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1 Introduction

By J.E. Stiansen and A. A. Filin

The Barents Sea is an area of intensive human activity. Historically human activity has related
to fishing and hunting of marine mammals. Nowadays human activities also involve
transportantion of goods, oil and gas related activity and tourism. The large-scale harvesting
in the Barents Sea has strong impact not only on the state of commercial species but also on
the ecosystem as a whole. On the other hand, the ecosystem is strongly influenced by climatic
conditions. Year-to-year variations in the strength of inflow of Atlantic water lead to
adjustments in the ecosystem and, hence, to changes in fish production. In addition to climatic
conditions, which govern the formation of primary biological production and feeding
conditions for fish as well as the survival of their progeny, an important factor that influences
the abundance and dynamics of commercial species is inter-specific trophic relations.

The need for an ecosystem approach to the management of marine biological resources is
generally recognized nowadays as the future path of management. The ecosystem approach is
variously defined, but principally puts emphasis on a management regime that maintains the
health of the ecosystem alongside appropriate use of the marine environment, for the benefit
of current and future generations (Jennings, 2004). The basis for ecosystem approach should
be the scientific knowledge about ecosystem structure and function. To achieve this it is
necessary to conduct monitoring of the state of ecosystem and identify main indicators that
show the health of ecosystem by taking into account both natural variations and impact from
human activity. Such kind of information needs to be available at frequently updated periods
if it is to be used for evaluation of the current ecosystem situation, making projections and
putting the knowledge into operational use.

The work of identifying important ecosystem information for the fish stocks, and further
trying to implement this knowledge into the fish stock assessment and predictions, has
developed much in the last few years. However, already in 1975 the relationship between cod,
haddock and capelin was mentioned in the AFWG assessment report (ICES, 1975).
Hopefully, the gathering of information on the ecosystem in this report will lead to a better
understanding of the complex dynamics and interactions that takes place in the ecosystem,
and also contribute to reaching an ecosystem based management of the Barents Sea.

At the annual March meeting in 2006 between scientists of IMR and PINRO it was decided to
begin the preparation of an annual joint status report on the Barents Sea ecosystem. It was
considered that the information from this report at first would find application at the Arctic
Fisheries Working Group (AFWG) as basis for the inclusion of ecosystem consideration in
the advice on fishery management. However, the scope of this report is much wider. Thou the
main target group of this report are the scientific community it should also prove useful for
other groups, such as e.g. managers, non-governmental organisations and individuals that are
interested in the scientific basis for our understanding of the ecosystem and its interactions.

The current issue is the second annual report, and can also be found electronically at (e.g.
http://www.imr.no/english/imr_publications/imr_pinro), and was distributed to scientists,
managers, environmental and fishery organisations and polititions.



The report is divided into 7 main chapters. In chapter 2 the typical situation is given, and also
the most important links in the ecosystem are identified. Chapter 3 is describing the impact
from the fisheries on the ecosystem. Chapter 4 gives an overview of the large effort that is put
into surveillance. Chapter 5 shows the present situation, often in a historical perspective.
Emphasis is given to situations that deviate from the normal conditions. Also effort has been
put on giving expectations for the near future, when possible. Chapter 6 describes how
ecosystem information, and models that use this information, can be implemented into fishery
management as a step towards an ecosystem approach to fishery management. Polution is
described in 7, and in chapter 8 hazzards and risks for sudden events are identifiyed and
discussed.



2 General description of the ecosystem

2.1 Overview of the ecosystem

By A. Haines, A. Filin, V.K. Ozhigin and J.E. Stiansen

The Barents Sea is a high latitude ecosystem located between 70 and 80°N. It is a shelf area of
approx. 1.4 million km? which borders to the Norwegian Sea in the west and the Arctic
Ocean in the north. The average depth is 230 m, with a maximum depth of about 500 m at the
western entrance. There are several bank areas, with depths around 50-200 m. The general
circulation pattern (Figure 2.1) is strongly influenced by the topography and is characterised
by an inflow of relatively warm Atlantic water and coastal water from the west. This current
divides into one southern branch, which flows parallel to the coast eastwards towards Novaya
Zemlya, and one northern branch, which flows into the Hopen Trench. The Coastal Water is
fresher (has lower salinity) than the Atlantic water, and has a stronger seasonal temperature
signal. In the northern part of the Barents Sea fresh and cold Arctic water flows from
northeast to southwest. The Atlantic and Arctic water masses are separated by the Polar Front,
which is characterised by strong gradients in both temperature and salinity. There is large
interannual variability in ocean climate related to variable strength of the Atlantic water
inflow and exchange of cold Arctic water. Thus, seasonal variations in the hydrographic
conditions are quite large.

The Barents Sea is a spring bloom system, and during winter the primary production is close
to zero. The phytoplankton bloom has variable timing throughout the Barents Sea, and it also
has high interannual variability. The spring bloom starts in the south-western areas and
penetrates towards north and east along with the retraction of ice as it melts. In early spring
the water is mixed, from surface to bottom, and even though there are nutrients and light
enough for production, the main bloom does not appear until the water becomes stratified.
Fish and mammals have similarly directed seasonal feeding migrations so that the stocks in
the area will have their most northern and eastern distribution in August-September and be
concentrated in the southern and south-western areas in February-March.

The stratification of the water masses in the different parts of the Barents Sea may occur in
different ways; through fresh surface water due to ice melting along the marginal ice zone,
through solar heating of the surface waters in the Atlantic water masses, and through lateral
spreading of coastal water in the southern coastal region (Rey 1981). The dominating algal
group in the Barents Sea is diatoms like in many other areas (Rey 1993). Particularly, diatoms
dominate the first spring bloom, and the most abundant species is Chaetoceros socialis. The
concentrations of diatoms can reach up to several million cells per litre. The diatoms require
silicate and when this is consumed other algal groups such as flagellates take over. The most
important flagellate species in the Barents Sea is Phaeocystis pouchetii. However, in
individual years other species may dominate the spring bloom.

Zooplankton biomass has shown large variation among years in the Barents Sea. Crustaceans
form the most important group of zooplankton, among which the copepods of the genus
Calanus play a key role in this ecosystem. Calanus finmarchicus, which is most abundant in
the Atlantic waters, is the main contributor to the zooplankton biomass. In the Arctic waters
of the Barents Sea C. glacialis dominates the zooplankton biomass. The Calanus species are
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predominantly herbivorous, feeding especially on diatoms (Mauchline, 1998). Kirill
(euphausiids), also a group of crustaceans, plays a significant role in the Barents Sea
ecosystem as food for fish, seabirds and marine mammals. The Barents Sea community of
euphausiids is represented by four abundant species: neritic shelf boreal Meganyctiphanes
norvegica, oceanic arcto-boreal Thysanoessa longicaudata, neritic shelf arcto-boreal T.
inermis and neritic coastal arcto-boreal T. raschii (Drobysheva, 1994). The two latter species
make up 80-98% of the total euphausiid abundance. The species composistion in the Barents
Sea euphausiid community are characterized by year-to-year variability, most probably due to
climatic changes (Drobysheva, 1994). The observations showed that after cooling the
abundance of T. raschii increases and the abundance of T. inermis — decreases, while after a
number of warm years the abundance of T. inermis grows and the number of the cold-water
species becomes smaller (Drobysheva, 1967). The advection of species brought from the
Norwegian Sea is determined by the intensity of the Atlantic water inflow (Drobysheva, 1967;
Drobysheva et al., 2003). The krill species are probably all omnivorous, feeding on
phytoplankton by filter-feeding during the spring bloom, and on small zooplankton at other
times (Melle et al., 2004).

70°N 40

— Coastal water Depth (meters)
# ‘ \ | —» Attantic wat B 0-2m
iy | : = ‘ antic water [ ] 200-400
. 5/ | \ | —» Arcticwater  [] 400 - 1 000
65°N T/ ! [ ]1000-2000
) s Polar front [:] 2000 -3 000
g0 HAYFORSKNINGSINSTITUTTET] | [ Lo I - 3000
T T T T T
10°E 20°E 30°E 40°E 50°E

Figure 2.1. The main features of the circulation and bathymetry of the Barents Sea.



Three abundant amphipod species are found in the Barents Sea; Themisto abyssorum and T.
libellula are common in the western and central Barents Sea, while T. compressa is less
common in the central and northern parts. T. abyssorum is predominant in the sub-arctic
waters. In contrast, the largest of the Themisto species, T. libellula, is mainly restricted to the
mixed Atlantic and Arctic water masses. A very high abundance of T. libellula is recorded
close to the Polar Front. Amphipods feed on smaller zooplankton with copepods forming an
important part of their diet (Melle et al., 2004).

The bottom fauna of the Barents Sea make up more than 3,050 invertebrate species (Sirenko
2001). Most of the area is covered by fine-grained sediment with coarser sediment prevailing
on the relatively shallow shelf banks (<100m) or in the sub littoral zone around islands
(Zenkevitch, 1963). Stones and boulders are only locally abundant. The most south-westerly
parts of the Barents Sea are influenced by Atlantic fauna with the diverse warm-water fauna
decreasing and cold-water species increasing to the east and north. Benthic communities are
dependent on inputs of organic matter, consequently characteristics of the overlying pelagic
ecosystem are largely responsible for variation in the species composition in the benthos.
Three species of bottom invertebrates — Northern shrimp (Pandalus borealis), Iceland scallop
(Chlamys islandica) and red king crab (Paralithodes camchaticus) are of economic
importance. The red king crab was introduced into the Barents Sea in the 1960s. Presently it’s
the largest predating crustacean in the area. Shrimp is one of the most important food objects
of cod, and plays an important role in the Barents Sea ecosystem.

The Barents Sea is a relatively simple ecosystem with few fish species of potentially high
abundance. The most important of these are Northeast Arctic cod, Northeast Arctic haddock,
Barents Sea capelin, polar cod and immature Norwegian Spring-Spawning herring. The last
few years there has in addition been an increase of blue whiting migrating into the Barents
Sea. The distribution of species in the Barents Sea depends considerably on the position of the
polar front. Variation in the recruitment of some species, including cod and herring, has been
associated with changes in the influx of Atlantic waters into the Barents Sea.

Cod, capelin and herring are key species in this system. Cod prey on capelin, herring and
smaller cod, while herring prey on capelin larvae. Cod is the most important predator fish
species in the Barents Sea, and feeds on a large range of prey, including the larger
zooplankton species, most of the available fish species and shrimp. Capelin feeds on the
zooplankton production near the ice edge and farther south, and in most years it is the most
important prey species in the Barents Sea, serving as a major transporter of biomass from the
northern Barents Sea to the south (von Quillfeldt and Dommasnes, 2005). Herring, as a prey
for cod, is the only other prey item with similar abundance and energy content as capelin. At
the same time herring is also a major predator on zooplankton.

Marine mammals, as top predators, are significant ecosystem components. About 24 species
of marine mammals regularly occur in the Barents Sea, comprising 7 pinnipeds (seals), 12
large cetaceans (large whales) and 5 small cetaceans (porpoises and dolphins). Some of these
species have temperate mating and calving areas and feeding areas in the Barents Sea (e.g.
minke whale Balaenoptera acutorostrata), others reside in the Barents Sea all year round (e.g.
white-beaked dolphin Lagenorhynchus albirostris and harbour porpoise Phocoena phocoena).
Some marine mammals are rare, either because this is natural (like beluga whale
Delphinapterus leucas) or because of historic exploitation (like bowhead whale Balaena
mysticetus and blue whale Balaenoptera musculus).



In the Barents Sea the marine mammals may eat 1.5 times the amount of fish caught by the

fisheries. Minke whales and harp seals may consume 1.8 million and 3-5 million tonnes of
prey per year, respectively (e.g., crustaceans, capelin, herring, polar cod and gadoid fish;
Folkow et al., 2000; Nilssen et al. 2000). Functional relationships between marine mammals
and their prey seem closely related to fluctuations in the marine systems. Both minke whales
and harp seals are thought to switch between krill, capelin and herring depending on the
availability of the different prey species (Lindstrem et al. 1998; Haug et al., 1995; Nilssen et
al., 2000).

The Barents Sea holds one of the largest concentrations of seabirds in the world (Norderhaug
et al., 1977; Anker-Nilssen et al. 2000). About 20 million seabirds harvest approximately 1.2
million tonnes of biomass annually from the area (Barrett et al., 2002). About 40 species are
thought to breed regularly around the northern part of the Norwegian Sea and the Barents Sea.
The most typical species belong to the auk and gull families.

2.2 Geographical description

By D. Howell and J.E. Stiansen

The Barents Sea is a shelf area, which borders to the Norwegian Sea in the west and the
Arctic Ocean in the north and is part of the continental shelf area surrounding the Arctic
Ocean. The extent of the Barents Sea is limited by the continental slope between Norway and
Spitsbergen in the west, the top of the continental slope towards the Arctic Ocean in north,
Novaya Zemlya in east and the coast of Norway and Russia in the south (see Figure 2.1).

The Barents Sea covers an area of approx. 1.4 million km?. The average depth is 230 m, with
a maximum depth of about 500 m at the western entrance. There are several bank areas, with
depths around 100-200 m. The three largest are the Central bank, the Great bank and the
Spitsbergen bank. Several troughs over 300m deep run from the central Barents Sea to the
northern (e.g. Franz Victoria Trough) and western (e.g. Bear Island Trough) continental shelf
break.

The Barents Sea has been involved in two major orogenic (mountain building) episodes. The
first was during the Caledonian orogeny (around 400 million years ago), the second around
240 million years ago during the Uralian orogeny. Subsequent erosion and collapse of the
orogenic belts produced an extensive shallow marine basin system, and the Barents Sea area
has been either an intra- or epi- continental sea since the late Paleozoic. The structural
geology of the Barents Sea is therefore a complex patchwork of basins and platforms, covered
with thick layers of shallow marine sedimentary rocks dating from the late Paleozoic
onwards. Carbonates (limestone) dominate the late Paleozoic, with sands and shales
dominating the Mesozoic and later rocks. Sedimentary rocks reach up 12km thick in the
basins, with Triassic deposits alone reaching up to 8km thick (Dore, 1994).

Sedimentation and erosion patterns in the Pliocene (last million years) have alternated
between strong localized erosion during glacial periods, and slow marine sedimentation
during inter-glacial periods. Seismic evidence indicates that the Barents Sea has been
completely glaciated several times during the Pliocene, with grounded ice reaching to the
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edge of the continental shelf at least 7 times (Andreassen et al., 2004). During the last ice age,
which ended about 15,000 years ago, the Barents Sea was covered by grounded ice up to
2.000m thick. The ice cover in the Barents Sea was part of a larger ice sheet that covered
north Russia, Scandinavia, parts of northern Europe and probably extending into the North
Sea and northern and central Britain. In the Barents Sea the ice sheet was anchored to the
islands and shallow banks, with fast flowing ice-streams existing in the major trough systems
of the Barents Sea, a situation comparable to the West Antarctic Ice Sheet today (Howell et
al., 1999). The ice streams reached speeds of up to lkm/year, transporting considerable
amounts of sediments off the continental shelf, resulting in the rapid growth of several large
submarine fans, most notably at the mouth of the Bear Island Trough (Howell and Siegert,
2000).

The marine life in the Barents Sea, as we know it today, therefore only stretches back to the
end of the last ice age. There is a layer of post-glacial marine sediment deposited over older,
pre-glacial sediments and bedrock. The thickness of this sediment layer varies over the whole
sea, due to underwater topography, currents and resuspenison. A major bottom mapping
project, the MAREANO project (http://www.mareano.no) is currently in progress, which aims
to give highly detailed information on the structure and topography of the Barents Sea.

2.3 Climate

By R. Ingvaldsen, P. Budgell, A. L. Karsakov, V. K. Ozhigin, A. P. Pedchenko,O. Titov and B.
Adlandsvik

2.3.1 Atmospheric conditions

Atmospheric forcing exerts influence on marine ecosystems through winds and air-sea
interactions. Variations in large-scale atmospheric circulation cause changes in upper ocean
circulation, ice extent and hydrographic properties of the water column. Changes in marine
environment in turn cause biological responses such as timing of spring phytoplankton bloom,
zooplankton production, patterns of fish eggs and larvae drift, encounter rate of larvae and
their prey, survival and recruitment (Ottersen et al., 2004; Rey, 1993; Skjoldal and Rey, 1989;
Sundby, 1991, 1993, 2000).

The North Atlantic Oscillation (NAO) (e.g. Hurrell et al., 2003) is a predominant, recurrent
athmospheric pattern of seasonal and long-term variability in the North Atlantic (illustrated in
Figure 2.2). Climatic conditions of the Barents Sea are determined by both Atlantic and Arctic
climatic systems. Winter NAO index explains only about 15-20% (R?=0.14-0.22) of
interannual variability in air and sea temperature in the southern Barents Sea (Ozhigin et al.,
2003).
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Negativ NAO indeks
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Figure 2.2. A positive NAO phase (bottom right globe) is characterized by a marked difference in air pressure
between the low-pressure centre near Island and the high-pressure centre further south in the North Atlantic. In
a positive NAO phase the dominating winds will be stronger than average and have a more northern
displacement. This leads to more precipitation and higher temperature in Northern Europe. In a negative phase
the difference in air pressure will be less and the west-wind belt weaker, with opposite responses (graphics from
Martin Visbeck, Lamont-Doherty Earth Observatory, USA).

The NAO influences on the atmospheric variability in the Barents Sea in winter through,
among other things, the Icelandic low (Ingvaldsen et al., 2003). In cold season, a low-pressure
trough stretches from Iceland to the central Barents Sea, and lows frequently travel along it
bringing warm air of the Atlantic towards Novaya Zemlya (Figure 2.3). The southern Barents
Sea is usually dominated by southwesterly winds, which contribute to increase in advection of
warm Atlantic water to the area. In the northern part of the sea, cold northeasterlies
predominate.

In summer, contrasts in sea level pressure are well pronounced only over the northeast
Atlantic (Figure 2.4). In the Norwegian and Barents Seas horizontal gradients of pressure are
rather small and, as a result, light winds of different directions blow over the Barents Sea. In
some years cold northerly and northeasterly winds prevail even in the southern part of the sea
in May-August.

The long-term seasonal mean sea level pressure patterns greatly influence spatial variation of
air temperature in the Barents Sea. Figure 2.5 shows climatic seasonal cycle of air
temperature at some stations around the Barents Sea: Spitsbergen airport (78.2°N, 15.5°E),
Bear Island (74.5°N, 19.0°E), Murmansk (69.0°N, 33.0°E), Malye Karmakuly (72.4°N,
52.7°E) and GMO Im. E.T. (80.6°N, 58.0°E). As one can see in Figure 2.5, the long-term
mean air temperature over the Barents Sea ranges from about -7 °C in the south to -25 °C in
the north in January and from 12 °C to 1 °C in the corresponding parts of the sea in July.
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Figure 2.3. The long-term mean (1971-2000) sea level pressure (above) and wind vectors (below) in December-
March.
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Figure 2.4. The long-term mean (1971-2000) sea level pressure (above) and wind vectors (below) in June-
August.
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Figure 2.5. Climatic seasonal cycle of air temperature at stations Spitsbergen airport, Bear Island, Murmansk,
Malye Karmakuly (southern Novaya Zemlya) and Franz Josef Land (GMO Im. E.T.).

2.3.2 Hydrographical conditions

The general circulation pattern is strongly influenced by topography. The Norwegian Atlantic
Current carries the warm and salty Atlantic water northwards along the Norwegian
continental shelf break outside the Norwegian Coastal Current. The current enters the Barents
Sea along the Bear Island Trench where it splits into two main branches. The northern branch
flows northeastwards along the Hopen Trench. The other main branch flows eastwards
parallel to the coastal current towards Novaya Zemlya. This branch is called the Murmansk
Current. Eventually, the modified Atlantic Water enters the Arctic Ocean between Novaya
Zemlya and Franz Josef Land. The relative strength of these two branches depends on the
local wind conditions in the Barents Sea. Close to the Norwegian Coast, the Norwegian
Coastal Current flow eastwards in the Barents Sea. Originating in the Baltic Sea, it carries
relatively fresh water from that area as well as from the North Sea and the Norwegian rivers.
During winter this current is deep and narrow, during summer it is wide and shallow. The
temperature in the Norwegian coastal current has a strong seasonal signal. Cold and fresh,
Arctic water arrives mainly from the Arctic Ocean, entering the Barents Sea between
Nordaustlandet and Franz Josef Land and between Franz Josef Land and Novaya Zemlya. The
latter branch flows westwards across the northern Barents Sea and along the eastern slope of
the Spitsbergen Bank where it joins the East Spitsbergen Current. This current, which is now
called the Bear Island Current, closely follows the topography around the Spitsbergen Bank,
into the Storfjord Trench, before it rounds the southern tip of West Spitsbergen in a narrow
zone between land and Atlantic Water. The Atlantic and Arctic water masses are separated
by the Polar Front, which is characterised by strong gradients in both temperature and salinity.
In the western Barents Sea the position of the front is relatively stable, but in the eastern part
the position of this front has large seasonal, as well as year- to-year, variations.
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Atlantic water is defined by salinity >35.0 and temperatures >3°C. Between Norway and Bear
Island, the temperature of this water varies seasonally and inter-annually from 3.5-7.5 °C; as a
rule, both temperature and salinity decrease in the north and eastward directions (Figure 2.7).
For this reason, water with salinity down to 34.95 is commonly classified as water of Atlantic
origin. In the southwestern Barents Sea, Atlantic Water is normally predominant. They year-
to-year temperature variability in the Barents Sea is illustrated in Figure 2.8, which shows the
observed annual temperature for the last 100 year in the Kola section (Bochkov, 1982, 2005)
located in the southern Barents Sea.

In ice-free Atlantic Water, the build-up and erosion of stratification are mainly determined by
wind, air temperature and solar heating. During winter, strong wind and cooling can cause
mixing to a depth 200-300 m. After solar radiation has begun to warm the surface layer in
spring, the upper water column becomes stratified in May-June. Because solar heating of the
sea surface is slow, the earliest warming is discernible only to 10-20 m depth. During the
course of summer, however, further heating and mixing spread the warming to 50-60 m depth.
In the uppermost ~10 m, the wind creates a homogeneous layer.

Coastal water resembles Atlantic Water except for lower salinity, <34.7. However, the
temperature range is wider, especially near the surface. Unlike the other water masses in the
Barents Sea, Coastal Water is vertically stratified the year round, especially along the
Norwegian coast. In the shallow area near Kolgujev farther east, the stratification can be
nearly broken down in winter.

Arctic water is characterised by low salinity. However, it is more easily classified by its low
temperature. The core of the Arctic Water has temperature <-1.5 °C and salinity between 34.4
and 34.7. In Arctic Water, the ice cover effectively hinders wind-induced mixing in winter. In
summer the pronounced layer of Melt Water hinders cooling from establishing deep
convection. Thus stratification is subject to very strong control by the melting and freezing
cycle of the sea ice. The rejection of brine, however, can erode the salinity gradient or, at
least, the transition layer between Melt Water and the underlying Arctic Water.

The seasonal temperature signal is strong, and lags the air temperatures with 2-3 months
(Figure 2.9). The maximum values are reached in September-October and the minimum
values in March-April.

Processes of both external and local origin operating on different time scales govern the
temperature in the Barents Sea. Important factors that influence the temperature regime are
the advection of warm Atlantic water masses from the Norwegian Sea, the temperature of this
water masses, local heat exchange with the atmosphere and the density difference in the ocean
itself. The volume flux into the Barents Sea from the Norwegian Sea is influenced by the
wind conditions in the western Barents Sea, which again is related to the Norwegian Sea wind
field (Ingvaldsen et al., 2004). Thus, both slowly moving advective propagation and rapid
barotropic responses due to large-scale changes in air pressure must be considered when
describing the variation in the temperature of the Barents Sea.

In ice-free water, winter is characterised by intense deep vertical mixing, which bring mineral
nutrients to the upper layer. Come spring, the upper layer will become stratified, making a
pronounced impact on the timing and development of the spring bloom. Different water
masses differ strongly in terms of mixing and stratification.
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Temperature climatology at 100 m depth, February=April

Figure 2.6. Average winter temperatures in the Barents Sea at 100 m. Based on observations in February-April
for the periode 1977-1996. Please note that in any specific year the Polar front is quite sharp. This is not evident
in the figure due to winter ice cover (and therebye few data in the northern areas) and interpolation effects.
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Figure 2.7. Average summer temperatures in the Barents Sea at 100 m. Based on observations in August-
October for the periode 1977-1996.
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Figure 2.8. Average annual temperature between 0 and 200 m depth in the Kola section, stations 3-7 (Bochkov,
1982, 2005).
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Figure 2.9. Climatic seasonal cycle in the southern Barents Sea. For Fulggya-Bear Island and Vardg-N the
ocean temperatures are between 50 and 200 m, for Kola between 0 and 200 m.

2.3.3 Currents and transports

The observed current in the section Fuglgya- Bear Island is predominantly barotropic, and
reveals large fluctuations in both current speed and lateral structure (Ingvaldsen et al., 2002,
2004). The inflow of Atlantic water may take place in one wide core or split in
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several branches. Between the branches there is a weaker inflow or a return outflow. In the
northern parts of the section there is outflow from the Barents Sea. The outflow area may at
times be much wider than earlier believed, stretching all the way south to 72°N. This
phenomenon is not only a short time feature; it might be present for a whole month. These
patterns are most likely caused by horizontal pressure gradients caused by a change in sea-
level between the Barents Sea and the Arctic or the Norwegian Sea by accumulation of water
and/or by an atmospheric low or high.

There seems to be seasonality in the structure of the current. During winter the frequent
passing of atmospheric lows, probably in combination with the weaker stratification, intensify
the currents producing a structure with strong lateral velocity-gradients and a distinct, surface-
intensified, relatively high-velocity, core of inflow. During the summer, when the winds are
weaker and the stratification stronger, the inflowing area is wider, and the horizontal shear
and the velocities are lower. In the summer season there is inflow in the upper 200 m in the
deepest part of the Bear Island Trough.

The volume transport across the Barents Sea varies with the season due to the close coupling
to the regional atmospheric pressure. Numerical models forced with wind predict that south-
westerly wind, which is predominant during winter, accelerates the flow of Atlantic Water
into the Barents Sea, whereas the weaker and more fluctuating north-easterly wind common
during summer slows the transport. The same conclusion can be reached on basis of current
measurements in the exit area in the northeast Barents Sea. Monitoring since 1997 of the
transport of Atlantic Water into the Barents Sea indicates a highly variable net transport that
averages 1.8 Sv. The average transport of Atlantic Water into the Barents Sea for the period
1997-2006 is 2.2 Sv during winter and 1.9 Sv during summer. In years during which the
Barents Sea changes from cold to warm marine climate, the seasonal cycle can be inverted.
Moreover, an annual event of northerly wind causes a pronounced spring minimum in the
transport entering the western Barents Sea; at times even an outward flow.

Strong tidal currents peaking at 80-100 cm/s in spring are found on Svalbardbanken (Gjevik
et al., 1994). In this area the tide induce a residual current that forms a anti-cyclonic eddy
between Bear Island and Hopen, with residual current speeds up to 3 cm/s. The largest tidal
amplitudes are found along the coast of Finnmark in Norway and Kola in Russia where the
amplitude is up to 1.3 m. In the Hopen Trench there is a main ampidromic system (i.e. the
tidal amplitude in the centre of the ampidromic system is approximately zero).

The heat transport into the Barents Sea is a combination of the inflow and the temperature of
the inflowing water masses. These two factors is not necessarily linked. The reason is simply
that while the temperature of the inflowing water depends on the temperatures upstream in the
Norwegian Sea, the volume flux depends mainly on the local wind field. This shows the
importance of measuring both volume transport and temperature, since they not always are
varying in the same manner.

Surface drifters have demonstrated a large number of mesoscale eddies in the Barents Sea,
especially in the western part. Small eddies are generated both in the frontal area between the
Atlantic and the Coastal Current and along the shear zone between waters flowing in and out
of the Bear Island Trench, respectively. Most of these eddies are limited in time and space yet
have in some cases lasted for a whole month. Also large eddies generated by the local
topography are known. Examples are the cyclonic (counter-clockwise) eddy located at the
Ingay Deep and the anti-cyclonic (clockwise) eddies located at the Central and Great Banks.
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Eddies prolong the local residence time for organisms that are passively advected with the
currents, such as plankton and fish larvae.

2.3.4 lce conditions

The Barents Sea is characterised by large year-to-year variations in ice conditions. The
variability in the ice coverage is closely linked to the amount of the inflowing Atlantic water
and the northerly winds in the Nordic Sea (Sorteberg and Kvingedal, 2006). The ice has a
relatively short response time on temperature changes in the Atlantic water (1-2 years), but
usually the sea ice distribution in the eastern Barents Sea responds a bit later than in the
western part. Since the late 1960s there has been a decreasing trend of 3.5% per decade in sea
ice extent, and in the last 3 years there has been extreme ice minimum in the Barents Sea.

2.4 Species communities

2.4.1 Phytoplankton
By E. K. Stenevik, L. J. Naustvoll and M. Skogen

The Barents Sea is a spring bloom system and during winter the primary production is low
and the chlorophyll concentrations are close to zero. The timing of the phytoplankton bloom
is variable throughout the Barents Sea. Primary production in this area is mainly limited by
light during winter. At this time the water is mixed and nutrients are transported to the
surface. In early spring, the water is still mixed and even though there are nutrients and light
enough for production, the main bloom does not appear until the water becomes stratified.
The stratification of the water masses in the different parts of the Barents Sea may occur in
different ways. Along the marginal ice zone, the increased sun radiation during spring leads to
melting of the sea ice and thereby to a thin upper layer of relatively fresh melt water. As the
ice melting continues and the ice retracts northwards, the upper layer gets heated and this
increases the stratification and gives the necessary conditions for the spring bloom to start in
this area. In the Atlantic water masses the stratification is a consequence of solar heating of
the surface waters. In the southern part close to the Norwegian coast, the bloom may start
following increased vertical stability caused by lateral spreading of coastal water from the
Norwegian Coastal Current (Rey, 1981). The timing and development of the spring bloom in
the Barents Sea show high interannual variability, particularly in regions where there are
interannual variability in sea ice cover which when it melts may cause stratification to appear
earlier than if no ice were present (Olsen et al., 2003).

The dominating algal group in the Barents Sea is diatoms like in many other areas (Rey,
1993). Diatoms from the genus Chatoceros and Thalassiosira often dominate the first spring
bloom. During the first spring bloom there can be very high concentrations of diatoms (up to
several million cells per litre). The diatoms require silicate and when this is consumed other
algal groups such as flagellates take over. The most important flagellate species in the Barents
Sea is Phaeocyctis pouchetii.
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The bloom situation (abundance and species composition) in the Barents Sea is covered on a
regular basis both during the survey coverage in August-October and on the standard sections
Fugleya-Bjgrngya and Vardg-Nord. During these surveys the chlorophyll concentration is
measured as fluorescence in water samples taken from standard depths down to 100 m depth.
This gives an indication on the primary production in the area. In addition to observations, the
primary production is simulated using numerical models.

2.4.2 Zooplankton
By T. Knutsen, P. Dalpadado and E. L. Orlova

Zooplankton acts as a link between phytoplankton (primary producers) and fish, mammals
and other organisms at higher trophic levels. The most abundant zooplankton species in the
Barents Sea; copepods, krill and hyperiid amphipods, comprise the major part of the diet of
juvenile fish, herring, capelin, and polar cod. The Arctic Front in the Barents Sea marks the
boundary between the mainly Arctic zooplankton species Calanus glacialis, Themisto
libellula, and the Atlantic/subarctic species C. finmarchicus, Meganyctiphanes norvegica,
Thysanoessa spp, Themisto spp. The phytoplankton ice-edge bloom and the favorable
production conditions at the ice edge as it retracts during summer and autumn, support
temporarily large concentrations of crustaceans and other species of zooplankton that are
important feed for seabirds, mammals and fish. The blooms in the Atlantic waters, though are
not so intense as the ice edge blooms, occur for a longer period and therefore the total
phytoplankton production is higher in these water masses. Especially the spring bloom in the
Atlantic waters is of significant importance for C. finmarchicus reproduction. The copepod
Calanus finmarchicus is the dominant herbivore 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 the omnivorous zooplankton, krill species (e.g.
Thysanoessa spp.) are regarded as the most important ones. Thysanoessa inermis and T.
longicaudata dominate the central and northwestern Barents Sea where as T. rachii is
restricted to the shallow water masses in the southeast. Carnivorous zooplankton such as
hyperiid amphipods (Themisto spp.) may feed on C. finmarchicus and compete with
zooplankton-feeding fish as well as juvenile fish in general.

Long-term observations show pronounced year-to-year variations in biomass and abundant
indices of zooplankton in the Barents Sea (Figure 2.10 and Figure 2.11). The highest average
biomass during the observation period was observed in 1994 and 1995. During the period
1988 — 1992 the average zooplankton biomass was low compared to the average over the last
11 years. A comparable trend is reflected in the data from upper part of the water column
(Figure 2.10, lower panel: 0-100 m). Comparing data from bottom-0 m and 100-0 m it is
obvious that during this time of the year the zooplankton has initiated its seasonal vertical
migration to deeper waters to overwinter. It is also apparent that smaller zooplankton (180-
1000 um size fraction), is relatively more abundant in 100- Om depth interval, hence more
important in the upper waters during this time of the year.
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Figure 2.10. Long term development in zooplankton biomass from bottom-0 m (top) and 100-0 m (bottom) in the
Barents Sea. Size fractioned samples obtained from WP2-net.

35

-l ™
v

1.5 +— T
1952 1956 1960 1964 1968 1972 1976 1980 1984 1988 1992 1996 2000 2004

Ig indices

3.5

|
3 !
25 ﬁ '&%J% o

2

sof“é&

S| o

Ig indices

15 ¥

1 |
196019631966 196919721975197819811984 1987 19901993 1996 199920022005

Figure 2.11. Variation in abundance indices of krill in the southern (a) and northwestern (b) parts of the Barents
Sea (data from macroplankton survey conducted by PINRO).
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2.4.3 Benthos

By L.L. Jgrgensen, N. A. Anisimova, P. A. Liubin, I. E. Manushin and J. Sundet

2.4.3.1 Benthic community

Most of the area in the Barents Sea is covered by fine-grained sediment with coarser sediment
prevailing on the relatively shallow shelf banks (<100m) or in the sub littoral zone around
islands (Zenkevitch 1963). Stones and boulders are only locally abundant. The most south-
westerly parts of the Barents Sea are influenced by Atlantic fauna with the diverse warm-
water fauna decreasing and cold-water species increasing to the east and north. The fauna of
the Barents Sea make up more than 3,050 invertebrate species (Sirenko 2001).

Because benthic communities are dependent on inputs of organic matter, characteristics of the
overlying pelagic ecosystem are largely responsible for variation in the species composition in
the benthos. In the Arctic, much of the annual primary production occurs during a short
window in the spring ("spring bloom") that results in a seasonal pulse of short duration but
high magnitude, of organic material (e.g. Sakshaug & Skjoldal 1989; Grebmeier & Barry
1991; Grebmeier et al. 1995; Wassmann et al. 1997). The amount and quality of organic
material reaching the sea bottom is dependent on several interrelated factors including the
timing and overall magnitude of synthesized organic matter, local advection by currents and
the efficiency of grazing by herbivorous zooplankton.

In general, the fauna biomass, including the benthos, increases near the polar front and in the
shallow regions and edges of the banks. A generally reduced biomass towards the west is
likely due to reduced mixing of water and consequently a shortage of food. The richest
infauna is found on the sandy silts and silty-sand floors. Low biomass occur at areas with
impeded upwelling, in areas of low primary production (and reduced vertical flux), and areas
of less suitable substrata with heavy sedimentation (e.g. inner parts of glacial fjords).

The main mass of echinoderms is found in western and central parts of the Sea, whereas the
mass developments of bivalves are found in the southeastern parts of the Sea. The deeper
western part is rich in echinoderms and particularly poor in polychaetes. The bivalves are
considerably reduced with depth, whereas the echinoderms increase in numbers and the
polychaetes remain essentially unchanged (Zenkevitch 1963).

2.4.3.2 Shellfish

Shellfish is an important part of the benthic community. However, at present, only three
species are of major economical importance in the Barents Sea; the Deep sea shrimp
(Pandalus borealis), the Iceland scallop (Chlamys islandica) and the red king crab
(Paralithodes camchaticus), which was successfully introduced in the 1960s. These three
species are therefore further descrbed below.

Other shellfish species of potential commercial importance are the bivalves Serripes
groenlandicus, Ciliatocardium ciliatum and Arctica islandica, the large gastropods of
Buccinidae family, as well as the Echinoderms — sea urchin Strongylocentrotus
droebachiensis and large sea-cucumber Cucumaria frondosa.
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Lately, the abundance of snow crab Chionoecetes opilio first found in the Barents Sea in 1996
has abruptly increased in numbers. At present, there are the two theories concerning the
introduction of the snow crab to the Barents Sea; the transport of larvae from the northern
Atlantic with ballast waters and a migration westward along the Russian north seas from the
Pacific north areas. A rapid widening of its distribution area and the increase in abundance
indicates successful acclimatization of this species in the Barents Sea. It may be expected that
the snow crab will be one of the commercial crustacean species in this area.

2.4.3.3 Deep sea shrimp (Pandalus borealis)

The Deep sea shrimp (Pandalus borealis, also called deepwater shrimp or Northern shrimp) is
distributed in most deep areas of the Barents Sea and Spitsbergen waters. The densest
concentrations are found in the central part of the Barents Sea, in the Hopen Deep and Thor
Iversen Bank, in depths between 200 and 350 meter (Hvingel, 2006) and near the Western
Murman coast. The fishery is mainly conducted by large (>2000 GRT) trawlers, and overall
annual catches have ranged from 40.000-130.000 tonnes since the early 1980s. From Russian
surveys data in the period 1998-2005 the shrimp stock was estimated at 577.000-990.000
tonnes.

The shrimp mainly feed on detritus, but may also be a scavenger. Shrimp is also import as a
food item for many fish species (e.g. cod, Greenland halibut and redfish) and seals.

2.4.3.4 Red king crab (Paralithodes camtschticus)

The red king crab (Paralithodes camschaticus) was introduced to the Barents Sea on several
occations during the 1960s and 1970s (Orlov and Ivanov 1978). Since then the crab has
spread to wide areas both east- and westwards and is now common in the whole southern
Barents Sea from about Kanin nose in the east to about Hammerfest in west. Due to
distributional patterns of juvenile crabs the stock estimates only includes crabs larger than
about 70 mm carapace length, and the total stock of king crabs in the Barents Sea in 2006
were estimated to about 14 million specimens (Sundet and Sokolov 2006).

The commercial fishery of the red king crab started in the Norwegian part in 2002 and in the
Russian economic waters in 2004. At present, in the Barents Sea area, the red king crab is the
largest predating crustacean. Due to high abundance and feeding behavior the crab is the most
important biotic factor determining the functioning of bottom communities in the southern
Barents Sea. The king crab feed on a variety of prey specimens of which polychaetes,
bivalves and echinoderms seem to dominate in the crab stomach analysed (Sundet et al.
2000). Being an introduced species it is judged to involve a potential threat for the native
ecosystem. Studies so far have revealed minor impact on the bottom communities in areas
where the crab have been inhabiting for decades (Anon. 2005). However, there is still a great
deal of research to be done in this field before this question could be answered properly.

At present, the distribution area of the crab is from the North Cape area in Norway along the

Murman coast to the Kanin Nos Peninsula in Russia. In the Russian part of the Barents Sea,
the main harvesting areas of the crab are in the off shore areas.
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Juvenile red king crabs are preyed upon by all common bottom feeding fishes, but as the crab
becomes larger there are only a few, if any predators on the crab in the Barents Sea
ecosystem. In Russian waters, the king crab is managed as a sustainable fishing stock, whilst
the management regime in Norwegian waters is at the moment under consideration.

2.4.3.5 Iceland scallop (Chlamys islandica)

The Iceland scallop is widely distributed in the Barents Sea, Bear Island and Spitsbergen
areas. In the Russian Economic Zone (REZ), the scallop occurs in high densities along the
coast of the Novaya Zemlya and the Kola Peninsula as well as on the Goose, North Kanin and
Kanin Banks. Intense fishing for the Iceland scallop (Chlamys islandica) in the Barents Sea
and Spitsbergen area, was carried out through a period from 1986 to 1992 by Norwegian and
foreign vessels. All scallop beds with densities of fishing interest were almost eradicated. At
the most more than 4000 tonnes of scallop muscle was landed in 1987 from this area.

Near the Bear Island and in the Spitsbergen archipelago, the mollusk settlements are of no
commercial importance after intensive fishery in the 1980s-1990s.Today, the main scallop
harvesting are located southeast of the Bear Island, at depths of less than 100 m. In REZ, the
scallop fishery has been conducted since 1987 and in 2001, the maximal annual catch were
14.000 tonnes.

The Iceland scallop is a slow growing species common in all shallow areas (< ca 150 m) both
in the Spistbergen area as well as along the coastal waters of Kola Peninsula and Northern
Norway (Wiborg 1963, 1970, Wiborg et al 1974, Rubach and Sundet 1987). It is usually
associated with hard bottom substrate and most commonly in areas with strong currents
(Wiborg 1963). The scallop is a filterfeeder and is therefore highly dependent on the seasonal
phytoplankton production, which also impact on its growth (Sundet and Vahl 1981). In the
Spitsbergen area the scallop grows slowly and may become up to 30 years old (Rubach and
Sundet 1987). Unpublished data also reveal that the recruitment to the different stocks may
vary largely from one period to another.

2.4.4 Fish

By B. Bogstad, A. Aglen, A. V. Dolgov, K. V. Drevetnyak, H. Gjgseter, E. Johannesen, S.
Mehl, A. Hgines and O. V. Smirnov

2.4.4.1 Main fish species — stock size and fluctuations

The main demersal stocks are cod, haddock, redfish (mainly deep-sea redfish, Sebastes
mentella), Greenland halibut, long rough dab, wolffishes and plaice. There is no analytical
assessment done on long rough dab, wolffishes or plaice. The main pelagic stocks are capelin,
polar cod and immature Norwegian Spring-Spawning herring. The last few years there has in
addition been an increase of blue whiting migrating into the Barents Sea. There have been
significant variations in abundance among these species (Figure 2.12 and Figure 2.13). These
variations are due to a combination of fishing pressure and environmental variability. Until
the 1970’s the redfish (Sebastes mentella) was an abundant stock in the Barents Sea. Due to
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heavily overfishing the stock declined strongly during the 1980’s, and has since then stayed at
a low level.

Demersal fish abundance in the Barents Sea
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Figure 2.12. . Abundance of demersal fish species in the Barents Sea. The data are taken from; cod: VPA
estimates, age 3+ (ICES, 2007); haddock: VPA estimates, age 3+ (ICES, 2007); Greenland halibut: VPA
estimates, age 5+ (ICES, 2007); Sebastes mentella: VPA estimates, age 6+ (ICES, 1995 for the years 1968-
1990; ICES, 2003 for the years 1991-2002).
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Pelagic fish abundance in the Barents Sea
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Figure 2.13. Abundance of pelagic fish species in the Barents Sea. The data are taken from; capelin: Acoustic
estimates in September-October, age 1+ (ICES, 2007;, herring: VPA estimates of age 1 and 2 herring
(ICES/ACFM:34, 2006) using standard weights at age (9 g for age 1 and 20g for age 2); polar cod: Acoustic
estimates in September-October, age 1+ (Anon., 2006); blue whiting: Acoustic estimates in September-October,
age 1+ (Anon., 2004; Anon., 2005, Anon., 2006).

2.4.4.2 Cod (Gadus morhua)

The mature cod has an annual spawning migration from the Barents Sea to the western coast
of Norway. The main spawning occurs in the Lofoten area in March/April. The cod larvae are
advected with the Norwegian coastal current and Norwegian Atlantic current back to the
Barents Sea where they settle at the bottom around October. Cod is the most important
predator fish species in the Barents Sea. It feeds on a large range of prey, including the larger
zooplankton species, most of the available fish species and shrimp. Cod prefer capelin as a
prey, and feed on them heavily as the capelin spawning migration brings them into the
southern and central Barents Sea. Fluctuations of the capelin stock have a strong effect on
growth, maturation and fecundity of cod. Capelin also indirectly affects cod recruitment, as
cod cannibalism is reduced in years with high capelin biomass. The role of euphausiids for
cod feeding increases in the years when capelin stock is at a low level (Ponomarenko and
Yaragina 1990). Also, according to Ponomarenko (1973, 1984) interannual changes of
euphausiid abundance is important for the survival rate of cod during the first year of life.
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Figure 2.14. Distribution area for Northeast Arctic Cod.

2.4.4.3 Haddock (Melanogrammus aeglefinus)

Haddock is also a common species, which partly migrates out of the Barents Sea to spawn.
The stock has large natural variations in stock size. Food of haddock consists mainly of
benthic organisms (Zatsepin, 1939; Tseeb, 1964). Capelin is the dominant prey among fish
species. Zooplankton and other fish species are of only marginal importance. There are not
any clear changes in the food composition of haddock among various length groups. The total
annual food biomass consumed by haddock shows large variation.
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Figure 2.15. Distribution area for Northeast Arctic Haddock.

2.4.4.4 Redfish (Sebastus mentalla and Sebastus marinus)

Deep-sea redfish (S. mentella) and golden redfish (S. marinus) used to be important elements
in the fish fauna in the Barents Sea, but presently the stocks are severely reduced. Young
redfish are plankton eaters (Dolgov and Drevetnyak, 1995), but larger individuals take larger
prey, including fish (Dolgov and Drevetnyak, 1993). Until 1990 huge amounts of redfish
postlarvae filled the pelagic Barents Sea every summer and autumn. These 0-group redfish
utilized the plankton production and contributed themselves to the diet of other predators. We
don’t know whether other planktonfeeders have taken over this niche. Since the redfish
species are viviparous giving birth to live larvae, it is believed to be a strong relationship
between the size and age composition of the mature stock and the recruitment. Lack of larvae
and juvenile redfish in the sea is therefore a confirmation of low “spawning” stocks. On the
other hand is a rebuilding of the mature stock expected to give an immediate and
corresponding increase in the amounts of larvae in the sea. Fishing on these two redfish
species is at present severely restricted in order to rebuild the stocks.
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Figure 2.16. Distribution area for Deep Sea redfish (lower) and golden redfish (upper) in the Barents Sea
region.
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2.4.4.5 Greenland halibut (Reinhardtius hippoglossoides)

Greenland halibut is a large and voracious fish predator with the continental slope between
the Barents Sea and the Norwegian Sea as its most important adult area, but it is also found in
the deeper parts of the Barents Sea. Investigations in the period 1968-1990 (Nizovtsev, 1975;
Shvagzhdis, 1990; Michalsen and Nedreaas, 1998; Dolgov, 2000) showed that cephalopods
(squids, octopuses) dominated in the Greenland halibut stomachs, as well as fish, mainly
capelin and herring. Ontogenetic shift in prey preference was clear with decreasing proportion
of small prey (shrimps and small capelin) and increasing proportion of larger fish with
increasing predator length. The largest Greenland halibut (length more than 65-70 cm) had a
rather big portion of cod and haddock in the diet.

Wintering area B Spawning area
I Feeding area »  Larvae drift

Figure 2.17. Distribution area for Northeast Arctic Greenland halibut.

2.4.4.6 Capelin (Mallotus villosus)

Capelin is a key species because it feeds on the zooplankton production near the ice edge and
is usually the most important prey species for top predators in the Barents Sea, serving as a
major transporter of biomass from the northern Barents Sea to the south (von Quillfeldt and
Dommasnes, 2005). During summer they migrate northwards as the ice retreats, and thus
have continuous access to new zooplankton production in the productive zone recently
uncovered by the ice. They often end up at 78-80°N by September-October, and then they
start a southward migration to spawn on the northern coasts of Norway and Russia. During
spawning migration capelin is considerably preyed on by cod. Capelin also is important prey
for other predatory fishes as well as for several species of marine mammals and birds
(Dolgov, 2002).
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Figure 2.18. Distribution area for Barents Sea capelin.

2.4.4.7 Herring (Clupea harengus)

The herring spawns along the Norwegian western coast and the larvae drifts into the Barents
Sea and some Norwegian fjords. The juveniles of the Norwegian spring-spawning herring
stock are distributed in the southern parts of the Barents Sea. They stay in this area for about
three years before they migrate west and southwards along the Norwegian coast and mix with
the adult part of the stock. The presence of young herring in the area has a profound effect on
the recruitment of capelin, and it has been shown that when rich year classes of herring enters
to the Barents Sea, the recruitment to the capelin stock is poor, and in the following years the
capelin stock collapses (Gjgseater and Bogstad, 1998). This happened after the rich 1983,
1992 and 2002 year-classes of herring entered the Barents Sea. Also when medium sized year
classes of herring are spread into the area there is a clear sign of reduction in recruitment to
the capelin stock. In this way, the herring stock has impact both on the capelin stock (directly)
and the cod stock (indirectly).
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Figure 2.19. Distribution area for Norwegian spring spawning herring.

2.4.4.8 Polar cod (Boreogadus saida)

Polar cod is a cold-water species found particularly in the eastern Barents Sea and in the
north. There are two spawning areas, one in the south-eastern corner of the Barents Sea and
one to the east of Spitsbergen. It is an important forage fish for several marine mammals, but
to some extent also for cod (Orlova et al., 2001). Polar cod is a semi-pelagic fish, distributed
in the lower part of the water column. It is a plankton feeder, with a rather short life cycle, as

fish older than 5 years are rarely found. There is little fishing on this stock.
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Figure 2.20. Distribution area for polar cod.

2.4.4.9 Blue whiting (Micromesisius poutassou)

The blue whiting has its main distribution area in the Norwegian Sea and Northeast Atlantic,
and the marginal northern distribution is at the entrance to the Barents Sea. Usually the blue
whiting population in the Barents Sea is small. In years with warm Atlantic water masses the
blue whiting may enter the Barents Sea in large numbers, and the blue whiting is a dominant
species in the western areas. This situation occurred in 2001, and the blue whiting has since
been present in high numbers (Belikov et al., 2004). The blue whiting is mainly a plankton
feeder at young ages (below age 5), but changes preference towards fish during its life cycle
(Belikov et al., 2004). In 2004 the abundance of blue whiting were estimated to be 1.4 mill
tonnes, mostly age 1-4. This made it the second most abundant pelagic plankton feeding fish
this year after young herring in the Barents Sea, followed by polar cod and capelin.
Historically, capelin and young herring have been the dominant plankton feeding fish stocks.
In general these four species have minor overlapping distributions; with the blue whiting in
the west, the herring in the south, the polar cod in the east (except for an overlapping part of
the stock in the Spitsbergen region) and the capelin in the north. In southwestern areas blue
whiting and herring partly overlap. However, they occupy different parts of the water column.
The lack of overlapping with the other three main pelagic species, both in distribution area
and water column height, indicates low interspecies competition for the local zooplankton
biomass. However, the blue whiting is situated as a filter of zooplankton in their main
advection pathway from the Norwegian Sea into the Barents Sea. What effect this has on the
total zooplankton production, and thereby indirect on the whole ecosystem in the Barents Sea
is not known.
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Figure 2.21. Distribution area for blue whiting.

2.4.4.10 Saithe (Pollachius virens)

Saithe is only found in the North Atlantic. In the western part there is a small stock at
Newfoundland. In the eastern part there are stocks west of Ireland and Scotland, at Iceland
and the Faeroe Islands, in the North Sea and along the western and nortern Norwegian coast
eastwards to the Kola Peninsula. It also occurs at Svalbard, but only in low abundances.
Tagging experiments show migration between the stocks. There may be extensive migration
of young saithe from the more southern part of Norwegian coast to the North Sea, and of
older fish from more northern areas to Iceland and the Faeroe Islands. There are few examples
of migration to the Norwegian coast.

Saithe is found both pelagic and demersal, from 0-300 m depth. It often occurs in dense
concentrations, e.g. pelagic where currents concentrate prey items. The main prey items for
young saithe are Calanus, krill and other crustaceans, while older fish feeds more and more on
fish prey like herring, sprat, young haddock, Norway pout and blue whiting. Saithe makes
both feeding and spawning migrations, and adult fish follow Norwegian Spring Spawning
herring far out in the Norwegian Ocean, sometimes all the way to Iceland and Faeroe Islands.
The most important spawning areas in Norwegian waters are Lofoten, Haltenbanken, the
banks outside Mgre and Romsdal and Tampen and the Viking bank in the North Sea. Egg and
larvae drifts northwards with the currents, the 0-group settles in the shore area from the
western coast of Norway to the southeastern part of the Barents Sea, and migrates to the
coastal banks as 2—4 year olds.
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Figure 2.22. Distribution area for Northeast Arctic Saithe.

2.4.4.11 Recruitment

The recruitment of the Barents Sea fish species has a large year-to-year variability (Figure
2.23). The most important factors for this variability are variations in the spawning biomass,
climate conditions, food availability and predator abundance and distribution. Variation in the
recruitment of some species, including cod and herring, has been associated with changes in
the influx of Atlantic waters into the Barents Sea.
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Figure 2.23. 0-group abundance indices (in millions), not corrected for catching efficiency. Please note that the
vertical axes differ between the two panels.
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2.4.4.12 Other fish species

The fish community in the Barents Sea is dominated by few, very abundant species, as
illustrated by the log abundance -species rank plot (Figure 2.24). Recent review of taxonomy,
literature and survey data gives us a list of 196 fish species from 66 families observed in the
Barents Sea (Appendix), although some of the observations need confirmation. The greatest
species diversity is in the following families: Zoarcidae (23 species), Gadidae (14 species),
Cottidae (12 species), Liparidae (13 species), Rajidae (9 species), Pleuronectidae (9 species)
and Lotidae (9 species). The representatives from these families account for 42% of the total
number of species potentially occurring in the Barents Sea and 80 % of the species normally
found in research surveys. Half of the families (34) are represented by only one species.
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Figure 2.24. Log abundance plotted against species rank. The abundance is the total catch in tonnes from the
winter bottom trawl survey run since 1981 in February.

Of the recorded species, 161 were classified according to ecological group. Almost half of the
species found in the Barents Sea lives near the bottom (Figure 2.25, Appendix 1). The
portions of near bottom and near bottom-pelagic species are great — 15% and 10%,
respectively. Bathypelagic, neritopelagic and epipelagic species account for 6-9%. The
portion of the other species (anadromous, cryopelagic, catadromous) is low (<4%). Out of the
observed fish species (appendix), 157 were classified according to zoogeographical group
(Figure 2.26, Appendix 1). Most of the fish species are arctic, boreal and mainly boreal —
26%, 26% and 24%, respectively. The percentage of widely distributed fish species is quite
high (12%), whereas mainly arctic, arcto-boreal and southern boreal species only account for
2-6%.
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Figure 2.25. Percentage of fish species in different ecological groups.
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Figure 2.26. Percentage of fish species in different zoogeographical group.

From 2000-2004, the mean annual total number of species recorded on Russian survey on
demersal fish in October-December has been 76. In the northern Barents Sea (ICES area Ilb
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and the area between Spitsbergen and Franz Josefs land, southwards to approximately 76°N)
the total number of species is somewhat lower than in the southern one — on the average, 49
against 58 species. In the southern part (ICES area | northward along the deep basin to
Novaya Zemleya) more than 88% were mainly boreal and the portion of arctic species did not
exceed 9%, in the northern one, the arctic species (58%) prevailed and the portion of mainly
boreal species was 41%

In 2000-2005, the structure of the ichthyofauna varied due to variations in hydrological
regime resulting from variations in transport of warm water masses. So, in the northern part of
the Barents Sea, there was a reduction in the portion of arctic species while the percentage of
mainly boreal and widely distributed ones increased (Figure 2.27). The same trend was found
in the southern part of the Barents Sea (Figure 2.28). However, southern boreal species were
absent from the catches in the southern part of the Barents Sea in 2003.
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Figure 2.27. Dynamics of proportion of zoogeographical groups in the northern part of the Barents Sea in 2000-
2004.
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Figure 2.28. Dynamics of proportion of zoogeographical groups in the southern part of the Barents Sea in 2000-
2005.

2.4.5 Marine Mammals
By V. B. Zabavnikov, M. Mauritzen, S. V. Ziryanov and N. @ien

2.45.1 General features

About 24 marine mammal species regularly occur in the Barents Sea, comprising 7 species of
pinnipeds (seals and walruses), 12 of large cetaceans and 5 of small cetaceans (porpoises and
dolphins). Some of these species have temperate mating and calving areas and feeding areas
in the Barents Sea (e.g. minke whale Balaenoptera acutorostrata), others reside in the Barents
Sea all year round (e.g. whitebeaked dolphin Lagenorhynchus albirostris and harbour
porpoise Phocoena phocoena). Some marine mammals are rare, either because this is natural
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(like beluga whale Delphinapterus leucas) or because of historic exploitation (like bowhead
whale Balaena mysticetus and blue whale Balaenoptera musculus). The currently available
abundance estimates of the most abundant cetaceans in the north-east Atlantic (i.e. comprising
the North, Norwegian, Greenland and Barents Seas) are: minke whales 107,205 (99% ClI
83,000 - 138,400); fin whales B. physalus 5,400 (95% CI 3,600 — 8,100); humpback whales
Megaptera novaeangliae 1,200 (95% CI 700 — 2,000) and sperm whales Physeter catodon
4,300 (95% CI 2,900 — 6,400) (Skaug et al. 2002, @ien 2003, Skaug et al. 2004).
Lagenorhyncus dolphins are the most numerous smaller cetacean, with an abundance of
130,000 individuals (@ien 1996), but also the small and coastal harbour porpoise are
numerous in this area, with an abundance of around 80 000 individuals (Bjerge and @ien
1995). Harp seals are most numerous of the seal species in the Barents Sea with
approximately 2.2 million individuals. The distributions of the most common marine mammal
species are given in Figure 2.29 -Figure 2.34. Marine mammals, as top predators, are
significant ecosystem components. Food consumption by cetaceans in the world’s oceans has
been estimated to 280-500 million tonnes of total biomass (both vertebrates and
invertebrates), which is between 3 and 6 times the total catch by commercial marine fisheries.
In the Barents Sea, marine mammals may eat 1.5 times the amount of fish caught by the
fisheries. Minke whales and harp seals may consume 1.8 million and 3-5 million tonnes of
prey per year, respectively (e.g., crustaceans, capelin, herring, polar cod and gadoid fish;
Folkow et al. 2000; Nilssen et al. 2000). Functional relationships between marine mammals
and their prey seem closely related to fluctuations in the marine systems. Both minke whales
and harp seals are suggested to switch between krill, capelin and herring depending on the
availability of the different prey species (Lindstrem et al. 1998; Haug et al. 1995; Nilssen et
al. 2000).
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Figure 2.29. General distribution area for Minke whale.
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Figure 2.30. General distribution area for Humpback whale. General distribution (light red) and high density
areas (dark red).
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Figure 2.31. General distribution area for white-beaked dolphins.
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Figure 2.33. General distribution area of Beluga whale.
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Figure 2.34. General distribution area of Harp seal. General distribution (light red), whelping area (dark red)
and moulting area (orange).

2.4.6 Seabirds
By V. B. Zabavnikov, M. Mauritzen, S. V. Ziryanov and N. @ien

The Barents Sea holds one of the largest concentrations of seabirds in the world (Norderhaug
et al., 1977; Anker-Nilssen et al., 2000). About 20 million seabirds harvest approximately 1.2
million tonnes of biomass annually from the area (Barrett et al., 2002). About 40 species are
thought to breed regularly around the northern part of the Norwegian Sea and the Barents Sea.
The most typical species belong to the auk and gull families. There are about 1,750,000
breeding pairs of Briinnich’s guillemot (Uria lomvia) in the Barents region. They feed on fish,
particularly polar cod, and other ice fauna species. The population of common guillemots
(Uria aalge) is about 140,000 breeding pairs. Capelin is the most important food source all
year round.

There are thought to be more than 1.3 million pairs of little auk (Alle alle) in the Barents Sea.
It is found in the area throughout most of the year and many probably winter along the ice
margin between Greenland and Spitsbergen and in the Barents Sea. Small pelagic crustaceans
are the main food for this species, but they may also feed on small fish.

The black-legged kittiwake (Rissa tridactyle) breeds around the whole of Spitsbergen, but like
the Briinnich’s guillemot it is most common on Bear Island, Hopen and around Storfjorden.
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Its most important food items in the Barents Sea are capelin, polar cod and crustaceans. The
breeding population seems stable, comprising 850 000 pairs in the Barents region. The
northern fulmar (Fulmarus glacialis) is an abundant Arctic and sub-Arctic species living far
out at sea except in the breeding season. It lives on plankton and small fish taken from the
surface. The population estimates are uncertain, but high (100,000 — 1,000,000 pairs). The
Atlantic puffin (Fratercula arctica) is the most abundant seabird on the mainland and in the
Norwegian Sea, but may also breed on Bear Island and on Spitsbergen.

2.5 Ecological relations

By K. Drinkwater, B. Bogstad, A. V. Dolgov, A. Hgines, N. V. Muchina, E. L. Orlova and G.
Ottersen

2.5.1 Marine Ecosystem Responses to Climate Variability

Climate variability occurs on a variety of time scales. On multidecadal scales, the waters in
the Barents Sea were relatively cold in the late 19th century and early part of the 20th, warm
from the 1920s to the 1950s, cool through the 1960s to the 1980s and warm during the last
decade or more. These changes are due to a combination of atmospheric heating and cooling
and variability in both the volume and temperature of the incoming Atlantic water (Ingvaldsen
et al., 2003). Associated with warm and cool periods, sea-ice coverage has contracted and
expanded, respectively. Interannual variation in the position of the ice edge in any particular
month is about 3 to 4° of latitude. Recently sea-ice coverage has been near its minimal value,
although the 1930s was another period of low ice coverage. At interannual to decadal time
scales, ocean temperature variability is correlated with the NAO with higher temperatures
generally associated with the positive phase of the NAO (Ingvaldsen et al., 2003). The higher
correlation after the early 1970s is attributed to the eastward shift in the Icelandic Low
(Ottersen et al. 2003).

With the warming in the 1920s and 1930s, cod appeared in high abundance on Bear Island
Bank, resulting in the reestablishment of a cod fishery there after an absence of almost 40
years (Blacker, 1957). Cod also spread northward into the area off West Svalbard with
sufficient abundance to support a fishery (Beverton and Lee, 1965). Cod as well as haddock
moved eastward reaching Novaya Zemlya by 1929-1930 (Cushing, 1982). There was a
distributional shift in spawning with proportionately more cod spawning in the northern
regions of Norway (Lofoten and Finnmark) compared to southern Norway at Mgre (Sundby
and Nakken, 2004). During the colder periods before and after the warm period, the percent
spawning at Mgre was much higher. There is a suggestion that the cod might also have
spawned earlier during the warm period, based upon timing of the ratio of the weight of the
roe to the weight of the cod at Lofoten, (Pedersen, 1984). However, since younger cod spawn
later (Pedersen, 1984), the suggested later spawning of the population during the colder period
might equally be explained by fishing down of the older cod.

The stock size of Arcto-Norwegian cod in the Barents Sea and offshore Norway peaked in the
1930s and 1940s (Hylen, 2002). Catch per unit effort (CPUE) also was significantly higher in
the period 1925-1960 than in the periods before or since, consist with an increase in
abundance levels at that time (Godg, 2003). While this change coincided with the rapid
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development of the trawl fishery and increasing fishing efficiency cannot be ruled out as a
contributor to the increased CPUE, recruitment was higher during the warm period than the
subsequent cool period (Godg, 2003). High recruitment is believed to be, in large part, a
result of greater food availability (Setersdal and Loeng, 1987; Ottersen and Loeng, 2000).
The mean weight of the cod in Lofoten rose rapidly in the 1920s into the early 1930s and
remained high before starting a general decline in the 1960s. The increase in weight between
the pre-1920s period and 1930s-1960s was over 50%.

The capelin feeding migration from the northern coast of Norway to the Arctic Front and
beyond has tended to spread farther north and east in the Barents Sea during warm periods
and contract during cold periods (Vilhjalmsson, 1997). In the 1920s, the 0-group and age 1-3
herring, which typically occupy the western Barents Sea, pushed farther eastward as
evidenced by the development of a herring fishery along the Murman coast of Russia, where
previously this species was almost unknown (Beverton and Lee, 1965). Particularly large
catches were observed in the 1930s (Cushing, 1982). Also in the 1930s, Atlantic salmon, cod
and herring appeared in the Kara Sea and haddock catches were recorded in the White Sea for
the first time (Cushing, 1982).

The changes to the marine ecosystem were not limited to fish. Extensive Russian studies
revealed a retreat of benthic species in the Arctic and an increase in the number of boreal
species along the Murman coast, such that the relative number of boreal species doubled
between the period prior to and during the peak of the warming (Nesis, 1960). Gastropods
(Gibbula tumida, Akera bullata), hermit crabs (Eupagurus bernhardus L.) and cockles
(Cerastoderma edule L.), all species normally associated with Atlantic waters, were reported
along this coast for the first time in the 1930s (Cushing, 1982). Benthic ecosystem changes
were also recorded to the west and southwest of Svalbard. Comparing the benthos prior to
1931 with that of the 1950s indicated that Atlantic species had spread northward by
approximately 500 km (Blacker, 1957). This was attributed to an increased influence of
Atlantic waters and is consistent with an increase of the warm north-flowing West
Spitzbergen Current noted by Brooks (1938).

2.5.2 Plankton and fish

The Barents Sea is a nursery area for several commercial fish species that feed on
zooplankton. Important groups are young herring, 0-group capelin, cod, haddock, saithe and
redfish. In addition there is now a tendency for other fish species to become more important,
extending their distribution in the Barents Sea. Such species are blue whiting and sandeel.
This means increased competition for food and a suggested higher predation on zooplankton.

2.5.2.1 Zooplankton-capelin

One of the most important plankton consumers in the Barents Sea is capelin. From the early
1980s till today the capelin stock has fluctuated significantly, and it is interesting to observe
the importance of this variability for the measured zooplankton stock in August-September
throughout the same period. Even if many factors influence the abundance and zooplankton
production, it seems to be close to an inverse relationship between capelin and zooplankton
biomass (Figure 2.35). When the capelin stock was at a minimum in 1994-1995, a maximum
in zooplankton abundance was observed.
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Figure 2.35. Annual fluctuations in zooplankton biomass and size of capelin stock in the Barents Sea.

2.5.2.2 Zooplankton, capelin and cod interactions

Cod (Gadus morhua) is a major predator in the Barents Sea ecosystem. Growth of young
Northeast Arctic cod in the Barents Sea has shown strong fluctuations. The mean length of
age 3 cod in the Norwegian winter bottom trawl survey has varied between 28 and 42 cm
during the period 1984-2007 (ICES, 2007). Correspondingly, the mean weight at age 3 in this
survey has varied between 200 and 800 g. Thus, in order to give predictions of cod stock
biomass, it is important to predict size at age and not only abundance at age.

Strong relationships between cod, capelin and euphausiids have been demonstrated e.g. by
Drobysheva and Yaragina (1990). Predation on euphausiids by cod decreased the food supply
for capelin and reduced the capelin feeding and possibilities for stock recovery. At the same
time predation on euphausiids by capelin reduces the food supply for both adult and juvenile
cod.

Individual growth in fish depends on density dependent factors such as availability of prey.

However, growth is also dependent on a series of processes (feeding, metabolism, excretion
etc.), which are controlled by temperature (Ottersen et al. 2002; Michalsen et al., 1998).
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2.5.3 Benthos and fish

Bottom animals make up parts of, or the total diet, of several fish species. The last 20 years
has been subject to an extended sampling of stomachs from cod and haddock (Jiang and
Jorgensen, 1996). Preliminary evaluation of these data shows that the diet of cod (7-11 years
old) when eating bottom animals (less that 10 % of total stomach content) varies little with
area (Figure 2.38) and constitute mainly of crustaceans such as Spirontocaris spinus (prawn)
and Hyas (decorator crabs), while in the northern areas the amphipods Tmetonyx (amphipod)
while Pagurus bernhardus in the eastern and western areas functions as an additional prey
species.
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Figure 2.36. The stomach content (small reddish blue circles) of haddock (3-11 years old) and detailed
information (yellow orange circles) on what animal groups (approximately 50% of the total stomach content)
that constitute bottom species.

The diet of haddock (3-11 years) when eating bottom animals in the northern Barents Sea
(approximately 50% of the total stomach content) was mainly made up by brittle stars
(unidentified) (Figure 2.36). Additionally main prey species was Rhynchocoela (nemerteans)
in western parts, molluscs (unidentified) in the eastern parts while the bivalve Yoldiella in the
northern parts of the Barents Sea.

In the future, the bottom fauna will be quantitatively mapped in the feeding areas of cod and

haddock, and the stomach content correlated to this bottom fauna, this might tell us if the fish
are specialist (carefully select specific prey animals) or generalist (eat whatsoever available),
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how it feeds and where it feeds. This will supply to a better understanding of the marine
benthic ecosystem.

Deep sea shrimp (Pandalus borealis) is an important prey for several fish species, especially
cod, but also other fish stocks like blue whiting (ICES, 2007). Consumption by cod
significantly influences shrimp population dynamics. The estimated amount of shrimp
consumed by cod is on average much higher than shrimp landings.

2.5.4 Predation by fish
Cod diet

The diet of cod is a good indicator of the state of the Barents Sea ecosystem. Figure 2.37 shows
the diet of cod in the period 1984-2006, calculated from data on stomach content, gastric
evacuation rate and number of cod by age. The data for cod stomach content are taken from the
Joint IMR-PINRO stomach content database (Mehl and Yaragina, 1992). The model for gastric
evacuation rate for cod is based on experiments conducted at Norges Fiskerihggskole in Tromsg.
The consumption calculations show that the total consumption by cod in the last years has been
around 4 million tonnes. The consumption per cod for the various age groups has also been
fairly stable. Capelin was also in 2006 the most important prey item for cod, followed by krill,
haddock, shrimp, herring, hyperiid amphipods, blue whiting, polar cod and cod. The proportion
of capelin in the diet of cod decreased from about 50% in 1999-2003 to about 30% in 2004-
2006, but is higher than the present low abundance estimate of capelin should indicate. This
phenomenon was, however, also observed during the previous capelin collapse. Cod
cannibalism is now at a low level, while the consumption of haddock by cod is at a record high
level. There is a good correlation between prey availability and prey selection (i. e. stomach
content) in cod. This can be seen both from the geographical and inter-annual variation in cod
diet. The mature cod migrates out of the Barents Sea and spawns in the Lofoten area in
March-April. The consumption rate by mature cod during this period is lower than during the
rest of the year, with the main prey items being adult herring and Norway pout.

The individual growth of cod is close to average. The average age at first maturation has been
declining the last decades, but now seems to have stabilized (ICES, 2007).

Stomach content analyses showed that the 0 and 1 group cod fed mainly on crustaceans with
krill and hyperiid amphipods comprising up to 70% of their diet. Krill (Thysanoessa spp. and
M. norvegica) and hyperiid amphipods (Themisto spp.) were mainly found in cod stomachs
sampled in the central and close to the Polar Front region in the Barents Sea where these prey
organisms are reported to be abundant in summer.

A shift in the main diet from crustaceans to fish is observed from age 1 to age 2. The diet of
2-year-old cod mainly comprised capelin (Mallotus villosus) and other fish, and to a lesser
degree, krill and hyperiid amphipods. Shrimp (mainly Pandalus borealis) was also an
important prey in both age 1 and 2 cod. For the period 1984-2002, a statistically significant
positive relationship was obtained between capelin stock size and the amount of capelin in the
diet of 2-year-old cod.
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For cod age 3-6, the diet composition during the ecosystem survey 2006 was very variable
between the areas, reflecting the difference in geographical distribution of the various prey
items. In general shrimp, fish (mostly capelin, haddock, herring and polar cod) dominated in
the cod diet. Fish including blue whiting was the dominant prey item in the south-western
part, while shrimp, herring, krill, and capelin dominated in the south-eastern part. In the
central Barents Sea shrimp and capelin were the most important prey in a large area, while
polar cod dominated near Novaya Zemlya. In addition euphausiids and haddock prevailed in
cod feeding in some areas.
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Figure 2.37. Consumption by Northeast Arctic cod in the period 1984-2006.

For cod age 7-12, the diet composition was to a large extent similar to that of age 3-6 cod, but
weight percentages of euphausiids and shrimp were lower. Thus, fish including cod and
haddock juveniles dominated in coastal areas near Russia. Polar cod, capelin and amphipods
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dominated north of 76° N, and polar cod dominated near Novaya Zemlya (the area east of 42°
E and between 73° and 75° N). Shrimp was the dominant prey item in the central Barents Sea,
but over a smaller area than for age 3-6 cod. In addition blue whiting was found in the western
areas.

Blue whiting

Zooplankton is the most important prey at young ages of blue whiting (age < 5), which is the
dominant part of the stock present in the Barents Sea (Anon., 2004). Among fishes, polar cod,
capelin, haddock, saithe and redfish are the most important. The analysis of diet dynamics in
blue whiting from different length groups showed a clear downward trend in the proportion of
zooplankton by weight (copepods, hyperiids and euphausiids) and an increasing importance
of fish. It should be noted that fish became the dominant part of blue whiting diet when it
reached a length of about 27 cm. Cod juveniles occurred in the stomachs of blue whiting with
a length of approximately 25 cm.

Clear differences in food composition of blue whiting in the different areas were reported by
Belikov et al. (2004). The zooplankton (copepods and euphausiids) dominated in the feeding
in the southern and central Barents Sea, while fish and large crustacea (hyperiids and shrimps)
prevailed in the northern areas.

When present in the western Barents Sea the blue whiting is not the main prey for any other
fish species. In these periods the blue whiting can be preyed upon at a rather low extent by
cod and Greenland halibut. Due to the high numbers of cod, this is then the main fish predator
on blue whiting. Other fishes, like larger saithe and haddock, may also prey on blue whiting,
but the proportion of the diet is normally low. Information on predation of mammals on blue
whiting in the Barents Sea is at present lacking.

How could this affect the rest of the ecosystem? It is reasonable to look for the answer both in
the feeding habits of blue whiting, and in the knowledge about which predators feed on blue
whiting. An increased amount of blue whiting in the Barents Sea may imply competition with
other capelin predators, especially cod. Blue whiting will probably not have a significant
impact on the recruitment of cod and other commercial fishes (haddock and redfishes).
Increased competition between blue whiting and juvenile commercial fishes grazing on
zooplankton is also possible.

Other species

The smaller individuals of saithe feed on crustaceans (mainly copepods and euphausiids),
while larger saithe depends more on fish (Mironova, 1956; Lukmanov et al., 1975).
Gastropods and cephalopods are also found in saithe stomachs. The main fish prey is young
herring, Norway pout, haddock, blue whiting and capelin, while the dominating crustacean
prey is krill. The importance of fish is highest in north, while in south the importance of
crustaceans increases.

Long rough dab is a typical ichthyobenthophage, which main food is benthos (ophiurids,
polychaets etc.) and different fish species. At older stages the proportion of fish increases
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(polar cod and cod, capelin and juvenile redfish). The larger long rough dab also feed on on
their own juveniles and juvenile haddock, as well as on fisheries wastes.

The feeding habits of skates of the Barents Sea are rather different (Dolgov, 2005). Thorny
skate preys primarily on fish and large crustaceans, shrimps and crabs, but may also in a
lesser extent feed on fish. The most common fish species are young cod and capelin. In
addition, fishery waste is a consideral part of the stomach content. Round skate fed mainly on
bottom benthos, especially Polychaeta and Gammaridae. Northern shrimp and fisheries waste
are also major components of their diets. Fish (mostly capelin and young cod) occurred in
small quantities. Arctic skate feed mainly on fish (herring, capelin, redfish) and shrimp. Blue
skate diet consists largely of fish, mainly young cod and haddock, redfish, and long rough
dab). Spinytail skate also prey mostly on fish, which included haddock, redfish and long
rough dab.
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Figure 2.38. The stomach content (small reddish circles) of cod (7-11 years old) and detailed information (large
bluish circles) on what animal groups (less that 10 % of total stomach content) that constitute bottom species.

2.5.5 Predation by mammals
To investigate marine mammal - prey interactions, and hence the role of marine mammals in

the Barents Sea ecosystem, stomach content of minke whales and harp seals have been
sampled and analysed for several years (Haug et al., 1995; Nilssen et al., 2000). A sampling
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program on harp seal diet is still ongoing at IMR. Furthermore, in July from 2000 to 2002,
marine mammal observers took part in annual IMR cruises along the Barents Sea shelf edge,
and marine mammal observers have also participated on the ecosystem surveys in the Barents
Sea Agust — September since 2003. As predators tend to aggregate where their prey is
abundant (e.g. Fauchald and Erikstad, 2002, Mauritzen et al. in press), we can identify marine
mammal — prey interactions as consistent positive spatial associations between marine
mammals and their preferred prey species.

Consumption estimates by minke whale (Folkow et al. 2000) and harp seal (Nilssen et al.,
2000) are given in Table 2.1. These estimates are based on stock size estimates of 85 000
minke whales in the Barents Sea and Norwegian coastal waters (Schweder et al., 1997) and of
2 223 000 harp seals in the Barents Sea (ICES 1999/ACFM:7). The consumption by harp seal
is calculated both for situations with high and low capelin stock, while the consumption by
minke whale is calculated for a situation with a high herring stock and a low capelin stock.
Food consumption by harp seals and minke whales combined is at about the same level as the
food consumption by cod, and the predation by these two species needs to be considered
when calculating the mortality of capelin and young herring in the Barents Sea. However, as
can be seen from the harp seal consumption estimates, the dietary importance of the different
prey species depends highly on the prey species’ availability. In the period 1992-1999, the
mean annual consumption of immature herring by minke whales in the southern Barents Sea
varied considerably (640 t —118 000 t) (Lindstrem et al., 2002). The major part of the
consumed herring belonged to the strong 1991 and 1992 year classes and there was a
substantial reduction in the dietary importance of herring to whales after 1995, when a major
part of both the 1991 and 1992 year classes migrated out of the Barents Sea and into the
Norwegian Sea. This in turn likely reduced the role of herring as prey in the Barents Sea,
which is reflected by a more northern minke whale distribution in 1995 compared to earlier
years (Eriksen et al. submitted). At the other hand, the importance of herring as prey likely
increased in the Norwegian Sea in 1995, where minke whales seemed to track the migrating
herring towards the polar front, thus reducing the role of shelf feeding observed in minke
whales prior to 1995 (Eriksen et al. submitted).. The dietary importance of herring to minke
whales appeared to increase in a non-linear relation with herring abundance, indicating that
minke whales switch to alternative prey species when herring abundance decrease below a
certain level (Lindstrgm et al. 2002).

To understand the dynamics of the upper trophic levels in the Barents Sea, it is also important
to understand how interactions between marine mammals and prey change throughout the
year. Therefore, harp seal diet data was collected in spring and early summer over three years
(2004-2006) in southwestern, central and northwestern Barents Sea. The data obtained
supplement similar data obtained in open waters east of Svalbard in July and August in 1996
and 1997. The results indicate a harp seal summer diet comprising almost exclusively krill
and polar cod, while other gadoids and capelin seems to be of very little importance (Figure
2.39, Lindstrgm et al. 2006). This is in good agreement with suggestions made by Nilssen et
al. (2000) that krill is an important food source for harp seals during the summer period (May-
August). Krill occurred in significantly higher amounts in the seal stomachs than any other
prey species except for July when polar cod dominated. However, in both study periods
(1996/1997 and 2004/2005) the capelin stock was at a very low level. This may certainly have
influenced the observed seal diets — so far no summer samples are available in periods with
good capelin abundance in the Barents Sea.
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Investigations of spatial associations between marine mammals and prey along the Barents
Sea shelf edge (2000-2002) and in the Barents Sea (2003-2006) show that marine mammal —
prey interactions vary geographically. Along the shelf edge, minke and fin whales and
Lagenorhynchus dolphins were significantly associated with capelin, and in addition minke
whales were associated with herring and fin whales with zooplankton (Mauritzen et al., in
press). However, our analyses suggest that prey selection of these species are habitat specific.
For instance, while minke whales where associated with capelin in warmer Atlantic water
masses, fin whales associated with capelin along the polar front and Lagenorhynchus dolphins
in colder waters mainly on the shelf (Mauritzen et al. in press). Such habitat-specific prey
selection may relieve interspecific competition for the most dominating and important prey
species in the Barents Sea.

Table 2.1. Annual consumption by minke whale and harp seal (thousand tonnes). The figures for minke whales
are based on data from 1992-1995, while the figures for harp seals are based on data for 1990-1996

Prey Minke whale Harp seal consumption
consumption
Low capelin stock High capelin stock

Capelin 142 23 812
Herring 633 394 213
Cod 256 298 101
Haddock 128 47 !

Krill 602 550 605
Hyperiid amphipods 0 304 313°
Shrimp 0 ! !

Polar cod ! 880 608
Other fish 55 622 406
Other crustaceans 0 356 312
Total 1817 3491 3371

Tthe prey species is included in the ‘other fish® group for this predator
2 only Parathemisto

Information collected on spatial associations of marine mammals and prey in the Barents Sea
2003-2006 will be analyzed in detail in 2007, but some preliminary results are available.
Figure 2.40 show the distribution of the four pelagic fish species polar cod, capelin, herring
and blue whiting, as observed acoustically along the survey transects in 2003-2006, relative to
the most frequently observed cetacean species; Lagenorhynchus dolphins (whitesided and
whitebeaked dolphins), minke whales and humpback whales. While Lagenorhynchus dolphins
and common minke whale occurred throughout the Barents Sea and along the Barents Sea
shelf edge, humpback whales were predominantly observed along the shelf edge and in the
deeper troughs around Bear and Hopen Islands. Lagenorhynchus dolphins mainly overlapped
with capelin in central and northern Barents Sea, and blue whiting and herring in southern and
western Barents Sea. Common minke whale overlapped consistently with herring in southern
Barents Sea and with capelin in central, northern and eastern Barents Sea. Overlap with blue
whiting only occurred when also herring was present, suggesting that herring was the
preferred prey species in this region. Humpback whales, often occurring in associations with
both minke whales and Lagenorhynchus dolphins, overlapped consistently with capelin in
central Barents Sea, but few occurrences of overlap between humpback whales and pelagic
fish along the shelf edge and around Bear Island suggest other prey species than pelagic fish,
such as krill, to be important in this area. Hence, our preliminary results suggest that capelin
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and herring are important prey species for these cetaceans during fall, and that blue whiting,
currently increasing in abundance in the Barents Sea, may be an important prey species for
Lagenorhynchus dolphins, but not for the baleen whales. Of course, in depth analyses of
spatial concordance is needed to verify these preliminary conclusions. Furthermore, more
information on krill distribution is needed for thorough understanding the marine mammal-
prey interactions in the Barents Sea.

700

600

500

400

300

I Herring
I Capelin
[ Polar cod
[ ]Cod
[ Kl
[ 1 Amphipods
I Flatfish
I Otherfish

Prey consumption (1000 tonnes)

200

100

1 2 3 4 5 6 7 8 9 10 11 12
Month

Figure 2.39. Monthly variation in harp seal consumption through the year.
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3 Impacts of the fisheries on the ecosystem

By S. Aanes, K. V. Drevetnyak, A. A. Grekov, K. Nedreaas and K. M. Sokolov

3.1 General description of the fisheries and mixed fisheries

The major demersal stocks in the Northeast Arctic include cod, haddock, saithe, and shrimp.
In addition, redfish, Greenland halibut, wolffish, and flatfishes (e.g., long rough dab, plaice)
are common on the shelf and at the continental slope, with ling and tusk also found at the
slope and in deeper waters. In 2006, catches slightly less than 1.0 million tonnes are reported
from the stocks of cod, haddock, saithe, redfish, Greenland halibut and shrimp, not including
unreported landings of cod and haddock. This is an increase of about 10% compared to 2005.
An additional catch of about 100 000 tonnes was taken from other demersal stocks, including
crustaceans, not assessed at present. The annual fishing mortalities F (the mortality rate is

linked to the proportion of the population being fished by 1—e™") for the assessed demersal
fish stocks shows large temporal variation within species and large differences across species
from 0.1 (+10% mortality) for some years for Sebastes marinus to above 1 (*63% mortality)
for some years for cod (Figure 3.1). The major pelagic stocks are capelin, herring, and polar
cod. There was no fishery for capelin in the area in 2004, 2005 and 2006 due to a stock in
poor condition, and there is no directed fishery for herring in the area. The exploitation of
polar cod has been very small since the 1970s. The highly migratory species blue whiting and
mackerel extend their feeding migrations into this region, but there is no directed fishery for
the species in the area. Species with relatively small landings include halibut, Norway pout,
anglerfish, lumpsucker, argentines, grenadiers, flatfishes, dogfishes, skates, king crab, other
crustaceans, echinoderms, sponges and molluscs.

The most widespread gear used in the central Barents Sea is bottom trawl, but also long line
and gillnets for the demersal fisheries, and purse seine and pelagic trawl for the pelagic
fisheries. Other gears more common along the coast include handline and Danish seine. Gears
used in a relatively minor degree are float line (used in a small but directed fishery for
haddock along the coast of Finnmark in Norway) and various pots and traps for fish and
crabs. The variety of the gears varies with time, space and countries, with Norway having the
largest variety caused by the coastal fishery. For Russia, the most common gear is trawl, but a
longline fishery is present (mainly directed for cod and wolffish). The other countries mainly
use trawl.

For some of the exploited stocks (e.g. cod, haddock, capelin, harp seal, minke whale, king
crab) an agreed quota is decided (TAC). In addition to an agreed quota, a number of
regulations are applied. The regulation differs among gears and species and may be different
from country to country, and a non-exhaustive list is summarised in Table 3.1 along with a
description of the fisheries.
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Table 3.1. Description of the fisheries by gears. The gears are abbreviated as: trawl roundfish (TR), trawl
shrimp (TS), longline (LL), gillnet (GN), handline (HL), purse seine (PS), Danish seine (DS) and trawl pelagic
(TP). The regulations are abbreviated as: Quota (Q), mesh size (MS), sorting grid (SG), minimum catching size
(MCS), minimum landing size (MLS), maximum by-catch of undersized fish (MBU), maximum by-catch of non-
target species (MBN), maximum as by-catch (MB), closure of areas (C), restrictions in season (RS), restrictions
in area (RA), restriction in gear (RG), maximum by-catch per haul (MBH), as by-catch by maximum per boat at
landing (MBL), number of effective fishing days (ED), number of vessels (EF), restriction in effort combined
with quota and tonnage of the vessel (ER).

SPECIES DIRECTED TYPE OF REPORTED As BY-CATCH  LOCATION AGREEMENTS AND
FISHERY BY  FISHERY LANDINGS IN 2006  INFLEET(S) REGULATIONS
GEAR (TONNES)
Capelin PS, TP seasonal 0 TR, TS Northern coastal areas bilateral agreement,
to south of 74°N Norway and Russia
Coastal cod  GN, LL, HL, all year 26134 TS, PS, DS, Norwegian coast line Q, MS, MCS, MBU,
DS TP MBN, C, RS, RA
Cod TR, GN, LL, allyear 469197 TS, PS, TP, North of 62°N, Barents Q, MS, SG, MCS,
HL DS Sea, Spitshergen MBU, MBN, C, RS,
RA
Wolffish® LL all year 21081° TR, (GN), Northof 62°N, Barents Q, MB
(HL) Sea, Spitsbergen
Haddock TR, GN, LL, allyear 1318572 TS, PS, TP, North of 62°N, Barents Q, MS, SG, MCS,
HL DS Sea, Spitsbergen MBU, MBN, C, RS,
RA
Saithe PS, TR, GN seasonal 212480 TS, LL, HL, Coastal areas north of Q, MS, SG, MCS,
DS, TP 62°N, southern Barents MBU, MBN, C, RS,
Sea RA
Greenland LL, GN Seasonal 17910 TR deep shelf and at the Q, MS, RS, RG,
halibut® continental slope MBH, MBL
Sebastes No directed all year 31457 TR deep shelf and at the C, SG, MB
mentella fishery continental slope
Sebastes GN, LL,HL all year 7690 TR Norwegian coast SG, MB MCS, MBU,
marinus c
Shrimp TS all year 40778° Spitsbergen, ED, EF, SG, C, MCS

Barents Sea, Coastal

YEstimated total catch

*There are two different estimates of unreported catch; 127000 and 28000 tonnes for cod, and 40316 and 8889 tonnes for haddock not
included in this figure.

*The directed fishery for wolffish is mainly Russian EEZ and in ICES area I1B, and the regulations are mainly restricted to this fishery
“Total catch in 2004

The only directed fishery for Greenland halibut is by a limited Norwegian fleet, comprising vessels less than 28 m.

®Total catch in 2005

Estimates of unreported catches of cod and haddock in 2002 - 2006 indicate that this is a
considerable problem. Unreported landings are estimated with two different approaches, but
the method and estimates used by ICES amounts to 90 000-166 000 tonnes cod annually
during this time period, or 20-35% of the official landings (ICES 2007/ACFM:16). Similar
estimates for cod and haddock amount the annual unreported landings to 19 000-40 000
tonnes or 19-34% of the official landings. Unreported landings will reduce the effect of
management measures and will undermine the intended objectives of the harvest control rule.
Discarding of cod, haddock and saithe is believed to be significant in periods although
discarding of these, and a number of other species, is illegal in Norway and Russia. Data on
discarding are scarce, but attempts to obtain a better quantification of this matter continue.
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Figure 3.1. Time series of annual average fishing mortalities for Northeast Arctic cod (time period 1946-2006,
average for ages 5-10), Northeast Arctic haddock (time period 1950-2006, average for ages 4-7), Northeast
Arctic saithe (time period 1960-2006, average for ages 4-7), coastal cod (1984-2006, average for ages 4-7) and
Greenland halibut (time period 1964-2006, average for ages 6-10) and Sebastes marinus (time period 1987-
2006, average for ages 12-19).

3.2 Mixed fisheries

The demersal fisheries are highly mixed, usually with a clear target species dominating, and
with low linkage to the pelagic fisheries (Table 3.2). Although the degree of mixing may be
high, the effect of the fisheries will vary among the species. More specifically, the coastal cod
stock and the two redfish stocks are presently at very low levels. Therefore, the effect of the
mixed fishery will be largest for these stocks. In order to rebuild these stocks, further
restrictions in the regulations should be considered (e.g. closures, moratorium and restrictions
in gears).

Successful management of an ecosystem includes being able to predict the effect on having a
mixed fishery on the individual stocks and ICES is requested to provide advice which is
consistent across stocks for mixed fisheries. Work on incorporating mixed fishery effects in
ICES advice is ongoing and various approaches have been evaluated (ICES 2006/ACFM:14).
At present such approaches is largely missing due to a need for improving methodology
combined with lack of necessary data. However, technical interaction between the fisheries
can be explored by the correlation in fishing mortalities among species. The correlation in
fishing mortality is positive for Northeast Arctic cod and coastal cod (p=0.001), haddock and
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coastal cod (p=0.01) and Northeast Arctic cod and saithe (p=0.391) confirming the linkage in
these fisheries (Figure 3.2). There is also a significant relationship between Saithe and
Greenland halibut (p=0.017) although the linkage in these fisheries is believed to be small
(Figure 3.2). The relationships between the other fishing mortalities are scattered and
inconclusive. In case of strong dependencies in fishing mortalities this method can in
principle be used to produce consistent advice across species concerning fishing mortality, but
is considered too simple since this correlation is influenced by too many confounding factors
whose effect cannot be removed without a detailed analyses on a higher resolution of the data
(e.g. saithe and Greenland halibut, Figure 3.2) and on e.g. changes in distribution of the stocks
(ICES 2006/ACFM:14).

A further quantification of the degree of mixing and impact among species requires detailed
information about the target species and mix per catch/landing and gear. Such data exist for
some fleets (e.g. the trawler fleet), but is incomplete for other fleets. In 2006 the composition
of cod, haddock, saithe, Greenland halibut, Sebastes marinus, Sebastes mentella and other
species caught by the Russian and Norwegian trawl fleet shows large spatial differences in
both catch compositions and catch sizes as well as large differences between the countries
(Figure 3.3-Figure 3.6). Overall the proportion of cod in the Russian trawl fishery is higher
than in the Norwegian trawl fishery. In the north eastern part of the Barents Sea the major part
of the catches consists of cod in the Russian fishery, while the Norwegian includes a large
proportion of other species (shrimp). In the western part of the Barents Sea the Norwegian
catches consists of Sebastes mentella and Greenland halibut while the Russian catches mainly
consist of cod. The main reason for this difference is the difference in spatial resolution of the
data; the strata for the Norwegian system extend more westerly and cover the fishing grounds
for Greenland halibut, while the Russian strata do not. The Norwegian trawl fishery along the
Norwegian coast includes areas closer to the coast and is also more southerly distributed
where other species to a higher degree dominates the catches (e.g. saithe). The available data
for other years and with higher resolution has not yet been gathered and compiled for a further
quantitative analysis, which is necessary to obtain information of the actual mixing in the
various fisheries to approach consistent advices across all stocks.
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Table 3.2. Flexibility in coupling between the fisheries. Fleets and impact on the other species (H, high, M,
medium, L, low and 0, nothing). The lower diagonal indicates what gears couples the species, and the strength of
the coupling is given in the upper diagonal. The gears are abbreviated as: trawl roundfish (TR), trawl shrimp
(TS), longline (LL), gillnet (GN), handline (HL), purse seine (PS), Danish seine (DS) and trawl pelagic (TP).

Species Coastal | Haddoc | Saithe Wolffis | S. S. Greenlan | Capelin Shrimp
cod k h mentell | marinu | d halibut
a S
H H H M M M M L M-H
juvenile
cod
Coastal TR, PS, H H L L M-L L 0-L L
cod GN, LL,
HL, DS
Haddock TR, PS, H M M M L 0-L M-H
GN, LL, | GN,LL, juvenile
HL, DS HL, DS haddock
Saithe TR, PS, | TR, PS, | TR, PS, L L M 0 0 0
GN, LL, | GN,LL, | GN, LL,
HL, DS HL, DS | HL, DS
Wolffish TR, GN, | TR,GN | TR, GN, M M M 0 M
LL, HL , LL, | LL,HL LL, HL juvenile
HL wolffish
S. mentella | TR TR TR TR M H H H
juvenile juvenile
Sebastes Sebastes
S. marinus | TR,GN, | TR,GN | TR,GN, | TR,GN TR, LL L 0 L-M
LL ,LL LL juvenile
Sebastes
Greenland | TR, GN, | TR,GN | TR, GN, | TR, GN, | TR,LL | TR 0 M-H
halibut LL,DS ,LL LL,DS LL,DS juvenile
Capelin TR, PS, | PS, TP | TR, PS, | PS TP TP TP None
TS, TP TS, TP
Shrimp TS TS TS TS TS TS TS TS
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Figure 3.2. Pairwise plots of annual average fishing mortalities (upper diagonal) and landings (1000 tonnes)
(lower diagonal) for overlapping time periods for Northeast Arctic cod (time period 1946-2006, average for
ages 5-10), Northeast Arctic haddock (time period 1950-2006, average for ages 4-7), Northeast Arctic saithe
(time period 1960-2006, average for ages 4-7), coastal cod (1984-2006, average for ages 4-7), Greenland
halibut (time period 1964-2006, average for ages 6-10) and Sebastes marinus (time period 1987-2006, average
for ages 12-19). The correlation and the corresponding p-value are given in the legend.
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Figure 3.3. Relative distribution of composition of cod, haddock and other species taken by Russian bottom trawl

in 2006 per main areas for the Russian strata system by weight.
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Figure 3.4. Relative distribution of composition of cod, haddock and other species taken by Norwegian bottom
trawl in 2006 per main areas for the Norwegian strata system. The large numbers to the right of the pie
diagrams are the name of the stratum, while the small numbers to the left is the number of vessel days recorded
in the area.
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Figure 3.5. The Russian catch of cod, haddock and other species taken by bottom trawl by main statistical areas
in 2006, thousand tons. The statistical areas correspond to the areas shown in Figure 3.3.
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Figure 3.6. The Norwegian catch of cod, haddock and other species taken by bottom trawl by main statistical
areas in 2006, thousand tons. The statistical areas correspond to the areas shown in Figure 3.4.
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3.3 Impact and by-catches of non-target species

Though one of the most important factors determining the magnitude and direction of long-
term changes is likely to be fishing intensity (e.g. Poiner et al. 2000, cited in Pitcher et al.
2000), data on effects from bottom trawling on Barents Sea benthic communities are sparse.
Based on today's knowledge, the absence of large attached epifauna on hard-bottom
substratum may be the only benthic sign of intensive bottom trawling. In general, the response
of benthic organisms to disturbance differs with substrate, depth, gear, and type of organism
(Collie et al. 2000). The most serious effects of otter trawling have been demonstrated for
hard-bottom habitats dominated by large sessile fauna, where erected organisms such as
sponges, anthozoans and corals have been shown to decrease considerably in abundance in
the pass of the ground gear. In sandy bottoms of high seas fishing grounds trawling
disturbances have not produced large changes in the benthic assemblages, as these habitats
may be resistant to trawling due to natural disturbances and large natural variability. Studies
on impacts of shrimp trawling on clay-silt bottoms have not demonstrated clear and consistent
effects, but potential changes may be masked by the more pronounced temporal variability in
these habitats (Lekkeborg, 2005). The impacts of experimental trawling have been studied on
a high seas fishing ground in the Barents Sea (Kutti et al., 2005). Trawling seems to affect the
benthic assemblage mainly through resuspension of surface sediment and through relocation
of shallow burrowing infaunal species to the surface of the seafloor.

Natural disturbance is high in shallow water (strong tidal currents) around Bear Island and
supposed to modify the benthic fauna (Gulliksen 1979). Long-term effects have not been
documented during an 18-month trawl impact study off Bear Island (Humborstad 2004).

Very deep, stable environments are probably most vulnerable, but to our knowledge no
studies have been conducted below 200 m to date. However, shifts from dominance by high
biomass organisms towards communities dominated by small-bodied opportunistic species
have been observed in areas that have been affected by trawling over longer time periods
(Ball et al. 2000; McConnaughey et al. 2000; Kaiser et al. 2002).

Barents Sea hard bottom substrata, with associated attached large epifauna should therefore be
identified. Seabed characteristics from the Barents Sea are only scarcely known (Klages et al.
2004) and the lack of high-resolution (+100 m) maps of benthic habitats and biota is currently
the most serious impediment to effective protection of vulnerable habitats from fishing
activities (Hall 1999; Kaiser et al. 2002). The recovery time of the benthic community should
be investigated. But for many species there is a lack of life-history data that would enable us
to draw firm inferences about relative vulnerability (Hall 1999). Only by combining such data
with microscale data on the distribution and frequency of trawling disturbance of major
fishing grounds we can accurately assess the extent of impact on benthic habitats (Kaiser et al.
2002). Some maps on fishing effort do exist (e.g. Figure 5.23) but their resolution and detail
are too large in scale to draw inferences about fishing impacts (Humborstad 2004). An
assessment of fishing intensity on fine spatial scales is critically important in evaluating the
overall impact of fishing gear on different habitats and may be achieved, for example, by
satellite tracking of fishing vessels (Jennings et al. 2000).

Lost gears, such as gillnets, may continue to fish for a long time (ghostfishing). The catching
efficiency of lost gillnets has been examined for some species and areas (e.g. Humborstad et
al., 2003), but at present no estimate of the total effect is available. Other types of fishery-
induced mortality include burst net, and mortality caused by contact with active fishing gear
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such as escape mortality. Some small-scale effects are demonstrated, but the population effect
is not known.

The harbour porpoise is common in the Barents Sea region south of the polar front and is
most abundant in coastal waters. The harbour porpoise is subject to by-catches in gillnet
fisheries (Bjgrge and Kovacs, in prep). In 2004 Norway initiated a monitoring program on by-
catches of marine mammals in fisheries (Bjarge et al., 2006). Several bird scaring devices has
been tested for long-lining, and a simple one, the bird-scaring line (Lekkeborg, 2003), not
only reduces significantly bird by-catch, but also increases fish catch, as bait loss is reduced.
This way there is an economic incentive for the fishermen, and where bird by-catch is a
problem, the bird scaring line is used without any forced regulation.
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4 Monitoring of the ecosystem
By J. E. Stiansen and A. A. Filin

Monitoring of the Barents Sea started already in 1900 (initiated by Nikolay Knipovich), with
regular measurement of temperature in the Kola section. In the last 50 years monitoring of
ecosystem components in the Barents Sea on a regular basis have been conducted by PINRO
and IMR at several standard sections and fixed stations as well as by area covering surveys. In
addition there are conducted many long and short time special investigations, designed to
study specific processes or knowledge gaps. Also the quality of large hydrodynamical
numeric models is now at a level where they are useful for filling observation gaps in time
and space for some parameters. Satellite data and hindcast global reanalysed datasets are also
useful information sources.

4.1 Standard sections

Some of the longest ocean time series in the world are along standard sections (Figure 4.1) in
the Barents Sea. The monitoring of basic oceanographic variables for most of the sections
goes back 30-50 years, with the longest time series stretching over one century. In the last
decades also zooplankton is sampled at some of these sections. An overview of length,
observation frequency and present measured variables for the standard sections in the Barents
Sea is given in Table 4.1. Specific considerations for the most important sections are given in
the following text.
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Figure 4.1. Positions of the standard sections monitored in the Barents Sea. A is fixed station Ingay, B is
Fuglaya-Bearlsland, C is North cape-Bear Island, D is Vardg-North, E is Kola, F is Sem Island-North G is
Kanin section and H is Bear Island-East section.
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Table 4.1. Overview of the standard sections monitored by IMR and PINRO in the Barents Sea, with observed
parameters. Parameters are: T-temperature, S-Salinity, N-nutrients, chla-chlorophyll, zoo-zooplankton.

Section Institution Time period Observation parameters
frequency
Fuglgya-Bear IMR 1977-present 6 times pr year | T,S,N,chla,zoo
Island
North cape-Bear | PINRO 1929-present 1-26 times pr|T,S
Island year
Bear Island-East | PINRO 1936-present 1-15 times pr|T,S
year
Vardg-North IMR 1977-present 4 times pryear | T,S,N,chla
Kola PINRO 1900-present 2-30 times pr|T,S,0,N, zoo
year
Kanin PINRO 1936-present 1-11 times pr|T,S
year
Sem Islands IMR 1977-present Intermittently* | T,S

* The Sem Island section is not observed each year

4.1.1 Fuglgya-Bear Island section

The Fugleya-Bear Island section is situated at the western entrance to the Barents Sea, where
the inflow of Atlantic water from the Norwegian Sea takes place. The section is therefore
representative for the western part of the Barents Sea. It has been monitored regularly in
August since 1964, and the observation frequency increased to 6 times per year in 1977.
Zooplankton monitoring began in 1987.

4.1.2 North cape-Bear Island section

Observations on the North Cape-Bear Island section have been conducted since 1929. It
crosses the main branch of the North Cape Current. In the 1960s, the section was covered up
to 26 times a year, in recent years it is observed on a quarterly basis.

4.1.3 Bear Island — East section

Monitoring of hydrographic conditions in the section east of the Bear Island (along 74°30°N)
has been carried out since 1936. It crosses the Northern branch of the North Cape Current and

the cold waters of the Bear Island Current. It is observed 1-2 times a year and shows the
thermohaline parameters of the Atlantic waters flowing into the northern Barents Sea.
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4.1.4 Vardg-North section

The Vardg-N section has been monitored in August regularly since 1953, and the observation
frequency increased to 4 times per year in 1977. Situated in the central Barents Sea it is the
most representative section for the Atlantic branch going into the Hopen Trench, i.e. the
central part of the Barents Sea. The northern part of the sections usually is in Arctic water
masses.

415 Kola section

The Kola section is situated partly in the coastal water masses and partly in the Atlantic water
masse, and is the section most representative for the Atlantic branch going eastwards parallel
to the coastline, i.e. the southern part of the Barents Sea. Some gaps in the time series exists,
but in general the section has been taken quite regularly. Time-series of quarterly temperature
is available from 1900-present and monthly from 1921-present.

4.1.6 Kanin section

Observations on the Kanin section have been conducted since 1936. It crosses the Kanin
Current and the main branch of the Murman Current, as well as the fresher waters of the
White Sea Current, which flow into the Barents Sea from the opening of the White Sea. The
section is now observed 1-2 times a year.

4.1.7 Sem Island

Observations on the Sem Island section has been conducted intermittently since 1977. In the
period 1997-1995 the section was observed regularly 2 times a year. Later it has been
observed only a few times, with the latest observation in 2000.

4.2 Fixed stations

IMR operates one fixed station, Inggy, related to the Barents Sea. The Ingay station is situated
in the coastal current along the Norwegian coast. Temperature and salinity is monitored 1-4
times a month. The observations were obtained in two periods, 1936-1944 and 1968-present.

4.3 Areacoverage

Area surveys are conducted throughout the year. The number of vessels in each survey
differs, not only between surveys but may also change from year to year for the same survey.
However, most surveys are conducted with only one vessel. It is not possible to measure all
ecosystem components during each survey. Effort is always put on measuring as many
quatities as possible on each survey, but available time put restrictions on what is possible to
accomplish. Also, an investigation should not take too long time in order to give a synoptic
picture of the conditions. Therefore the surveys must focus on a specific set of
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quatities/species. Other measured quatities may therefore not have optimal coverage and
thereby increased uncertainty, but will still give important information. An overview of the
measured quatities/species on each main survey is given in Table 4.2. Specific considerations
for the most important surveys are given in the following text.

Table 4.2. Overview of conducted monitoring surveys by IMR and PINRO in the Barents Sea, with observed
parameters and species. Species in bold are target species. For zooplankton, mammals and benthos abundance
and distribution for many species are investigated. Therefore, in the table it is only indicated whether sampling
is conducted or not. Parameters are: T-temperature, S-Salinity, N-nutrients, chla-chlorophyll.

Survey Institution | Period | Climate | Phyto- Zoo- Juvenile | Target fish stocks | Mammals | Benthos
plankton | plankton | fish

Norwegian/Russi | Joint Feb- T.S N, chla intermitt | All Cod, Haddock - -
an winter survey Mar ent commerc

ial

species

and

some

addition

al
Lofoten survey IMR Mar- T.S - - Cod, haddock, | - -

Apr saithe

Ecosystem Joint Aug- T.S N,chla Yes All All  commercial | Yes Yes
survey Oct commerc | species and some

ial additional

species

and

some

addition

al
Norwegian IMR Oct- T,S N,chla Yes Herring, | Saithe, - -
coastal surveys Nov sprat, coastal cod

demersia

| species
Autumn-winter | PINRO Oct- TS - Yes Demersi | Demersial species | - -
trawl-acoustic Des al species
survey
Survey on | PINRO May TS - Yes Pelagical | Herring - -
estimation of
abundance_ of species
young herring
Norwegian IMR Aug - - - - Greenland - -
Greenland halibut, redfish

halibut survey
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4.3.1 Norwegian/Russian winter survey

The survey is carried out during February-early March, and covers the main cod distribution
area in the Barents Sea. The coverage is in some years limited by the ice distribution. Three
vessels are normally applied, two Norwegian and one Russian. The main observations are
made with bottom trawl, pelagic trawl, echo sounder and CTD. Plankton studies have been
done in some years. Cod and haddock are the main targets for this survey. Swept area indices
are calculated for cod, haddock, Greenland halibut, S. marinus and S. mentella. Acoustic
observations are made for cod, haddock, capelin, redfish, polar cod and herring. The survey
started in 1981.

4.3.2 Lofoten survey

The main spawning grounds of North East Arctic cod are in the Lofoten area. Echosounder
equipment was first used in 1935 to detect concentrations of spawning cod, and the first
attempt to map such concentrations was made in 1938 (Sund, 1938). Later investigations have
provided valuable information on the migratory patterns, the geographical distribution and the
age composition and abundance of the stock.

The current time series of survey data starts in 1985. Due to the change in echo sounder
equipment in 1990 results obtained earlier are not directly comparable with later results. The
survey is designed as equidistant parallel acoustic transects covering 3 strata (North, South
and Vestfjorden). In most surveys previous to 1990 the transects are not parallel, but more as
parts of a zig-zag pattern across the spawning grounds aimed at mapping the distribution of
cod. Trawl samples are not taken according to a proper trawl survey design. This is due to
practical reasons. The spawning concentrations can be located with echosounder thus
effectively reduce the number of trawl stations needed. The ability to properly sample the
composition of the stock (age, sex, maturity stage etc.) is limited by the amount of fixed gear
(gillnets and longlines) in the different areas.

4.3.3 Norwegian coastal survey

In 1985-2002 a Norwegian acoustic survey specially designed for saithe was conducted
annually in October-November (Nedreaas 1998). The survey covered the near coastal banks
from the Varangerfjord close to the Russian border and southwards to 62° N. The whole area
has been covered since 1992, and the major parts since 1988. The aim of conducting an
acoustic survey targeting Northeast Arctic saithe was to support the stock assessment with
fishery-independent data on the abundance of young saithe. The survey mainly covered the
grounds where the trawl fishery takes place, normally dominated by 3 - 5(6) year old fish. 2-
year-old saithe, mainly inhabiting the fjords and more coastal areas, were also represented in
the survey, although highly variable from year to year. In 1995-2002 a Norwegian acoustic
survey mainly for coastal cod was conducted along the coast and in the fjords from Varanger
to Stad in September, just prior to the saithe survey described above. This survey covered
coastal areas not included in the regular saithe survey. Autumn 2003 the saithe- and coastal
cod surveys were combined and the survey design was improved. The survey now also covers
0-group herring in fjords north of Lofoten.
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4.3.4 Joint ecosystem autumn survey

The survey is carried out from early August to early October, and covers the whole Barents
Sea. This survey encompasses various surveys that previously have been carried out jointly or
at national basis. Joint investigations include the O-group survey, the acoustic survey for
pelagic fish (previously known as the capelin survey), and the investigations on young
Greenland Halibut north and east of Spitsbergen. The predecessor of the survey dates back to
1972 and has been carried out every fall since. From 2003 these surveys were called
“ecosystem surveys”

Normally five vessels are applied, three Norwegian and two Russian. Most aspects of the
ecosystem are covered, from physical and chemical oceanography, primary and secondary
production, fish (both young and adult stages), sea mammals, benthos and birds. Many kinds
of methods and gears are used, from water sampling, plankton nets, pelagic and demersal
trawls, grabs and sledges, acoustics, visual observations (birds and sea mammals).

4.3.5 Russian Autumn-winter trawl-acoustic survey

The survey is carried out in October-December, and covers most of the Barents Sea. Two
Russian vessels are usually used. The survey has developed from a young cod and haddock
trawl survey, started in 1946. The current trawl-acoustic time series of survey data starts in
1982, targeting both young and adult stages of bottom fish. The survey includes observations
of physical oceanography and meso- and macro-zooplankton.

4.3.6 Survey on estimation of abundance of young herring in the Barents Sea

This survey is conducted in May and takes 2-3 weeks. It is including also observations of
physical oceanography and plankton. In 1991-1995 it was joint survey, since1996 the survey
is carrying out by PINRO.

4.3.7 Norwegian Greenland halibut survey

The survey is carried out in August, and cover the continental slope from 68 to 8Q0°N, in
depths of 400-1500 m north of 70°30°N, and 400—1000 m south of this latitude. This survey
was run the first time in 1994, and is now part of the Norwegian Combined survey index for
Greenland halibut.

4.4 Numerical models

Large 3D hydrodynamical numeric models for the Barents Sea are run at both IMR and
PINRO. These models have, through validation with observations, proved to be a useful tool
for filling observation gaps in time and space. The hydrodynamical models have also proved
useful for scenario testing, and for study of drift patterns of various planktonic organisms.
Sub-models for phytoplankton and zooplankton are now implemented in some of the
hydrodynamical models. However, due to the present assumptions in these sub-models care
must be taken in the interpretation of the model results.
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4.5 Other information sources

Satellites can be useful for several monitoring tasks. Ocean colour spectre can be used to
identify and estimate the amount of phytoplankton in the skin (~1 m) layer. Several climate
variables can be monitored (e.g. ice cover, cloud cover, heat radiation, sea surface
temperature). Marine mammals, polar bears and seabirds can be traced with attached
transmitters.

Aircraft surveys can also be used for monitoring several physical parameters associated with
the sea surface as well as observations of mammals at the surface.

Several international hindcast databases (e.g.. NCEP, ERA40) are available. They use a
combination of numerical models and available observations to estimate several climate
variables, covering the whole world.

Along the Norwegian coast ship-of-opportunity supply weekly the surface temperature along
their path.

4.6 Monitoring divided by ecosystem components
Climate monitoring

In order to evaluate the state of the physical environment several sources of information are
used. Area surveys of temperature and salinity are conducted in January-February at the joint
winter survey and in August-October at the joint ecosystem survey. The standard sections also
form an important base for the evaluation of temperature and salinity. Especially the seasonal
development is monitored at the Kola and Fuglgya-Bear Island section, and at the fixed
station Ingay. In the Fuglgya-Bear Island section a series of current meters monitors give a
high resolution of the flow through the western entrance of the Barents Sea. In addition
hydrodynamical numeric models give insight into horizontal and vertical variation of
temperature, water masses distribution and transports.

Phytoplankton monitoring

The bloom situation in the Barents Sea is covered on a regular basis both during the survey
coverage in August-October and on the standard sections Fuglgya-Bear Island and Vardg-
Nord. From these surveys the chlorophyll concentration is measured in water samples taken
from standard depths down to 100 m depth. This gives an indication on the primary
production in the area. In addition to the chlorophyll concentration, part of the region is
covered using a fluorometer on the CTD making continuous profiles of fluorescence at station
from surface to bottom depth. Data from 2005 and 2006 include analysis on species
composition from water samples, covering the same area as for zooplankton. In addition to
observations, the primary production is simulated using numerical models.
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Zooplankton monitoring

Zooplankton area coverage is monitored during the joint autumn ecosystem survey. Joint
investigations have taken place since 2002. Regular sampling by IMR began in 1979. A Juday
net is used to obtain zooplankton samples by PINRO, where as IMR use WP2 as a standard
zooplankton gear. In 2005 comparisons were made between the Juday (37 cm in diameter,
180um) and WP2 (56 cm in diameter, 180um) net catches from the joint autumn cruises both
with regard to biomass and species composition. The biomass values obtained by the two
gears yielded quite similar results. A report on these comparisons of the two gears was
prepared at a joint meeting held at IMR in May 2006 and the EcoNorth symposium in Tromsg
in March 2007.

Monitoring of zooplankton along the Fuglgya-Bear Island section by IMR started in 1987 and
are now conducted 5-6 times each year usually in January, March/April, May/June,
July/August and September/October. However, the data prior to 1994 are scarce and does not
give a full seasonal coverage. The WP2 plankton net has been used regularly during this
monitoring since 1987. In addition some vertically stratified MOCNESS stations are also
taken each year.

Regular macroplankton area surveys have been conducted by PINRO in the Barents Sea since
1952. Surveys involve annual monitoring of the total abundance and distribution of
euphausiids (krill) in autumn-winter trawl-acoustic survey. In the survey the trawl net was
attached to the upper headline of the bottom trawl. During winter crustaceans are concentrated
in the near-bottom layer and have no pronounced daily migrations, and the consumption by
fish is minimal. Therefore sampling of euphausiids during autumn-winter survey can be used
to estimate year-to-year dynamics of their abundance in the Barents Sea. Annually 200-300
samples of macroplankton are collected during this survey, and both species and size
composition of the euphausiids are determined.

Benthos monitoring

Monitoring of the shrimps and the benthos community takes place during the joint autumn
ecosystem survey. To cover a need of basic mapping of the bottom animals in the Barents Sea
the project MAREANO started its activity in summer 2006. Within the next years the
southern ice-free areas of the Barents Sea will be mapped. The joint autumn ecosystem survey
will also supply a historical benthic mapping started by PINRO in the early 1930’s, continued
in the 1960’s and followed up from year 2000. Joint red king crab monitoring surveys has
been maintained in the southern coastal Barents Sea every year. The king crab stocks and life
stages are targeted at these surveys. In addition to catch data the surveys are the main data
source for the assessment of the stocks.
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Fish monitoring

Most of the area surveys mentioned above have monitoring of commercial fish species as
their main objective. The different fish stocks and life stages are targeted at these surveys. In
addition to catch data the surveys are the main data source for the assessment of the stocks.
Data on non-target fish species (abundance, weight, length distribution etc.) have also been
collected on these surveys during the last ten years.

Among additional sources of information are biological data collected by Russian observers
onboard commercial fishing vessels, and some regular fishing vessels with special reporting
demands acting as reference fishing vessels.

Mammals monitoring

Regular monitoring of some marine mammals in the Barents Sea is carried out by sighting
vessel surveys of cetaceans provide abundance estimates every 6 years. Since 2002
distribution of marine mammals in the Barents Sea are observed from research vessels during
the ecosystem survey. In addition aircraft observations and observations from fishing vessels
with observers are used. In the White Sea aircraft observations are used to estimate the
abundance of harp seals.

Birds monitoring
The distributions of birds in the Barents Sea are observed from research vessels during the

ecosystem survey. In addition aircraft observations and observations from fishing vessels with
observers are used.
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5 Current and expected situation of the ecosystem

5.1 Overview

By A. Hagines, A. Filin, E. Johannesen and J.E. Stiansen

5.1.1 Climate

The temperature in the Barents Sea has been above normal in recent years, and is currently
close to an all-time high for the period where observations are available. The south western
area showed record temperatures in 2006. Although the changes are not very large, they may
still cause changes in the ecosystem. The temperature conditions in the Barents Sea are, for
some of the species found there, probably close to the limit of what they can adapt to. Then
even a minor temperature change may lead to an increase of the distribution area. Changes in
distribution of species might also cause changes in species overlap and hence predator-prey
relations. Temperature itself is not the only relevant factor in this context. An increase in
temperature may either be due to an increased inflow of Atlantic water, or to a higher
temperature of the water flowing into the Barents Sea. During the winter of 2006 the volume
flux of Atlantic Water was the highest recorded since the observations started in 1997.
Increased inflow will lead to increased abundance of nutrients and planktonic organisms, and
this may lead to changes in living conditions for the fish species in the Barents Sea and
enhance growth and survival. The ice cover was in general much lower than average in 2006
and the winter ice cover has not been seen as low since 1970.

5.1.2 Phytoplankton and Zooplankton

The spring bloom of phytoplankton in 2006 was relatively early. In addition to available
nutrients the onset of the spring bloom depends heavily on factors such as stratification and
light. Total zooplankton biomass was above average, but with similar spatial variations as in
2005.

5.1.3 Benthos

Several species of bottom dwellers are found anchored or crawling on the sea bottom, or
living in between already existing communities of benthic animals creating a multi-species
habitat. By-catch in bottom trawling indicates that the current distribution of megabenthos in
the Barents Sea is highly variable from area to area, with “hot spots” at the Tromse Flake and
in the Hopen Deep.

The indices of stock size of Northern shrimp (Pandalus borealis) have increased since 2004.
In 2006, the distribution of red king crab (Paralithodes camtschaticus) was characterized by
dense concentrations in the eastern part of the Russian waters where the majority of the
catches were taken. Management of the red king crab in the Barents Sea was a joint
management between Russia and Norway until 2006 when the two parties decided to carry
out separate management in the two different economical zones. Most part of the Iceland
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scallop (Chlamys islandica) fishable stock was found in the area of Svyatoy Nos Cape
(Svyatoy Nos scallop settlement) where the basic fishery was concentrated. Since 2005 a
tendency for a growth in the fishable stock has been observed.

5.14 Fish

The cod stock was estimated to remain at a relatively stable level in 2006 with a SSB
somewhat above the precautionary approach level By, (i.e. having full reproductive capacity),
but being exploited with an unsustainable fishing mortality (well above Fy,). The stock of
haddock was estimated to be increasing and well above By, in 2006. However, the fishing
mortality was somewhat above Fya. There was a small increase in the survey indices of redfish
in 2006 but they are all still at a historically very low level. The estimated stock size of
Greenland halibut also remained stable in 2006. Among the pelagic species, the acoustic
abundance estimate of capelin increased from 2005 to 2006, but d the probability of having a
SSB below the limit value for catch recommendation (Bjim) in 2007 was estimated to be high.
The estimated stock size of herring and blue whiting in the Barents Sea decreased somewhat
from 2005 to 2006, but were still relatively high. The polar cod acoustic abundance index
increased to an all-time high 2006.

5.1.5 Mammals and seabirds

Both high temperatures and low capelin abundance likely influenced marine mammal
distributions in 2006 in the Barents Sea. The most abundant and widely distributed cetaceans
were white-beaked dolphins, minke whales and humpback whales, while harbour porpoises
were abundant along the coast. Although both the most abundant marine mammals were
observed associated with capelin, their distributions also overlapped with herring and polar
cod, and likely with krill. Fin whales and northern bottlenose whales were observed more
frequently in central and eastern Barents Sea in 2006 than in previous years. The estimated
number of harp seal pups on whelping grounds in the White Sea in 2006 indicates a
continuing decrease in their pup production.

26 different species of seabirds were observed during the autumn ecosystem cruise in the
Barents Sea. Northern fulmar was the single most observed species, but northern fulmar and
gulls are typical ship-followers; they are therefore likely overrepresented relative to the other
seabird species observed.

It is important to note that the observed distributions of marine mammals and seabirds are
very dependent on weather conditions at the cruise and unfavourable weather and light
conditions may yield biased distribution maps. As both marine mammals and seabirds
common to the Barents Sea are long-lived species, their abundances are not likely to be
heavily influenced by year-to-year fluctuations within the system.

79



5.2 Climate

By R. Ingvaldsen, P. Budgell, A. L. Karsakov, V. K. Ozhigin, A. P. Pedchenko,O. Titov and B.
Adlandsvik

5.2.1 Atmospheric conditions
5.2.1.1 Wind field

In winter 2005/2006, a low pressure trough related to the Icelandic low dominated the
northern North Atlantic, the Nordic Seas and stretched deep into the Barents Sea (Figure 5.1).
Such an air pressure pattern would have strengthened the southwesterly winds and increased
transport of warm air and water in the southern Barents Sea. Relatively strong southerly winds
prevailed over the southeastern part of the sea, while light easterlies dominated the northern
Barents Sea. In summer 2006, horizontal air pressure contrasts were considerably smaller than
in winter, and weak westerly winds prevailed over most of the Barents Sea (Figure 5.2).
Stronger southwesterlies dominated the Barents Sea Opening and Bear Island — Spitsbergen
area.

5.2.1.2 Air temperatures over the sea

Air temperature data were taken at http://nomad2.ncep.noaa.gov and averaged over western
(70-76°N, 15-35°E) and eastern (69-77°N, 35-55°E) parts of the sea. In the early 2006, the air
temperature over the Barents Sea was well above normal, with maximal values of positive
anomalies (4.0-5.0 °C) in the eastern sea (Figure 5.3). In summer and autumn temperature
anomalies decreased. Insignificant positive anomalies of air temperature were registered in
the western Barents Sea and, in the eastern part of the sea, negative anomalies (0.4-0.7 °C)
were observed in June-July and October. In November-December, over the most of sea, air
temperature was, on average, 2.0-3.0 °C higher than the long-term mean.

5.2.1.3 Air temperature at the weather stations

Table 5.1 summarizes air temperature anomalies at some meteorological stations at the
western and southern Barents Sea during the period from late 2005 through 2006 and into
early 2007. In winter 2005/2006 air temperature over the region was considerably warmer-
than-normal (by 0.0-3.6 °C), with highest anomalies at the Bear Island (7.2 °C) and
Spitsbergen airport (12.0 °C). March 2006 was colder-than-usual at all stations but
Spitsbergen airport. April was warm again with mean temperature anomalies ranging from 2.1
°C at Tromsg to 10.7 °C at Spitsbergen airport. During May-October temperature anomalies
were predominantly positive but considerably smaller than in winter. During late autumn and
winter 2006/2007 (November-January) positive anomalies rose again compared to summer
months. In the southern part of the sea (Tromsg, Vardg, Murmansk and Kanin Nos), air
temperature was warmer-than-normal by 0.2-4.7 °C, highest anomalies were registered at
Murmansk in November (11.5 °C) and December (12.0 °C). In the northwestern Barents Sea
(Spitsbergen airport and Bear Island) positive anomalies ranged from 3.2 °C to 6.0 °C. Mean
annual air temperature in 2006 was warmer-than-average by 0.5-4.3 °C. It was highest on
record at stations Bear Island (1949-2006) and Spitsbergen airport (1977-2006).
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Table 5.1. Mean air temperature anomalies at weather stations around the Barents Sea in December 2005 —

January 2007, yearly mean anomaly in 2006, maximum anomalies and years when they were observed.

Year/Month

Station 2005 | 2006 2007 ﬁ]oe(;?] :\{"::r/
Dec Jan Feb | Mar | Apr | May Jun | Jul Aug | Sep | Oct | Nov | Dec | Jan
Spitsberg 4.3
onaimort | B8 120 |50 |06 |107 |43 21 |12 |13 |09 |-03 |49 |60 |56 43 2006
Bear 2.9
o 5.1 7.2 34 |-15 |63 |29 28 |20 |17 |09 |04 |82 |57 |33 29 5006
Tromss | o 34 |08 |-25|21 |18 |-04|-13 |04 |09 |-14 |16 |34 |02 |05 19538
15
Vardg ol PR 01 |-01 |85 |20 21 |03 |06 |02 |01 |12 |83 |25 12 1937/
2005
Murmans | 4 36 09 | -25 (82 |19 22 |08 |09 |-01]- 115 | 120 | 20 0.6 2.0
K 2005
Kanin 2.5
Nos 22 0.2 11 |03 |23 |20 29 | -06 |07 |06 |03 |-06|25 |47 07 Toa7
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Figure 5.1. Sea level pressure (above) and wind vectors (below) in December-March 2005-2006.
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Figure 5.2. Sea level pressure (above) and wind vectors (below) in June-August 2006.
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Figure 5.3. Air temperature anomalies over the western (above) and eastern (below) Barents Sea in 1982-2006.

5.2.2 Hydrographic conditions

5.2.2.1 Sea surface temperature

Sea surface temperature (SST) data were taken at http://iridl.ldeo.columbia.edu and averaged
over the Bear Island — Spitsbergen area (74-79°N, 08-25°E), central (71-74°N, 20-40°E) and
southeastern Barents Sea (69-73°N, 42-55°E). In 2006, over most of the Barents Sea area, SST
was higher than normal, with maximum anomalies of 0.6-1.1°C in the central and eastern
areas (Figure 5.4). In May-June, the weakened radiation warming of the surface layer became
a reason of decrease in SST anomalies. As a result, there was a transition from positive to
negative SST anomalies in the western and eastern parts of the sea in July and in the central
part — in August. In autumn-winter period, SST anomalies increased again to well above
normal values. In that period, the maximum positive anomalies (1.0-1.3 °C) were observed in
the southern sea and reached.
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Figure 5.4. Sea surface temperature anomalies in the western (above) and eastern (below) Barents Sea in 1982-
2006.

5.2.2.2 Temperature in the standard sections, at 100 m and in the bottom layer

The time series from the coastal waters at the fixed station Inggy show that except for at
surface in June-August, all temperatures were above the long-term mean (Figure 5.5). The
highest deviations were in 250 m depth January-March 2006 when the anomlies were more
than 2°C.
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Figure 5.5. Temperature at 1 m and 250 m depth at the fixed station Inggy, northern Norway, situated in the
Coastal Current at the entrance to the Barents Sea. The red lines are the monthly means in 2006 and 2007.
Vertical axis is temperatures (°C) and horizontal axis is month. The green areas are the typical variations, +/-
one standard deviation of the long-term average for the period 1936-1944 and 1968-1993.
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Figure 5.6. Temperature (upper) and salinity (lower) anomalies in the 50-200 m layer of the Fuglgya-Bear
Island section.

86



Vardg-N

Temperature anomalies [0C]
o

-2
0.15
0.1
0.05 -
ol
-0.05 -

-0.1F

Salinity anomalies [0C]

I I I I I I I I I I
1977 1980 1983 1986 1989 1992 1995 1998 2001 2004 2007

Figure 5.7. Temperature (upper) and salinity (lower) anomalies in the 50-200 m layer of theVardg-N section.

At the Fuglaya-Bear Island section, a positive temperature anomaly of 1.44°C was observed
in January 2006, and this is an all time high since the time series started in 1977 (Figure 5.6).
The temperature stayed high throughout 2006, and all observations except October were all
time high. In January 2007 the temperature anomaly was 1.55°C, a new all time high for this
section. The salinity variations are similar to those in temperature, and there has been a high
salinity in the last 6 years.

The Vardg-N section (Figure 5.7) shows much the same as the Fuglgya-Bear Island section,
but the anomalies are a smaller.

According to the observations of PINRO, in the Kola Section, which was made 9 times, sea
temperature in the active layer (0-200 m) of the southern Barents Sea, was significantly higher
than the long-term mean throughout the year, therefore 2006 can be considered as an
anomalous warm year. From January to May, the temperature in the coastal waters (St. 1-3 of
the Kola section) in all the layers was maximal during the whole period of observations since
1951, and in the Murman Current (St.3-7 of the Kola section), in 0-200 m and 50-200 m
layers, the extremely high water temperatures were registered in the period from May to
October (Figure 5.8). Since May, in the coastal waters, the positive anomalies were gradually
decreasing. In 0-200 m layer, they decreased from 1.4 °C to 0.6 °C. In the Murman Current,
some decrease of temperature anomaly was recorded from August to December, however
throughout the year, it exceeded 1.0 °C. (Figure 5.8).

87



2.0 0.2
o St.1-3 St.1-3
>
g 1.5 A % 0.1 -
£
g s
o 1.0 T 0.0 1
E 2
[ £
g 05 - & 0.1
£
2
0.0 - -0.2
2.0 0.2
e St. 3-7 St. 3-7
_>-: >
S 15 © 011
§ £
g g
o 1.0 4 T 0.0
3 2
[ £
g 05 A & 0.1
£
2
0.0 - -0.2
XU 1 1 1oV v oVEVIEVIE X X XE X XIE 1L 1 0V VoVEVIEVHEIX X X X
Month Month

—e— 2005 mmmm 2006

Figure 5.8. Monthly mean temperature (on the left) and salinity (on the right) anomalies in the 0-200 m layer of
the Kola section in 2005 and 2006. St.1-3 — coastal waters. St.3-7 —Murman Current (Anon., 2007)

On the whole, it may be noticed that, in 2006, in the 0-200 m layer of the Kola section, the
mean annual water temperature was highest on record for more than 100-year history of
observations in the section. In the 0-200 m layer of the Murman Current, the salinity remained

at the last year level, and, in the coastal waters, it was lower than normal and 2005 level
(Figure 5.9).
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Figure 5.9. Mean annual temperature (a) and salinity (b) anomalies in the 0-200 m of the Kola section in 1951-
2006. 1 — coastal waters, 2 —the Murman Current (Anon., 2007)

In the North Cape-Bear Island Section, the observations were made in May and September.
Temperature of the North Cape Current area, in the 0-200 m layer, was characterized by
significant positive anomalies: 1.3 °C in May and 0.9 °C in September.

In 2006, the section Bear Island — West (along 74°30°N) was occupied 5 times. During the
year, temperature in the eastern branch of the Norwegian Current (74°30°N, 13°30°-15°55’E),
in the 0-200 m layer, was significantly warmer than normal. The positive anomalies increased
from 0.8 °C in April to 1.3 °C in October.

During 2006, the section Bear Island — East (along 74°30°N) was made 6 times. Temperature
in the 0-200 m layer of the northern branch of the North Cape Current (74°30°N, 26°50’-
31°20’E), significantly exceeded the long-term mean level, with the maximal positive
anomaly (1.4°C) registered in May and June. In August, the temperature of Atlantic waters
remained high and, by October, positive anomalies of temperature decreased to 0.8 °C.

In the eastern Barents Sea, in the Kanin section (along 43°15’E), the observations were made
in August and October. In the Novaya Zemlya Current (71°00°- 71°40°N, 43°15’E), in the 0-
200 m layer, water temperature was warmer than normal by 1.3 °C in August and by 1.0 °C in
October.

89



In August-September 2006, there were warmer than normal in 100 m depth in most of the
Barents Sea (Figure 5.10). The highest anomalies were observed in the northwesterly parts,
with anomalies of more than 2°C, but in large parts of the Barents Sea the temperature was
1°C above the normal.

Anomalies < 0°C
7 Anomalies > 0.5°C
Anomalies > 1°C

Anomalies > 2°C

Figure 5.10. Temperature anomalies at 100 m depth in the Barents Sea in August-September 2006 (Anon.,
2007). Data from the eastern Barents Sea are not included.

Also in the bottom layer of the Barents Sea, water temperature, on the whole, corresponded to
that one in anomalous warm years. Waters with positive anomaly of bottom temperature
occupied more than 80% of the surveyed area (Figure 5.11), and at about 30% of it, the
anomalies were maximal for the period since 1951. The highest anomalies of temperature in
bottom layer (over 3 °C) were observed in the Spitsbergen Bank area. In the North Cape and
Murman Currents, the positive anomalies of bottom temperature were 1.0-2.0 °C. In the
northeastern sea, the negative anomalies to 0.5 °C were registered that was about 1 °C lower
than the last year level (Figure 5.11).
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Figure 5.11. Bottom temperature anomalies in the Barents Sea in August-September 2006 (Anon., 2007).

In the southern Barents Sea, water salinity was typical of warm years. In the coastal waters,
the decrease in salinity relative to both the long-term mean and the last year levels was
observed. In the Murman Current, on the contrary, since March, some increase in salinity with
reference to the long-term mean level and 2005 was recorded (Figure 5.8). In Fuglgya-Bear
Island and Varde-N the salinity was record-high (Figure 5.6 and Figure 5.7). In August 2006
a significant part of the Atlantic water in the Fuglgya-Bear Island section had salinities above
35.2, and in general all the Atlantic water in the section had salinities 0.1 above normal.

5.2.3 Currents and transports

The temperature and the volume flux of the inflowing Atlantic Water in the Fuglgya-Bear
Island section do not always vary in phase. The temperature is mainly determined by
variations upstream in the Norwegian Sea, while the volume flux to a large degree varies with
the wind conditions in the western Barents Sea. During the winter of 2006 the volume flux of
Atlantic Water was the highest recorded since the observations started in 1997 (Figure 5.12).
The inflow decreased towards spring, as it usually does in this area. This is also consistent
with the modelled volume flux anomalies (Figure 5.13). The observational time series has for
the moment only data until June 2006, but the modelled flux show that the inflow was
relatively high also during the rest of 2006.
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Figure 5.12. Observed Atlantic Water volume flux through the Fuglgya-Bear Island section estimated from
current meter moorings. Three months (blue line) and 12-months (red line) running means are shown.

There is a significant increasing trend in the observed volume flux from 1997 to summer
2006, and the calculated trend indicates that the mean Atlantic flux increased by almost 50%.
The measurements started in a period with generally low inflow, but the increase is still
stronger than expected.
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Figure 5.13. Modelled flux anomalies in 2006 through the section Fuglgya-Bear Island. The anomalies are
deviations from the long-term mean period 1955-2006.

5.2.4 Ice conditions

During the year, the sea ice extent was much less than the long-term mean, and, in January,
May-July and December, it was the lowest for corresponding seasons since 1951. In 2006, the
greatest ice coverage was observed in March and amounted to 44% that was 17% less than
normal and the least — in August when there was no ice in the sea area. In the late September-
October, with the prevalence of northerly and northeasterly winds and the decrease in air
temperature the ice formation and shift southward became more actuated. In that period, the
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total ice extent increased to 10% (however, it remained being 7% lower than the long-term
mean). In November-December, with the increase in the southern wind repeatability and high
air temperature, the ice coverage again was at the level of significantly less than normal
(Figure 5.14).
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Figure 5.14. Anomalies of mean monthly ice extent in the Barents Sea in 1982-2006. A blue line shows monthly
values, the red one — 11-month moving average values (Anon., 2007)

5.2.5 Expected situation
5.2.5.1 Temperature predictions

The natural first environmental parameter to try to forecast is sea temperature. Because the
ocean has a ”long memory”, as compared to the atmosphere, it is feasible, at least a priori, to
realistically predict ocean temperature much further ahead than the typical weather forecast.

The prediction is complicated by the variation being governed by processes of both external
and local origin operating on different time scales. Thus, both slowly moving advective
propagation and rapid barotropic responses due to large-scale changes in air pressure must be
considered.

Advection may be considered a natural starting point for predicting Barents Sea temperatures,
and temperature variations in the southern Norwegian Sea is often seen 2-3 years later in the
Barents Sea. As the temperature decreased in the Norwegian Sea in 2002-2005, and
considering the high temperatures in the Barents Sea in 2006, it is expected that 2007 will still
be warm but colder than 2006. However, the expected decrease from 2006 to 2007 might be
damped by a high volume flux into the Barents Sea.

A PINRO forecast model (Boitsov and Karsakov, 2005), based on harmonic analysis of the
Kola section temperature time series, also predicts the temperature of warm Atlantic water of
Murman current in 2007 to be higher than the mean long-term level, but most likely lower
than 2006 (Table 5.2).
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Table 5.2. Predicted temperature in the Kola section (0-200 m), representing the southern Barents Sea.

Observation Observation Prognosis Prognosis
Year 2005 2006 2007 2008
Temperature °C | 4.8 5.1 4.6 45

It should be stressed that the predictions in this chapter are fundamentally different from the
global change scenarios for 50 or even 100 years ahead (e.g. ACIA, 2005; IPCC, 2007).
These long-term trend scenarios are adressed in chapter 5.10.

5.2.5.2 Expected ice conditions

Due to the extremely warm Atlantic waters in 2006 and beginning of 2007, in combination
with the fact that the ice often lag the temperature variations with a few years, and the
extreme ice minimum the recent years, the ice conditions in 2007 is expected to be low.

5.3 Phytoplankton
By E. K. Stenevik, L. J. Naustvoll and M. Skogen
5.3.1 Current situation

In 2006 low concentrations of phytoplankton was observed on the Fuglgya-Bjerngya in
March, followed by a faint increase in diatoms close to Fuglgya. In May, highest
concentrations of chlorophyll on the Fuglgya-Bjagrngya section were observed in the central
parts of the section nd close to the coasts (Figure 5.15). Typical spring species of diatoms
dominated in the central area. Close to Bjgrngya, the phytoplankton community was a mix of
diatoms and Phaeocystis pouchetti, which is a common species in the Barents Sea during
spring. In June (Figure 5.15), high concentrations of chlorophyll were observed on the
stations close to Fuglgya while lower concentrations were observed in the central part and
also towards Bjgrngya. Diatoms (Chaetocerus) dominated in the area with high chlorophyll
concentrations and this was most likely the last part of the spring bloom. Close to Bjgrngya
Phaeocystis was the dominating phytoplankton species.

On the Vardg-north section there was a more even distribution of chlorophyll. On most
stations a mix of phytoplankton species were observed in addition to microzooplankton. On
the southern stations there were some diatoms with maximum concentrations below the
surface (Figure 5.16) indicating that they were sinking.

During some years such as autumn 2005, large blooms of Emiliana huxleyi has been observed
in the Barents Sea. This species was also observed in 2006 but in much lower concentrations
than in 2005.

Simulations of the primary production in the Barents Sea using the ROMS numerical model
showed that there was considerable interannual variation in timing of the spring bloom at the
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Fugleya-Bjagrngya section during the years 1982 to 2006 (Figure 5.17). Even though we
suspect the model to produce the bloom somewhat too early in the year, we expect the trends
to be correct. The model results showed that the peak of the bloom may vary with about one
month from year to year and in 2006 the results indicates that the bloom was relatively early.
Figure 5.18 shows the timing of the bloom throughout the Barents Sea in 2006. It shows that
the bloom was earliest at the western entrance of the Barents Sea. Also close to some of the
bank areas, the bloom started early. Particularly in the eastern part close to Goose Bank and
North Kanin Bank but also at the Central Bank and the Svalbard Bank. Some of these banks
are very shallow and water masses may be trapped there. The bank may therefore act as a
barrier to downward transport of plankton cells in the same way as a stratification of the water
masses. This may explain the early bloom in the bank areas.
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Figure 5.15. Measured chlorophyll in the upper 100 m on the transect Fuglgya — Bjgrngya in May and June.
North to the left.
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Figure 5.17. Modelled day number of peak diatom spring bloom at the Fugleya-Bjgrngya section during the
period 1982 to 2006 using the ROMS numerical model.
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Figure 5.18. Modelled day number of peak diatom spring bloom in 2006 using the ROMS numerical model.
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5.3.2 Expected situation

With the present knowledge it is not possible to predict whether the onset of the spring boom
or which algae’s that will dominate the system. In addition to available nutrients the onset of
the spring boom depends heavily on factors such as stratification and light. Stratification
depends further on solar heating (again dependant on cloud cover) and wind mixing, while the
light conditions depends on the cloud covers, which are factors that change on very short
timescale.

5.4 Zooplankton

By T. Knutsen, P. Dalpadado and E. L. Orlova

5.4.1 Current situation

In 2006 the average zooplankton biomass was above average in the Barents Sea. From 2005
to 2006 there was observed an increase in average biomass from 7. 7 to 8.6 g dryweight m™
(Figure 2.10, upper panel), measured for the whole water column for stations less then 500 m
deep. The average values for 2006 are based on 150 stations relatively homogeneously
distributed in the region. Visual examination of the zooplankton composition indicated
predominance of the three Calanus species (Calanus finmarchicus, Calanus glacialis and
Calanus hyperboreus) at later stages of development, euphausiids and chaetognaths, and in
some cases pteropods, that caused high biomass estimates.

Figure 5.19 shows the horizontal distribution of mesozooplankton from bottom-0 m, using the
combined data sampled by WP2-net (used by Norway) and Juday net (used by Russia). The
Russian and Norwegian data complement each other. The distribution of zooplankton biomass
based on joint Norwegian and Russian biomass data is near identical to that observed during
the Norwegian surveys, but Russian data add significant information particularly for the
eastern regions of the Barents Sea.
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Zooplankton biomass distribution in 2006 - combined WP2 and Juday
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Figure 5.19. Distribution of zooplankton dry weight (g m™) from bottom-0 m in 2006. Combined data for WP2
and Russian Juday net samples.

The plankton distribution in 2006 is quite similar to 2005. The highest abundances of
plankton were observed in the western part of the Barents Sea and in the central northern part
of the region. In 2005, a low abundance region in the south was observed, extending
northwards a significant distance from the Norwegian coast. Such a situation could not be
observed in 2006. The southern and western distribution of high zooplankton biomass in 2006
is probably associated with influx of warmer Atlantic water penetrating north and east into
Bjerngyrenna, resulting in higher zooplankton concentrations here compared to 2005. Figure
5.19 shows lower zooplankton concentration in a small region east of Bjerngya, an area
influenced by Arctic water masses. The region closest to the Norwegian coast had somewhat
lower zooplankton biomass. In the most northern part of the survey area, again high
zooplankton abundance was recorded, caused by high occurrence of the amphipod Themisto
libellula and the copepods Calanus hyperboreus and C. glacialis. South and south-east of this
area a region showing low zooplankton abundance was observed, an area influenced by colder
Arctic mixed waters. The importance of water mass characteristics on zooplankton abundance
is shown in Table 5.3. It is apparent that zooplankton abundance on average is highest in
Atlantic water masses with 11.3 g dry-weight m™ (compared to 9.6 g dry-weight m™ in 2005).
The low biomass observed in coastal water masses can be due to low coverage in terms of
number of stations (four stations only), but it corresponds to what was found in the same
water mass in 2005.

C. finmarchicus being predominant in copepod concentrations were mostly represented by
copepodites of 111-V stages and C. glacialis development stage 111, while nauplia and eggs of
Copepoda occurred fairly rarely. This evidenced that their reproduction had almost completed
and in boreal species the annual cycle of development was close to the end, while Arctic
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species were in the process of fat accumulation before the onset of the wintering period. Wide
variations in the abundance of the above species, to almost complete absence in catches at
some stations, also reflected their changes in vertical distribution throughout 24 hours.

Table 5.3. Zooplankton average dry weight (g m™) in different watermass categories in 2006. Combined data for
WP2 and MOCNESS (Norwegian data only).

No stations Average dry weight (g m'z) Standard deviation

North Atlantic water 110 11.3 7.9
Coast water 4 1.6 1.6
Coast/North Atlantic water 19 7.3 3.7
Arctic water 21 8.5 4.3
Polar front water 34 5.0 5.1

Thus, data obtained on zooplankton in 2006 in the eastern areas of the Barents Sea allowed its
description from different sides. This was an anomalous warm year, close to the conditions as
observed in 2005, when in the Barents Sea there was no ice from the end of July to September
and in warm season distribution of both Atlantic waters and waters of the warm Novaya
Zemlya Current was more northerly than usual. In the northeastern areas of the sea in this
period the sea surface temperature was positive, which was indicative of high heat content in
the Arctic waters. In the second half of September zooplankton was represented mostly by
oceanic forms, by both permanent inhabitants of the Atlantic and Arctic waters like
Copepoda, Amphipoda and Euphausiacea and temporal ones such as Polychaeta, Cirripedia,
Bivalvia, Decapoda and Echinodermata. In the first area located more southerly, abundance
of copepods was higher but due to domination of Arctic species (C. glacialis and especially
M. longa), the percentage of the boreal C. finmarchicus was slightly above 50%. In the
population of euphausids, except for northern areas, higher abundance of Arcto-boreal species
(T. inermis and T. longicaudata) was also noted. As for hyperiids, only T. abyssorum, a
relatively warm-water species, was observed in large numbers. Cold-water representatives of
Pteropoda and Chaetognatha were not numerous.

In the second, more northerly area, composition of plankton was mixed. In this area, wider
distribution was noted for Arctic species but C. glacialis, compared to the first area, was a
little less abundant, while the abundance of M. longa was twice lower. At the same time C.
hyperboreus was reasonably abundant, and the overall percentage of C. finmarchicus
exceeded 60%. However, on the whole in the above indicated areas when compared to other
warm years (1983, 1989), the percentage of C. finmarchicus decreased from 75-85% (Orlova
et al., 2004) to 52-63%, while the proportion of C. glacialis remained at the previous level
(15-18%). The percentage of M. longa increased (up to 18-32%). In this area, high abundance
was also registered for other cold-water representatives of macroplankton: Thysanoessa
raschii, Clione limacina, Limacina helicina, as well as Arctic hyperiid T. libellula, which in
the first area did not occur at all.
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5.4.1.1 Fuglgya-Bear Island transect

The mean zooplankton biomass along the FB section (1994-2006) is very low during the
winter months (Figure 5.20a,b). Very little zooplankton average biomass (0.44g m™) was
observed in the upper 100m during winter during these years. A low biomass was also
observed from bottom-0 m (1.72 gm™), indicating that the production is quite low in winter
and that the majority of zooplankton stays in the deeper part of the water column. In summer,
the biomass in the upper 100 m (mean =5.38 g m™) varied little except for 1994, where one
station contributed to the very high mean biomass. The average biomass in spring/summer for
the whole water column was 7.8 g m™. The average biomass increased from 3.9 in 2005 to 6.4
gm™ in 2006, with the 2006 value exceeding the long-term (1994-2006) average of 5.4 g m™.
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Current moorings deployed at the FB section measure the inflow of Atlantic water at the
western entrance to the Barents Sea (Ingvaldsen et al., 2004, updated to 2006). The winter
flow given in Figure 5.20c is from December to March, measured for the whole water
column. The biomass changes in spring and summer seem to be closely linked to the winter
inflow (Figure 5.20c). By March, the zooplankton and particularly Calanus finmarchicus has
already started to rise from its over-wintering habitats in the deeper part of the Norwegian Sea
and these organisms are probably in a position to be advected with the Atlantic flow into the
Barents Sea. The temperature conditions in the Barents Sea are related to the Atlantic flow,
thus providing warmer conditions when the flow is high or water are warmer then normal
(Ingvaldsen et al 2004). Temperature conditions and the advection most probably play an
important role in regulating the zooplankton biomass in the Barents Sea. The data from 2006
supports the notion that increased influx of warmer water help maintain a high zooplankton
biomass in the Barents Sea.

5.4.1.2 Autumn-winter macroplankton survey

The survey conducted in autumn and winter reflects the expected situation in the beginning of
next year and hence the reproductive potential of krill. The autum 2005 survey showed that
the abundance of pre-spawning euphausids in the beginning of 2006 was almost by 1.5 times
higher than the long-term mean in both southern and the north-west area of the sea.

An increase in abundance of euphausids was observed in the central, coastal and northwestern
areas of the sea (Figure 5.21), while in the eastern and western parts a slight decrease
abundance was observed. It is worth noting, that since 2002 in the eastern areas high
abundance of euphausid has been observed to be stable. High level of euphausid abundance in
these areas was registered in the warm periods of 1970’s, 1980’s and 1990’s (Orlova et al.,
2005).

The densest local concentrations (>5000 ind./1000m®) of euphausids were found to the east of
the Bear Island (Figure 5.22), on the northern slope of the Goose Bank and in the northern
part of the Novaya Zemlya shallow waters. Dense concentrations of euphausids (1000-5000
ind./1000m®) were located in the northwestern areas, as well as in the southern part of the sea.
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Species composition of euphausiid was normal. The northwestern areas was dominated by
Thysanoessa inermis (96% of total abundance in samples), while in the central areas the
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proportion of T. raschii and T. inermis were 68% and 24%, respectively. In the eastern areas
catches were dominated by T. raschii (85%), while T. inermis constituted 13% (relative
weight).

The proportion of the warm-water species Meganyctiphanes norvegica in the euphausid
concentrations remained at the same level compared to the previous year. The main
distribution area of the species was west of the Bear Island, as well as the southearstern part
of the sea.

Thouth, as in previous years, the main concentrations of euphausids were formed by Arcto-
boreal species T. inermis and T. raschii; samples included euphausids of the three age groups
(0+, 1+ and 2+) being 8-40 mm long. The rest of species: T. longicaudata, T. raschii, M.
norvegica and N. megalops made up a minor supplement.

5.4.2 Expected situation

Taking into consideration the hydrographic conditions and the long-term dynamics of
zooplankton development, the spawning of the main zooplankton organisms (copepods and
euphausiids) in 2007 in the southwestern areas of the Barents Sea is expected to start in the
middle of April. Having overwintered, these groups of crustaceans, along with the warmwater
species transported from the Norwegian Sea, will contribute to the establishment of zones
with high density of zooplankton in the northwestern and western sea areas. As a result the
food supply for pelagic predators will most probably be good. In late May-June euphausiids
will descend to the bottom layers where they are more available as feedfor adult cod.

It is expected that 2007 will be similar to 2006 with regard to the distribution and periods of
forming fish feeding area by plankton. Hence, it will most probably provide good feeding
conditions for capelin, herring and juvenile fish. However, a significant uncertainty exist with
respect to the recovery of capelin, the development of the blue whiting and herring stocks and
how this might influence the growth in zooplankton stocks.

The average zooplankton biomass measured in August-September 2006 (8.6 g dry weight m™?)
was above the long-term mean (7.14 g dry weight m™), and has slightly increased since 2001
(5.85 g dry weight m™?). Atlantic water masses contain the highest biomass, stressing the
importance of advective transport of zooplankton from the Norwegian Sea, and the favourable
higher temperatures in these waters that significantly influences the central and western part
of the Barents Sea. The adult capelin stock was still very low in 2006. Other plankton
consumers like juvenile cod, capelin, haddock and redfish are important, but particularly
young herring which has been very abundant the last few years, surely influence zooplankton
biomass. Additional species such as blue whiting and sandeel, now seem to extend their
distribution range in the Barents Sea, hence their predation pressure on zooplankton can be
expected to increase. The average zooplankton abundance in 2006 suggests that the conditions
for local production are favourable for 2007, and slightly improved with respect to 2006.
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5.5 Benthos
By L.L. Jgrgensen, N. A. Anisimova, P. A. Liubin, I. E. Manushin and J. Sundet
5.5.1 Current situation

Several species of bottom dwellers are found anchored or crawling on the sea bottom, or
living in between already existing communities of benthic animals creating a multi-species
habitat. The bottom dwellers are called “epibenthos”. A large amount of these species are
large, conspicuous and robust organisms including sea stars, brittle stars, sea cucumbers, sea
lilies, crangonid prawns, isopods, sponges, corals, mollusks and sea anemones. We call these
group “mega epibenthos”.

Several species of this group of animals shows limited movement and have a long life span.
Therefore, they are expected to be found in the same areas year after year. By-catch in bottom
trawling includes mega-epibenthos, because they are easy to catch with such equipment.

By-catch investigations indicate that the current distribution of megabenthos in the Barents
Sea is highly variable from area to area (Figure 5.23). The biomass-hotspots seem to be
localized at the Tromsg Flake (mainly sponges), in the Hopen Deep (mainly prawns) on the
Spitsberg Bank and in an area south of the 3°C isotherm, indicating the northern distribution
of Atlantic water (the polar front).

Previous studies indicate that understanding the patterns of benthic fauna in the Barents Sea is
based in a large part on the bathymetric features and the distribution of sediment (Wassmann
et al 2006). These studies has combined benthic data from large scale Russian expeditions
from 1930°s to 1990°s showing that the benthic biomass had great spatial variation, ranging
from <10 to >500g WW m™ and where the highest biomasses occurs in the shallows of the
Spitsbergen and Central Banks and in banks of the Russian Zone. These high biomass values
was connected to a possible high primary production at the western Banks, combined with
strong water currents in these areas to resuspend food materials and hard substrate supporting
high proportions of sessile filter feeders.
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Figure 5.23. Bottom fauna by-catch in kg, per 0.5 h trawling (~13.500m?), in August-September 2006. The
weight data for the survey area were obtained by linear interpolation of the sampling stations estimates (log
transformed). The light-blue line depicts the 3 < isotherm at 100 m depth, indicating the northern distribution of
Atlantic water. The dark-blue lines indicate depths in meters.

A closer analyse (Figure 5.24) of the total megafauna by-catch, shows that sponges made up
the larges biomass (11.5 tonnes, 41 % of the total catch of 789 stations). This sponge hotspot
of 140g wet weight per m? (this weight does not include other associated animals) was mainly
recorded in the southwestern part of the Barents Sea (see also Figure 5.23). Crustaceans
(including prawns, crabs, and squat lobsters) made up 33 % (9.3 tonnes) of the total catch and
were ma