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Preface

The joint survey was carried out during the period 7 August to 3 October 2009. The survey
plans and tasks has been changed many time due to reduction budgeting for this investigation.
The prohibition for working Norwegian vessel in REEZ also created problems for executing
survey plan. In spite of this most of the tasks was carried out. Joint investigations include the
0-group fish survey, the acoustic survey for pelagic fish, the investigations of bottom fish,
plankton and benthos. The northern shrimp investigation and marine mammals observation
was reduced compared to previous years. Oceanographic investigations has been reduced, so
two standard section was not conducted. Consequently, a joint, but somewhat reduced,
“ecosystem survey” was carried out by IMR and PINRO also in 2009.

The present volume of the survey report covers many but not all of aspects of the survey. The
main focus is on the hydrographical conditions of the Barents Sea, the results from the 0-
group fish investigations and from the acoustic investigation on pelagic fish (capelin, young
herring, blue whiting and polar cod). Preliminary materials on demersal fish, sea mammals
and seabird observations are also presented in this report. Finalised analysis of results from
investigations on plankton, bottom fishes and benthos will only be made available as an
electronic attachment to this report on the internet. The first version of the report was made in
Murmansk 06 -10 October during a meeting between scientists participating in the survey.

A list of the participating vessels with their respective scientific crews is given in Appendix I.
The following specialists took part in preparing the survey report: from PINRO — T.
Karaseva, Yu. Kovalev, P. Lubin, N. Lukin, E. Murashko, P. Murashko, T. Prokhorova, D.
Prozorkevich, A. Trofimov, N. Ushakov; from IMR - J. Alvarez, B. Bogstad, Dalpadado P.,
E. Eriksen, Gjesater H., Heldal H.E., Jorgensen L.I., Knudsen T., Mauritzen M., B.
Rattingen, S. Tjelmeland.



Synopsis

The main aim of the ecosystem survey was to map the distribution and abundance of the
young and adult stages of several pelagic and demersal fish species, and in addition to gather
information about hydrographical features, zooplankton, benthos, seabirds and sea mammals.

The water temperature in all observed areas was still higher (0.4-1.1 °C) than the long term
mean but somewhat lower than in the same period in 2008.

The 2009 year-class of capelin, haddock and cod are rich. 0-group of herring, redfish, polar
cod and sandeel are near the average level. 0-group of Greenland halibut, saithe, long rough
dab, wolffish were estimated as poor.

The total capelin stock was estimated at 3.76 million tonnes, which is 15% less than last year.
About 2.3 million tonnes were assumed to be maturing. Estimated spawning stock is two
times above to the long term mean and comparable with the last year level.

The polar cod stock was estimated to be 0.89 million tonnes, that is 27% lower than in 2008
but near the long term mean level.

The biomass of juvenile Norwegian spring spawning herring in south-western areas was
estimated to be 0.74 million tonnes. In south-eastern areas biomass of 0.024 million tonnes is
uncertain due to great mixing of Norwegian spring spawning herring with Kanin herring.

Blue whiting of age groups 1 to 9, but mostly age 4 - 7, were observed in the western and
southwestern parts of the surveyed area. The biomass of this stock component was estimated
to be 0.26 million tonnes, which is low, but somwhat higher than in 2008.

Preliminary results from investigations of the pollution levels in the Barents Sea show that the
levels of organic and radioactive contaminants are comparable with those found earlier years.
Investigations in the area adjacent to the sunken nuclear submarine “Komsomolets” do not
indicate a significant leakage from the submarine.
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1 Methods

During the survey data on cruise tracks, hydrography, trawl catches, integrator values etc.
were exchanged by e-mail between Norwegian vessels “G.O. Sars”, “J. Hjort”, “Jan Mayen”
and Russian vessel “Vilnyus”. Total Russian exchange of survey data were transmitted to
“head” IMR vessel “J. Hjort” before the Russian vessel returned to port after the survey. Final
survey data from all vessels were collected during the meeting in Murmansk 06/10.

1.1  Hydrography

The oceanographic investigations consisted of measurements of temperature and salinity in
depth profiles distributed over the total investigated area and along the sections Kola, Kanin
and Varde-North. All vessels used CTD-probes.

1.1.1 0-group fish investigations

Since 1965 surveys in August/September have provided annual information on the abundance
and spatial distribution of pelagically distributed O-group fish of Barents Sea capelin
(Mallotus villosus), Norwegian spring spawning herring (Clupea harengus), Northeast Arctic
cod (Gadus morhua) and haddock (Melanogrammus aeglefinus) as well as several others
(polar cod Boreogadus saida, long rough dab Hippoglossus platessoides, Greenland halibut
Reinhardtius hippoglossus, redfish Sebastes spp. and others).

The distribution and abundance of 0-group fish were based on the catches, and measured in
number of fish per square nautical mile. The trawling procedure consisted of pelagic trawl
catches from a mid-water trawl with a quadratic mouth opening of 20x20 m. Since 1980 the
standard procedure have been used on all vessels and trawling procedure consist of tows
covering 3 depths, each over a distance of 0.5 nautical miles, with the headline of the trawl
located at 0, 20 and 40 m and with trawling speed of 3 knots. Additional tows at 60, 80 and
100 m, also of 0.5 nm, were made when the 0-group fish layer was recorded deeper than 40 m
depth on the echo-sounder.

The history of development of 0-group investigation, assessment methods and recalculating of
abundance indices is described in details in earlier versions of the survey report (Anon. 1980;
Anon. 1983; Anon. 2007) and in Eriksen et al. (2009).

1.2 Acoustic survey for pelagic fish

The survey area was equal to the total survey area covered during the ecosystem survey, i.e.
the acoustic method was applied throughout the survey. All regions of the Barents Sea and
adjacent areas of the Norwegian Sea were covered, with course lines 35 nautical miles apart.
All participating vessels used ER-60 echo sounders (with ER-60 software). All vessels used
LSSS (“Large scale survey system”). “G.O. Sars”, “J. Hjort” and “Jan Mayen” were equipped
with transducers on adjustable keels that can be lowered in rough weather to avoid the
damping effect of bubbles. Echo intensities per nautical mile were integrated continuously,
and mean values per 1 nautical miles were recorded for mapping and further calculations.



The echograms, with their corresponding sa-values, were scrutinized every day. Contributions
from the seabed, false echoes, and noise were deleted.

The corrected values for integrated echo intensity were allocated to species according to the
trace pattern of the echograms and the composition of the trawl catches. Data from pelagic
trawl hauls and bottom trawl hauls considered representative for the pelagic component of the
stocks, which is measured acoustically, were included in the stock abundance calculations.

The echo sounders were watched continuously, and trawl hauls in addition to the
predetermined hauls were carried out whenever the recordings changed their characteristics
and/or the need for biological data made it necessary. Trawling was thus carried out both for
identification purposes and to obtain biological observations, i.e., length, weight, maturity
stage, stomach data, and age.

The vessels gave the sa-values in absolute terms based on sphere calibrations, that is, as
scattering cross section in m” per square nautical mile. The acoustic equipment of the vessels
was calibrated by standard spheres (see Appendix 2).

1.2.1 Area coverage

In 2009 a total coverage of survey area was successful. The weather conditions were
favourable during half part of the survey. In the beginning of August “Vilnyus” started
surveying in the northern part of the covered area with extensions towards north-east. The
wind and ice formation limited observations of “Vilnyus”. During second part of August and
beginning of September “G.O.Sars” covered the western part, while “J.Hjort” covered the
area along the Norwegian coast. ”J.Hjort” changed route due to lack permission for access to
REEZ and moved to the northern area, where “Vilnus” started coverage of capelin area. “Jan
Mayen” covered the area around Spitsbergen, but difficult ice condition prevented coverage
of some areas in east from Spitsbergen. The Norwegian vessels covered NEZ and Grey zone,
while “Vilnyus” covered the REEZ. See Fig. 2.1-2.3 for details of the realized survey track.

1.2.2 Computations of the stock sizes

The computations of number of individuals and biomass per length-and age group of the
pelagic fish stocks were done in the same way as in previous years. For details see the 2006
ecosystem survey report (Anon. 2006).

1.3  Bottom trawl survey

The number and biomass of fish per length- and age-group will be calculated from bottom
trawl catches using the “swept-area” method. These results will be presented later, since the
age determination of demersal fish will be carried out after the survey.

Acoustic registrations of bottom fish were carried out along all cruise tracks, with division of
sa-values by species based on trawl catches data.
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1.3.1 Strata system used

A new strata system was constructed in 2004 (IMR) and 2009 (PINRO) covering the whole
Barents Sea to include the total survey area. The new geographic system is also depth
stratified using GEBCO depth data.

1.4  Plankton investigations

Data on phytoplankton abundance was obtained in several ways during the joint Russian-
Norwegian Survey. On the Norwegian vessels G.O. Sars, Johan Hjort and Jan Mayen samples
for chlorophyll @ were obtained at nearly all CTD stations through filtration of water from
water bottles at discrete depths from 0 — 100 m including a surface sample taken using a
bucket. The total number of samples varied slightly depending on bottom depth at the
specific localities. Phytoplankton was filtered using GFC filters, and samples were frozen for
later analysis of chl a content at the IMR laboratory. For the vessels mentioned above
phytoplankton nutrient samples were obtained from the same water bottles on most CTD
stations, at depths from the surface to the bottom according to a predefined scheme as
determined for the Ecosystem cruise and specific bottom depth of each station. Normally,
onboard G.O. Sars a fluorimeter is used as an additional instrument, connected to the CTD,
logging chl a fluorescence as a continuous vertical profile along with temperature and salinity
for all CTD stations. These data must be calibrated with the help of chl @ determined from the
water bottle samples obtained at the same stations.

Samples for phytoplankton species composition and abundance have been obtained from the
Norwegian vessels “G.O. Sars”, “Johan Hjort” and “Jan Mayen”. For every second or third
station quantitative water samples were obtained from water bottles at 5, 10, 20 and 30 m
depth. Immediate upon retrieval of the seawater rosette sampler, one 25 ml phytoplankton
sample were taken from each bottle at the above mentioned depths. The samples were pooled
in a dark light-protected 100 ml flask adding 2 ml lugol as fixative for later analysis. Slightly
less frequent a 10 pm meshed phytoplankton net with a 0.1 m?® opening was vertically
operated from 0-30 m to obtain a qualitative phytoplankton sample. After gentle mixing of the
water from the net cod-end, one dark light-protected 100 ml flasks was filled with
approximately 80 ml seawater, then adding 2.5 ml 20% formalin for fixation. At some
stations a paralell sample was taken and fixated in 2 ml lugol.

On Russian vessels preliminary information on phytoplankton condition is gathered
simultaneously with the zooplankton sampling. Usually, micro-algae are determined with
binocular during the processing of zooplankton samples. The phytoplankton conditions are
derived from the zooplankton samples by visual estimation of micro-algae concentration and
frequency of cell occurrence using a 5-unit scale - single (1) to mass (5) occurrence. The
micro-algae structure is defined to a genus level.

Zooplankton sampling on all three Norwegian vessels was carried out by WP-2 plankton nets
with a 0.25 m? opening and 180 pm mesh size. Usually two hauls were made at each station,
one was taken from the bottom to the surface and the other one from 100 m to the surface. In
2009 no stratified sampling was conducted with the Mocness multinet planktonsampler due to
lack of financing plankton personell on board the vessels. The sampling on the Russian
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vessel was carried out by Juday-nets with 0.1 m?® opening and 180 pm mesh size. Depth
intervals for plankton sampling were the bottom-0m, 100-Om and 50-Om layers.

In addition on Russian vessel “Vilnyus” sampling of macroplankton were taken by plankton
net BR (with a 0.2 m” opening and 564 um mesh size) connected with bottom trawl.

On board the Norwegian vessels samples were normally split in two, one part was fixated in
4% borax neutralized formalin for species analysis and the other one was size-fractioned as
follows; >2000 pm, 2000-1000 pm and 1000-180 pum size categories. These size-fractionated
samples were weighed after drying at 60°C for 24 hours. For large organisms like medusae
and ctenophores their volume fraction were determined by displacement volume. From the
>2000 pum size fraction krill, shrimps, amphipods, fish and fish larvae were counted and their
lengths measured separately before drying. Chaetognaths, Pareuchaeta sp. and Calanus
hyperboreus from the >2000um size fraction were counted and dried separately, but their
sizes were not measured. Later all weights were determined at the IMR laboratory in Bergen.

Processing of Juday net samples from the Russian vessels included weighing of samples to
within 0,0001 g, with preliminary removal of an excessive moisture on a filtering paper;
species identification and abundance determination. Processing identification to a species, and
a quantitative estimation. A more detailed processing of species and stage composition as well
as numerical abundance will be undertaken in the laboratory according to standard
procedures. Dry weights will be derived using a conversion factor of 0.2. All zooplankton
data will be presented as biomass or numbers per 1 m” surface.

Final plankton results will be presented later, since the samples are worked up after the
survey.

1.5 Stomach investigations

According to agreement at the Russian-Norwegian meeting in March 2006 capelin and polar
cod stomachs were collected at the Norwegian (“G.O. Sars”, “J. Hjort” and”Jan Mayen”) and
Russian (“Vilnyus™) vessels in August-September 2009. Also stomach samples of cod and
haddock were taken according to standard protocol on Norwegian vessels. On board
“Vilnyus” the stomach were anylized both commercial (cod, haddock, other) and non-
commercial fish species. About 10 000 stomach from different fish species were analyzed or
collected during eco-survey.

1.6 Marine mammals and seabirds investigations

Marine mammals observations (species and numbers observed) were recorded onboard the
Norwegian research vessels “G.O. Sars”, “Johan Hjort”, “Jan Mayen” and the Russian
research vessel “Vilnyus”.

Onboard the Norwegian vessels visual observations were made by three observers from the
vessel bridges; one dedicated for observing sea birds and two dedicated for observing marine
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mammals. The marine mammal observers covered approximately the front 90° sector (45°
each) and the sea bird observer covering one 90° sector along the ship sides. While most
species were recorded continuously along the cruise transects when steaming between
stations, the ship-following seabird species (northern fulmars and gulls) were counted every
hour. Onboard the Russian research vessel observations of marine mammals and sea birds
were carried out by one observer covering a full sector of 180° from the roof of the bridge
about 9-10 m above the sea surface level. Observers were observing only along transects
between stations. All species were recorded continuously along the transects.

Observer’s activity was limited by weather conditions. When the weather conditions were not
sufficiently good for observations observation effort was stopped. Both observer activity and
weather conditions were recorded.

1.7 Benthos observations
1.7.1 Purpose

The purpose of the benthos investigation was to monitor benthic habitats and communities in
the Barents Sea by analysing the bycatch of the Campelen trawl on all Norwegian and
Russian ships. This should lead to criteria for selection of suitable monitoring locations in the
Norwegian and Russian EEZ and improved procedures for providing results on benthos
relevant for an ecosystem approach to management of marine resources in the Barents Sea.

1.7.2 Ciriteria for selection of sampling locations

Bycatch of invertebrates were recorded from all bottom trawl hauls of the Russian RV
“Vilnyus” and the Norwegian RV “G.O. Sars”, “Johan Hjort”, “Jan Mayen”. Increased
benthic sampling was made at RV “Vilnyus”, “Johan Hjort”, “Jan Mayen™.

1.7.3 Bottom trawl

At RV “Vilnyus”, “Johan Hjort” and “Jan Mayen”, the benthic invertebrate bycatch from all
hauls with bottom trawl (Campelen) was processed to species level onboard. Species difficult
to identify was photographed and preserved in alcohol for later identification. On RV “G.O.
Sars” sorted and measured the bycatch into large invertebrate groups.

1.8  Pollution
1.8.1 Background

IMR routinely carries out monitoring of contaminants in the Barents Sea. This includes
sampling of sea water, sediments and marine biota. The analysis includes different
hydrocarbons, persistent organic pollutants (POPs) (PCB, DDT, HCH, HCB) and
radionuclides. Monitoring of radionuclides is performed within the monitoring programme
“Radioactivity in the Marine Environment” (RAME), which is coordinated by the Norwegian
Radiation Protection Authority (NRPA). Monitoring of organic contaminants is performed in
close cooperation with NGU (The Geological Survey of Norway) and National Institute of
Nutrition and Seafood Research (NIFES).
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1.8.2 Sample collection

Samples of sediments and seawater have been collected in the Barents Sea from 18 stations
from the Norwegian vessels “G. O. Sars”, “Jan Mayen” and “Johan Hjort” and from 11
stations from the Russian vessel "Vilnyus" during the period August-October 2009 (Fig. 2.3).

Samples of marine biota have been collected from the same vessels from a large number of
stations during the same period (an overview is given below).

1.8.2.1 Seawater

10 L seawater was collected per sample for analyses of polonium-210 (Po-210) and radium-
226 (Ra-226), while 50 L seawater was collected per samples for analysis of strontium-90
(Sr-90). All samples were stored in plastic cans and acidified with hydrochloric acid. 200 L
seawater was collected per sample for analyses of americium-241 (Am-241) and plutonium-
1sotopes. Samples were either stored in plastic cans and acidified with hydrochloric acid, or
pre-concentrated to 10 L onboard. These samples were sent to NRPA at Osteras for further
treatment.

Between 200 and 300 L seawater was passed through filters onboard for analysis of cesium-
137 (Cs-137). The filters will be brought back to IMR and NRPA for further treatment.

Samples of 100 L were collected for analysis of technetium-99 (Tc-99). Onboard “G. O. Sars”
and “Johan Hjort”, the samples were passed through Amberlite IRA 400 anion exchange
columns. The columns were brought back to IMR for further treatment. Onboard “Jan
Mayen”, these samples were stored in 25 L cans and sent to IMR.

1.8.2.2 Sediments

Both surface samples and sediment cores were collected using a Smeggen box corer. Some of
the sediment cores were cut into slices of 1 or 2 cm thickness onboard the vessels. The
samples were frozen and brought back to IMR and NRPA for further treatment. The samples
will be analyzed for radionuclides, organic contaminants and trace metals.
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Stations where sampling for investigations of pollution were performed is listed below. Samples of surface
sediments and/or sediment cores were taken from all stations for investigations of organic contaminants
and radioactive pollutants. Samples of seawater were taken from all the stations for investigations of
radioactive pollution.

CTD-Station Date Lat. Long. Salinity  Temp. Depth
» 464 26/08/09 73 57.63 21 51.07 35.0404  7.1546 467
@ | 474 28/08/09 74 4835 18 097 344459  3.8195 294
O: 480 31/08/08 76 1292 18 3420 34.4527 4.3070 252
© 493 03/09/09 72 1.12 15 30.19 34.6304 10.9624 672
479-482 (surface) 16/08/09 73 43.15 13 16.52 34.8236  9.5933 1681
479-482 (bottom) 16/08/09 73 43.15 13 16.52 34.8911 -0.8690 1681
533 (surface) 03/09/09 76 4923 43 197 342221 3.0173 221
| 533 (bottom) 03/09/09 76 49.79 43 2.64 35.0052  0.6245 212
.;i 549 07/09/09 76 3726 34 27.777 34.1048 29371 182
é 571 13/09/09 74 31.72 41 17.93 34.8082 4.1814 204
E 576 17/09/09 71 0.02 30 56.65 34.4081  8.7733 277
591 19/09/09 75 024 31 12770 35.0371  6.2303 351
610 24/09/09 73 2973 29 8.62 349503  7.5476 405
624 28/09/09 72 5631 25 59.96 349741  7.3038 374
630 29/09/09 71 4795 36 4.12 350126 5.9334 275
530 11/09/09 76 55.67 12 4489 34.8187  7.0507 257
§ 558 18/09/09 79 3892 15 26.64 33.9923 43673 138
§ 569 20/09/09 81 16.09 22 5598 30.9728 -1.6096 210
E 574 22/09/09 78 35.88 25 10.46 32.6537 0.192 157
438 26/09/09 71 19.50 22 28.09 - - 429

The yearly investigation of radioactive contaminants in sediments and seawater in the area
around the sunken Russian submarine “Komsomolets” was also included in this sample
collection.

1.8.2.3 Biota

Biota samples were collected from both pelagic and benthic trawls. For large fish species,
attempts were made to collect filets from 25 fish from each station/area. Small fish, shrimps
and benthos will be analyzed whole. The samples were frozen and brought back to IMR and
NRPA for further treatment. The samples will be analyzed for radionuclides, organic
contaminants and trace metals.
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Stations where biota samples were collected is listed below. The samples will be analysed for organic
contaminants and radioactive pollution.

Station | Snecies
282 cod. saith. deen-sea shrimn
284 cod. deen-sea redfish
288 cod. haddock
290 cod. deen-sea redfish. norwav nout
292 saith. haddock
296 deen-sea redfish. blue whiting
298 deen-sea redfish. lone roueh dab
299 amnhinods
304 krill
307 long rough dab. nolar cod. ereenland halibut
311 cod. nolar cod
313 lone rough dab
314 krill
317 canelin
318 oreenland halibut
353 haddock
=N 362 long rouch dab
© 365 oreenland halibut. deen-sea shrimn
oo'\ 368 long rough dab
m’ 371 long roueh dab
€ 375 long roueh dab
2 400 haddock
T 4m haddock
= 403 haddock
=2 407 haddock. deen-sea redfish
424 deep-sea redfish
433 long rough dab, deep-sea shrimp
442 capelin
445 cod
451 greenland halibut, 0-gr. cod, 0-gr. herring, 0-gr. haddock
456 cod
463 cod
465 ereenland halibut
470 cod, golden redfish
471 0-gr. herring
472 cod, golden redfish, greenland halibut
— 479 krill
8’ 480 norway pout
A 484 ereenland halibut
g 486 golden redfish
- 494 blue whiting
8 496 golden redfish
E 495 herring
= 497 deep-sea redfish
=2 498 herring
177 lone rough dab
178 deep-sea redfish, greenland halibut
179 cod, haddock, deep-sea redfish, greenland halibut, long rough dab
182 cod, deep-sea redfish, long rough dab
186 capelin
187 cod, haddock
188 cod, haddock
191 cod
» 196 deep-sea redfish, deep-sea shrimps
3 198 herring
o 216 deep-sea redfish
&) 223 deep-sea redfish
J. Maven 554 polar cod
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1.8.2.4 Equipment used

¢ A shipboard pump was used to collect surface (5 m) seawater.

e A CTD/rosette multi-bottle sampler with 12 10 L samplers was used to collect seawater
from depths below 5 meters.

e A filter system consisting of a prefilter (1 micron) and two Cu;y[Fe(CNg)]-impregnated
cotton filters connected in series was used for collecting radiocaesium-samples.

e A "WATSON-MARLOW?”-pump and ion exchange columns containing a standard anion
exchange resin (Amberlite IRA 400, Sigma-Aldrich) was used for Tc-extraction.

* A Smeagen boxcorer was used for sediment sampling.

1.8.3 Analyses

Technetium-99 and cesium-137 are analysed by means of radiochemical treatment followed
by beta- and gamma-spetroscopy, respectively. The method for Polychlorinated biphenyls
(PCB) and chlorinated pesticides includes liquid-liquid extraction, fractioning and clean-up of
the extract and the analysis of the fractions with gas chromatography coupled to ECD-
detector.

Analyses of pollutants are often time consuming, and we plan to have all the results ready
within about a year. Some preliminary results are presented in chapter 2.10.

1.9  Fish pathology research
1.9.1 Background

The research aimed at study of health of commercial marine organisms was commenced by
PINRO in 1999 in connection with the lack of the scientific information about pathology and
deceases of marine organisms occurring in the Barents Sea and adjacent marine areas (ICES
Subarea I and Divs. Ila and IIb). The research is of monitoring type. Its primary goal is to
develop the system of express testing of the commercial fish population health, their habitat
and safety of aquatic biological resources.

1.9.2 Purpose

The main purpose of the fish pathology research is annual estimation and control of epizootic
state of cods, flatfishes and wolffishes, the completion of databank on fish diseases and
pathology. Also this investigations are necessary to find and describe symptoms of diseases in
cod, haddock, halibut, polar cod, long rough dab, capelin; to collect statistical data on the
occurrence frequency of pathologies and disease symptoms and to sample ill fish tissues for
laboratory diagnostic research.

1.9.3 Proceeding of analysis

Examination of skin, fins, head, eyes and viscera of fish when making biological analysis.
Photographing ill specimens and pathologies revealed.

Description of morphology and localization of pathologies.

Holding fixed tumors, ulcers, necrotic skin parts, affected eyes and viscera of fish for
histopathologic analysis.

+ Registering and recording ill fish in trawl cards and in statistical tables.
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» Registration of data by fishing areas, objects and 6 groups of pathologies (acute and
healing ulcers , necrosis of fins and skin, eye changes, skeleton deformation, tumors,
pathologies of liver and gonads).

e Preliminary analysis of primary data on diseases and pathologies of fish.

2 Results and discussion

Altogether, the joint survey included 127 vessel-days, compared to 141 in 2008 , 210 in 2007,
205 in 2006, 208 in 2005 and 215 in 2004. Altogether, the vessels sailed about 18000
nautical miles with observations of 460000 square nautical miles. In total, the Norwegian
vessels carried out 448 trawl hauls and the Russian vessels 306 trawl hauls, so in total 754
hauls were made during the survey (while 776 hauls were made in 2008, 1007 in 2007 and
999 hauls — in 2006).

Survey routes with trawl stations; hydrographical and plankton and environmental stations are
shown in Fig. 2.1, 2.2 and 2.3, respectively.

2.1 Hydrographical conditions

Figures 2.1.1-2.1.6 show the temperature and salinity conditions along the oceanographic
sections: Kola, Kanin and Varde — North. The mean temperatures in the main parts of these
sections are presented in Table 2.1.1, along with historical data back to 1965. Anomalies have
been calculated using the long-term mean for the period 1954-1990. Horizontal distribution of
temperature and salinity are shown for depths of 0, 50, 100, 200 m and near the bottom in
Figures 2.1.7-2.1.16. Anomalies of temperature and salinity at the surface and near the bottom
are presented in Figures 2.1.17-2.1.20.

In general the temperature was 0.4-1.1°C above the long-term mean throughout the Barents
Sea. The surface water temperatures were near the long-term mean in  most of the
investigated area. Positive temperature anomalies (> 0.5°C) were observed north of 77°N and
in the south-eastern, partly eastern and westernmost parts of the Barents Sea (Fig. 2.1.17).
Negative temperature anomalies (< —0.5°C) were found in the central part, as well as west of
the northern island of Novaya Zemlya and in the area between Bear Island and West
Spitsbergen. In the bottom layer, positive temperature anomalies (0.3-1.0°C) were found
practically in everywhere except some small areas west of the southern island of Novaya
Zemlya, east of Bear Island and south-east of the Spitsbergen Archipelago, where waters with
negative temperature anomalies (< —0.5°C) were found (Fig. 2.1.18).

Compared to 2008 the surface temperature was lower (on average 0.3-0.8°C) in the central,
south-eastern and partly north-eastern parts of the investigated area as well as north of Bear
Island and near the Spitsbergen Archipelago. In the south-western, northern, partly north-
eastern and westernmost parts of the Barents Sea on the other hands, the surface temperature
was of 0.5-1.0°C higher than in 2008. The temperatures at 50 and 100 m depths were lower in
2009 than in the previous year mainly near the Spitsbergen Archipelago, west and north of the
northern island of Novaya Zemlya and in the area approximately between 75 and 78°N. The

rest of the Barents Sea was occupied by waters with temperatures higher or close to the same
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as in the previous year. The temperatures at 200 m depth and near the bottom were in general
lower in 2009 than in 2008 throughout most of the Barents Sea.

The surface salinity was in general higher (by 0.1-0.4 on average) than the long-term mean
throughout most of the investigated area except for fresher surface waters found in small areas
west of West Spitsbergen, north of Bear Island and in the south-western Barents Sea (Fig.
2.1.19). The highest surface salinity anomalies (> +0.5) were observed in the eastern and
northern Barents Sea. Compared to 2008 the surface salinity was in general higher for the
investigated area. The water salinity below the surface layer was in general the same as in
2008 and slightly higher (up to 0.1) than the long-term mean throughout the Barents Sea
except the Spitsbergen Bank where fresher waters than usual were found (Fig. 2.1.20).

The Kola Section is divided into three parts. The inner part represents the Coastal Murman
Current and contains mostly coastal water masses, the central part represents the Murman
Current and usually contains both coastal and Atlantic water masses, and the outer part
represents the Central branch of the North Cape Current and contains mostly Atlantic water
masses. At the beginning of August 2009, the positive temperature anomalies in the upper 50
m layer were 0.5°C in the Coastal Murman Current, 0.2°C in the Murman Current and 0.3°C
in the Central branch of the North Cape Current. As for the upper 200 m layer, the positive
temperature anomalies were 0.7°C in the Coastal Murman Current and 0.6°C both in the
Murman Current and in the Central branch of the North Cape Current. Towards the end of
September these temperature anomalies reached values of 0.7, 0.6 and 1.1°C respectively both
in the upper 50 and 200 m layers, that was much higher (by 0.3-0.7°C) than in the same time
in 2008. In general, the positive temperature anomalies in the upper 200 m layer remained
unchanged in the inner and central parts of the Kola Section from the beginning of August to
the end of September 2009. Whereas the temperature anomalies in the upper 50 m layer in all
parts of the Kola Section and in the upper 200 m layer in the outer part become higher (by
0.2-0.8°C) towards the end of September compared to the beginning of August 2009. This
was probably due to strong westerly winds in September 2009, causinged more intensive
inflow of the Atlantic waters to the Barents Sea in the upper layers.

The Kanin Section is divided into two parts. The outer part represents the Novaya Zemlya
Current and had positive temperature anomalies of 1.0 °C in the upper 200 m layer at the
beginning of September 2009, corresponding to 0.2 °C higher than in 2008.

The Varde — North Section covers in the south the Norwegian Coastal Current and the
Murman Current containing both coastal and Atlantic water masses. North of this (about
72°15'-74°00'N) it cuts through the Central branch of the North Cape Current that carries
Atlantic Water eastwards south of the Central Bank. North of 74°30'N, the section covers the
Northern branch of the North Cape Current. This branch flows towards northeast on the west
side of the Central Bank transporting Atlantic Water masses toward the Hopen Trench. The
Central branch of the North Cape Current was warmer than usual and compared to the
previous year.
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The high temperature in the Barents Sea is mostly due to the inflow of water masses with high
temperatures from the Norwegian Sea. During the last 7 years the inflow to the Barents Sea
has had high temperatures.

2.2 Distribution and abundance of 0-group fish

The distribution of eleven 0-group fish species (capelin, cod, haddock, herring, polar cod,
saithe, redfish, Greenland halibut, long rough dab, wolffish, sandeel) are shown in Figs 2.2.1-
2.2.11. Abundance indices calculated for most ecologicaly important species (capelin, cod,
haddock, herring, polar cod, saithe, redfish, Greenland halibut and long rough dab) from
1980-2009 are shown in Tables 2.2.1 to 2.2.2. The density grading in the figures is based on
the catches, measured in number of fish per square nautical mile. More intensive coloring
indicates dense concentrations. In the central part of the Barents Sea cod and haddock were
observed from surface to bottom, relating to settlement of cod and haddock. Hence
underestimation of cod and haddock abundance is obvious. Length frequency distributions of
the main species are given in Table 2.2.3.

Abundance indices for 2008 were recalculated due to mistakes in the calculations program.
New indices are presented in Tables 2.2.1 to 2.2.2.

The 2009 year classes of capelin, cod and haddock can be characterized as abundant. The
2009 year class of herring, redfish, polar cod and sandeel are close to average, saithe,
Greenland halibut, long rough dab and wolffish are poor.

The capelin in the western partt was smaller, while in eastern part larger than in 2008. Cod,
herring and especially haddock were larger than in 2008 In spite of the fact that the
investigations were carried out about one month later in 2009 than in most previous years.
Otoliths were taken to split O-group from older fish when both small and large fish were
observed in the sample.

2.2.1 Capelin (Mallotus villosus)

Capelin were distributed over a wide area - from the Norwegian and Russian coast until 77°N
and between 20°E and 57°E (Fig. 2.2.1). The highest densities of capelin were observed in the
south-eastern part of the Barents Sea between 35-50°E and 68-74°N. Scattered concentrations
were found in the central part and were absent in the western part of Barents Sea.

Otoliths were taken regularly to split of 0-group from older fish. In samples taken for age
reading 0-group capelin was generally not longer than 5.5 cm, except three samples, were fish
length were 7.0 and 7.5 cm. The mean length of capelin was 4.2 cm, the smallest since 2006.

The calculated density varied from 0 to 30 million fish per square nautical mile. Mean catch
per trawl was 2557 fish.

In four successive years, the abundance of capelin has been high, and the abundance in 2009
was about 2 times higher than the long term average level.
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2.2.2 Cod (Gadus morhua)

0-group cod were distributed over a wide area, as usually (Fig. 2.2.2). The main dense
concentrations were registered in the central part of the sea from 71°N to 75°N between 20°
and 40°E. Scattered registrations were observed until 79°N and along the coast, west and
north of Spitsbergen up to 82°N.

Otoliths were taken at some stations to identify 0-group cod. Otoliths reading show that
length of 0-group cod varied between 5 and 14 cm and length of the most of fish was between
7 and 10 cm. Hence length of cod was higher than the long term mean.

The calculated density varied from 0 to 4.2 million fish per square nautical mile. Mean catch
was 973 fish per trawl haul.

The abundance index of 2009 year-class was 2 times higher than the long term mean level,
but lower than in 2008. In the northern and central parts of the Barents Sea settlement of 0-
group cod had begun, and cod were distributed in the whole water layer (Fig 2.2.12).
Therefore cod abundance is underestimated.

2.2.3 Haddock (Melanogrammus aeglefinus)

0-group haddock were distributed in western and central parts of the Barents Sea: from the
coast up to 77°N, between 15" and 47°E, and scattered concentration were observed along the
western and northern coast of Spitsbergen (Fig. 2.2.3).

Otoliths were taken from fish larger than 15 cm to identify length of 0-group fish. Length of
0-group haddock varied between 5 and 17 cm and length of most of the fish was between 8.5
and 11.5 cm. Mean length of haddock was 10 cm, and was higher than long term mean.

During the last three years mean catch per trawl haul continually decreased, but was high in
2009, when the mean catch was 333 fish per trawl haul. The calculated density varied from 0
to 1.3 million fish per square nautical mile.

The 2009 year class of haddock is twice as high as the long term mean, and therefore the 2009
year class of haddock can be characterized as above average. In the central part of the Barents
Sea settlement of 0- group haddock had begun, and haddock were distributed in the lower
water layers. Therefore the abundance of haddock is underestimated.

2.2.4 Herring (Clupea harengus)

0-group herring were distributed in the central and southern parts of the Barents Sea. The
densest concentration of herring was observed from the coast of northern Norway and up to
74°N and between 25°-40°E (Fig.2.2.4). Scattered concentrations were observed to the west of
Spitsbergen. Mean length of herring was 7.4 cm, and was somewhat higher than the long term
mean. The length of herring varied between 3.5 and 12 cm, and most fish were 6-8.5 cm.
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Mean catch per trawl haul was 635 fish, somewhat was less than in 2007 and 2008. The
calculated density varied from 0 to 2.7 million fish per square nautical mile.

The 2009 year-class of O-group herring is two times lower than the average level, and
therefore the 2009 year class of herring can be characterized as poor.

2.2.5 Polar cod (Boreogadus saida)

The eastern component of polar cod was mostly distributed along the western and southern
coast of Novaja Zemlja (Fig. 2.2.5). A dense concentration was observed close to the coast.
The abundance index of the eastern component of 0-group polar cod is halv of the long term
average.

Around Spitsbergen scattered concentrations of the western component of polar cod were
registered. The abundance index of the western component of polar cod is higher than the
long term average.

The mean length of 0-group polar cod was 4.6 cm, and was lower than in the last two years.
Most of fish had length between 3 and 6 cm.

The 2009 year class of polar cod (summing the two components) seems to be medium. 0-
group polar cod distributes further north and east of surveyed area and only a part of the total
distribution was covered during this survey.

2.2.6 Saithe (Pollachius virens)

Distribution of 0-group saithe was very scattered. Saithe was observed only on some few
stations in the central part and at one station to the west of Spitsbergen. (Fig. 2.2.6).

Length of 0-group saithe varied between 6 and 14 cm, and most of the fish was between 8 and
10 cm. Mean length of saithe was 9.7 cm, and was higher than long term mean.

The maximum calculated density reached 9422 fish per nautical mile and the maximum catch
was only 58 fish.

Since 2006 abundance indices have continuously decreased, and in 2009 was 12 times lower
than long term average. So the 2009 year-class of saithe in the Barents Sea may be
characterized as very poor.

2.2.7 Redfish (Sebastes sp.)

0-group redfish was observed in two components: one was registered in the western and
central parts of the Barents Sea and another — to the west and north of Spitsbergen (Fig.
2.2.7). The distribution area of redfish was wider in 2009 than in previous years. Dense
concentrations of redfish were registered between 72-74°N and 20°-35°E, and north-west of
Spitsbergen.

In 2009 the mean fish length was 5.0 cm, and was higher than long term mean.
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Mean catch per trawl haul reached 5123 fish. On 16 of the stations fish densities were higher
than 1 million fish per square nautical mile, so the calculated density reached 26.5 million
fish per square nautical mile.

The abundance of 0-group redfish is near the long term average. So the 2009 year-class may
be characterized as average.

2.2.8 Greenland halibut (Reinhardtius hippoglossoides)

As in previous three years, 0-group Greenland halibut were found in small areas and in very
low densities to the north and west of Spitsbergen (Fig. 2.2.8). The distribution of Greenland
halibut was not completely covered. In addition, Greenland halibut starts to settle to the
bottom before the ecosystem cruise is carried out. There might be a strong variation in the
timing of larvae settling. Therefore calculated from pelagic sampling index of the 0-group
Greenland halibut is not reflecting of the real year-class strength.

Mean length of fish was lower than in 2008, but higher than long term mean, and was 6.5 cm.
Length of most of the fish varied between 5.5 and 8 cm.

The calculated density reached 1922 fish per square nautical mile.

The 0-group index is 4 times lower than long term average, and the 2009 year-class of
Greenland halibut is very week.

2.2.9 Long rough dab (Hippoglossoides platessoides)

Long rough dab was observed in two components: one was registered to the west of Novaya
Zemlya and the second along the east of Murman coast (Fig.2.2.9). Denser concentrations of
0-group long rough dab were not observed during surveys.

Mean length of fish was low and was 3.2 cm, which is the same as the last 4 years. In most
catches fish length between 2.5 and 4.5 cm dominated.

Mean catch was very low and was 12 fish per trawl haul. Calculated density reached only 17
thousand fish per square nautical mile.

In total, the 2009 year-class of long rough dab is 5 times lower than long term mean.
Therefore the 2009 year class may be characterized as poor.

2.2.10 Wolffish (Anarhichas sp.)

0-group wolffish was found at several stations. Some catches were taken around Spitsbergen,
and some catches to the west of Novaya Zemlya (Fig. 2.2.10).

The calculated density reached 2408 fish per square nautical mile, as was little higher than in
2008. No index is calculated for this species.
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2.2.11 Sandeel (Ammodytes tobianus)

Denser concentration of 0-group sandeel was found in the south-eastern parts of the Barents
Sea and some catches were taken in the central and western part of the Barents Sea (Fig.
2.2.11).

Mean catch was 728 fish per trawl haul, somewhat higher than in 2008. The calculated
density reached 2 million fish per square nautical mile, and was higher than in 2008. No index
was calculated for this species.

2.2.12 Blue whiting (Micromesistius poutassou)

0-group of blue whiting was not registered during the survey.

2.3  Distribution and abundance of pelagic fish
2.3.1 Capelin (Mallotus villosus)

2.3.1.1 Distribution

The geographical density distribution of capelin at age 1+ and for the total stock are shown in
Figs. 2.3.1 and 2.3.2. The total distribution area of capelin was as wide as in last year and
covered most parts of the Barents Sea and the areas to the west of Spitsbergen. Compared to
the last year, the northern border of capelin distribution was shifted to the south and located
along 78°-79° N. The main dense concentrations were found in two small areas — to the east
of the Hopen island and to the west of Novaja Zemlja. Young capelin also had a wide
distribution up to 78° N but total area and density distribution were smaller than in last year.

A sample echogram of capelin distribution in the north-eastern area are shown in Figs. 2.3.3
and 2.3.4.

2.3.1.2 Abundance estimate and size by age

A detailed stock size estimate is given in Table 2.3.1, and the time series of abundance
estimates is summarized in Table 2.3.2. The main results of the abundance estimation in 2009
are summarized in the text table below. The 2008 estimate is shown on a shaded background
for comparison.

Summary of stock size estimates for capelin

Year class Age Number (109) Mean weight (g) Biomass (103 t)
2008 2007 1 124.0 312.9 34 3.1 417.4 970.1
2007 2006 2 166.4 231.4 10.9 12.1 1821.8 2796.3
2006 2005 3 61.5 24.9 24.6 24.6 1510.2 611.7
2005 2004 4 0.3 1.7 28.4 30.0 7.1 50.3
Total stock in:

2009 2008 1-4 352.1 570.9 10.7 7.8 3756.5 4428.5

1.91

Based on TS value: 19.1 log L — 74.0, corresponding to 6=5.0 - 10" L

The total stock is estimated at about 3.76 million tonnes. It is about 15% lower than the stock
estimated last year but higher than the long term mean level. About 62 % (2.3 million tonnes)
of this stock is above 14 cm and considered to be maturing. The 2008 year class (1-group)
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consists, according to this estimate, of about 124 billion individuals. This estimate is about 2.5
times lower than that obtained for the 1- group last year. The mean weight (3.4 g) is 0.3 g
higher than that measured last year, and 0.2 g below the long-term average. The biomass of
the 2008 year class is about 0.42 million tonnes, which is2.3 times less than one year olds in
last year. It should be kept in mind that, given the limitations of the acoustic method
concerning mixed concentrations of small capelin and O-group fish and near-surface
distribution, the 1-group estimate might be more uncertain than that for older capelin.

The estimated number of the 2007 year class (2-group) is about 166 billion, which is about
1.4 times lesser compared of the 2006 year class measured last year. Consequently the
biomass of the two years old fish is about 1.82 million tonnes. The mean weight at this age is
10.9 g, which is lower than in last year (12.1 g), but is near the same as the long-term average
(Table 2.3.2).

The 2006 year class is estimated at about 62 billion individuals. This age group with mean
weight 24.6 g (about 5.3 g above the long-term average) has a biomass of about 1.5 million
tonnes. The 2005 year class (now 4 years old) is estimated at 0.3 billion individuals. With a
mean weight of 28.4 g this age group makes up only about 7 thousand tonnes. Practically no
capelin older than four years was found.

1.2.1.3 Total mortality calculated from surveys

Table 2.3.3 shows the number of fish in the various year classes, and their “survey mortality”
from age one to age two. As there has been no fishing on these age groups, the figures for
total mortality constitute natural mortality only, and probably reflect quite well the predation
on capelin. As can be seen from the table, the mortality was high prior to 1988, but then a
substantial decrease occurred in 1988-89. This coincided with a considerable increase in the
stock size caused by the rich 1989 year class. From 1990, the mortality again increased, up to
85% in 1992-93. This increase is in accordance with the observation of an increasing stock of
cod, which were preying on a rapidly decreasing stock of capelin. The mortalities calculated
for the period 1996-2002 varied between 20 and 52% and indicate a somewhat lower level of
mortality. In 2003 a considerable increased natural mortality was observed, at the level
(around 85 %) observed in 1985-86 and in 1992-93 and this high level was continued from
2003 to 2005. From 2006, the natural mortality started to decrease but increased again until
47% in 2009. The results of the calculation for the year classes 1992, 1994, and 2006 shows,
however, that either the one-group are underestimated or the two-group is overestimated these
years. Knowing that the measurement of the 1-group is more uncertain than the older age
groups due to limitations in the acoustic method, the first mentioned possibility is the most
probable.

2.3.2 Polar cod (Boreogsdus saida)

Compared to recent years, the polar cod distribution was almost completely covered. The
geographical density distribution for fish at age 1+ and for the total stock are shown in Figs.
2.3.5 and 2.3.6. The main concentrations were found along west coast of Novaja Zemlja and
in the area between the archipelagos Spitsbergen and Franz Josef Land. This situation is
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common during the autumn, when the polar cod stock is widely distributed in the northern
part of the Barents Sea.

2.3.2.1 Distribution

The total distribution area of polar cod was found to the north of 73° N and until Franz Josef
Land between 32° and 66° E. Two small patches of scattered concentrations were observed
also to the north of Spitsbergen and to the south of Novaja Zemlja. The densest registrations
of polar cod were found to the south of the archipelago Franz Josef Land between 45°-50° E.

Figure 2.3.7 shows a typical acoustic registration of polar cod.

2.3.2.2 Abundance estimation

The stock abundance estimate by age, number, and weight was calculated using the same
computer program as for capelin.

A detailed estimate is given in Table 2.3.4, and the time series of abundance estimates is
summarized in Table 2.3.5. The main results of the abundance in 2009 are summarized in the
text table below. The 2008 estimate is shown on a shaded background for comparison.

Summary of stock size estimates for polar cod

Year class Age Number (10°) Mean weight (g) Biomass (10° t)

2008 2007 1 13.3 41.7 7.5 10.1 100.2 421.8
2007 2006 2 22.2 18.1 22.2 28.8 492.5 522.0
2006 2005 3 8.3 5.9 33.7 42.0 280.0 247.8
2005+ 2004+ 4 0.34 0.4 48.8 67.4 16.6 27.8

Total stock in
2009 2008 1-4 44.1 66.1 20.2 18.4 889.3 12194

Based on TS value: 21.8 log L — 72.7, corresponding to 6 = 6.7 - 107 - L*'®

The number of individuals in the 2008 year-class (the one-year-olds) is almost 68 % lower
than the one-group measured last year. Therefore, the biomass of one-year-olds is 4.2 times
lower compared to last year. The abundance of the 2007 year class (the two-year-olds) is 22.2
billions. This is almost 22 % higher than the two-group found last year but mean weight was
6.6 g lower. The biomass, therefore, decreased slightly compared to the 2006 year-class
estimated last year. The three-years-old fish (2006 year class) is about 8.3 billions that is 1.4
times higher than the three-group estimated last year. The mean weight is lower, but the
biomass of this age group is almost 1.1 times higher than that for the corresponding age group
during the 2008 survey. The four-year-olds (2005 year class) are scarcely found and estimated
at the same quantity as in last year. Also there were fish with age 5 and 6 but in insignificant
quantities. The total stock, estimated at 0.89 million tonnes, is 1.4 times lesser to that found in
2008 and indicates that the polar cod stock is near stable composition.

2.3.2.3 Total mortality calculated from surveys

Table 2.3.6 shows the “survey-mortality rates” of polar cod in the period 1985 to 2009. The
mortality estimates are unstable during the whole period. Although unstable mortalities may
indicate errors in the stock size estimation from year to year, the impression remains that there
is a considerable total mortality on young polar cod. Prior to 1993, these mortality estimates
represent natural mortality only, as practically no fishing took place. In the period 1993 to
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2006 catches were at a level between 0 and 50 000 tonnes. Since there has been a minimum
landing size of 15 cm (from 1998, 13 cm) in that fishery, a considerable amount of this could
consist of two- and even one-year-olds, and this may explain some, but only a small part of
the high total mortality. From 2003 to 2004, and from 2006-2007 there are negative survey
mortalities for age groups 1-2 and in 1998-1999 with 2003-2004 also for age group 2-3,
confirming the impression expressed previously that in some years the estimate for various
reasons were underestimates. Apart from these years, the survey mortalities have been quite
stable in recent period.

2.3.3 Herring (Clupea harengus)

In the Barents Sea only young Norwegian spring spawning (Atlantic) herring is present,
although some older herring may be found outside the coast of western Finnmark. At age 3-4
the herring migrates to the Norwegian Sea, where it spends the rest of the adult life. The
young herring have very big fluctuation and abrupt changes in numbers in the Barents Sea.

In some cases it is difficult to assess the young herring stock size during autumn. The main
problem is in distribution of herring schools close to the surface, above the range of the echo
sounders. In the last 2 years a new problem occurred. First, due to warming condition young
Atlantic herring migrated further southeast, where the water area is shallow (30-50 m depth).
Consequently, most part of herring spread above sounder. Second, is in the local population
of Kanin herring that have been observed in open part of the Barents Sea. During the survey
in 2008 both kinds of herring aggregated into mix concentrations, and it was impossible to
split their Sa values. Therefore, for eastern part of the Barents Sea an estimation of "mixed"
herring has been done in the last year. In current year it was possible to allocate young
Norwegian spring spawning herring from mixed concentrations due to small quantities of fish
from Kanin component.

2.3.3.1 Distribution

The distribution of young Atlantic herring is shown in Figure 2.3.8. Total distribution area of
herring in 2009 was near the same as in previous years and was divided into eastern and
western components along 30° E. Western component of Atlantic herring with predominance
of 3+ year olds were distributed over a large area between 12°- 24° E and up to 75° N.

Young herring of the eastern component were distributed in three local coastal areas between
30°- 36° E, 40°-43° E and 54°-58° E. In this areas 1+- 4+ year olds of Atlantic herring were
found, and herring at age 1+ prevailed.

2.3.3.2 Abundance estimation

The estimated number and biomass of western and eastern components of Atlantic herring for
total age- and length groups are given separately in Tables 2.3.7 and 2.3.8. In the text table
below the main results of the abundance estimation in 2009 are summarized for young herring
only (1-4 years old). The 2008 estimate have been revised for young Norwegian herring also
and shown on a shaded background for comparison. It is noted that because of insufficient
sampling of herring, especially in the western area, this estimate devided on age-groups
should be considered highly uncertain.
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Summary of abundance estimates of the portion of the herring stock found in the Barents Sea

Year class Age Number (10°) Mean weight (g) Biomass (10° t)
2008 2007 1 1.538 0.0296 31.4 19.6 48.4 0.6
2007 2006 2 0.433 1.6264 119.5 473 51.8 76.9
2006 2005 3 1.807 3.987 159.0 72.1 287.3 287.3
2005 2004 4 0.446 3.223 184.7 115.7 82.4 373.1
Total stock in:

2009 2008 1-4 4.224 8.866 111.2 83.2 469.9 737.9

Based on TS value: 20.0 log L — 71.9, corresponding to ¢ = 8.1:10-7 - L2.00

The total abundance of both herring components was estimated at 4.2 - 10° sp. (2.1 times
lower than in 2008) and biomass of 0.47 - 10°t is 1.5 times lower than it was found in 2008.
Numbers of Atlantic herring at age 2-4 years decreased considerable compared with previous
year. Numbers of year class at age 1 are evidently increased. Mean weight of all age classes
was higher than in last year's due to lesser quantity of herring from Kanin stock.

Acoustic estimates of herring by age in autumn1999-2009. TSN and TSB are total stock numbers (10°) and total
stock biomass (10?) respectively.

Age 1 2 4+ Sum

Year TSN TSB | TSN TSB| TSN TSB | TSN TSB | TSN  TSB

1999 48758.6 7159 9859 310 507 2.0 497952 748.9
2000 147310 382.6 11499.0 560.3 262300  942.9
2001 5245 120 105441 6043 17144 1600 12783.0 7763
2002 0.0 0.0

2003 99785.7 3090.3 43357 220.1 24756 3255 106596.9 3636.4
2004 142650 406.4 364950 27253 901.0  106.6 51717.0% 3251.9%
2005 46380.0 983.7 16167.0 1054.5 6973.0  795.2 69520.0 2833.4
2006 16180 342 55350 3984 16200 2105 8773.0  643.0
2007 39410 1475 25950 2175 63780  810.1  250.0%  457% 131640 12209
2008 206 0.6 16264 769 3987.0%*% 287.3*% 3222.6** 373.1%* 88656  737.9
2009 1538 484 433 518 1807  287.3 16860 393.0 5577.0 8148
1999-2009 [ 23003.5 5822 | 89784 594.0 | 26780 3316 | 17195  270.6 | 320929 141838

* - including older age groups not shown in the table

** - including Kanin herring

Since 1999, young Atlantic herring has been estimated in the Barents Sea, all previous years
are enclosed in the text table below for comparison. During this period (except 2007-2009)
one and two year olds prevailed. In 2007-2008 three and four year olds dominated in the
south eastern area (from Kanin herring mostly). In 2009 herring of 3+ year olds were
distributed mainly in the south western areas.

2.3.4 Blue whiting (Micromesistius poutassou)

In the south-western part of the Barents Sea blue whiting were observed as in previous years.
The target strength used for blue whiting is uncertain, and the estimate should to a greater
extent than the other estimates be considered as a relative quantity only.

2.34.1

The distribution of blue whiting (all age groups) is shown in Figure 2.3.9. As in previous

years the distribution area stretches eastward from the western boarder of the covered area up

to 30 E and from northern coast of Norway up to 77° N to the west of Spitsbergen. During
28
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last three years of observations the total distribution area of blue whiting continued to
decrease.

2.3.4.2 Abundance estimation

The estimated number and biomass of blue whiting per age- and length group is given in
Table 2.3.9. Total abundance was estimated to be 1.5 x 10° individual fish and the biomass to
0.261 x 10°t. Since 2003-2004, when more than one million tonnes of blue whiting was found
in this area, there has been a steady decrease in biomass, and the age distribution has been
shifted towards older fish. The biomass increased from 2008 to 2009, but is still low. The
main bulk of this stock component in 2009 consisted of 2005-2002 year-classes at age 4-7.
Older fish were found in smaller quantities and only insignificant numbers of fish younger
than 4 years old were found.

2.4 Demersal fish

Figures 2.4.1-2.4.10 shows the distribution of demersal fish. Numbers of fish and number of
stomachs sampled during the survey are presented in Appendix 3 and Appendix 4. Biomass
age-based biomass assessments of main commercial fishes, as well as detailed analysis from
taken samples, will be made available as electronic attachment to the report on internet.

2.4.1 Cod (Gadus morhua)

The distribution area of cod in the Barents Sea (Fig. 2.4.1) was completely covered. At this
time of the year, towards the end of the feeding period, the distribution of cod is wide. Cod
reach the limits of its natural habitat and spread far north and east. Total distribution of cod
was near the same as in last year. Main concentrations were observed in two areas: one was to
the south-west from Novaya Zemlya, and the other one was on the Great Bank, to the north-
east of Hopen Island. The main biomass of cod has been concentrated in a range of depths
from 100 m up to 250 m (78 %). Distribution of cod in 2009 coincided with distribution in
2008, except for northeast Barents Sea where this year dense concentrations of cod were
observed.

2.4.2 Haddock (Melanogrammus aeglefinus)

The haddock distribution (Fig. 2.4.2) was completely covered during the survey. Haddock
were distributed in the large area from the coast to 81°N and to the east until 57°E. The basic
concentrations of a haddock were found around Bear Island and on shallow sites in the
southeast part of the Barents Sea which coincide with the distribution in 2008. Denser
concentrations (than in last year) were observed also near North Cape and to the west of
Spitsbergen. The greatest concentrations were distributed on depths up to 100 m (49 %).

2.4.3 Saithe (Pollachius virens)

The survey has captured only a part of the distribution saithe around the northern coast of
Norway (Fig. 2.4.3). The demersal component of the saithe population preferred to stay in a
range of depths from 100 up to 200 m (81 %). Distribution of saithe in 2009 was similar to
that observed in 2008, but with higher densities.
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2.4.4 Greenland halibut (Reinhardtius hippoglossoides)

During the survey mainly young age groups of Greenland halibut were observed (Fig. 2.4.4).
The adult part of the stock was distributed outside of the survey area. Foremost concentrations
were located in traditional places on slope around Bear-Hope Islands and in the deeper part
around Spitsbergen east to the Franz Josef Land. For the first time observation of young
Greenland halibut in the northern part of the Kara Sea were made out during the ecosystem
survey. As a result it was found significant concentrations of young age groups of Greenland
halibut in Saint Anna's trench. Increasing concentration of Greenland halibut in the deep-
water zone to the south of Bear Island is the main difference of distribution in current year
compared with 2008.

2.4.5 Golden redfish (Sebastes marinus)

Golden redfish (Fig. 2.4.5) were distributed in the same part of the Barents Sea basin as in
previous years. The main densities were detected along the shelf slope to the west of
Spitsbergen archipelago and along the shelf slope to the southwest and central part of the
Barents Sea. The great bulk was concentrated in depths from 200 up to 300 meters.

2.4.6 Deep-water redfish (Sebastes mentella)

The main dense concentrations of deep-water redfish were distributed in traditional places of
dwelling, and were found in western and north-western parts of the Barents Sea (Fig. 2.4.6).
Most concentrations were located along the shelf slope off the Bear - Hopen islands and to the
west of Spitsbergen. Mainly young age groups of Sebastes mentella were found to the east of
Franz Josef Land in Saint Anna trench.

2.4.7 Long rough dab (Hippoglossoides platessoides)

As in previous years, distribution of long rough dab was wider than the other species. It was
found in practically all areas, and its catches were quite significant in most cases (Fig. 2.4.7).
Catches of Long rough dab were taken as far east as 76° E and north as 83° N in area of Saint
Anna trench. The greatest catches were found out in the central parts of the Barents Sea.

2.4.8 Wolffishes (Anarhichas sp.)

All of the three species - Atlantic wolffish (Anarhichas lupus), Spotted wolffish (Anarhichas
minor) and Northern wolffish (Anarhichas denticulatus) had approximately the same catch
rates.

Compared to 2008 the distribution of Atlantic wolffish was more limited (Fig. 2.4.8) and
catches were lower. The greatest catches of Atlantic wolffish were to the northwest from
Spitsbergen, near Bear Island, and on shallow sites in the southern part of the Barents Sea.

Spotted wolffish were spread more widely compared to 2008 (Fig. 2.4.9).

In current year distribution of Northern wolffish was similar to that observed in 2008 with
small increasing in the west Spitsbergen area (Fig. 2.4.10). Most concentrations were located
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in the central areas and along the continental slope to the west of Spitsbergen. The main
catches were in range of depths of 250-350 m (70 %).

2.5 Non-target fish species

A list of all fish species caught during the survey is given in Appendix 3 and 6. Some species
were chosen as indicator species to demonstrate the distribution patterns of fishes from the
different zoogeographic groups: the Thorny skate (Amblyraja radiata), Northem skate
(Amblyraja hyperborean), Plaice (Pleuronectes platessa) (Figs. 2.5.1-2.5.3).

2.5.1 Thorny skate (Amblyraja radiata), boreal zoogeographic group

As in 2008 this species was quite widely distributed in the Barents Sea excluding south
eastern and north eastern regions (Fig. 2.5.1). In all observed areas catches of this species
were higher than in 2008. Main larger catches were in central area, around Bear Island and to
the west of Spitsbergen and on shallow sites of in the southeast of the Barents Sea. The
Thorny skate preferred to keep in a wide range of depths from 50 up to 300 meters. The case
of capture of thorny skate on a slope in Saint Anna's trench in a point 80° 32' N and 70 02' E
is marked.

2.5.2 Northern skate (Amblyraja hyperborea), boreal zoogeographic group

Northern skate was distributed in the northeast part of the Barents Sea and along the shelf
slope to the west of Spitsbergen (Fig. 2.5.2). The main catches were from range of depths
from 200 up to 300 meters (41%).

2.5.3 Plaice (Pleuronectes platessa)

Plaice 