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Preface

Annual catch quotas and other regulations of the Barents Sea fisheries are set through
negotiations between Norway and Russia. Assessment of the state of the stocks and quota
advices are given by the International Council for the Exploration of the Sea (ICES). Their
work is based on survey results and international landings statistics. The results from the
demersal fish winter surveys in the Barents Sea are an important sourfmroftion for the

annual stock assessment.

The development of the survey started in the early 1970s and focused on acoustic
measurements of cod and haddock. Since 1981 it has been designed to produce both acoustic
and swept area estimates of fish abudasome development has taken place since then,
both in area coverage and in methodology. The development is described in detail by
Jakobseret al (1997), Johanneseet al (2009) and Appendix 2. At present the survey
provides the main data input fee\eralprojects at the Institute of Marine Research, Bergen:

- monitoring abundance of the Barents Sea demersal fish stocks

- mapping fish distribution in relation to climate and prey abundance
- monitoring food consumption and growth

- estimating predatiomortality caused by cod

This report presents the main results from the surveys in JaNaach 20B. The surveys

were performed with the Norwegian research vessdise | me r  &hd idahan éHjord

and Russian r esear cAnnualesvayeaeportsisinceild8jl ard listdtlann s e n ¢
Appendix 1, and names of scientific participants are given in Appendix 3.



1 I ntroduction

The Institute of Marine Research (IMR), Bergen, has performed acoustic measurements of
demersal fish in the Barents Sea since 1976. Sincé a98ottom trawl survey has been
combined with the acoustic survey. Typical effort of the combined survey has bdeh 10
vesselweeks, and about 350 bottom trawl hauls have been made each year. Most years three
vessels have participated from about 1 Felyrt@m15 March.

The purpose of the investigationgi®sently

1 Obtain acoustic abundance indices by length and age fanoithddock

1 Obtain swept area abundance indices by length (and age) for cod, haddock, redfish
Greenland halibuand blue whiting

1 Map the geographical distribution of those fish stocks

Estimate length, weight and maturity at agedod and haddock

1 Collect stomach samples from cod, for estimating predation hyRasdilts from analysis
of cod stomach samples from the 2018 survey weteavailable when this report was
finalized. Results of such analyses for the period 48BYW are given in the 2017 survey
report.

1 Map the distribution of maturing/prespawning capelin

=

Data and results from the survey are used Hothstock assessmenin the ICES Arctic
Fisheries Working Group AFW@nd by several research projects at IMR and PINRO.

From 1981 to 1992 the survey area was fixed (strdia, Inain areas ABCD in Fig. 2.1). Due

to warmer climate and increasing stock size in the early S199@ cod distribution area
increased. Consequently, in 1988d further in 1994he survey area was extended to the
north and east (strat82 3, mai n ar e a doobd@nE@E3nore comptete goverage 1)
of the younger age groups of cod, and sitmem the survey has aimed at covering the whole

cod distribution area in open water. For the samasonthe survey area was extended further
northwards in the western pant 2014 (strata 2426 in Fig. 2.1). In rany years since 1997
Norwegian research seels have had limited access to the Russian EEZ, and in 1997, 1998
2007 and 2016the vessels were not allowed to work in the Russian EEZ. In 498¢her
unusually wide iceextension partly limited the coveraggince 200, except in 20062007

and 2@7, Russian research vessels have participated in the survey and the coverage has been
better, but for various reasons not complete in most years. IrZB38Norwegian vessels

had access to major parts of the Russian EEZ. The coverage was more comiblese in
years, especially in 2008, 2011 and 2014. Table 3.6 summarizes degree of coverage and main
reasons for incomplete coverage in the Barents Sea wintet20d81



2 Methods

2.1  Acoustic measurements

The method is explained by Dalen and Smedstad (1979, 1983), Dalen and Nakken (1983),
MacLennan and Simmonds (1991) and Jakobsen et al. (1997). The acoustic equipment has
been continuously improved. Since the early 1990s Simrad EK500 echo sounder and Bergen
Echo Integrator (BEI, Knudsen 1990) were used. The Simrad EK60 echo sounder replaced the
EK500 on R/V AJohan Hjorto in 2005 and on R;
The |l atest R/V AG. O. Sarso has useRd VEKIEED Osi n
Sar so) i n 2004. The Large Scada 2036) replaced Sy st
BEI on R/V AG. 0. Sarso and R/V fiJohan Hjorto
the 2008 survey. On the Russian vessels EK 500 was used from 20@3 tar@DER60 since

2005.The new Simrad EK80 echo sounttas beenused dd/ V 1 G. 8ince 201 rarsl 0

onR/ V AJohsnoe2BllB.or t o

In the mid1990s the echo sounder transducers were moved from the hull to a retractable
centreboard, Hpor tRé Vsiidodhanhhe 1994 survey, o]
AG. O. Sarso) since 1997, on the | atest R/ V A
since the 2008 survey. This latter change has largely reduced the signal loss due to air bubbles

in the clo® to surface layer. None of the Russian vessels have retractable centreboards.

On the Norwegian vessels, acoustic backscattering values (gutical area scattering
coefficient NASQ are stored at high resolution in LSSS. After scrutinizing and alfagétie
values to species or species groups, the values are stored with 10 m vertical resolution and 1
nautical mile (NM) horizontal resolution. The procedure for allocation by species is based on:

- composition in trawl catches (pelagic and demersal hauls)

- the appearance of the echo recordings

- inspection of target strength distributions

- inspection of target frequency responses

For each trawl catch the relative-sontribution from each species is calculated (Korsbrekke
1996) and used as a guideliner fthe allocation. In these calculations, the fish length
dependent catching efficiency of cod and haddock in the bottom trawl (Aglen and Nakken
1997) is taken into accourithere is no reason to believe that trawl catches give an accurate
representation faspecies composition in the sea, so the calculatezbstribution from the

trawl hauls are used as a guidance only

The new Sea2Data software StbXs beerapplied to estimatacousticindices with CVs for

cod andhaddock Acousticestimates for the period 192017 werere-estimated using StoX
(Mehl et al 2018). The main difference between the SAS based BEAM Program (Totland and
Godg 2001) used until 201ahd StoX acoustic abundance estimation is that in BEAM the
survey area is dided into rectangles, and for each rectangle an average acoustic defsity (s
is calculated, while in StoX transects are defined within each stratum (Figure 2.1) as primary
sampling units (PSUs) and used to calculate acoustic density (Jolly and Harm@@pn 19
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The survey area is divided into eight Main Areas (A, B, C, D, E, S and N, Fig 2.1) and 26
strata. In 2014, the investigated area was enlarged by three new strata in north6ést, 24
(Main Area N, Fig. 2.1). Within each stratum, the acoustic couesskdrare divided into
transects, separated by the trawl stations in the stratum since the course tracks run through the
net of fixed bottom trawl stations in the bottom trawl survey. An area of about 2 nautical
miles around each station is not includedha transectd-or the time series 202D17 his

was done by first running a-Bcript tagging all the transects and then the transeets
inspected and edited manually in StoX if necessary. Minimum length of a transect is 4
nautical miles. In this pross miles with obvious errsrin the s-values, e.g. bottom
contribution,were removed from the transects.

For each transect and stratum, an arithmetic me@alculated for the demersal zone (less
than 10 m above bottom) and the pelagic zone (moreltban above bottom).

The conversion of mean NASC fmmi'?) to density of fish followed a standard procedure
where all trawl stations within a stratum with a catch of more than 5 individuals were
assigned to each PSU. If less than 3 trawl stations had been carried out in a stratum, stations
in neighbouringstratawere assigned to the PSUs such that at least 3 stations were assigned to
each PSU.

The combined length distributiod)(was calculated for each transect (PHY4Ss:
d;=8_d.

whered s is density (number by 1 NM tow distance) byrfh length grouplj for the stations
(s) assigned to PSY)(

The trawl catches are normalised to 1 NM towing distance and adjusted for lengthedépend
catchefficiency (Aglen and Nakken 1997, Dickson 1993a,) udsimgarameters given in the
text tablebelow.

Species a b Imin Imax
Cod 5.91 0.43 15cm 62 cm
Haddock 2.08 0.75 15 cm 48 cm

The areal density of fish X (n per nmf) by length group by transec} wascalculated as
NASC;
gy
whereNASG;, is the mean nautical area scattering coefficient by trangetd length group
()  ansdhe acoustic backscattering cresstion for a fish of length

Pj1=



NASG, is calculated as:

Ji.p
NASC;, = NASC; o——
' EI Ji.p

w h e npés thé acoustic backscattering creestion fora fish of length multiplied with the
proportion p) of a fish of lengthl in the total length distribution and NASEG the mean

nautical area scattering coefficient in trangect

The acoustic backscattering crestion (m) for a fish of length is calculated as

TS].
o; = 4710%0)

where the target strength§ for a fish of length (cm) is calculated as
TS, = mlog,,(I) + a
Wherem anda are constantd:or cod and haddock we applied

TS = 20log(l) — 68 (Foote, 1987)

Thefish abundanceN) by length groupl] for stratunmk is:
N1 = PraAr,

whereA is stratum area artie mean density dish of length groug and stratunk is:

wherew; =L, /L, (= 1,2, n) are the lengths of the& sample transects.

Estimates by length are converted to estimates by age using availaldagthedata from all
selected (filtered) stations in the stratum, weighted by station density. The total biomass is
estimated by multiplying the numbers at age by weight at age. The abundance by stratum is

then summed for defined main areas (Figure 2.1).



2.2  Swept area measurements

All vessels were equipped with the standard research bottom trawl Campelen 1800 shrimp
trawl with 80 mm (stretched) mesh size in the front. Prior to 1994 &eddvith 3540 mm
(stretched) mesh size and a cover net with 70 mm mesh sizemestl used. Since this

mesh size may lead to considerable escapemdny@érold cod, the coeendswere in 1994
replaced by co@nds with 22 mm mesh size. At present a cover net with 116 mm meshes is
mostly used.

The trawl is now equipped with a rockhopper ground gear (Engas and Godg 1989). Until and
including 1988 a bobbins gear was used, and theaoml haddock indices from thperiod
1981988 have since been recalculated to Oro
dependentatchefficiency and/or sweepwidth (Godg and Sunnana 1992, Aglen and Nakken

1997). The sweep wire length is 40 m, pl@sm wire for connection to the doors.

In the NorwegiarBarents Seahrimp survey (Aschan and Sunnand 1997) the Campelen trawl
has been rigged with some extra floats (45 along the ground rope and 18 along the under belly
and trunk, all with 20mm diamedeto reduce problems on very soft bottom. This rigging has

been referred to as ATromsB riggingo. When t
merged with theBarents Sedcosystem survey in 2005, improved shrimp data were also
requested from the wit er sur vey, and the ATromsB riggir

areas in 2004 (11 stations) and 2005 (9 statidns}0062014f Tr o ms B wasugedi ng o
for nearly all bottom trawl stations taken by Norwegian vessels in the winter suvkég
sine2 015 A Tr o nmadhotlveéngppliedn g 0

Vaco doors (6 ) 1500kg), were previously standard trawl doors on board the Norwegian
research vessels. On the Russian vessels and hired vesgpks dbors (ca 7 f) have been

used. I n 2004t amRd VR/A orfts@rted udip@#type doorfor bottom

trawling (Steinshamn A9, 7.1n%, 2050 kg), the same type as used on the Russian research
vessels. In 2010 the-door s wer e replaced by 1250 Thybo
Hansseno has used Thybor Bn t Toaastieve canstants sin
sampling width of a trawl hauhdependent of e.g. depth and wire length, @30n rope

Al ockso the di st ance-15 entinviom of the trasvl doorssowthe wi r e
Nor wegian vessels. This is called fAstrapping
most hauls rescted to the range 4B2 m regardless of depth (Engas and Ona 1993, Engas
1995). Strapping was first attempted in the 1993 survey on board one vessel, in 1994 it was
used on every third haul and in 1998997 on every second haul on all vessels. Siné8 19

has been used on all hauls when weather conditions permitted. Strapping is not applied on the
Russians vessels, but the normal distance between the doors is about 50 m (D. Prozorkevich,
pers. comm.).

Standard tow duration is now 15 minutes (un®83 the tow duration was 60 min. and from
1986 to 2010 30 mih Trawl performance is constantly monitored by Scanmar trawl sensors,
i.e., distance between the doors, vertical opening of the trawl and bottom contact control. In
20052008 sensors monitorirtge roll and pitch angle of the doors were used due to problems
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with the Steinshamn W doors. The data is logged on files, but have so far not been used for
further evaluation of the quality of the trawl hauls.

At the start of the survey at least two tbe trawls on the Norwegian vesseslsould go

t hr ough aThé pupase df the tesb is theck that the geometry of the trawl is
within the specifiedimits and that the trawl performance is satisfact@gpecially that the
bottom contact is skde. It is further checked that theawl sensoreperate as they should.

The positions of the trawl stations are-pefined. When the swept area investigations started
in 1981 the survey area was divided into four main areas (A, B, C and D, Figna. 135
strata.
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Figure 2.1. Strata (323) and main areas B,, C, D, D6, E and S) us e candfammustics we pt
estimations with StoXAdditional strata (246, main area Nare coveredsince 2014, but not included in the
standardime series

During the firstyears,the number of trawl stations in each stratum was set based on expected
fish distributionto reduce the variance, i.e., more hauls in strata where high and variable fish
densities were expected to occur. During the 1990s trawbrsdavere spread out more
evenly, yet the distance between stations in the most important cod strata is shorter (16 or 20
NM) compared to the less important strata (24, 30 or 32 Iigehsiderable amounts of young

cod werenow distributed outside the in&l four main areas, and in 1993 the investigated area

was therefore enl ar ge dreelpart ohSvabard (SD(Big. 2.Eand a n d
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Table 3.5), 28 strata altogether. In the 19985 survey reports, the Svalbard area was
included inareaA 6 d ¢éha western part of area(®est of 30E). Since 1996 a revised strata
system with 23 strata has been used (Figure 2.1). The main reason for reducing the number of
strata was the need fanoughtrawl stations in each stratum to get reliable estimates of
density and variancdn 2014 the investigated area was enlarged by three new strata in
northwest, 24826 (main area N, Fig. 2.1). However, the datacare to few yearso farnot

included in thestandardime serie®f standard abundance indiaesed in the assessments

Swept area fish density estimation

Swept area fish density estimates, | by speciesg) and length|j were estimated for each
bottom trawl haul by the equation:

ro,  number of fish of lengthper n.m? observed on trawl static
f, estimated frequency of length
a;, swept area:
_d. EW
' 1852

d, towed distance (nm)

EW length dependent effective fishing width:
EW =a @’ for |, <I<l_,
EW =EW_=a®j forl ¢l
EW =EW_= aQ forl21_,

The parameters are given in the text table below:

Species a b

Imin |max

Cod 5.91 0.43 15 cm 62 cm
Haddock 2.08 0.75 15 cm 48 cm

The fishing width was previously fixed to 25 m = 0.0135 nm. BaseDBiokson (1993a,b),
length dependent effective fishing width for cod and haddock was included in the calculations
in 1995 (Korsbrekkest al, 1995). Aglen and Nakken (1997) have adjusted both the acoustic
and swept area time series back to 1981 for thigthedependency based on mdangthat

age information. In 1999, the swept area ¥2895time series was recalculated for cod and
haddock using the new area and strata divisions (Bogs&ld1999).

For redfish, Greenland halibut and other speciefisking width of 25 m was applied,
independent of fish length.
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The new Sea2Data software StbAs beerapplied to estimate swept area indices with CVs

for cod, haddock, golden redfish, beaked redfish, Norway redfish, Greenland halibut and blue
whiting. Sweptarea estimates fdhe period 1994016 was reestimatedusing StoX(Mehl et

al. 2016) and so wasength and weight at age for cod and haddédkestimates for2017
andupdatedestimates fo2016and 201415 strata 246 wasre-estimatedvith StoX version

2.3, Rstox 1.5 andpdatednput data downloaded froDataSeExplorer:
http://tomcat7.imr.n0:8080/DatasetExplorer/vl/html/main.html

The main difference between the SAS based Survey Progmaviouslyused(years 1984

19930f the timeseries see earlier reports foesults and methodetailg and StoX swept area
estimation is in the use of the algmgth data. StoX does not use dgagth keys (ALK) in

the traditional sense with ALKs estimated for large areas. Missing age information is imputed
from known agdength data within station. If age information is still missing StoX searches
within strata, or lastly within all strata. If nge is available for a length group, the abundance
estimate is presented as unknown age. StoX does also allow for uncertainty estimation by
bootstrapping primary sampling units (PSUs)

23  StoXinput, filters and settings

StoX version 5 and Rstox B was used foracoustic,sweptarea, length and weight at age
and CV estimationsfor 2018 (http://www.imr.no/forskning/prosjekter/stox/en R for
Windows version 3.3 was used in the R callbtfps://www.kproject.org).

In FilterAcoustic, FreqExpr was set tofrequency=38000 or frequency=37879 In
NASCEXxpr, acocatwas31 for cod and30 for haddock.

In NASC and LayerTypewas set tdepthLayer.

Under FilterBiotic and FishStationExpr, in the acoustic estimationsvas applied
fs.getLengthSampleCount('TORSK") > 5for cod and's.getLengthSampleCount('HYSE")

> 5 for haddock andfishstationtype !~ ['1', '2', '3, filtering out stations with less than six
speimen and stations with experiments, (see Johnsen et al. 2016 and Mjanger et al. 2017 for
more info about filters and codes).

In the swept area estimationwas used: FilterBiotic and FishStationExpr, gear
=~['3270','3271'] andearcondition < 3 andtrawlquality =~['1','3"] andfishstationtype != 2.

In DefineStrata, vintertokt_barentshavny.txt was used as basis for strata definition. Nodes

for strata towards north and east have been adjusted to reduce the strata according to coverage
and ice border ieach year.

In StratumArea andAreaMethod, Accurate was applied.
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Under StationLengthDist and LengthDistType, NormalLengthDist was used, and under
RegroupLengthDig andLengthinterval, 1.0 is appliedin the acoustic estimations abd
in the swept areasémations

UnderCatchability andCatchability Method, LengthDependentSweepWidthwas usedor
cod and haddockith the parameters given above.

In the swept area estimates, BweptAreaDensity LengthDependentwas use and for
SweepWidthMethod, Predetermined was appliedor cod and haddock ar@donstant with
SweepWidth 25 mfor the other species

In the acoustic estimates, fBroStationAssignmentand AssignmentMethod Stratum was
used.EstLayerswas set td~PEL 2~BOT.

UnderBioStationWeighting andWeightingMethod, SumWeightedCountwas used.

In AcusticDensity, m was set t@0and a to-68.

Under SuperindAbundance and AbundWeightMethod, StationDensity was used, with
LengthDist set toRegroupLengthDist

24 Estimation of variance.

The acoustic andswept area survey indices are presented together with an estimate of
uncertainty (coefficient of variation; CVJ.hese estimates weobtainedby using StoXwith

a stratified bootstrap routine treating each transect as the primary sampling unit. In addition, a
bootstrap routine for all trawl stations by stratas carried out withieachrun.

The estimated CV (Standar d Dm 500 #deratioosnandAs 1 0 0 /
strongly dependent on the choice of estimator for the indfc€&V of 20% or less could be

viewed as acceptable in a traditional stock assessment approach if the indices are unbiased
(conditional on a catchability model). Valuesab this indicate a highly uncertain index with

little information regarding year class strength.

25  Sampling of catch and agdength keys.

Sorting, weighing, measuring and sampling of the catch are done according to instructions
given in Mjangeret al. (2017). Since 1999 all data except age are recorded electronically by
Scantrol Fishmeter measuring board, connected to stabilized scales. The whole catch or a
representative sub sample of most species was length measured on each station.

At each trawl &ation age (otoliths) and stomach were sampled from one cod per 5 cnt length
group. In 20072009, all cod above 80 cm were sampled, and in 2010 all above 90 cm, limited
to 10 per station. The stomach samples were frozen and analysed after the surveyk Haddoc
and Greenland halibwtoliths werealsosampled from one specimen per 5 cm lergibup

12



Regarding the redfish specie€Sebastes norvegicuand S. mentella otoliths for age
determination were sampled from two fish in evemgm length-group on every sten. Table
3.3 gives an account of the sampled material.

2.6  Raising of indices

In 1997, 1998 and 2007 only the Norwegian ERIEZ) and parts of the Svalbard area (S)
was covered. The sweptea indices for cod, haddock, golden redfish, beaked redfish and
Greenland halibut has therefore been raised to also represent the Russian EEZ (RE&) (Mehl
al. 2016).

In 2006,there was noa complete coverage in southeast due to restrictions. The observations

in the partially covered strata 7 were extrapolated to the full strata, and the observations in the
partially covered strata 13 were extrapolated to the same area as covered In 2003the
coveragewas incomplete in the eastern aresdthe cod and haddock swept area estimates
within the covered area were raised by the 7
20082011 (ICES 2012)The scaling factof i i n d e Xor estamatingoadjysted total from

<Totali areaD6 > was t he average far¢aD0) bynaghbkefypeai
2011(Aglen et al. 2012).

In2017t he Nor wegian vessel was not allowed to
00 ° E, andno Russian vessel participated in the surn@yly a small part of strata 7 was
covered, and strata 13, 15, 17 and 20 were not covEhnedcod haddock Greenland halibut

and beaked redfisbwept area estimatesid cod and haddock acoustic estimatéhin the

covered area were raiséallowing the same procedure as for 20The scaling factor for
estimating adjusted total from <Totatrata7 > was the average ratio by age for Tijiadtal

T (strata 74#3+15+17+2)) swept area indicasa the years @14-2016.
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3 Survey operation and material

Table 3.1 presents the vessels participating in the survey 81a2@ILIMR trawl station series
numbersandFigure 3.1 shows survey tracksawl stationsand ice cover

Table 31. Vessel participation bperiodand trawl station series numbers by vessel for the winter sumvey
2018.

Period Series no.
Johan Hjort 28.01-12.03 70001-70220
Helmer Hanssen 20.01-27.02 7030170540
Fritjof Nansen 08.02-11.03 0000100118

- 7

Cruise track 2018

X RV Helmer Hansen, PT stations . RV Johan Hjort, BT stations X RV Fritjof Nansen, PT stations

65°N

= RV Helmer Hansen, BT stations xRV Johan Hjort, PT stations  +  Rv Fritjof Nansen, BT stations

Figure 3.1.Survey tracks andll trawl stations in the winter survey Z0Data source for the ice cover:
ftp://sidads.colorado.edu/DATASETS/NOAA/G02135/north/monthly/shapédites extent/02_Feb/

65°N
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Table 3.2 presents the number of swept area trawl stations, other bottom trawl stations and
pelagic trawl stations taken in the different main areas. For the calculation of swept area
indices to be used in the assessments, onlgukbeessful prelefined bottom trawl stations
within the standard strata system (strata3) were used. The number of stations in the new

strata 2426 are also given.

Table 3.2. Number of trawl stationsby main arean the BarentsSeawinter 2018. B;= swept aredottom trawl
(quality=1 and condition<3B,=other bottom trawlP=pelagidrawl, N=trawl stations in new strata.

Main area Trawl type
B: 46
A Bz 8
P 1
B: 33
B B> 9
P 5
B: 19
c B2 1
P 2
B1 172
b B2 14
P 11
' B1 56
D B, _
P 1
B: 34
E B, -
P 4
B: 57
S B2 1
P 1
417
Insidestandardstrata g; 33
system P o5
B: 87
N B> 1
P 9
Outside strata systen B> 6
B.+B, 544
Total p 34
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Table 3.3 gives an account of the sampled lengtld age material from bottom hauls and
pelagic hauls.

Table 3.3.Number of fish measured for length (L) and age (A) in the Barents Sea siintey 19942018.

Cod Haddock Golden Beaked| Greenland Blue
redfish redfish halibut whiting
Year L A L A L L L L
1994 57290 3400 40608 1808 3157 12389 525
1995 66264 3547, 37775 1692 3785 9622 583
1996 61559 3304| 34497 1416 2510 10206 587
1997 35381 2381 30054 1003 5429 10997 675
1998 39044 2843| 12512 859 1739 9664 649
1999 22971 2321| 12752 926 1266 6677 397
2000 31543 2871| 25881 1426 1161 8739 546
2001 36789 2998 30921 1657 1173 7323 499
2002 45399 3730 58464 2057 1143 6660 688
2003 59573 2857| 54838 1883 1102 4654 657
2004 40851 3175/ 51705 1874 1438 5507 459
2005 33582 3216| 67921 2060 835 5166 832
2006 19319 2683| 23611 1899 728 3356 962
2007 16556 2954/ 26610 2023 798 4544 973 4657
2008 26844 3809 50195 2490 897 8568 1020 1350
2009 22528 3486| 40872 2433 455 9205 807 891
2010 30209 4085 35881 2367 429 8564 984 626
2011 26913 3959| 29180 2260 286 6885 607 105
2012 17139 3020 33524 1854 574 5721 354 2441
2013 14525 2451| 19142 1671 479 6087 263 1091
2014 22624 4501| 35940 2586 563 9310 444 1846
2015 25401 3795/ 18483 2038 395 8933 541 1991
2016 16636 3368 25423 2067 614 8668 425 2396
2017 12402 2851| 15689 1955 576 8898 448 4799
2018 42462 5178| 43294 3307 1211 11500 548 1443
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The coverage of the most northern and most eastern strata differs from year to year. The areas
of these strata are therefore calculated according to the coverage eachalkaB.4gives

the area covered by the survey every year since.1981 n t hEattapolatedd i & a Of
reflectsthe size of areas where some kind of extrapolations/adjustments have been made to
take account of incomplete coverage (see also sectionTalgle 3.5 ammarizes thelegree

of coverage anthain reasons for incomplete coverage in the whole period.

Table 3.4 Area (NM) covered in the bottom trawl surveys in the Barents Sea winter (@8] 19942018 are
StoX estimates

Main Area Extra-

olated

Year A B c D D E S N exc-lrt?c:ﬁ:q N parea
1981:92| 23299 8372 5348 51116 - - - 88135
1993 23929 8372 5348 51186 23152 8965 16690 137642
1994 27180 9854 5165 53394 36543 11417 17557 161110
1995 26797 9854 5165 53394 58605 13304 24783 191904
1996 26182 9854 5165 53394 54047 5738 11809 166190

1997 27785 9854 5165 23964 2670 0 18932 88371 56200

1998 27785 9854 5165 23964 5911 3829 23931 100440 | 51100
1999 27785 9854 5165 43230 8031 5742 18737 118545
2000 27173 9854 5165 52314 29438 14207 25053 163204
2001 26609 9854 5165 53394 29694 15777 24157 164652
2002 26594 9854 5165 53394 21914 15757 24689 157369
2003 26621 9897 5165 52072 23947 6259 23400 147361
2004 27785 9854 5165 53394 42731 4739 20760 164428
2005 27785 9854 5165 53394 39104 19931 24648 179883

200¢ 27785 9854 5165 53394 35302 13872 24691 170064 | 18100

2007 27785 9854 5165 23911 8498 20822 27858 123894 | 56700
2008 27785 9854 5165 53394 23792 18873 26313 165176
2009 27785 9854 5165 53394 31978 15739 27858 171774
2010 27785 9854 5165 53394 17882 18562 27858 160501
2011 27785 9854 5165 53394 33432 16835 27858 174324

2012 27785 9854 5165 53394 9917 17289 27858 151263 | 16700
2013 27785 9854 5165 53394 58183 21118 27858 203358
2014 27785 9854 5165 53394 54800 29897 27858 58048 208754
2015 27785 9854 5165 53394 45449 26541 27858 47263 196047
2016 27785 9854 5165 53526 29266 20342 27630 54387 173568

20173 | 27785 9854 5165 45493 12223 18524 27858 387% 146903 | 37460
2018 27785 9854 5165 53394 45193 23095 27630 44186 192117

IREZ not covered
2REZ not completely covere(Strata 7 and3in 2006 Ar e a D 6 andl strate27018B,215, 7 and 20 in 2017
3 Additional northern aread\) covered not included irtotal andstandard survey index calculations
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Table 3.5 Barents Sea wintesurveys1981-2018. Main Areas covered, armbmments otfincomplete coverage

Year Coverage Comments

19811992 |ABCD

19931996 [(ABCDDGO6ES

1997 Norwegian EEZ (NEZ), S Not allowed access to Russian EEZ (REZ)

1998 NEZ, S, minor part of REZ |[Not allowed access to most of REZ

1999 ABCDDG6ES Partly limited coverage due to westerly ice extension
2000 ABCDDOES Russian participation starts

20012005 |ABCDDOES Russian vesse&overed where Norwegians had no access
2006 ABCDDOES No Russian vessgtot allowed access to Murman coast
2007 NEZ, S No Russian vessehot allowed access to REZ

2008 ABCDDOES Russian vessel covered where Norwegians had no acces:
2009 ABCDDOGES Reduced Norwegian coverage of REZ due to catch handli
2010 ABCDDG6 ES Reduced Norwegian coverage of REZ due to bad weathel
2011 ABCDDOG6ES Russian vessel covered where Norwegians had no acces:
2012 ABCDDG6 ES No Norwegian coverage of REZ due to veggeblems

2013 ABCDDOG6ES No Norwegian coverage of REZ due to vessel shortage
2014 ABCDDGO6 ESN Strata 2426 (N) covered for the first time

2015 ABCDDO6 ESN Slightly reduced/more open coverage due to bad weather
2016 ABCDDG6 ESN No access to REZ, Russian vesselered most of REZ
2017 ABCDDGO6ESN No Russian vessatot allowedaccess tsouthwesterfREZ
2018 ABCDDGO& ESN Russian vessel covered where Norwegians had no acces
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4 Total echo abundance of cod and haddock

Table 4.1 presents the time series of tetdlo abundancengan s multiplied by strata area and
summed over all strax@f cod and haddock in the investigated areas.

Table 4.1. Cod and haddock. Total echo abundance in the Barents Sea wigde2a® (m? reflecting surface -
10?3) estimatedby StoX Observations outside main areasSArenot included

StoX

Year Cod Haddock  Sum

199 5282 3898 9180
1995 3671 2948 6619
1996 2789 1248 4037
1997 1355 832 2187
1998 2254 543 2797
1999 1517 771 2288
2000 2833 1534 4367
2001 2158 1488 3646
2002 1976 2247 4223
2003 3717 3570 7287
2004 1174 2087 3261
2005 1370 2519 3889
2006 1116 2541 3657
2007 675 2311 2986
2008 3510 6195 9705
2009 2452 5300 7752
2010 3526 5939 9465
2011 2967 3715 6682
2012 3478 4182 7660
2013 5026 3604 9656
2014 4847 2915 7762
2015 5245 2161 7406
2016 2879 1587 4466
2017 2139 2588 4732
2018 3537 2851 6388

Inot scaled for uncovered areas

Since 1993 the acoustic values have been split between the two species during the
scrutinizing. The values for cod have showed an increasing trend sine¢eth@00s, with a

peak in 20132015 Total echo abundance was 40% lower in 2016 compared to &d5
decreased further from 2016 to 2017, while there was an increase of more than 50% from
2017 to 2018The values for haddock increased gradually from the end of the 1990s8t0 200
decreasedgradually to less than one third of the ZD0/alue in 2016but increased
considerablyn 2017
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