular algae to vertebrates, but excluding parasites
and pathogens — are reported to have established self-reproducing populations in European
Arctic waters, including: wire weed/japweed/strangle weed (Sargassum muticum); green sea
fingers (Codium fragile-Fragile ssp.); red alga (Bonnemaisonia hamifera); soft-shelled clam
(Mya arenaria); soft clam; long-necked clam; red king crab (Paralithodes camtschaticus);
and snow crab (Chionoecetes opilio) (ICES ACOM, 2009).

The 2 non-indigenous crab species currently play a significant role in both the Barents Sea

ecosystem and economy:
e Red king crabs were intentionally introduced into the Barents Sea by Russian scientists
more than 40 years ago and has now become a common species in coastal areas in
northeastern Norway and coastal and also covers more offshore areas in Russian waters.
Along the Norwegian coast the red king crab is common west of the border between Troms
and Finnmark, and eastwards at the entrance to the White Sea in Russian waters. Red king
crabs are fished commercially in the Barents Sea, and fishing quotas in the two countries
are decided separately (Hjelset, 2014).
e Snow crabs were first recorded in 1996 at Goose Bank in the eastern region of the Barents
Sea. Since then it has spread throughout the Russian sector and is now found in most of the
eastern Barents Sea. Rough estimates by Russian scientist indicate that snow crab biomass
is approximately ten times higher than that of red king crab, and about half the biomass of
shrimp. This indicates that the snow crab is now a major component of the Barents Sea
ecosystem’s food web. However, the ecology of this new inhabitant is not well understood.
o Despite the potential negative effects —from accidental or intentional introductions of non-
indigenous species — on the Barents Sea ecosystem, there are quite obvious positive
aspects -for the economic prosperity of the region. Both red king crab and snow crab opilio
have become important commercial species in the Barents Sea.
> Red king crab has been exploited by both Russia and Norway since 1994, with a total
catch of 8 — 10 thousand tons during some years. Predicted annual catch of red king
crab in the coming years may be around 6-8 thousand tons.

» During 2013, an experimental fishery for snow crabs opilio was conducted in
international waters of the Barents Sea for the first time; total catch did not exceed 500

85



metric tons, but according to forecasts of abundance for snow crab opilio its annual
catch in the coming years may be about 20-50 thousand tons. Russian authorities
planned to start a small fishery for snow crab in 2014 (Hjelset, 2014).

Overall picture

The Barents Sea is a unique Arctic marine ecosystem, characterized by distinct bathymetry
and bottom topography, a large oceanic shelf, an extensive polar front, high productivity, and
a high abundance and diversity of flora and fauna. It is one of the shallow shelf seas
surrounding the Arctic Circle which collectively form the Arctic Continental Shelf. It is
situated north of Norway and north-west of Russia, and ranges over latitudes from 68 to 82°N.
It is the transition and mixing zone for warm and saline water on its way from the Atlantic
Ocean and the Norwegian Sea to the Arctic Ocean, and for cold and less saline water from the
Acrctic to the Atlantic. The majority of the drainage basin is located in Russian territory, with
small parts located in Norway and Finland. As it forms the meeting point between the Atlantic
and the Arctic Oceans, and Western Europe and Russia, the Barents Sea has many politicians
and researchers who are interested in its biological resources, its oil and gas reserves, and the
potential risks of radioactive pollution. The most pressing issues for the Barents Sea
ecosystem are considered to be overexploitation of fish, the threat of oil spills, potential
radionuclide contamination, and the modification of ecosystems by invasive species (UNEP,
2004). Overexploitation of fish may be the most important issue since the major commercial
fish stock (cod and haddock) are exploited beyond safe biological limits. Currently, the
impacts of pollution by oil spills and radioactive wastes remain slight. However, due to the
expansion of the oil and gas industry in the region, and increased shipments of oil and gas
through the Barents Sea, the risk of accidental oil spills is likely to increase in the near future.
There are also apprehensions that storage facilities for radioactive wastes could result in
radioactive contamination of the environment, as the Murmansk Region houses more
radioactive wastes than any other region in the world. With respect to the modification of
ecosystems, there are concerns that the invasive Red king crab will compete with native
species for forage reserves, which could result in the decrease of commercial fish stocks of
the Barents Sea. Another problem, linked to oil transportation, is the risk of unintentional
introduction of non-indigenous species in the ballast water of oil tankers (UNEP, 2004).

Patterns of circulation in the Barents Sea are influenced by large-scale atmospheric
circulation, inflow of waters from adjacent seas, bottom topography, tides, and other factors,
all of which make climatic conditions rather complicated and highly variable. Three main
water masses occur in the Barents Sea: the warm and saline Atlantic Waters; the fresh and
cold Arctic Waters; and the Norwegian Coastal Current Waters. Characteristics of these water
masses change along the pattern of currents when water from one particular origin mixes with
the surrounding water. Water masses will therefore vary in different regions of the Barents
Sea.

Due to the inflow of North Atlantic waters, the Barents Sea is an area of relatively high
biological productivity. There is a rich and diverse community of plankton in the system,
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sustaining higher trophic levels. The ecosystem supports some of the world’s largest stocks of
cod (Gadus morhua), capelin (Mallotus villosus), and haddock (Melanogrammus aeglefinus),
and is the main nursery ground for the large stock of Norwegian spring spawning herring
(Clupea harengus). The Barents Sea is of great importance to fisheries, particular cod
fisheries, in Norway, Russia, and a host of other countries. This ecosystem is also the home to
one of the largest concentrations of seabirds in the world and a diverse assemblage of marine
mammals.

At present the Barents Sea remains a relatively pristine area of the Arctic, although a large
variety of man-made chemicals are found in most compartments of the marine environment.
Moreover, substantial, oil and gas reserves have been discovered there; further petroleum
exploration is ongoing, and extraction facilities are already in operation in both Russian (oil)
and Norwegian (gas) waters. Accordingly, the challenge is to ensure that these activities can
take place alongside the traditional use of the sea (fisheries) without negatively affecting the
marine resource base, the environment, and consumer safety.

The Barents Sea ecosystem is driven by climate conditions and is highly susceptible to the
effects of climate change, e.g., temperature, which strongly influences the distribution,
growth, recruitment, and productivity of species which support major international fisheries.
Human effects on climate include those caused by increased release of greenhouse gases into
the atmosphere creating a small but steady temperature increase each year. Accumulated over
many years, significant change occurs particularly in the Arctic where the rate of temperature
increase is double the global average. Albeit, climate change arises from both natural and
anthropogenic (human-induced) causes, the effects of anthropogenic climate change in the
Barents Sea are already apparent. Examples include: a general warming trend since the 1970s;
a large reduction in winter ice coverage — annual sea ice extent has decreased by 50%,
reaching its lowest level for the last 60 years (Arthun et al., 2012); and increased precipitation
and fresh-water runoff.

Although climate change affects organisms inhabiting the Barents Sea ecosystem in direct and
profound ways, the mechanism through which this occurs are not well understood. It remains
difficult to predict what effects climate change will have upon life in the Barents Sea.

Release of greenhouse gas (CO.) emissions into the atmosphere is also linked to ocean
acidification — another emerging issue in the Barents Sea. The primary driver of this
acidification is the ocean’s slow absorption of CO>. This ocean uptake of CO2 slows its build-
up in the atmosphere and the pace of human-induced climate warming, but at the same time
increasing seawater acidity. As a result of this process, the average acidity of surface ocean
waters worldwide is now about 30 percent higher than at the start of the Industrial Revolution.
Since the late 1960s, decreases in seawater pH of about 0.02 per decade have been observed
in the Barents Sea. While it is likely that some marine organisms will respond positively to
more acidic conditions, others will be disadvantaged, possibly to the point of local extinction:
pteropods (sea butterflies) and echinoderms (sea stars, urchins) are important organisms in the
Barents Sea food web which may be sensitive to ocean acidification.
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A number of human pressures combine with climate variability to determine the
environmental status of the Barents Sea ecosystem, including: fisheries; activities related to
petroleum (oil and gas) exploration and extraction; transport of cargo through shipping;
tourism; aquaculture; and bioprospecting. Perhaps the effects of human-induced climate
change and ocean acidification in combination with the potential effects of overfishing and
escalating oil and gas activities are the greatest threats to sustainable productivity.

Careful monitoring of essential components of the Barents Sea ecosystem and conducting
integrated ecosystem assessments are important tools for effective research and management
of its of its natural and mineral resources.
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