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Introduction

Participants

Erik Berg Norway
Bjarte Bogstad Norway
Vladimir Borisov (part-time) Russia
Tatiana Bulgakova (part-time) Russia
Jose Miguel Casas Spain
Guzman Diez Spain
Konstantin Drevetnyak Russia
Anatoly Filin Russia
Age Fotland Norway
Sergey Golovanov Russia
Harald Gjgssder Norway
Kjellrun Hiis Hauge (part-time) Norway
Age Hgines Norway
Y uri Kovalev (Chair) Russia
Yuri Lepesevich Russia
Sigbjern Mehl Norway
Kjell H. Nedreaas Norway
Kéare Nolde Nielsen (observer) Norway
Dmitry Prozorkevich Russia
Alexey Russkih Russia
Rudiger Schone Germany
Mikhail Shevelev (part-time) Russia
Oleg Smirnov Russia
Jan Erik Stiansen Norway
Ekaterina Volkovinskaya (trandl ater) Russia
Nikolay Ushakov Russia
Natalia Yaragina Russia
Sondre Aanes Norway
Morten Nygaard Asnes Norway

The meeting was observed by a scientific observer working on research project Boundary
Negotiations in Mandated Science (BNIMS), funded by the Norwegian Research Council.

Terms of Reference
At its October 2004 meeting ACFM decided the following:

The Arctic FisheriesWorking Group [AFWG] (Chair: Y. Kovalev, Russia) will meet in
Murmansk, Russia from 19-28 April 2005 to:

a) assess the status of and provide management options for the year 2006 for the stocks of
cod, haddock, saithe, Greenland halibut, and redfish in Subareas | and I, taking into
account interactions with other species;

b) update the data files on Barents Sea capelin and oversee the process of providing inter-
sessional assessment and predictions on the stock;

c) for the stocks mentioned in a) and b) perform the tasks described in C.Res. 2ACFMO0L1.

AFRWG will report by 3 May 2005 for the attention of ACFM.

C.Res. 2ACFMO01

WGNSSK, WGSSDS, WGHMM, WGMHSA, WGBFAS, WGNSDS, WGNPBW, AFWG,
HAWG, NWWG, and WGPAND will, in addition to the tasks listed by individual group, in
2005;

(1) for stockswhereit isconsidered relevant, review limit reference points (and come
forward with new ones where none exist) and develop proposals for management
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strategies including target reference points if management has not already agreed
strategies or target reference points (or HCRs) — following the guidelines from SGMS
(2005) and AMAWGC (2004 and 2005);

(2) comment on the outcome of existing management measures including technical
measures, TACs, effort control and management plans;

(3) based on input from WGRED incorporate (where appropriate) existing knowledge on
important environmental drivers for stock productivity and management into assessment
and prediction, and important impacts of fisheries on the ecosystem;

(4) update the description of fisheries exploiting the stocks, including major regulatory
changes and their potential effects. The description of the fisheries should include an
enumeration of the number, capacity and effort of vessels prosecuting the fishery by
country;

(5) where misreporting is considered significant provide information on its distribution on
fisheries and the methods used to obtain the information;

(6) provide for each stock information on discards (its distribution in time and space) and
the method used to obtain it. Describe how it has been considered in the assessment;

(7) provide on anational basis an overview of the sampling of the basic assessment data for
the stocks considered;

(8) provide specific information on possible deficiencies in the 2005 assessments including,
at least, any major inadequacies in the data on landings, effort or discards; any major
inadequacies in research vessel surveys data, and any major difficulties in model
formulation; including inadequacies in available software. The consequences of these
deficiencies for both the assessment of the status of the stocks and the projection should
be clarified.

General comment

WGNPBW has been moved from spring to autumn and Barents Sea capelin moved to AFWG
from this year.

Management strategy for NEA cod and haddock

In 2004 ICES evaluated HCR for cod and stated that the rule was incomplete in the last part.
It was amended by I CES for performing the evaluation. The amended HCR was considered by
ICES as consistent with the precautionary approach. At the 33rd Session of The Joint
Norwegian-Russian Fishery Commission the HCR was amended for rebuilding situations and
ICES was requested to evaluate the new rule and provide an advice in accordance to it. The
evaluation of the harvest control ruleis given in Section 3.14.

The evauation of the harvesting strategy for haddock requested in 2003 was postponed.
AFWG decided to initiate a special Study Group in the beginning of 2006 for evaluation of the
HCR and biological reference points for NEA haddock.

The request from Norway in 2005 content the following: ... we request assessment of the
Northeast Arctic Haddock stock, and comments upon aspects of the agreed experimental
harvest rule in relation to the recruitment situation for this stock, and catch options according
to the experimental harvest control rule and to an exploitation equal to Fpa level”. The
requested comments to HCR could be found in Section 4.7.
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Unreported landings

ICES received an officia letter from the Norwegian ICES delegate including a report with
information about unreported landings of cod in the Barents Sea and Svalbard areas according
to comprehensive investigations conducted by the Norwegian Directorate of Fisheries with
assistance from the Norwegian Coast Guard. Besides, a number of WDs relevant to the issue
were presented at the AFWG meeting. ICES did also receive a report from World Wildlife
Fund (WWF) in Russia about illegal fishing in the Barents Sea. This report indicates
unreported landings of cod in the Barents Sea. By use of other and independent methods, the
WWF-Russia report supports assumptions made in the report referred to above.

Similar to last year and based on the information available, the AFWG thus decided to include
unreported landings of cod in the assessment for 2002-2004. The AFWG has revised the
amount of unreported landings for 2003 according to updated and more compl ete information,
and included new data for 2004.

The current situation with actual catches of cod much exceeding those reported officialy to
ICES raises great concern. AFWG strongly encourages relevant national authorities to
combine their efforts in developing measures against unreported landings in the future. It is
believed that regulatory measures recently introduced in the Barents and Norwegian Seas
pursuant to the Protocol of the 33" Session of the Mixed Russian-Norwegian Fisheries
Commission will contribute to decrease the illegal catches of cod and other species if they
become enforced.

Estimates of unreported landings included into the assessment were based on a number of
assumptions, thus AFWG believes that it will be useful if the different national inspecting
authorities better coordinate and assist each other when estimating the amount of unreported
landings, which there is an obvious need for.

Other inadequaciesin the data and possible deficienciesin the
assessments

At recent ARWG mestings it has been recognized that there is growing evidence of both
substantial discarding and mis-/unreporting of catches throughout the Barents Sea for most
groundfish stocks in recent years (ICES CM 2002/ACFM:18, ICES CM 2001/ACFM:02,
ICES CM 2001/ACFM:19, Dingser WD 13 2002 WG, Hareide and Garnes WD 14 2002 WG,
Nakken WD 10 2001 WG, Nakken WD8 2000 WG, Schone WD4 1999 WG, Sokolov, WD 9
2003 WG, Ajiad et al. WD24 2004 WG). During the present meeting, in addition to the above
Norwegian report on unreported landings in 2003 (updated) and 2004, an ICES paper
(Sokolov, 2004) estimating cod discard in the Russian bottom trawl fishery in the Barents Sea
in 1983-2002 was available to the group. The discard was found to be highly variable over this
time period and affected mainly age groups 3 and 4, and on average, 6 million individuals,
mostly age groups 3 and 4 (30-45 cm), were annually discarded. On average, this composes
about 6% of the total number of cod caught. Ajiad et al. (WD 18) presents preliminary results
on the total redfish by-catch in the Norwegian shrimp fishery during 1983-2003 based on data
from the Norwegian commercia shrimp landing statistics, data from the Norwegian fishery
surveillance agency and the scientific shrimp surveys. All in al, the total effect of the
discarding is still very unclear and requires more work before it can be included in the
assessments.

While the area coverage of the winter surveys was incomplete in 1997 and 1998, the coverage
was normal for these surveys in 1999-2002. In the autumn 2002 and winter 2003, however,
surveys have again been incomplete due to lack of access to both the Norwegian and Russian
Economic Zones. This affects the reliability of some of the most important survey time series
for cod and haddock and consequently also the quality of the assessments. In some years, the
permission to work in the Norwegian and Russian Economic Zones, respectively, has been
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received so late that the work has been severely hampered, e.g., the Russian survey in autumn
2003. There is no acceptable way around this problem except asking the Norwegian and
Russian authorities to give each other's research vessels full access to the respective
economical zones when assessing the joint resources, as, e.g., was the case for the two most
recent Norwegian winter surveysin 2004 and 2005.

In 1992, PINRO, Murmansk and IMR, Bergen began a routine exchange program of cod
otoliths in order to validate age readings and ensure consistency in age interpretations
(Zuykovaet al., WD 12; Nedreaas and Y aragina, WD 21). Later, a similar exchange program
has been established for haddock, Greenland halibut and capelin otoliths. Once a year the age
readers come together and evaluate discrepancies, which are seldom more than 1 year, and the
results show an improvement over the time period, despite still observed discrepancies for cod
in the magnitude of 15-30%. An even more positive development is seen for haddock age
readings showing that the frequency of a different reading (usualy +1 year) has decreased
from above 25% in 1996-1997 to about 10% at present. The discrepancies are aways
discussed and a final agreement on the exchanged cod and haddock otoliths is at present
achieved for all otoliths except ca. 2%.

The otoliths of Greenland halibut are not easy to read especialy for older fish. Consequently
the readers have difficulties in interpreting real age zones when the fish become older than 5
years (e.g., WD 8). Comparative readings among three Norwegian age readers, and also
between Russian and Norwegian age readers show good agreement and low CV. However,
even with acceptable between reader precision, there are strong evidences of low accuracy of
the age estimates.

For capelin otoliths there is a very good correspondence between the Norwegian and Russian
age readings, with a discrepancy in less than 5% of the otoliths.

Inadequacies in available software

The AFWG have found a bug in the XSA tuning diagnostics output. When running the XSA
using the software VPA95.exe with three tuning fleets in the Greenland halibut assessment,
the diagnostics table did only print the t-values of the regression statistics for the three fleets.
All other values were zero. Other diagnostics seemed all right, and all combinations running
with two tuning fleets or run fleet by fleet were also al right. This was interpreted as a bug
since the program obviously did perform the regression since it produced the t-values. The
software XXSA.exe produced complete diagnostics output file and all other results were
identical.

Use of age - and length structured modelsin assessment
(Gadget/Fleksibest)

The development of a new assessment model for Northeast Arctic cod — Fleksibest — started at
IMR, Bergen, in 1997. A description of the model is given in Frgysa et al. (2002). The model
is age- and length-structured, and the biological processes growth, maturation, mortality,
fishing and cannibalism are modelled as length-structured processes. Fleksibest is a forward
simulation model based on the Gadget (formerly BORMICON, Stefénsson and Palsson 1997,
1998, Anon., 2001, 2002) framework within which different formulations of biological
processes can be tested and compared. Fleksibest is an extension of the type of age-structured
assessment models where catches are modelled, sometimes termed CAGEAN or ‘statistical
catch at age analysis’ (Fournier and Archibald, 1982, Deriso et al., 1985). The Fleksibest
model has now been incorporated into Gadget and we will hereafter use the term ‘Gadget
applied to Northeast Arctic cod” instead of Fleksibest.

For NEA cod, Gadget has been used as a supplementary model to XSA for some years.
Gadget is now a complete assessment model which provides the same kind of output
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(assessment, retrospective analysis, prognosis, diagnostics) as e.g. XSA. Although questions
concerning choice of likelihood functions and appropriate aggregation level for model/data
comparisons need further study, it may be time to give the results from Gadget more weight.
The use of several assessment models for the same stock is increasingly common in several
assessment working groups. A comprehensive analysis of the performance of XSA and
Gadget for cod should be presented to the 2006 AFWG meeting.

A project is currently underway to construct a multi-area, multi-species (cod, capelin, herring,
minke whale) model for the Barents Sea using the Gadget modelling framework (see

also build upon the MULTSPEC model (Bogstad et al., 1997). The ability to model the
length-dependent interactions between species is critical to this work, which forms part of the

this model and elsewhere) towards biologically realistic multi-species models represents one
possible route to agoal of more inclusive ecosystem-based management.

Adding length structure makes it easier to include biological realism by modelling growth,
maturity, fecundity, recruitment, fishing mortality and natural mortality (e.g. cannibalism) as
processes depending on fish length/weight, temperature, prey abundance and other factors.
The NEA cod Gadget model has been extended to contain four population groups
(EggsandLarvae, O-group, immature fish and mature fish) in order to model the closed life-
cycle for cod as well as to include more biological realism. Results of extending the model
down to age 1+ (without closed life-cycle) are discussed in this year’s report. Results of the
closed life-cycle model were presented in a paper to the 2004 ICES ASC (Bogstad et al.,
2004). With such an extension Gadget can be used to model the abundance of all age groups
in the stock. Splitting immature and mature fish by sex in order to take sex differences in
maturity, growth and natural mortality into account could further extend this approach. Such
an extension will also make it possible to include fecundity/length/weight relationships in
more appropriate way.

This year, Gadget was aso applied to the Sebastes marinus stock in Sub-areas | and Il
(Section 7). The approach used there is similar to that used for the same species in Icelandic
waters (Bjornsson and Sigurdsson, 2003). The analytical assessment was conducted for the
time period (1986)1990-2004 (see chapter 7.3). Input data to the model were two fishing fleets
(gillnet and other gears) with catch in tonnes, by length and age on a quarterly basis, and the
annual Barents Sea joint bottom trawl survey on length and age. The optimisation and run of
the Gadget model on S marinus went well, and this assessment is considered to be an
important quantitative supplement to previous more qualitative survey results evaluations of
the stock.

Age-length structured models such as Gadget were studied at the ICES Study Group on Age-
Length Structured Assessment Models (SGASAM) in Bergen in June 2003 (ICES CM
2003/D:07). The meeting reviewed current status for age-length-structured and length-
structured population models. Age-based models make an implicit assumption that processes
are either age-dependant, or that age can be used as a proxy for the controlling factor
(typically length). There is thus a need to consider length-structured or age-length-structured
models where this assumption fails, or where age data is sparse or unreliable. Maturation,
growth, cannibalism, predation and fishing mortalities were all presented as processes where
age-structured modelling alone may prove insufficient. Examples of some attempts to resolve
these issues with different model were presented, and the meeting compared age-length-
structured models constructed for several different areas (Celtic Sea cod, whiting and blue
whiting, NE Arctic cod, New Zealand snapper), and a length-structured model (Northern Shelf
anglerfish). Length based modelling may also be useful in a situation where stock
demographics (e.g. length-at-age, maturity-at-age) show changes over time. Such changes

|5
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occur on an inter-annual basis, and may also show longer-term trends in response to fishing
pressure or environmental changes.

A second meeting of SGASAM was held in March 2005 (ICES CM 2005/D:01).

0.9 | CES Quality Handbook

Following the guidelines as adopted by ACFM in October 2002, in 2004 WG a stock specific
template was filled out for all AFWG stocks, describing how the annual assessment
calculations and projections are performed, as well as the biological stock dynamic, ecosystem
aspect, and the fisheries relevant for fisheries management, and the report has been re-
structured accordingly. In this report there were some changes in Quality Handbooks. The
corrected versions are presented as appendices to the working group report.

0.10 Scientific Presentations

WD 1 (presented by J.E. Stiansen) describes the present and expected situation of the Barents
Sea ecosystem. The working document includes relevant factors on climatic conditions,
phytoplankton, zooplankton, fish relations, marine mammals and bottom fauna.

WD 3 (presented by B. Bogstad) describes the status of joint Norwegian-Russian work on
evaluation of the modified harvest control rule for Northeast Arctic cod given by the Joint
Norwegian-Russian Fisheries Commission in 2004. The population model used is the same as
in last year’s assessment, but now assessment bias as well as implementation error and biasis
included explicitly. Also, both long-term simulations and studies of the performance of
harvest control rule in arebuilding situation are addressed.

WD 7 (presented by S. Mehl) describes analyses of Northeast Arctic saithe stomachs sampled
during the survey aong the Norwegian coast north of 62° N in October - November 1998-
2003. 6 000 stomachs were sampled of and on average 35 - 40 % of the stomachs were empty.
In the smallest size group (20-39 cm), krill was the dominating prey item in al sub-areas,
while in the larger size groups fish dominated. In the northern sub-areas, herring was the most
important fish prey, followed by Norway pout, haddock, and blue whiting. Cod only occurred
sporadically. In the southern sub-areas, Norway pout was the dominating fish prey, followed
by blue whiting and haddock. Herring was scarce and no cod was found. The importance of
fish was highest in north, while in south the importance of crustaceans increased. The size of
the fish prey increased with increasing predator size. Preliminary consumption estimates for
quarter four show that krill was the single most important prey species; followed by Norway
pout, herring, blue whiting and haddock. The consumption estimates are quite variable from
sub-area to sub-area and year to year, and may only partly reflect the consumption and
predation pressure of the Northeast Arctic saithe stock.

WD 8 (presented by A. Haines) describes the status of work addressing the ageing of
Greenland halibut. Serious problems with the present ageing technique for Greenland halibut
were identified. Tag-recaptures, length-frequency analyses, and morphometric analyses of
otoliths, al indicate that the present ageing method grossly underestimate age of older
individuals. It is concluded that current age data are not suitable for making age structured
assessments of the stock. A refined ageing method is presented, but more validation should be
done before age-structured assessments are again warranted. In the meantime aternative
approaches should be applied, e.g. traffic light evaluation scheme.

WD 12 (presented by N. Yaragina) describes the study was based on analysis of 646 cod
otoliths from Institute of Marine Research (IMR) collection, which were selected randomly by
five decades (the 1940-1980-s). As observed temporal trends in maturity-at-age and weight-at-
age of the Northeast Arctic cod stock require determinations of their cause(s), Norwegian and
Russian marine research ingtitutes have therefore investigated the possibility if that biases in
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age reading (if any) have contributed to the long-term trends observed in stock productivity
(growth, maturation rate, fecundity). The method of cod ageing of both Institutes (IMR and
PINRO) is similar in principle. The age interpretation method did not drift through time
(Rollefsen, 1933; Mankevich, 1966). Due to the study, there are some differences in age
determinations of the Northeast Arctic cod by various generations of readers in different time
periods. They have a tendency to diminish the age by modern readers compared to historic
data for age groups of 5 - 7 years old. For age groups of 8, 9 and 10-years-old there is a
opposite tendency: the age assigned to fish by specialists of the previous generation is one
year less, but deviations are not significant. Bias in ageing made in different time periods
cannot explain the appearance of the observed time trends of biological characteristics of the
Northeast Arctic cod population. Moreover, the revision of historic data of age reading made
by the present readers would lead to the strengthening of the observed tendencies.

WD 14 (presented by T. Bulgakova) is the development of the stochastic simulation model
presented at the AFWG in 2004. This model works on the retrospective period of the NEA
cod dynamics and is used both for testing of different HCR and the cod recruitment
forecasting. This year an attempt to include the uncertainty into the catch implementation in
the smulations is made for the variant of HCR approved by the 33 session of the Joint
Russian- Norwegian Fisheries Commission.

WD 15 (presented by G.G.Novikov) describes the status of research conducted within the
joint Russian-Norwegian project studied cod population structure in the Norwegian, Barents
and White seas. Samples were collected during spawning period both in fjords and in the open
sea. Results from the research support differentiation of cod into ecological forms, “oceanic”
and “coastal” ones by the structure of otoliths, however give no grounds to conclude about
reproductive isolation of these forms. No great genetic differences between local groups were
found as well.

WD 16 (presented by A. Pedchenko and O. Titov) is describes oceanographic conditions,
hydrochemical situation and distribution of zooplankton in 2004 as well as prediction of water
temperature for 2005-2006. It also gives prediction of capelin and cod abundance based on
hydrochemical indices in the bottom layer based on proposed prediction models in which in
addition to biological factors the other factors are taken into consideration influencing the
abundance of capelin year classes, such as change of climate. One of experiments on
application of the ecosystem approach to prediction of the Barents Sea capelin and NEA cod
recruitment abundance was a method with the use of data on physical and chemical status of
environment as indices of long-term variations of the Barents Sea ecosystem as a single
whole.

WD 17 (presented by K.H. Nedreaas) describes the modelling and assessment of Sebastes
marinus using the Gadget model for the time period (1986)1990-2004. This was a contribution
to ACFM’s previous recommendation to investigate possible alternative methods to
conventional catch-at-age analyses. Input data to the model were two fishing fleets (gillnet
and other gears) with catch in tonnes, by length and age on a quarterly basis, and the annual
Barents Sea joint bottom trawl survey on length and age. The results are given in the WD and
in the current report (Section 7).

WD 18 (presented by K.H. Nedreaas) provides estimated numbers and weights of the redfish
taken as by-catch in the Norwegian shrimp fishery in the Barents Sea during two decades. The
results have shown that shrimp trawlers removed significant numbers of juvenile redfish
during the beginning of the 80’s with a peak during 1985 amounting to about 200 millions
individuals. As sorting grids became mandatory in 1993, by-catches of redfish reduced
drastically during the 90’s. The by-catch of the redfish in relation to the shrimp catches and
redfish landings were discussed.

| 7
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WD19 (presented by B. Bogstad) describes a method for ‘tuning’ the yearly bottom trawl
winter survey of Northeast Arctic cod (Gadus morhua) using converged V PA-type abundance
estimates during a calibration period (1981-1995). For the two age groups considered in this
paper (4-6 and 7+), it was found that a regression with intercept gave the best fit to the data.

WD 21 (presented by K.H. Nedreaas) describes the status of the PINRO - IMR’s routine
exchange program of cod and haddock otoliths started in 1992. The age reading procedure has
to a great extent been standardized except for the fact that the IMR readers prefer reading the
opaque summer growth while the PINRO readers read the hyaline winter growth. Most often
PINRO reads (if any) one year more than IMR, and this seems to be area/season related. The
results show increasing of the percentage of overlapped age readings over the whole time
period both for cod and haddock. But differences in age reading varies by years, i.e. they
increased to 30% for cod in recent period (2003). The percentage of haddock age readings
showing a different result averaged about 10% at present. All in al, the effort invested by
PINRO and IMR in harmonizing the age readings among the readers has given positive
results.

WD 23 (presented by K.H. Nedreaas) describes the recreational - and the tourist fishing in
Norway, who has the right to fish, and what kind of regulations that exist for these activities.
Except a smaller quantity of the recreational catch which is sold and reported (and included in
the statistics), most of it is unreported. The working document summarizes two recent reports
(in Norwegian) about these fishing activities, and present a likely estimate of the quantities
caught. Altogether, the unreported cod fished in the Norwegian recreational fishery and by the
tourists, may account for about 10.000 tonnes coastal cod and 2.500 tonnes North-East Arctic
cod per year. More information and improved statistical analyses are necessary before this
information is suitable for inclusion in the analytical assessment.

WD 24 (presented by A. Russkikh) an attempt has been made to improve method in
estimating inputs for predictions of NEA haddock. It was established empirically and
supplemented statistical tests that “cohort” method which use as predictor means weight of
same yearclasses in previous year gives best results in predictions weight at age in stock for
youngest age groups and in predictions weight at age in catch for al age groups in short-term
projection procedure.

WD 25 (presented by S. Aanes) describes a stochastic age structured model. The input data
are estimates of catch at age and indices of abundance, and the model is fitted to data for
Northeast Arctic cod. The mortality processes are modelled as stochastic processes and natural
mortality is estimated, as well as the variance components in the processes describing the
temporal and random variability. In addition the input data are uncertain, and the uncertainty
in the input data is estimated. The model fit is evaluated by simulations. Estimates of the
abundance and mortality for the period 1985-2004 is presented and is in agreement with
existing estimates.

0.11 Time of Next Meeting

The Working Group proposes the dates of April 19— 28, 2006 for its next meeting.
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Ecosystem considerations

Fisheries effects, environmental effects and interactions within and between different levelsin
the food chain influence the population dynamics of all commercial fish stocks in the Barents
Sea. The understanding of the term ‘ecosystem’ is somewhat differing between science fields.
In this chapter both the physical environment and human activity are considered as part of the
ecosystem.

General description of the Barents Sea ecosystem (Figure 1.1)

The Barents Sea is a shelf area of approx. 1.4 million km? which borders to the Norwegian
Sea in the west and the Arctic Ocean in the north, and is part of the continental shelf area
surrounding the Arctic Ocean. The extent of the Barents Sea are limited by the continental
dope between Norway and Spitsbergen in west, the top of the continental slope against the
Arctic Ocean in north, Novaja Zemlyain east and the coast of Norway and Russiain the south
(Figure 1.1). The average depth is 230 m, with a maximum depth of about 500 m at the
western entrance. There are several bank areas, with depths around 50-200 m.

The general circulation pattern is strongly influenced by topography. Warm Atlantic waters
from the Norwegian Atlantic Current with a salinity of approx. 35 flows in through the
western entrance. This current divides into two branches, one southern branch, which follows
the coast eastwards against Novgja Zemlya and one northern branch, which flow into the
Hopen Trench. The relative strength of these two branches depends on the local wind
conditions in the Barents Sea. South of the Norwegian Atlantic Current and along the
coastline flows the Norwegian Coastal Current. The Coastal Water is fresher than the Atlantic
water, and has a stronger seasonal temperature signal. In the northern part of the Barents Sea
fresh and cold Arctic water flows from northeast to southwest. The Atlantic and Arctic water
masses are separated by the Polar Front, which is characterised by strong gradients in both
temperature and salinity. In the western Barents Sea the position of the front is relatively
stable, but in the eastern part the position of this front has large seasonal, as well as year- to-
year, variations. In general, the Barents Sea is characterised by large year-to-year variationsin
both heat content and ice conditions. The most important cause of thisis variation in amount
and temperature of the Atlantic water that enters the Barents Sea.

The Barents Seais a spring bloom system and during winter the primary production is close to
zero. The timing of the phytoplankton bloom is variable throughout the Barents Sea, and has
also high interannual variability. In early spring, the water is mixed but even though there are
nutrients and light enough for production, the main bloom does not appear until the water
becomes stratified. The stratification of the water masses in the different parts of the Barents
Seamay occur in different ways; Through fresh surface water a ong the marginal ice zone due
to ice melting, through solar heating of the surface waters in the Atlantic water masses, and
through lateral spreading of coastal water in the southern coastal (Rey 1981). The dominating
alga group in the Barents Sea is diatoms like in many other areas (Rey 1993). Particularly,
diatoms dominate the first spring bloom, and the most abundant species is Chaetoceros
socialis. The concentrations of diatoms can reach up to several million cells per litre. The
diatoms require silicate and when this is consumed other algal groups such as flagellates take
over. The most important flagellate species in the Barents Sea is Phaeocyctis pouchetii.
However, in individua years other species may dominate the spring bloom.

Zooplankton biomass has shown large variation among years in the Barents Sea. Crustaceans
form the most important group of zooplankton, among which the copepods of the genus
Calanus play a key role in the Barents Sea ecosystem. Calanus finmarchicus, which is the
most abundant in the Atlantic waters, is the main contributor to the zooplankton biomass.
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Calanus glacialis is the dominant contributor to zooplankton biomass of the Arctic region of
the Barents Sea. The Caanus species are predominantly herbivorous, feeding especialy on
diatoms (Mauchlin 1998). Krill (euphausiids) is another group of crustaceans playing a
significant role in the Barents Sea ecosystem as food for both fish and sea mammals. The
Barents Sea community of euphausiids is represented by four abundant species: neritic shelf
boreal Meganyctiphanes norvegica, oceanic arcto-boreal Thysanoessa longicaudata, neritic
shelf arcto-boreal Th. inermis and neritic coastal arcto-boreal Th. raschii (Drobysheva 1994).
The two latter species make up 80-98% of the total euphausiids abundance. Species ratio in
the Barents Sea euphausiid community is characterized by year-to-year variability, most
probably due to climatic changes (Drobysheva 1994). The observations showed that after
cooling the abundance of Th. raschii increases and of Th. inermis — decreases, while after the
number of warm years, on the contrary, the abundance of Th. inermis grows and the number
of cold-water species becomes smaller (Drobysheva, 1967). The advection of species brought
from the Norwegian Sea is determined by the intensity of the Atlantic water inflow
(Drobysheva 1967, Drobysheva et al. 2003). Three abundant amphipod species are found in
the Barents Sea; Themisto abyssorum and T. libellula are common in the western and central
Barents Sea, while T. compressa is less common in the central and northern parts of the
Barents Sea. T. abyssorum is predominant in the sub-arctic waters. In contrast, the largest of
the Themisto species, T. libellula, is mainly restricted to the mixed Atlantic and Arctic water
masses. A very high abundance of T. libellula is recorded close to the Polar Front.

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

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

Marine mammals, as top predators, are significant ecosystem components. About 24 species
of marine mammals regularly occur in the Barents Sea, comprising 7 pinnipeds (seals), 12
large cetaceans (large whales) and 5 small cetaceans (porpoises and dolphins). Some of these
species have temperate mating and calving areas and feeding areas in the Barents Sea (e.g.
minke whal e Balaenoptera acutorostrata), othersreside in the Barents Sea all year round (e.g.
white-beaked dolphin Lagenorhynchus albirostris and harbour porpoise Phocoena phocoena).
The currently available abundance estimates of the most abundant cetaceans in the north-east
Atlantic (i.e. comprising the North, Norwegian, Greenland and Barents Seas) are: minke
whales 107,205; fin whales B. physalus 5,400; humpback whales Megaptera novaeangliae
1,200; sperm whales Physeter catodon 4,300 (Skaug et al. 2002, Jien 2003, Skaug et al.
2004). Lagenorhyncus dolphins are the most numerous smaller cetaceans, with an abundance
of 130,000 individuas (@ien 1996), while harp seals are the most numerous seal in the
Barents Sea with approximately 2.2 million seals. Marine mammals are significant ecosystem
components. In the Barents Sea the marine mammals may eat 1.5 times the amount of fish
caught by the fisheries. Minke whales and harp seals may consume 1.8 million and 3-5 million
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tonnes of prey per year, respectively (e.g., crustaceans, capelin, herring, polar cod and gadoid
fish; Folkow et al. 2000, Nilssen et al. 2000). Functiona relationships between marine
mammals and their prey seem closely related to fluctuations in the marine systems. Both
minke whales and harp seals are thought to switch between krill, capelin and herring
depending on the availability of the different prey species (Lindstram et al. 1998, Haug et al.
1995, Nilssen et al. 2000).

State and expected situation of the ecosystem

1.2.1 Climate (Figures1.2-1.4)
Sampling

The variability in the physical conditions in the Barents Sea is monitored regularly in three
sections, as well as area coverage surveys in August/September and January/March and use of
large hydrodynamical numerical models. The three sections are:

1) The FuglgyaBear Idand section (operated by IMR), situated at the entrance
where the inflow of Atlantic water from the Norwegian Sea takes place, and
representing the western part of the Barents Sea. Monitored regular by
hydrographical observations 6 times a year since 1977 (august observations from
1964), and by continuous current measurements since August 1997.

2) The Vardg-N section (operated by IMR), most representative for the Atlantic
branch going into the Hopen Trench, i.e. the central part of the Barents Sea
Monitored regular by hydrographical observations 4 times a year since 1977
(august observations from 1953).

3) The Kola section (operated by PINRO), most representative for the Atlantic
branch going eastwards paralel to the coastling, i.e. the southern part of the
Barents Sea. Monitored regular by hydrographical observations since 1900. The
values are given quarterly for the period 1900-1921 and monthly for the period
1921-present. (In periods where observations were lacking the values are
interpol ated).

Current situation of temperature, salinity and bottom oxygen

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

Temperatures in the Barents Sea were relatively high during most of the 1990s. There was a
continuous warm period from 1989-1995, followed by a short period with below average
conditions. Since 1998 the temperature has, with few exceptions, stayed well above average
(Stiansen et al., WD1, Titov et al., WD16). Although the 1990s decade was warm, it still was
only the third warmest decade in the 20" century (Ingvaldsen et al. 2002b).

In 2004 the temperature in the Barents Sea was well above the long-term average throughout
the whole year, and this transferred into the beginning of 2005. The anomalies were highest in
the southern part (Figure 1.3). In the beginning of 2004 anomalies were +0.5°C and increased
to long-term maximum values in the summer and early autumn 2004, with anomalies of more
than +1°C (Figure 1.4). After a small decrease the beginning of 2005 were again at anomalies
above +1°C (Titov et al., WD16). The development in the western (Figure 1.2) and central



12 | ICES Report AFWG 2005

part of the Barents Sea followed the same development as in the southern part, but with
smaller anomalies (Stiansen et al., WD1). This indicates that most of the warm water that
entered through the western entrance in 2004 and beginning of 2005 was channelled into the
Atlantic branch running parallel to the coast (Stiansen et al., WD1). Bottom temperature
anomalies from survey data in August/September (Titov et al., WD16) also indicate that the
warming of the whole Barents Sea reaches all the way to the bottom.

The salinity in the western and central parts of the Barents Sea generally fluctuates in phase
with the variation of the temperature, due to influence by the Atlantic water masses. Since the
summer of 2003 there has in general been increase in the salinity in the southwestern Barents
Sea (Stiansen et al., WD1).

Since 1998 the bottom layer oxygen level have been low in the southern Barents Sea. This
situation continued throughout 2004 (Titov et al., WD16).

Current situation of inflow of Atlantic water

Transport of Atlantic water into the Barents Sea has been measured since August 1997 by
current meter moorings and ADCP’s situated across the western entrance. The observed
current is predominantly barotropic, and reveals large fluctuations in both current speed and
lateral structure (Ingvaldsen et al. 2002a and 2004). The inflow of Atlantic water may take
place in one wide core or split in several cores. Between the cores there is a weaker inflow or
a return flow. In the northern parts of the section there is outflow from the Barents Sea. The
outflow area may at times be much wider than earlier believed, stretching from 73°30°N south
to 72°N. This phenomenon is not only a short time feature; it might be present for a whole
month. These patterns are most likely caused by horizontal pressure gradients caused by a
change in sea-level between the Barents Sea and the Arctic or the Norwegian Sea by
accumulation of water and/or by an atmospheric low or high (Stiansen et al., WD1).

During 2003 there were a continuous decrease in the inflow throughout the whole year, and
around New Year (2003-2004) the inflow was at the lowest observed for wintertime (Figure
1.2). In the first half of 2004 the inflow slightly increased again, but were still at a low level.
Monthly values show that for the first 4 months of 2004 the volume flux shifted between
above to below the long-term mean. In April and May, which are the period where
zooplankton and fish larvae usually are advected into the Barents Sea from the Norwegian
Sea, the flux was about or dightly less than average. In the summer the flux was below the
average. Observations for the rest of 2004 will not be available until the current meters are
recovered in late summer 2005. However, a wind driven modelled of the inflow (Stiansen et
al., WD 1) show an increased inflow in November and December 2004. Thisis a conseguence
of weather conditions with many strong low pressures in the area (Stiansen et al., WD1).

Earlier it has been believed that the temperature and the volume transport varied in a similar
manner; that is that high temperature was linked to high volume transport and lower
temperature was linked to reduced inflow of Atlantic water. However, Figure 1.2 shows that
there seems to be no correlation between the fluxes and the temperature of the inflowing
water. In fact, in periods the temperature increase while the volume flux decreases, and high
positive anomalies observed in 2004 are not due to an increased inflow, as we did believe
earlier. This shows that in the Fuglgya-Bear Idand section the temperature is independent of
the volume flux into the Barents Sea. The reason is simply that while the temperature of the
inflowing water depends on the temperatures upstream in the Norwegian Sea, the volume flux
depends mainly on the local wind field (Stiansen et al., WD1).

Current situation of ice conditions

The variability in the ice coverage is closely linked to the temperature of the inflowing
Atlantic water. The ice has a relatively short response time on temperature changes in the
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ocean, but usually the seaiice distribution in the eastern Barents Sea responds a bit later than in
the western part.

In 2004 the ice coverage in the Barents Sea was low, with a strong decease in ice from 2003
(Stiansen et al., WD1, Titov et al., WD16). In the same period, the temperatures increased
while the amount of inflowing water decreased. This indicates that the ice cover is more
dependant on the temperature of the incoming water that of the amount (Stiansen et al., WD1).

Climate effect on plankton (phyto-, zoo- and ichtyoplankton)

Variation in climate factors can have strong impact on the lower trophic levels in the
ecosystem. Plankton is always subject to the surrounding physical environment. Limited self-
motion compared to surrounding currents sets strong limitations on the ability to avoid or seek
better climate condition. This is especially the case for climatic factors, which vary slowly
and/or over large scale in space and time (e.g. temperature in the open waters). However,
many plankton organisms have mechanisms allowing some kind of vertical motion and may
thereby move to more profitable vertical layers. The influences on plankton from climatic
factors with strong vertical gradients (e.g. turbulence and light) are therefore also dependent
on the individual’s behaviour. Different climatic factors may also affect individual plankton
differently at different stages of its life cycle, and for fish aso in nekton stages. Climate
variation also affects the trophic interactions on different scales in time and space. The total
effect of climate variation on plankton (and also nekton) is therefore a complicated matter.

The identification of which factors are most important in different processes is a major task in
this field of research. For assessment purposes it is not possible to take all such factors and
mechanisms into account. Still it isimportant to recognise that climate play a major effect on
plankton.

A promising approach for implementing climate effects into the assessment is through the use
of climate indicators. One such indicator is the North Atlantic Oscillation index (NAO), which
is an overal indicator of the climate in the North Atlantic, Nordic Seas and the Barents Sea.
Another climate indicator is the mean temperature in the Kola Section (Bochkov 1982), which
isamorelocal indicator of the temperature in the southern Barents Sea.

Based on such indicators the effect of climate on recruitment of cod has been estimated to
account for as much as 50-70% of the variation in survival (AFWG 2003). Also, a high
correlation is found between the NAO index and the zooplankton biomass in the Norwegian
Sea the following year (Melle and Holst 2001). Both these examples illustrate the necessity of
taking climate conditions into account when considering the ecosystem.

Expected situation

Prediction of Barents Sea temperature is complicated by the variation being governed by
processes of both external and local origin operating on different time scales. The volume flux
of Atlantic water masses flowing in from the Norwegian Sea is an important factor. It is
influenced by the wind conditions in the western Barents Sea, which again is related to the
Norwegian Sea wind field (Ingvaldsen et al. 2004). Also the temperature of these water
masses as well as local heat exchange with the atmosphere, possibly linked to atmospheric
teleconnections, is important in determining the temperature of the Barents Sea (Adlandsvik
and Loeng 1991, Loeng et al. 1992). Furthermore, also density differences in the ocean itself
are of importance. Thus, both slowly moving advective propagation and rapid barotropic
responses due to large-scale changesin air pressure must be considered.

This seasonal difference is reflected in the merit of simple six-month forecasts (Ottersen et al.
2000) of Kola-section temperature (Bochkov 1982) based on linear regression models. The
tendency is that persistence across the spring and summer months are higher than for other
seasons, alowing for reasonably reliable forecasts from spring until autumn. Data available
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until March 2005 allow for a six-month forecast until September 2005 (Stiansen et al., WD1).
The predictions indicates that the temperatures in the southern Barents Sea will be about 0.5°C
above average from April to June, followed by an even warmer period (0.7°C above average)
period from July to September. Thisisin accordance with a model (Titov et al., WD16) based
on harmonic analysis of the Kola section temperature time series (Figure 1.3). This model also
predicts that the temperature will decrease in 2006, but still be above average.

Based upon the prognosis together with the record high temperatures in the western Barents
Sea and high temperatures in the Norwegian Sea during late 2004 and beginning of 2005, it is
expected that the temperatures in the southern Barents Sea will be high also during 2005.
Especially the first half of the year is expected to be warm, partly as an effect of the strong
low-pressure activity in November-January leading to large inflow to the south western
Barents Sea. Later on the temperature anomalies are likely to become smaller, but still well
above the long-term average.

The ice conditions in 2005 are expected to be low, similar to 2004, due to the expected high
temperature in 2005.

1.2.2 Phytoplankton
Sampling

The phytoplankton situation in the Barents Sea is covered on aregular basis both during the
survey coverage in August-October and in the standard sections Fuglgya-Bjarngya and Vardg-
Nord. During these surveys the chlorophyll concentration is measured as fluorescence in water
samples taken from standard depths down to 100 m depth. This gives an indication on the
primary production in the area. In addition to observations, the primary production is
simulated using numerical models.

Current situation

In March no production was measured at the western entrance and there were still winter
values of chlorophyll. In April the spring bloom had started and the values of chlorophyll were
particularly high in the upper parts of the coastal water close to the Norwegian coast, but also
extending into Atlantic water. In June, the chlorophyll layer was mainly found in the upper
30-40 m along the entire section but also at that time with a maximum close to the Norwegian
coast. In August the lower vaues of chlorophyll near the surface indicated that the
phytoplankton had started to sink (Stiansen et al., WD1).

Model simulations of the primary production (Stiansen et al., WD1) showed that there was
considerable interannual variation in timing of the spring bloom at the Fuglgya-Bjgrngya
section. Even though we suspect the model to produce the bloom somewhat too early in the
year, we expect the trends to be correct. The model results showed that the peak of the bloom
may vary with about three weeks from year to year and in 2004 the results indicates that the
bloom was relatively early. The bloom was earliest close to the coast at the western entrance.
Also close to some of the bank areas, the bloom started early. Particularly in the eastern part
close to Goose Bank and North Kanin Bank but also at the Central Bank and the Svalbard
Bank. Some of these banks are very shallow and may act as retention areas for water masses.
The bank may therefore act as a barrier to downward transport of plankton cells in the same
way as a stratification of the water masses. This may explain the early bloom in the bank
aress.

Expected situation

Based on the expected warm temperature, especially during the spring, it is expected a similar
phytoplankton situation in 2005 as in 2004. However, the re-supply of nutrients to the upper
layers depend on both local wind mixing and advection from the deeper layers of the
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Norwegian Sea. Both these factors depend on the wind regime, which again can’t be predicted
longer than about a week ahead. Therefore the expected phytoplankton situation is of great
uncertainty. Even more difficult isto predict which species that will dominate blooms.

1.2.3 Zooplankton (Figures 1.5-1.6)
Sampling

Zooplankton sampling on a regular basis IMR began in the Barents Sea in 1979, and since
1986 zooplankton abundance has been monitored at annual surveys during joint
Norwegian/Russian 0-group and capelin surveys in August-October. In addition, the standard
sections Bj@rngya-Fuglgya and Vardg-N (since 1991) are covered on average 6 and 4 times a
year, respectively. Regular macroplankton surveys have been conducted by PINRO in the
Barents Sea since 1952. Surveys involve annual monitoring of the total abundance and
distribution of euphausiids (krill) in autumn-winter trawl-acoustic survey for demersal fishes.
In 2002 PINRO &l so joined the collection of samples of zooplankton during August-October.

Plankton samples in August/October IMR were obtained by using WP2 (IMR, PINRO),
MOCNESS (Multiple Opening Closing Net and Environmental Sensing System) plankton net
(IMR) and Juday net (PINRO). In the PINRO macroplankton survey the trawl net was
attached to the upper headline of the bottom trawl. During winter crustaceans are concentrated
in the near-bottom layer and have no pronounced daily migrations and the consumption by
fish is minimal. Therefore sampling of euphausiids during autumn-winter survey can be used
to estimate year-to-year dynamics of their abundance in the Barents Sea. Annually 200-300
samples of macroplankton are collected during these surveys. Species and size composition of
the euphausiids in the samples are determined.

Current situation

In autumn-winter most of the production has taken place and the zooplankton biomass can be
expressed as the overwintering population of zooplankton. According to the data from
August/October survey there was a marked increase in zooplankton biomass during the period
1991-1994. Though the biomass has decreased from 1994 to present, the average biomass
values during 1995 to 2004 are still higher than in the 1988-1992 period. In 2004 the
zooplankton biomass was slightly above the average level, with a slight increase from 2003 to
2004 (Stiansen et al., WD1). The high temperatures may have lead to increasing growth rates
of zooplankton. In addition, increased advection may aso have lead to high zooplankton
abundance in the Barents Sea.

By the beginning of 2004 the abundance of krill (euphausids) fund was 1.7 times higher in the
southern area and 1.5 times higher in the north-western areas than long-term mean value.
Growth of average values of krill abundance compared to 2003 was registered in the western
and coastal areas, whereas in the central and eastern areas a considerable decrease of small
crustaceans number occurred (Titov et al., WD16).

Trophic interactions

Possible reasons for the large year-to-year variations (Figure 1.5) are the differences in
advective transport (Figure 1.2) and predation pressure. Figure 1.6 shows the total biomass of
zooplankton together with capelin stock size (million tonnes). There seems to be an inverse
relationship between capelin stock size and zooplankton biomass, indicating capelin to
exercise strong feedback control on the system through its predation pressure on zooplankton.
Other plankton feeding fish, which is found in high numbers in the Barents Sea, are young
herring and young blue whiting. Herring have increased considerably the last years, due to
strong year classes of 2002 and 2004. Herring is mostly found in the southern areas. The last
few years the blue whiting entered the western Barents Sea in large numbers. How much
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impact herring and blue whiting have on the zooplankton biomass is not clear, but in the
present low levels of the capelin stock they may constitute a major role on the grazing
pressure.

The results from long-term investigations of macroplankton in autumn-winter indicate that the
abundance of euphausiids (Figure 1.5), as well as the distribution and specific composition, is
affected by interannua dynamics. This leads to changes in the feeding conditions of fish (cod
in particular). According to Ponomarenko (1973, 1984) interannual changes of euphausiid
abundance determined the survival rate of cod yearlings. Adult cod feeding on euphausiids in
summer influences seasonal dynamics of their fatness (Orlova et al. 1998). The role of
euphausiids for cod feeding increases in the years when capelin stock is at a low level
(Ponomarenko and Y aragina 1990).

Expected situation

Based on the biomass information we have from 2004, the zooplankton production in 2005 is
expected to be at a medium high level with a dightly increase from 2004, providing good
feeding conditions for capelin, herring and other juvenile fish.

1.2.4 Fish (Tables1.1-1.6, Figure 1.6)
Trophic relations

Cod, capelin and herring are key species among fish in the Barents Sea ecosystem. Cod prey
on capelin, herring and cod, while herring prey on capelin larvae. Cod is the most important
predator fish species in the Barents Sea. It feeds on a large range of prey, including the larger
zooplankton species, most of the available fish species and shrimp (Tables 1.3 and 1.4). Cod
prefer capelin as a prey, and feed on them heavily as the capelin spawning migration brings
them into the southern and central Barents Sea. Fluctuations of the capelin stock (Tabs. 1.1
and 1.2) have a strong effect on growth, maturation and fecundity of cod, as well as on cod
recruitment because of cannibalism.

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

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

Haddock is also a common species, and migrates partly out of the Barents Sea. It is a predator
on smaller organisms including bottom fauna. The stock has large natural variations in stock
size.
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Saithe is common in coastal water. The smaller individuals feed on zooplankton, but larger
saithe is known to be a predator on fish. Polar cod is a cold-water species found particularly in
the eastern Barents Sea and in the north. It seems to be an important forage fish for several
marine mammals, but to some extent also for cod. There is little fishing on this stock. Deep-
sea redfish and golden redfish used to be important elements in the fish fauna in the Barents
Sea, but presently the stocks are severely reduced. Young redfish are plankton eaters, but
larger individuals take larger prey, including fish. Fishing on these two species is severely
restricted in order to rebuild the stock. Greenland halibut is alarge and voracious fish predator
with the continental slope between the Barents Sea and the Norwegian Sea as its most
important area, but it is aso found in much of the Barents Sea.

In warm years there may be considerable quantities of blue whiting coming in with the
Atlantic water in the western part of the Barents Sea. This has been the situation the last few
years. The blue whiting is mainly a plankton feeder at young ages (below age 5), but changes
preference towards fish during its life cycle. In 2004 the abundance of blue whiting were
estimated to be 1.4 mill tonnes, mostly age 1-4. This makes it the second most abundant
pelagic plankton feeding fish after young herring in the Barents Sea, followed by polar cod.
The present low stock of capelin is a the moment far outnumbered by these species, with
young herring as the present dominant stock. In general these four species have minor
overlapping distributions; with the blue whiting in the west, the herring in the south, the polar
cod in the east (except for an overlapping part of the stock in the Svalbard region) and the
capelin in the north. Therefore the competitive effect for food by blue whiting on the other
three species for the local zooplankton production is assumed to be low. However, advected
zooplankton biomass from the Norwegian Sea is an important mechanism for supplying the
local production in the whole Barents Sea. It may therefore be an indirect effect of blue
whiting feeding on the other species as a filter on the advected biomass passing on the way
further into the Barents Sea. This may again reduce the local production since fewer adults
reach new production areas. Another uncertainty is how large impact fish in general have on
the plankton production. At present we do not know how strong impact the grazing pressure
by fish has on the zooplankton stock. There are, however, indications of a possible inverse
relationship between capelin and zooplankton biomass (Figure 1.6, Dalpadado et al. 2002).

When present in the western Barents Sea the blue whiting is not the main prey for any other
fish species. In these periods the blue whiting can account for approximately 2-7% (Dolgov,
WD?9) of the diet of cod and Greenland halibut. Due to the high numbers of cod, this is then
the main fish predator on blue whiting. Other fishes like larger saithe and haddock may aso
prey on blue whiting, but the proportion of the diet is low (<1%). Information on predation of
mammals on blue whiting in the Barents Seais at present lacking.

Predation by fish species

NEA cod

The diet of cod is a good indicator of the state of the Barents Sea ecosystem. Table 1.3 -1.4
shows the diet of cod in the period 1984-2004, calculated from data on stomach content,
gastric evacuation rate and number of cod by age. The datafor cod stomach content are taken
from the Joint IMR-PINRO stomach content database. The consumption cal cul ations show that
the total consumption by cod in 2003 and 2004 was about 4.5 million tonnes according to
calculation IMR and about 3,2 million tonnes according to caculation PINRO (Dolgov, WD
10). The consumption per cod for the various age groups was aso approximately the same in
both years (Table 1.5 — 1.6). Capdlin was aso in 2004 the most important prey item for cod,
followed by crustaceance and polar cod (Table 1.3-1.4). The proportion of capelin in the diet of
cod decreased from 2002 to 2004, but not as much as the decrease in the abundance estimate of
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capelin should indicate. This phenomenon was, however also observed during the previous
capelin collapse. Cod cannibalismisnow at alow level.

Haddock

Food composition of haddock consists mainly of benthic organisms (Dolgov, WD9). Totally
the mean weight percent of polychaets, mollusks and echinoderms was up to 40 %.
Zooplankton importance was not too high, the portions of hyperiids and euphausiids do not
exceed 1,8 and 19,0 % by weight respectively. Capelin was rather important prey species for
haddock, its mean portion was 17,3 % by weight. The importance of other fisheswasless5 %
by weight. There was not revealed any clear changesin the food composition of haddock from
various length groups. The total food biomass yearly consumed by haddock varied from 348
thousand tonnes to 1268 thousand tonnes (mean value - 736 thousand tonnes). Among the
commercially important species, capelin was consumed in the largest numbers.

Greenland halibut

The food composition of Greenland halibut consisted of more than 50 prey species in the
period 1980-1990 (Dolgov, WD 9). Based on the quantitative data cephalopods (squids,
octopuses) were dominated in the Greenland halibut feeding (18 % by weight, as well asfish,
mainly capelin (10 % by weight) and herring (8 % by weight). The biggest portion of stomach
content (approximately 34 % by weight) constituted by fisheries wastes (heads, guts etc).

The decreasing of the importance of small prey species (shrimp, capelin) and the increasing of
the portion of larger fishes were observed with the increasing of the length of Greenland
halibut. The specimens with length less 30-35 cm mainly fed on capelin and other small non-
target fishes. Cephal opods were dominant in the feeding of fishes with 35-50 cm length (up to
35 % by weight). From 30 cm length the portion of the fisheries wastes sharply increased. The
largest specimens (length more than 65-70 cm) had the big portion of cod and haddock in the
diet.

The total food consumption by Greenland halibut in 1990-2003 varied from 143 to 187
thousand tonnes (mean value - 174 thousand tonnes). The bulk of consumed biomass
consisted of cephalopods. The cannibalism level was very low — up to 0,7 thousand tonnes
(mean value - 0,3 thousand tonnes per year). Totally the commercially important invertebrats
and fishes consisted of 18 to 61 % of the total consumed biomass (mean value - 38 %).

Long rough dab

Analysis of long rough dab food composition has shown that this species is a typical
ichthyobenthophage, main food of which are benthos (ophiura, polychaetes etc.) and different
fish species (Dolgov, WD 9). With the long rough dab growth, importance of benthos reduced
and portion of fish food increased. When 25 cm body length had been reached, polar cod and
cod, and then capelin and juvenile redfish occurred in the long rough dab food, and the largest
individuals (40 cm and longer) were observed to feed on their own juveniles and juvenile
haddock.

Mean annual food consumption by the population of long rough dab was estimated at 240
thousand tonnes. Among commercial species, capelin (33 thousand tonnes), juvenile cod (27
thousand tonnes) and polar cod (24 thousand tonnes) as well as euphausiids and shrimp were
consumed most intensively.

Saithe

Capelin was prevailed in saithe feeding totaly (7-65 % by weight)(Dolgov, WD 9)
Euphausiids and herring were second important prey species for saithe - 1-16 and 2-23 % by
weight, respectively. Additional prey species were various fishes, including cod, saithe and
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haddock juveniles, and also blue whiting, Norway pout, polar cod and sandeel. Other prey
species, including hyperiids and northern shrimp, occurred in insignificant amounts. The
changes in food composition of saithe from different length groups were revealed. Main
tendency was a decreasing of small zooplancton (copepods, hyperiids and euphausiids) and
increasing of weight percent of fishes. The fishes occurred in a saithe feeding when it was 25
cm of length, but fishes predominated in saithe with the length more than 35 cm. Saithe started
to consume of small fish species (capelin and herring) with reaching to length 30-35 cm,
larger fishes (cod, haddock and blue whiting) were consumed only by saithe with length more
than 45-50 cm.

Along the Norwegian coast north of 62° investigations in the period October - November
1998-2003 showed that fish was the dominating prey group for saithe (Mehl, WD 7), followed
by crustaceans. In the smallest size group (20-39 cm), krill was the dominating prey itemin all
sub-areas, while in the larger size groups fish dominated. In the northern sub-areas, herring
was the most important fish prey, followed by Norway pout, haddock, and blue whiting. Cod
only occurred sporadically, but in numbers that may influence coastal cod recruitment. In the
southern sub-areas, Norway pout was the dominating fish prey, followed by blue whiting and
haddock. Herring was scarce and no cod was found. The importance of fish was highest in
north, while in south the importance of crustaceans increased. The size of the fish prey
increased with increasing predator size. Preliminary consumption estimates for quarter four
show that krill was the single most important prey species, followed by Norway pout, herring,
blue whiting and haddock. The consumption estimates are quite variable from sub-area to sub-
area and year to year, and may only partly reflect the consumption and predation pressure of
the Northeast Arctic saithe stock.

Blue whiting

Data given indicate that fish (all in al, about 76% by weight) and zooplankton (around 20%
by weight) dominated the diet of blue whiting at autumn-winter period (Dolgov, WD 9).
However, zooplankton is the most important prey at young ages (age < 5), which is the
dominant part of the stock present in the Barents Sea (Anon. 2004a). Among fishes, the
pelagic species were the most important (i.e. polar cod, capelin, haddock, saithe and redfish).
Theintensity of feeding was quite high, with amean index of stomach fullness of about 19 %.
The analysis of diet dynamics in blue whiting from different length groups showed a clear
downward trend in the proportion of zooplankton by weight (copepods, hyperiids and
euphausiids) and an increasing importance of fish. It should be noted that fish became the
dominant part of blue whiting when the latter reached a length of about 27 cm. The fish
predating blue whiting constitutes about 30 % of the total biomass. Cod juveniles occurred in
the stomachs of blue whiting with alength of approximately 25 cm. The maximum size of fish
consumed by blue whiting did not exceed 16-17 cm.

Skates

Thorny skate stomach contents consisted primarily of fish and large crustaceans, shrimps and
crabs (Dolgov, WD 9). Of more than 18 species of fish identified, young cod (Gadus morhua)
(12.5% by mass) and capelin (Mallotus villosus) (6.1% by mass) were the most prevalent.
Demersal crustaceans were represented mainly by northern shrimp (Pandalus borealis) (9.5%
by mass). The importance of small food items (Gammaridea, Euphausiidae and Polychaeta)
reduced with increasing length of skate, whereas the importance of large crustaceans and fish
increased. Mean annual biomass of food consumed by thorny skate during 1994-2000 was
calculated at 165.7 tonnes, of which 73.7 thousand tonnes comprised commercial fishes and
invertebrates. The major items of food were northern shrimp and cod at 31.8 and 16.4
thousand tonnes, respectively.
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Round skate fed mainly on bottom benthos, especialy Polychaeta (31% by mass) and
Gammaridae (14% by mass). Northern shrimp (26% by mass) and fisheries waste (10% by
mass) were also magjor components of their diets. Fish (mostly capelin and young cod)
occurred in small quantities. Small individuals of round skate (<35-cm TL) consumed
exclusively benthos (Polychaeta and Gammaridae), and only those of the 36-40-cm TL-group
and larger fed on bigger prey. The largest skates (51-55-cm TL-group) had a high proportion
of small benthic organisms (<30-40%). Arctic skate stomach contents consisted mainly of fish
(~90% by mass), including herring (Clupea harengus), capelin and redfish (Sebastes spp). The
portion of northern shrimp was also comparatively high (8.3% by mass), whereas that of
fisheries waste did not exceed 2%. Blue skate stomach contents consisted largely of fish
(~70% by mass), with young cod and haddock (Melanogrammus aegl efinus), redfish, and long
rough dab (Hippoglossoides platessoides limandoides) prevalent. Fisheries waste was another
important food source (25% by mass). Spinytail skate stomach contents were dominated by
fish (90% by mass), which included haddock, redfish and long rough dab. Total food
consumption by all skate species, except thorny skate, was 31.4 thousand tonnes, of which
18.2 thousand tonnes was commercia species.

Expected situation.

Which consequences will the collapse of the capelin stock in 2003-2004 imply for the Barents
Sea ecosystem? The collapses of the capelin stock in the 1980s and 1990s had major
consequences for the predators preying on capelin, in particular cod and harp sed. In
particular, during the collapse in the 1980s, length growth of cod decreased and age at
maturity increased, and the condition factor also decreased. The cod switched to less nutritious
food (krill and amphipods), and predation on young cod (cannibalism) increased. The harp
seal searched for food to the south and west of its usual habitat, and in 1987-1988 at least 77
000 harp seals drowned in gillnets along the Norwegian coast. Seabirds feeding on capelin had
very low breeding success, and the mortality of adult seabirds also increased. During the
second collapse in 1993-1995 the effect on growth and maturation was much smaller,
although the cod stock was higher during this period than in 1986-1988. The cod also
switched to other fish prey, including young cod, but also seemed to have more capelin
available. During this period there was no sea invasion on the Norwegian coast, and the
seabirds also did fairly well.

Herring is the only other prey item with similar abundance and energy content as capelin. If
herring is an important food item and may replace capelin in the period where the capelin
stock is low, may this be an explanation of the differences between the first and second
capelin collapse. During the first capelin collapse, herring disappeared from the Barents Sea
during the first year of the collapse, as the herring in the Barents Sea consisted almost
exclusively of the 1983-year class. During the second collapse, severa strong herring year
classes, in particular the 1991 and 1992 year classes, were present, and thus there was herring
in the Barents Sea also in parts of the period when the capelin stock was depl eted.

Although the amount of herring in cod stomachs increased during the two previous capdlin
collapses, it cannot be said that herring wholly or partialy replaced capelin as food for cod.
Data from the joint IMR-PINRO stomach content data base, together with Russian qualitative
stomach content data (Ponomarenko & Yaragina 1979), show that the proportion of cod
stomachs containing herring was much higher in many years during the 1950s and 1960s than
during the capelin collapses in the 1980s and 1990s. The reason for this difference is not
known. Possible explanations could be: more young herring in the Barents Sea in the 1950s
and 1960s; higher overlap between cod and herring, or that a larger proportion of the cod
stock in the 1950s and 1960s was large cod, which is more capable of feeding on herring. The
herring abundance in the Barents Sea will probably be high for alonger period of time, from
2002 up to at least 2007, since the 2002-year class of herring is very strong, asis probably also
the 2004-year class. We will thus probably get a situation, which is fairly similar to that in the
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mid-1990s. The period with high abundance of herring will, however, be at least one year
longer this time, and this may cause the period of low recruitment of capelin to become longer
than the life cycle of capelin (4 years). This may hamper capelin recovery.

Recruitment seems to be strong for most fish species, so that, in addition to young herring,
also haddock, blue whiting, polar cod and cod are abundant in the Barents Sea. It isthuslikely
that cod and other predators, except capelin specialists like guillemot, will have aternative
fish prey available, as in the mid-1990s. It is thus most likely that the consequences of this
capelin collapse will be modest and fairly similar to those in the mid-1990s. Another
interesting phenomenon is that the collapse of the capelin stock is less abrupt this time than in
the two previous collapses, because the recruitment failure has not been so drastic. We aso
note that recruitment of O-group capelin has been around or above average in 2002-2004,
while the survival from O-group to age 1 seems to be poor. Whether thisis due to predation by
herring on O-group capelin after the survey on O-group capelin in August-September, is
unknown.

1.25 Marinemammals(Table1.7, Figure1.7)
Sampling

During summer/autumn 2004 the vessels’ observations were carried out of sea mammals on
board of R/V “F. Nansen” (PINRO) and Norwegian R/V “J. Hjort” and of some Russian
fishing vessels leased for expeditions. Parallel with vessels investigations, the complex aircraft
study (transect airborne survey) of distribution of sea mammals in the Barents Sea was
performed onboard of the aircraft-laboratory AN-26 “Arktika”’. The aim of investigations was
to study the distribution pattern of main studied species of sea mammals over the Barents Sea
in the investigated period, to determine a mechanism and reasons of distribution, and, if
possible, to give qualitative assessment of sea mammals number in the studied areas of the
Barents Sea (Anon. 2005).

Distribution and abundance

Minke whale was the most frequent species of the large cetaceans. As for the frequency of
occurrence, humpback whale was comparable with minke whale at present. The species
composition of the registered concentrations of dolphins consisted of white-beaked and
common dolphins and harbour porpoises. It should be mentioned that white-beaked dolphin
occurred over the entire surveyed area, whereas common dolphin was predominantly
registered in the western part. White-beaked dolphin was the most frequently occurred in the
Barents Sea species among small cetaceans.

According to observations, cetaceans and pinnipeds were widely distributed in the current
year over the entire surveyed area. Migrations of cetaceans in the Barents Sea became more
prolonged both in time of presence in the sea and distance. The increase of occurrence in the
Barents Sea of rare for this area species (pilot whale, sei whale, fin whale, sperm whale and
bottle-nose dolphin), which were usually registered as single individuas, was observed.
Concentrating of sea mammals (humpback whales and dolphins) at sites of food objects
aggregation was more dense and prolonged than in 2003.

From 2003 to 2004 some changes in distribution of marine mammals were evident. In 2003
the fin, humpback and minke whales were mainly observed in the northern part of the
sampling area, in association with capelin and polar cod. In 2004 (Figure 1.7) these species
were also observed in the southern part of the sampling area, thus overlapping with capelin
and polar cod in the north and herring and blue whiting in the south. Both herring and capelin
were more abundant in 2003 than in 2004, while polar cod was more abundant in 2004 than in
2003. Hence, there are no obvious reasons for the southward displacement of the baleen
whales.
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A character of the revealed distribution of sea mammals in summer/autumn in the Barents Sea
is probably a consequence of the influence of both warming (earlier spring migration) and
decrease of food base (capelin). However, at present time the spatial associations between the
marine mammal species and potential prey species have not yet been properly quantified and
assessed. Also, effects of varying observer effort and weather conditions needs to be taken
into account before any conclusions can be drawn as some baleen whale species are difficult
to observe under windy conditions, and weather conditions may thus severely influence the
observed distributions.

In March an airborne estimation of pups of harp seals was conducted. Preliminary results
show that the abundance of the White Sea populations of harp sealsin last years is stabilized
or some decreased.

Predation by mammals

The consumption by minke whale (Folkow et al. 2000) and by harp seal (Nilssen et al. 2000)
isgivenin Table 1.7. These consumption estimates are based on stock size estimates of 85 000
minke whales in the Barents Sea and Norwegian coastal waters (Schweder et al. 1997) and of
2 223 000 harp seals in the Barents Sea (ICES 1999/ACFM:7). The consumption by harp seal
is calculated both for situations with high and low capelin stock, while the consumption by
minke whale is calculated for a situation with a high herring stock and a low capelin stock.
Food consumption by harp seals and minke whales combined is at about the same level as the
food consumption by cod, and the predation by these two species needs to be considered when
calculating the mortality of capelin and young herring in the Barents Sea.

In the period 1992-1999, the mean annual consumption of immature herring by minke whales
in the southern Barents Sea varied considerably (640 t —118 000 t) (Lindstram et al. 2002).
Themajor part of the consumed herring belonged to the strong 1991 and 1992 year classes and
there was a substantial reduction in the dietary importance of herring to whales after 1995,
when amajor part of both the 1991 and 1992 year classes migrated out of the Barents Sea. In
1992-1997, minke whales may have consumed 230 000 t and 74 000 t, corresponding to 14.6
billion and 2.8 hillion individuals of the herring year classes of 1991 and 1992, respectively.
The dietary importance of herring to whales appeared to increase in anon-linear relation with
herring abundance.

Anaysis of consumptions of marine mammals in the Barents Sea for 2004 are not yet
available.

1.2.6 Main conclusions
Climate

e The temperature in the whole Barents Sea was high in 2004, especially in the
late summer and autumn. The heating was strongest in the southern part, with
temperature anomalies between 0.5 and 1 °C. In the northern part the conditions
were il higher than norma and followed the same development, but with
smaller anomalies.

e Inflow of Atlantic waterswaslow inthefirst part of 2004.

e The temperature in 2005 is expected to remain high with a small reduction in
the autumn.

e Theice concentration in 2004 was low. Similar conditions are expected in 2005.

Phytoplankton
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Zooplankton

Fish

Mammals

Model results indicate that spring bloom in 2004 was early.

The phytoplankton situation in 2005 is expected to be similar to 2004. However,
this prediction is highly uncertain due to the dependence on the rapid changing
local water column stability.

The zooplankton biomass in 2004 was dightly above average.

In 2005 the biomass is expected to increase slightly from 2004, to a medium
high level.

Capelin was at a low level in 2004, and is expected to remain at low level in
2005.

Y oung herring is presently at a high level. The 2002 year classis strong and the
2004 year-class may aso be strong. In 2005 the majority of the 2002 year class
is expected to migrate out of the Barents Sea in summer/autumn, while the 2004
year classwill remain.

An expected low capelin level may affect the growth of cod, athough herring
may replace capdlin as an energy-rich prey for cod.

Blue whiting is abundant in the western areas in 2004, mostly individuals at age
1-4 which feed on zooplankton. However, in biomass older individuals which
feed on fish congtitutes about 30 %.

Blue whiting abundance in the Barents Sea is expected to remain high in 2005.

The effect of blue whiting on the zooplankton abundance, and thereby as a
feeding competitor for other pelagic species, is not explored. However, there
may be an indirect effect on local zooplankton production through filtering of
advected zooplankton from the Norwegian Sea, thereby affecting growth of the
other species.

In 2004 marine mammals were widely distributed in the Barents Sea

Distribution of sea mammalsin 2004 in the Barents Sea was determined by both
high temperatures (earlier spring migration) and decrease of food availability
(capelin). Main concentrations of whales and dolphins were found at sites with
polar cod and herring aggregation.

Impact of the fisheries on the ecosystem

1.3.1 General description of the fisheries and mixed fisheries (Tables 1.8-1.9)

The major demersal stocks in the Northeast Arctic include cod, haddock, saithe, and shrimp.
In addition, redfish, Greenland halibut, wolffish, and flatfishes (e.g., long rough dab, plaice)
are common on the shelf and at the continental slope, with ling and tusk also found at the
dope and in deeper waters. In 2004, catches slightly less than 0.9 million tonnes are reported
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from the stocks of cod, haddock, saithe, redfish, and Greenland halibut, which is an increase
of about 10% compared to 2003. An additional catch of about 100 000 tonnes was taken from
other demersal stocks, including crustaceans, not assessed at present. The major pelagic stocks
are capelin, herring, and polar cod. There was no fishery for capelin in the areain 2004 due to
a stock in poor condition, and there is no directed fishery for herring in the area. The highly
migratory species blue whiting and mackerel extend their feeding migrations into this region,
but there is no directed fishery for the species in the area.  Species with relatively small
landings include samon, halibut, hake, pollack, whiting, Norway pout, anglerfish,
lumpsucker, argentines, grenadiers, flatfishes, horse mackerel, dogfishes, skates, crustaceans,
and molluscs.

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

For most of the exploited stocks an agreed quota is decided (TAC). In addition to an agreed
guota, a number of additional regulations are applied. The regulation differs among gears and
species and may be different from country to country, and a non-exhaustive list is summarised
in Table 1.8.

A description of the major fisheriesin the Barents Seais summarised by speciesin Table 1.8.

The demersal fisheries are highly mixed, usually with a clear target species dominating, and
with low linkage to the pelagic fisheries (Table 1.9). Although the degree of mixing may be
high, the effect of the fisheries will vary among the species. More specifically, the coastal cod
stock and the two redfish stocks are presently at very low levels. Therefore, the effect of the
mixed fishery will be largest for these stocks. In order to rebuild these stocks, further
restrictions in the regulations should be considered (e.g. closures, moratorium, restrictions in
gears). A quantification of the degree of mixing and impact among species requires detailed
information about the target species and mix per catch/landing and gear. Such data exist for
some fleets (e.g. the trawler fleet), but isincomplete for other fleets. The available datahas not
yet been gathered and compiled for a quantitative analysis.

Estimates on unreported catches on cod in 2002 - 2004 indicate that this is a considerable
problem. Unreported landings are estimated at 90 000, 115 000 and 90 000 tonnes in 2002,
2003 and 2004, respectively, i.e. 20% in addition to officia landing statistics (Table 3.14).
Discarding of cod, haddock and saithe is thought to be significant in periods athough
discarding of these, and a number of other species, isillegal in Norway and Russia. Data on
discarding are scarce, but attempts to obtain a better quantification of this matter continue.

1.3.2 Impact of fisheries

In order to conclude on the total impact of trawling, an extensive mapping of fishing effort
and bottom habitat would be necessary. However, its qualitative effects have been studied to
some degree. The most serious effects of otter trawling have been demonstrated for hard-
bottom habitats dominated by large sessile fauna, where erected organisms such as sponges,
anthozoans and corals have been shown to decrease considerably in abundance in the pass of
the ground gear. In sandy bottoms of high seas fishing grounds trawling disturbances have not
produced large changes in the benthic assemblages, as these habitats may be resistant to
trawling due to natural disturbances and large natural variability. Studies on impacts of shrimp
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trawling on clay-silt bottoms have not demonstrated clear and consistent effects, but potential
changes may be masked by the more pronounced temporal variability in these habitats
(Lekkeborg, in press). The impacts of experimental trawling have been studied on a high seas
fishing ground in the Barents Sea (Kutti et al., in press.) Trawling seems to affect the benthic
assemblage mainly through resuspension of surface sediment and through relocation of
shallow burrowing infaunal species to the surface of the seafloor.

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

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

1.3.3 Main conclusions
e Themost widespread gear istrawl.

o Thefisheriesfor the demersal species are mixed fisheries currently with largest effect
on coastal cod and redfish due to stocksin apoor condition.

e Thefisheries for the pelagic species are less mixed with low linkage to the demersal
fisheries (reported by-catch of young pelagic stages of demersal species in some
fisheries).

e A significant quantity of unreported catches is documented for cod.

e The total effect of trawling has largest effect on hard bottom habitats, the
demonstrated effects on other habitats are not clear and consistent.

e  Fishery induced mortality (lost gillnets, contact with active fishing gears, etc.) on fish
is apotential problem but not quantified at present.

Ecosystem impact on commercial fish stocks

As shown by stock assessments and fisheries statistics, the biomass of commercial speciesin
the Barents Sea is subject to significant year-to-year variations, which is reflected in the level
of harvest. Certainly, fishing mortality has a significant impact on the population dynamics of
commercial species. But aso it should be remembered, that abundance fluctuations are an
adaptive response of a population to environmental impact.

Changes in the Barents Sea ecosystem are, in the first place, caused by variations of the ocean
climate. Increased impact of warm Atlantic water in the Barents Sea contributes to advection
of zooplankton, faster growth rate in fish and emergence of abundant year classes (Dalpadado
et al. 2002). A cold period is, conversely, characterized by reduced primary biological
production in the Barents Sea and emergence of weak year classes of commercial species. In
addition to oceanographic conditions, which govern the formation of primary biological
production and feeding conditions for fish as well as the survival of their progeny, an
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important factor, that influences the abundance dynamics of commercia species, is inter-
specific trophic relations.

141 Recruitment (Tables 1.10-1.13)
New 0-group indices

A new type of O-group fish abundance indices for the main commercial species for the period
1980-2004 has been calculated (Anon. 2005). The new indices are cal culated with and without
a correction factor for length-dependent catchability. Since these correction factors are not yet
validated, the indices without length-dependent correction is considered as the official series.
This new method is considered to better reflect the total abundance, alows to calculate
confidence limits, and makes better use of the total data than the indices (area-based and
logarithmic) used hitherto. The preparation of the data is explained and analysed in detail in
(Dingser 2005). When the results have been carefully scrutinized and compared to previous
traditional methods, this method is meant to replace the methods used up to now after a short
period of overlap between the two methods.

The old O-group indices are given in Tables 1.10 and 1.11, while the new series are given in
Tables 1.12A and 1.12B. The choice of 0-group indices for use in this year’s assessment is
described in each stock chapter.

Recruitment models

Predictions of the recruitment in fish stocks are essential for future harvesting of the fish
stocks. Traditionaly prediction methods have not included effects of climate variability.
Multiple linear regression models can be used to incorporate both climate and fish parameters.
Especialy interesting are the cases where there exists a time lag between the predictor and
response variables as this gives the opportunity to make a prediction. In the recent years
several such models have been developed for different species (Bulgakova, WD20, Stiansen et
al., WD1, Titov et al., WD16), which easily can be incorporated in the assessment projections.
Prognosis estimates from these models are shown in Table 1.13, together with estimates from
the assessment.

The recruitment estimates from XSA/RCT3 and from Gadget are also given in Table 1.13.
There is relatively good correspondence between the various methods concerning recruitment
in 2005 and 2006, while there are large discrepancies for 2007. It was decided to use the
‘traditional” RCT3 estimates in the predictions of cod recruitment.

142 Growth (Tables 1.14-1.15, Figures 1.8-1.10)

Prediction of NEA cod growth rate

The Northeast arctic cod is characterized by significant year-to-year variations in the growth
rate. In different years the mean weight of fish at the same age may differ 2-3 times. The main
factors influencing cod growth are water temperature, food supply and cod population
abundance.

Prognosis of cod growth in the Barents Seais given by the STOCOBAR model (Filin 2002).
This model is used to calculate mean weight of fish at age 2-10 in the beginning of the year
based on input data on food supply, temperature and size of cod abundance. Model parameters
were estimated based on historical data for 1984-2002, using stomach data from the Russian-
Norwegian database, mean annual temperature data in the Kola Section, estimated biomass of
capelin and data on abundance and mean weight-at-age cod from the AFWG 2004 assessment.

The forecast of cod growth rate was made for 2004-2007 with 2003 taken as a starting year.
Observed data from the start of 2003 were used in the forecast of mean weight at age. The
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mean weight of a cod aged 1 for 2006 and 2007 was calculated as a mean over the 3 previous
years. In the prognosis the forecasts of mean annual temperature in the Kola Section for
2005-2006 was used as input data, together with the prognosis of capelin biomass in 2005 and
2006 (section 9.9).

The results of forecasting the growth rate of cod aged 2-8 are presented in Table 1.14. In
general, the results showed that is not expected pronounced changes in growth rate of fish in
2005-2006. According to results for 2005-2007 the mean weight of fish isin general expected
to be lower than the long-term mean average (1984-2003). This is in accordance with
expected ecosystem condition for this period.

Effects of capelin and temperature on maturation of cod

The decrease in capelin stock biomass potentially impacts the maturation dynamics of
Northeast Arctic cod by delaying the onset of maturation and/or increasing the incidence of
skipped spawning. One approach to investigating the links between food availability and
maturation is to examine the correlation between weight- and maturity-at-age. Bivariate plots
of these two variables for Northeast Arctic cod show that there is a clear distinction between
the 1946-1979 and 1985-2001 time periods (Figure 1.8). In the earlier time period cod were
maturing more slowly for their weight-at-age.

Weight- and maturity-at-age data in Figure 1.8 were converted to weight- and maturity-at-
length using age/length keys described by Marshall et al. (2004). The relationship between
weight- and length-at-age shows that for a given length weight-at-length is positively
correlated with proportion mature-at-length for the 1985-2001 time period (Figure 1.9).
Furthermore, the recent time period has distinctly higher values of weight-at-length than the
earlier time period. This indicates that fish mature earlier when they are heavier at length.
These results are consistent with bioenergetic studies that show feeding rates impact the onset
of cod maturation (Lehmann et al. 1991) and with field observations showing condition to
have a significant effect on the proportion of mature cod (Marteinsdottir and Begg 2002).

Estimates of weight-at-length were multiplied by the Russian liver condition index at length
(Yaragina and Marshall 2000) to derive estimates of liver weight in grams for cod at a
standard length (see Marshall et al. 2004 for details of this calculation). This analysis
indicated that for the 1985-2001 there is a consistently significant, positive relationship
between liver weight and proportion mature (Figure 1.10). For two length classes (midpoints
72.5 and 82.5 cm) there are significant correlations between liver weight and proportion
meature for the earlier time period as well. This result confirms that the magnitude of stored
energy is positively correlated with proportion mature. Furthermore, these derived estimates
of liver weight are, positively correlated with capelin stock biomass over the entire 1946-2001
time period (Figure 1.11) (n = 54, r* = 0.44, p < 0.001 Marshall et al. 2004).

To investigate whether temperature had any effect on the relationship between liver weights
and proportion mature average temperature values for July through December were calcul ated
using the Kola section time series. The mean temperature of the last six months in the
preceding year was did not explain a significant amount of variability in the proportion
mature-at-length in models that use liver weight to represent the bioenergetic status (Table
1.15). Thus, variability in temperature does not appear to impact the proportion mature of cod.

This analysis also serves to illustrate the usefulness of converting age-based assessment data
to length-based. There was no relationship between weight-at-age and maturity-at-age for the
1985-2001 time period (Figure 1.8) but when converted to length the data showed statistically
significant relationships between weight and proportion mature (Figure 1.9) as well as
between liver weight and proportion mature (Figure 1.10). Thus, age/length keys are an
essential requirement for modelling the maturity dynamics of cod for projection purposes.
Results obtained using age-based data are highly likely to obscure important trends. A
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modelling approach to implement this knowledge in the assessment could be developed
intersessionally.

1.4.3 Natural mortality (Table 1.16)

Cannibalism mortality for cod

An dternative approach for prediction of NEA cod cannibalism based on the linear
relationship between the natural mortality of cod at ages 3-5 and the biomass of cod spawning
stock with minus 3-year lag was proposed (Kovalev 2004). Using this approach the predicted
natural mortality coefficient for cod including cannibalism seems to be higher compared to
“the standard” prediction sec. 3.3.8

For age 3 the level of natural mortality tend to increase from 0.3 in 2004 to 0.47 in 2007 and
for age 4 from 0.23 to 0.29. Values for the years 2004 to 2007 are given in the text table
below:

M2AGE 3 M2AGE 4

by regression

2004 0.30 0.23
2005 0.39 0.26
2006 0.42 0.27
2007 0.47 0.29

values used in assessment

2005- 0.2674 0.2116
2007

Because the mechanism of the cod SSB influence on the level of own young natural mortality
in 3-4 yearsis unclear the WG decided not to use this approach for prediction before it will be
further tested.

Table 1.16 shows the proportion of cod in the cod diet, by predator age and year. This
proportion increases by predator age.

1.4.4 Expected stock parameters based on qualitative analysis of ecosystem
impact factors (Table 1.17)

An alternative approach for looking at the future development of the commercia fish stocks
development is to give qudlitatively assignments on different stock parameters from major
impact factor. Then an overal effect on the specific stock can be given. The overal effect,
together with the impact factors and the stock parameters are shown in Table 1.17.

Answersto short term considerations from WGRED

The Working Group on Regional Ecosystem Descriptions identified three specific
environmental factors relevant for the AFWG. The AFWG 2005 is asked to consider these
concerns:

Blue whiting in the Barents Sea

In 2004 1400 Kt of blue whiting has been recorded in the Barents Sea. This is the highest
observed in the area. AFWG is asked to consider the impact of blue whiting on the Barents
Sea ecosystem and whether there is enough knowledge to incorporate it into assessments of
concern.
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As described in chapter 1.2.4, there have been Russian investigations on stomach contents in
the Barents Sea since the mid 80s (Dolgov, WD 9). Stomach contents of Blue whiting are
sampled in 1998-2000 and 2003, about 1500 all together. The data indicate zooplankton is the
most important prey at young ages (age < 5), which is the dominant part of the stock present
in the Barents Sea. When blue whiting reaches a length of about 27 cm (5 years old), fish
seems to be the dominant part the diet. This means that about one third of the biomass
observed probably has fish as main prey. The fish prey was dominated by pelagic species (i.e.
polar cod, capelin, haddock, saithe and redfish).

How much impact herring and blue whiting have on the zooplankton biomass is not clear, but
the competitive effect is assumed to be low. However, advected zooplankton biomass from the
Norwegian Sea is an important mechanism for supplying the local production in the whole
Barents Sea. It may therefore be an indirect effect of blue whiting feeding on the other species
as a filter on the advected biomass passing on the way further into the Barents Sea. This may
again reduce the local production since fewer adults reach new production areas.

Blue whiting is observed in stomach contents of other species like cod, haddock and
Greenland halibut (Dolgov, WD 9 and 10), however it is not likely that blue whiting is
important prey for any of the fish stocks in the Barents Sea. It seems for example that the
percentage of blue whiting in the cods’ diet has decreased from 2001 to 2003.

Juvenile herring

AFWG is asked to address the additional risk to the Barents Sea capelin stock due to the
strong year classes of juvenile Norwegian Spring Spawning herring in the Barents Sea. The
2002- and 2004 year classes are considered strong.

The working group is well aware of the effect strong year classes of herring have on the
recruitment of capelin. This is not incorporated into the calculations of recruits, but there is
ongoing work in order to handle this effect.

Capelin and cod

Capelin dependent growth effects are not implemented in the prediction of the cod stock.
However, there is ongoing work on quantifying such effectsin order to incorporate it.

The Barents Sea capelin stock level is till considered low. Capelin is the main prey for
Northeast Arctic cod in periods when capelin is abundant, thus capelin stock levels have
shown to affect the growth of cod. At present there is considerable alternative prey available,
like herring, polar cod and juvenile fish. It is thus not expected that the low capelin stock will
affect the cod growth markedly.

A possible implicit growth effect due to the large biomass of juvenile herring, which feed on
capelin, has not been examined.

The cod-capelin relationship is aready built into the basis for advice on Barents Sea capelin.

Cod and haddock

The predation of Northeast Arctic cod on Northeast Arctic haddock is implemented in the
haddock assessment.
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Table1.1. Capdlin stock history from 1973 and prognosis for capelin biomassin 2005. M
output biomass is the estimated biomass of the capelin removed from the stock by natural
mortality.

YEAR TOTAL STOCK NUMBER, TOTAL STOCK BIOMASS MATURING BIOMASS M ouTPUT BIOMASS (M OB)

BILLIONS (OcT. 1) IN 1000 TONNES (OcT. 1) IN 1000 TONNES DURING YEAR
(OcT.1) (1000 TONNES)

1973 961 5144 1350 5504

1974 1029 5733 907 4542

1975 921 7806 2916 4669

1976 696 6417 3200 5633

1977 681 4796 2676 4174

1978 561 4247 1402 3782

1979 464 4162 1227 5723

1980 654 6715 3913 5708

1981 660 3895 1551 5658

1982 735 3779 1591 3729

1983 754 4230 1329 3884

1984 393 2964 1208 3051

1985 109 860 285 1975

1986 14 120 65 681

1987 39 101 17 200

1988 50 428 200 80

1989 209 864 175 537

1990 894 5831 2617 415

1991 1016 7287 2248 3307

1992 678 5150 2228 7745

1993 75 796 330 4631

1994 28 200 9 982

1995 17 193 118 163

1996 96 503 248 261

1997 140 911 312 828

1998 263 2056 931 915

1999 285 2776 1718 2070

2000 595 4273 2099 2464

2001 364 3630 2019 3906

2002 201 2210 1290 2939

2003 104 533 280 2306

2004 82 628 293 490

2005* 740 272

* Egtimates, includes the 2004 year class, which size is estimated from aregression on an 0-
group index
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Table 1.2. Capelin one-year prognoses compared with survey estimates (in million tonnes).

PROGNOSIS (1+ CAPELIN BIOMASS)
AVAILABLE AT AFWG IN THISYEAR

4.0
3.8
4.1
34
2.0
1.7
0.7

SURVEY ESTIMATE (1+ CAPELIN BIOMASS)

2.8
4.3
3.6
2.2
05
0.6
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Year

1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
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TABLE 1.3. THE NORTH-EAST ARCTIC COD STOCK'S CONSUMPTION OF VARIOUS PREY SPECIESIN 1984-2004 (1000 TONNES), BASED ON NORWEGIAN CONSUMPTION CALCULATIONS.

Other

506
1157
665
680
407
725
1447
1076
1016
783
670
855
639
431
432
401
424
766
385
576
759

Amphipods

27
169
1223
1084
1236
800
136
65
102
253
563
982
631
384
369
152
176
180
89
277
626

Krill

112
57
108
67
317
241
83
75
158
715
704
516
1158
520
471
285
480
368
270
493
410

Shrimp

436
155
142
191
129
132
194
188
373
315
518
363
340
311
328
263
478
296
226
231
251

Capelin

722
1619
835
229
339
580
1593
2901
2457
3047
1087
630
538
905
719
1791
1836
1861
1908
2117
1352

Herring

78
183
133
32

332
164
147
116
a7

89
137
57
77
74
199
101

Polar cod

15
3
141
205
92
32

12

97

278
582
254
104
112
152
232
207
271
272
274
556

Caod

22
32
83
25
9

19
26
55
286
225
393
536
340
154
63
80
69
112
116
74

Haddock

50
47
110

10
15
20
106
71
49
116
69
41
32
26
54
53
125
166
81

Redfish

364
225
313
324
223
232
243
312
189
100
79
194
96
36
9
16

P Wk, O

G. halibut

N O O O B O O O

N
o

0 O Ok O kP OO O Fr ON

Blue
whiting

10
56
13
32
39
163
236
78
116

Tota

2332
3649
3754
2843
2767
2765
3828
4702
4906
6018
4624
4420
4168
3142
2768
3400
3838
4110
3698
4531
4336
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Y ear
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

Other
608
755
576
475
500
505
361
342
832
607
475
536
701
532
300
177
253
407
244
461
557

Amphipods
31
432
833
506
168
290
30
83
38
175
287
433
346
85
189
77
113
75
47
164
223

Krill
93

30

55

69

209
167
101
54

213
186
351
374
936
386
660
479
418
366
276
243
235

Shrimp
351
202
141
200
118
104
270
286
263
221
445
519
190
207
246
247
384
314
196
218
227

Capelin
592
990
786
161
292
679
1254
3285
2019
2767
1265
656
455
492
821
1427
1733
1518
2377
1263
1101

Herring
33
24
46
8
19
4
64
28
374
176
102
186
74
49
67
77
50
93
51
157
144

Polar cod
17

0
154
105

34

44

190
170
462
182
72

108
121
168
162
151
310
239
368
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Cod
13
98
28
27
20
34
21
52
84
145
362
522
435
409
125
47
57
60
93
152
84

Haddock
50

34
103

92

16
22
38
152
69
125
57
33
21
14
29
52
83
331
165

Redfish
195
97
155
117
127
158
232
144
121
41
55
110
69
37

G. halibut
0

O O W O P ON O W o Ul » 01 OO O O B+ O

[N
N

TABLE 1.4. THE NORTH-EAST ARCTIC COD STOCK'SCONSUMPTION OF VARIOUS PREY SPECIESIN 1984-2004 (1000 TONNES), BASED ON RUSSIAN CONSUMPTION CALCULATIONS.

Blue whiting
5

18
4
10

147
114
33
74

Total
1987
2679
2880
1679
1544
1977
2396
4352
4172
4649
3873
3645
3344
2342
2587
2751
3230
3189
3794
3262
3196
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Year/Age
1984

1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

2004

1

0.247
0.304
0.161
0.219
0.164
0.223
0.397
0.293
0.216
0.112
0.130
0.103
0.108
0.138
0.117
0.163
0.170
0.171
0.192
0.209

0.160

2

0.814
0.761
0.489
0.601
0.703
0.716
1.058
0.974
0.663
0.528
0.408
0.296
0.356
0.310
0.398
0.505
0.499
0.455
0.551
0.652

0.591

3

1.686
1.833
1.349
1.275
1.149
1.611
2.071
2.185
2.103
1.547
0.922
0.921
0.929
0.937
0.984
1.093
1.244
1.309
1.183
1.285

1.163

4

2.527
3.111
3.168
2.055
2.149
2.720
3.698
3.564
3.137
3.046
2.521
1.821
1.848
1.769
1.943
2.718
2.462
2.440
2.444
2.401

2.726

5

3.953
4.678
5.628
3.538
3.745
3.987
4.954
5.346
4.143
4.811
3.512
3.363
3.071
2.694
2.924
3.720
4.254
3.685
3.386
4.003

4.044

ICES Report AFWG 2005

6

5.213
7.364
6.834
5.466
5.880
5.621
5.839
7.111
5.094
6.289
4.541
5.271
4.437
3.537
4.190
5.446
5.656
5.304
4.724
5.983

6.040

TABLE 1.5 CONSUMPTION PER COD BY COD AGE GROUP (KG/YEAR), BASED ON NORWEGIAN CONSUMPTION CALCULATIONS.

7
8.037
11.305
11.062
7.044
10.103
7.706
8.572
9.531
7.896
9.423
6.411
7.735
7.426
5.242
5.749
6.970
7.980
7.555
6.181
8.477

7.867

8
8.554
12.033
11.978
8.112
11.226
8.527
9.516
10.303
9.069
11.286
8.923
10.458
11.254
8.223
8.079
9.189
9.429
11.328
9.056
10.537

11.701

9.213

12.562
12.787
8.923

12.579
9.630

10.538
11.364
9.440

11.813
9.731

12.411
15.010
12.756
11.574
11.031
12.750
13.731
10.406
13.063

14.632

10
9.947
13.822
13.553
9.344
13.131
10.231
10.801
12.417
10.166
12.303
10.038
12.816
15.190
13.667
12.099
12.036
13.539
14.444
11.745
13.878

15.555

11+
10.019
13.936
13.785
9.296
13.355
10.678
11.399
12.059
10.212
11.959
10.238
13.264
15.588
13.269
12.157
12.139
13.579
14.763
11.100
14.578

16.553
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TABLE 1.6 CONSUMPTION PER COD BY COD AGE GROUP (KG/YEAR), BASED ON RUSSIAN CONSUMPTION CALCULATIONS.

Year/Age 1 2 3 4 5 6 7 8 9 10 11 12 13+

1984 0.262 0.893 1.612 2.748 3.848 5.486 6.990 8.563 10.574 13.166 12.437 14.282 15.272
1985 0.295 0.752 1.656 2.683 4.264 6.601 8.242 9.743 10.975 14.447 16.499 16.061 17.343
1986 0.179 0.515 1.461 3.467 4.956 5.913 6.477 8.156 9.766 11.455 12.500 13.577 14.772
1987 0.145 0431 0.844 1.561 3.078 4.346 7.279 9.683 12.703 14.482 15.014 15.115 16.377
1988 0.183 0.704 1.075 1.627 2.392 4.387 8.208 9.978 10.867 16.536 14.352 15.765 12.361
1989 0.282 0.910 1.468 2.207 3.244 4.799 6.581 8.725 11.134 15.799 15.950 17.909 14.023
1990 0.288 1.007 1.696 2.694 3.278 3.833 5.584 6.871 10.716 11.428 12.660 15.053 16.064
1991 0.241 0.936 2.670 4.473 6.038 7.846 9.590 11.542 14.970 19.294 17.509 20.109 22.109
1992 0.178 0.969 2.475 2.866 3.995 5.138 6.724 7.414 8.754 12.304 13.518 13.744 14.908
1993 0.133 0.476 1.512 2.865 3.944 5.108 7.372 8.945 10.343 11.600 14.067 14.893 15.922
1994 0.180 0.512 1.212 2.402 3.517 5.359 7.560 10.001 11.818 12.896 13.554 15.902 16.806
1995 0.194 0.497 0.962 1.819 3.204 4.847 7.332 9.688 13.835 15.247 15.892 17.306 18.290
1996 0.170  0.498 1.028 1.916 3.075 4.189 6.987 10.212 12.185 13.426 13.669 14.968 15.738
1997 0.119 0.341 0.992 1.908 2.668 3.503 4.954 7.980 12.174 21.523 19.738 20.974 23.744
1998 0.232 0.528 1.081 2.016 2.823 4.089 5.469 7.346 9.586 13.012 13.570 14.540 15.762
1999 0.261 0.431 1.128 2.490 3.676 5.222 6.398 8.220 9.194 13.364 14.327 15.918 17.109
2000 0.186 0.545 1.288 2.551 4.384 6.557 8.813 10.483 11.495 15.101 16.026 18.770 20.330
2001 0.150 0.413 1.163 2.109 3.425 5.562 6.825 10.214 12.371 14.997 16.773 17.473 19.788
2002 0.252 0.677 1.302 2.698 3.847 5.591 7.846 10.797 13.238 18.788 16.761 18.424 19.578
2003 0.233 0.623 1.322 2.141 3.622 4.918 7.008 9.249 13.794 17.936 18.788 17.929 19.056

2004 0.213 0.612 1.253 2.283 3.389 4.890 7.055 10.244 13.920 19.780 21.025 19.853 21.146
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Table1.7. Annual consumption by minke whale and harp seal (thousand tonnes). Thefiguresfor minke whales are based on data from 1992-1995, while the figuresfor harp sealsare
based on data for 1990-1996.

PREY MINKE WHALE CONSUMPTI ON HARP SEAL CONSUMPTION HARP SEAL CONSUMPTION
(LOW CAPELIN STOCK ) (HIGH CAPELIN STOCK )

Capelin 142 23 812

Herring 633 394 213

Cod 256 298 101

Haddock 128 a7 '

Krill 602 550 605

Amphipods 0 304 3132

Shrimp 0 ! !

Polar cod ! 880 608

Other fish 55 622 406

Other crustaceans 0 356 312

Total 1817 3491 3371

! the prey speciesisincluded in the relevant ‘other’ group for this predator.
2 only Parathemisto
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Table 1.8. Description of the fisheries by gears. The gears are abbreviated as: trawl roundfish (TR), trawl shrimp
(TS), longline (LL), gilinet (GN), handline (HL), purse seine (PS), Danish seine (DS) and trawl pelagic (TP). The
regulations are abbreviated as: Quota (Q), mesh size (MS), sorting grid (SG), minimum catching size (MCS),
minimum landing size (ML S), maximum by-catch of undersized fish (MBU), maximum by-catch of non-target species
(MBN), maximum as by-catch (MB), closure of areas (C), restrictions in season (RS), restrictions in area (RA),
restriction in gear (RG), maximum by-catch per haul (MBH), as by-catch by maximum per boat at landing (MBL),
number of effective fishing days (ED), number of vessels (EF), restriction in effort combined with quota and tonnage
of thevessel (ER).

SPECIES DIRECTED TYPE OF LANDINGSIN ASBY-CATCH LocATION AGREEMENTSAND
FISHERY BY FISHERY 2004 (TONNES) IN FLEET(S) REGULATIONS
GEAR
Capelin PS, TP seasonal 0 TR, TS Northern coastal areas bilateral agreement,
to south of 74°N Norway and Russia
Coastal cod  GN, LL, HL, al year 32599 TS,PS,DS,  Norwegian coast line Q, MS, MCS, MBU,
DS TP MBN, C, RS, RA
Cod TR, GN, LL, al year 580000 TS, PS, TP, North of 62°N, Barents  Q, MS, SG, MCS,
HL DS Sea, Svabard MBU, MBN, C, RS,
RA
Wolffish! LL all year 21081 TR, (GN), North of 62°N, Barents Q, MB
(HL) Sea, Svdbard
Haddock TR, GN, LL, al year 116293 TS, PS, TP, North of 62°N, Barents  Q, MS, SG, MCS,
HL DS Sea, Svdbard MBU, MBN, C, RS,
RA
Saithe PS, TR, GN seasonal 161916 TS,LL,HL, Coasta areas north of Q, MS, SG, MCS,
DS, TP 62°N, southern Barents MBU, MBN, C, RS,
Sea RA
Greenland LL,GN Seasonal 18762 TR deep shelf and at the Q, MS, RS, RG,
halibut? continental slope MBH, MBL
Sebastes No directed al year 4914 TR deep shelf and at the C, SG, MB
mentella fishery continental slope
Sebastes GN, LL,HL al year 7293 TR Norwegian coast SG, MB MCS, MBU,
marinus C
Shrimp TS al year 41800° Spitsbergen, ED, EF, SG, C, MCS

Barents Sea, Coastal

Thedirected fishery for wolffish ismainly Russian EEZ and in ICES area 1B, and theregulations are mainly restricted to this

fishery

*Theonly directed fishery for Greenland halibut is by a limited Norwegian fleet, comprising vesselslessthan 28 m.
*Thetotal catch in 2003
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Table 1.9. Flexibility in coupling between the fisheries. Fleets and impact on the other species (H, high, M, medium,
L, low and 0, nothing). The lower diagonal indicates what gears couples the species, and the strength of the coupling
isgiven in the upper diagonal. The gears are abbreviated as: trawl roundfish (TR), trawl shrimp (TS), longline (LL),
gillnet (GN), handline (HL), purse seine (PS), Danish seine (DS) and trawl pelagic (TP).

Species Cod Coastal | Haddoc Saithe | Wolffis S. S. Greenlan Capelin Shrimp
cod k h mentell | marinu | dhalibut
a s
H H H M M M M L M-H
juvenile
cod
Coasta H H L L M-L L O-L L
cod GN, LL,
HL, DS
Haddock TR, PS, H M M M L O-L M-H
GN,LL, | GN,LL, juvenile
HL,DS | HL,DS haddock
Saithe TR,PS, | TR, PS, L L M 0 0 0
GN, LL, | GN,LL, | GN,LL,
HL,DS | HL,DS | HL,DS
Wolffish TR, TR,GN | TR, GN, M M M 0 M
GN, LL, ,LL, LL, HL LL, HL juvenile
HL HL wolffish
S. mentella TR TR TR TR M H H H
juvenile | juvenile
Sebastes | Sebastes
S.marinus | TR,GN, | TRGN | TR,GN, TR,GN | TR, LL L 0 L-M
LL ,LL LL juvenile
Sebastes
Greenland | TR,GN, | TRGN | TR,GN, | TR,GN, | TR, LL TR 0 M-H
halibut LL,DS ,LL LL,DS LL,DS juvenile
Capelin TR, PS, PS, TP | TR, PS, PS TP TP TP None
TS, TP TS, TP
Shrimp TS TS TS TS TS TS TS TS
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Table 1.10. Abundance indices of O-group fish in the Barents Sea and adjacent watersin 1965-2004. Indices for

1965-1985 adjusted according to Nakken and Raknes (1996).

Polar cod Greenland| Long
Year | Capelint| Cod?| Haddock?| Herring®| West | East | Redfish halibut | rough
dab
1965 37 11 13 - 0 159 - 66
1966 119 2 2 - 129 236 - 97
1967 89 62 76 - 165 44 - 73
1968 99 45 14 - 60 21 - 17
1969 109 211 186 - 208 295 - 26
1970 51 1097 208 - 197 247 1 12
1971 151 356 166 - 181 172 1 81
1972 2715 225 74 - 140 177 8 65
1973 125 1101 87 - 26 385 3 67
1974 359 82 237 - 227 468 13 93
1975 320 453 224 - 75 315 21 113
1976 281 57 148 - 131 447 16 96
1977 194 279 187 - 157 70 472 9 72
1978 40 192 110 - 107 144 460 35 76
1979 660 129 95 - 23 302 980 22 69
1980 502 61 68 - 79 247 651 12 108
1981 570 65 30 - 149 93 861 38 95
1982 393 136 107 - 14 50 694 17 150
1983 589 459 219 - 48 39 851 16 80
1984 320 559 293 - 115 16 732 40 70
1985 110 742 156 - 60 334 795 36 86
1986 125 434 160 - 111 366 702 55 755
1987 55 102 72 - 17 155 631 41 174
1988 187 133 86 - 144 120 949 8 72
1989 1330 202 112 - 206 4 698 5 92
1990 324 465 227 - 144 48 670 2 35
1991 241 766 472 - 90 239 200 1 28
1992 26 1159 313 - 195 118 150 3 32
1993 43 910 240 188 171 156 162 11 55
1994 58 899 282 120 50 448 414 20 272
1995 43 1069 148 73 6 0 220 15 66
1996 201 1142 196 378 59 484 19 5 10
1997 522 1077 150 390 129 453 50 13 42
1998 428 576 593 524 144 457 78 11 28
1999 722 194 184 242 116 696 27 13 66
2000 303 870 417 213 76 387 195 28 8l
2001 221 212 394 77 110 146 11 32 86
2002 327 1055 412 315 179 588 28 34 173
2003 630 694 705 277 164 337 57 9 58
2004 288 983 977 639 62 355 98 29 35
1985 338 614 286 115 266 387 20 110
2004
1965- 289 482 221 371 18 9
2004

1 Assessment for 1965-1978 in Anon. 1980 and for 1979-1993 in Ushakov and Shamray 1995
2 |ndices for 1965-1985 for cod and haddock adjusted according to Nakken and Raknes (1996)

3 Calculated by Prozorkevich (2001)
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Table 1.11. Estimated logarithmic indices with 90% confidence limits of year class abundance for 0-group herring, cod

and haddock in the Barents Sea and adjacent water s 1965-2004.

Year Herring' Cod Haddock
Index Confidence Index Confidence Index Confidence
limits limits limits

1965 +

1966 0.14 0.04 0.31 0.02 0.01 0.04 0.01 0.00 0.03
1967 0.00 - - 0.04 0.02 0.08 0.08 0.03 0.13
1968 0.00 - - 0.02 0.01 0.04 0.00 0.00 0.02
1969 0.01 0.00 0.04 0.25 0.17 0.34 0.29 0.20 0.41
1970 0.00 - - 251 2.02 3.05 0.64 0.42 0.91
1971 0.00 - - 0.77 0.57 1.01 0.26 0.18 0.36
1972 0.00 - - 0.52 0.35 0.72 0.16 0.09 0.27
1973 0.05 0.03 0.08 1.48 1.18 1.82 0.26 0.15 0.40
1974 0.01 0.01 0.01 0.29 0.18 0.42 0.51 0.39 0.68
1975 0.00 - - 0.90 0.66 117 0.60 0.40 0.85
1976 0.00 - - 0.13 0.06 0.22 0.38 0.24 0.51
1977 0.01 0.00 0.03 0.49 0.36 0.65 0.33 0.21 0.48
1978 0.02 0.01 0.05 0.22 0.14 0.32 0.12 0.07 0.19
1979 0.09 0.01 0.20 0.40 0.25 0.59 0.20 0.12 0.28
1980 - - - 0.13 0.08 0.18 0.15 0.10 0.20
1981 0.00 - - 0.10 0.06 0.18 0.03 0.00 0.05
1982 0.00 - - 0.59 0.43 0.77 0.38 0.30 0.52
1983 1.77 1.29 2.33 1.69 1.34 2.08 0.62 0.48 0.77
1984 0.34 0.20 0.52 1.55 1.18 1.98 0.78 0.60 0.99
1985 0.23 0.18 0.28 2.46 2.22 271 0.27 0.23 0.31
1986 0.00 - - 1.37 1.06 1.70 0.39 0.28 0.52
1987 0.00 0.00 0.03 0.17 0.01 0.40 0.10 0.00 0.25
1988 0.32 0.16 0.53 0.33 0.22 0.47 0.13 0.05 0.34
1989 0.59 0.49 0.76 0.38 0.30 0.48 0.14 0.10 0.20
1990 0.31 0.16 0.50 1.23 1.04 1.34 0.61 0.48 0.75
1991 1.19 0.90 1.52 2.30 1.97 2.65 117 0.98 1.37
1992 1.06 0.69 1.50 2.94 2.53 3.39 0.87 0.71 1.06
1993 0.75 0.45 1.14 2.09 1.70 251 0.64 0.48 0.82
1994 0.28 0.17 0.42 2.27 1.83 2.76 0.64 0.49 0.81
1995 0.16 0.07 0.29 2.40 1.97 2.88 0.25 0.13 0.40
1996 0.65 0.47 0.85 2.87 2.53 3.24 0.39 0.25 0.56
1997 0.39 0.25 0.54 1.60 1.35 1.86 0.21 0.12 0.31
1998 0.59 0.40 0.82 0.68 0.48 0.91 0.59 0.44 0.76
1999 0.41 0.25 0.59 0.21 0.11 0.34 0.25 0.11 0.44
2000 0.30 0.17 0.46 1.49 1.21 1.78 0.64 0.46 0.84
2001 0.13 0.04 0.25 0.23 0.12 0.36 0.67 0.52 0.84
2002 0.53 0.36 0.73 1.22 0.97 1.50 0.99 0.75 1.25
2003 0.51 0.36 0.68 0.85 0.63 1.10 0.85 0.61 1.12
2004 1.20 0.92 151 1.92 1.67 2.19 1.44 1.19 1.71

A ssessment for 1965-1984 made by Toresen (1985).
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Table 1.12A. New abundanceindices (in millions) for 0-group fish with 95% confidence limits, corrected for catching efficiency

YEAR CAPELIN Cob HADDOCK HERRING SAITHE POLAR cOD (EAST) POLAR COD (WEST)
Abundance  Confidence Abundance  Confidence Abundance  Confidence Abundance  Confidence Abundance  Confidence Abundance  Confidence Abundance  Confidence limit
index limit index limit index limit index limit index limit index limit index

1980 1078218 737682 1418753 490 257 724 450 276 624 124 33 215 28 0 63 0 0 0 193438 0 470287

1981 571088 304965 837211 427 304 550 106 43 169 50 0 115 0 0 0 3992 1843 6141 71870 28005 115735

1982 815597 203572 1427623 3924 2893 4955 3282 2416 4148 1065 292 1837 285 0 685 4 0 9 4073 0 9022

1983 443024 231573 654474 21932 11101 32764 5823 4310 7337 162656 38606 286707 445 138 751 1406 0 3256 81606 0 175202

1984 224880 137399 312360 27952 8486 47418 4973 3455 6491 24257 1735 46778 1149 395 1903 164 0 417 41402 9961 72842

1985 97915 968 194861 89166 43308 135023 3265 2079 4450 40187 8180 72195 41 6 75 117143 32088 202197 10925 0 22226

1986 75297 6625 143968 14676 10058 19294 2971 1759 4183 149 411 258 6 0 14 106360 35672 177049 27425 1268 53583

1987 3070 629 5511 1670 774 2566 1162 713 1611 66 0 149 7 0 16 102246 0 236750 1016 426 1605

1988 122766 22343 223190 4034 2344 5725 2438 856 4020 83138 28337 137939 33 13 54 4535 87 8983 62627 0 134372

1989 1175685 936027 1415342 3792 2302 5282 917 635 1199 23520 10937 36104 17 0 36 2681 0 5708 229206 30819 427594

1990 153597 103466 203728 31241 17864 44618 3757 2773 4742 10566 828 20304 33 3 64 4478 1107 7848 411733 0 917105

1991 219759 98508 341009 56288 41328 71249 19053 14647 23459 361027 137974 584080 10 5 16 834254 381210 1287299 497155 0 1424609

1992 465 0 991 226558 123246 329871 6000 4031 7969 118159 68004 168315 366 170 563 78143 0 156929 131280 19166 243394

1993 1034 215 1854 127006 70300 183713 3634 2523 4745 437573 3197 871950 1259 0 3036 158293 39655 276931 111155 18321 203989

1994 27983 2590 53376 110467 58920 162013 6228 3583 8872 174920 0 365301 7 0 15 1894327 862068 2926585 72569 0 160334

1995 2756 0 6324 346940 163909 529971 1596 816 2375 19094 7574 30614 562 250 874 0 0 0 350 18 681

1996 191767 98491 285044 380135 252053 508217 3026 2302 3750 758043 350092 1156994 609 251 968 970882 605523 1336240 65658 0 163364

1997 261351 113055 409647 423915 315457 532373 2655 1812 3497 624380 230666 1018094 498 239 757 434902 237937 631866 101768 8170 195365

1998 117380 64377 170384 31667 21006 42329 16465 11148 21781 632685 365795 899574 181 93 269 23638 11670 35605 137102 0 311064

1999 393331 200244 586419 5629 1503 9755 3224 1267 5181 49279 18559 79998 297 149 445 1731729 1103565 2359893 41141 6680 75603

2000 186841 7492 366191 152259 81350 223169 14944 9358 20530 626908 30754 1223062 1219 632 1805 1416626 814987 2018265 320585 212329 428840

2001 26526 4354 48698 6699 1315 12084 6659 4632 8685 13657 2453 24862 53 0 119 0 0 0 218690 0 480295

2002 29182 16813 41552 45457 29288 61625 5245 3467 7024 124280 18213 230346 632 372 891 129539 76206 182871 378438 70970 685906

2003 611818 314101 909536 131830 76270 187389 45461 25018 65903 256458 92865 420051 3810 0 9996 131767 68293 195241 22204 1648 42760

2004 74158 16665 131651 100968 72516 129420 45805 30977 60633 1065883 728730 1403037 6353 3574 9132 416803 183222 650384 4003 1102 6904
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Table 1.12B. New abundanceindices (in millions) with 95% confidence limits, without correction for catching efficiency.

YEAR

1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

Abundance
index
289 233
146 857
241 500
134 397
97 638
32255
18 025
799
38435
344 987
48 054
74 506
154
343

12 316
819

62 740
76 780
47 841
118474
52 507
6 950
27 629
174 219
22 688

CAPELIN

Confidence limit

198 151
79 240
60 673
72378
60 528
0

891
178
7967
273551
32584
33789
0

96
1206
0
32285
32845
30 786
64 831
787
852
15510
90 750
3525

380314
214 473
422 327
196 416
134748
65111
35160
1421
68 904
416 424
63 525
115223
330
590
23425
1882
93 194
120714
64 895
172117
104 227
13 047
39748
257 687
41 851

Abundance
index
84

65

665
5302
7874
20 151
2493
223
702
957
8821
14776
60 728
35890
35683
119472
94 377
90 747
9 065
1819
34816
1309
25504
25 464
29 893

Cob

Confidence limit

48

45
478
2324
2533
10 163
1718
113
402
549
4733
10 663
33084
19228
18 494
60 293
62 348
66 917
5747
201

18 597
250
14781
14 899
21 856

120

86

851
8280
13214
30139
3267
333
1002
1365
12909
18 889
88371
52 552
52872
178 651
126 406
114 576
12 382
3436
51035
2367
36 227
36 028
37931

Abundance
index
89

19
716
1816
1713
923
630
170
524
234
1519
5281
2237
1623
2586
720
1422
834
7990
1539
3927
2688
2464
11524
26 775

HADDOCK

Confidence limit

55

9

521
1193
1169
530
364
102
207
160
1117
3954
1600
1098
1367
366
1062
576
4985
503
2510
1724
1699
5974
17 806

123

29

911
2440
2256
1316
896
239
840
307
1920
6 608
2874
2148
3 806
1074
1782
1093
10996
2575
5344
3652
3228
17073
35744

HERRING

Abundance Confidence limit
index

7 2 12

5 0 11

66 15 116
43773 16 434 71112
5677 2093 9261
10478 1852 19104
12 0 24

3 0 6
11928 4488 19 368
5484 1876 9092
6054 0 12658
105 890 55 508 156 271
52 097 30012 74182
90 769 5517 176 021
25224 0 54 145
2267 814 3720
78 827 39355 118 298
62 444 28017 96 870
106 103 58 716 153 490
22033 2821 41 245
66 280 4 456 128 104
1136 202 2070
31326 16 289 46 363
41 866 23187 60 546

185 326 131597 239055

REDFISH

Abundance  Confidence limit

index
376 831
208 676
225937
71452
57 458
425744
147 650
32904
91515
21354
123 980
51494
18413
7623
71 465
22022
37

196
995

54

10 051
8

176
257
1366

0

0

14 158
35908
18 739
159 729
0

17 801
58 459
10223
67 925
0

0

0

0
4497
11

0

12

20

0

2

29

0

0

942 891
495518
437716
106 997
96 177
691 758
304 931
48 007
124571
32485
180 034
104 059
48719
18 569
164 239
39 546
62

395
1978
88
22542
14

324
549
2807
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Table 1.13. Overview of available recruitment models prognoses (section 1.4.1) together with the 2005 assessment estimates
(Section 3.5.2, 3.10.4). Note that the given month in the fifth column indicates when the prognoses can be extended for
another year.

MoODEL SPECIES VARIABLE # PROGNOSES 2005 2006 2007 UNIT
PROGNOSTIC ~ AVAILABLE PROGNOSES PROGNOSES PROGNOSES
YEARS
wD1 BarentsSea  Recruits 1 November 173 *10°
capelin (agel)
WD16 BarentsSea  Recruits 1 Before 201 16 *10°
capelin (agel) assessment
wD1 NEA cod O-group, log 2 November 0.98 0.90
(age 0)
WD16 NEA cod Recruits 4 Before 616 555 951 *10°
(age 3) assessment
WD20 NEA cod Recruits 3 Before 711 703 532 *10°
(age3) assessment
wD1 NEA cod Recruits 2@39Y November 723 501 644 * *10°
(age 3) (March®)
wD1 NEA cod Recruits 129 November 461 495 ! *10°
(age 3) (March %)
wD1 NEA cod Recruits 0@y November 627 ' *10°
(age 3) (March®)
Gadget NEA cod Recruits 1 At 416 *10°
Assessment (age ) assessment
2005
RCT3 NEA cod Recruits 3 At 576 478 574 *10°
Assessment (age 3) assessment
2005
RCT3 NEA cod Recruits 3 At 604 455 *10°
Assessment (age ) assessment
2004
wD1 Norwegian Recruits 3 November 9.9 15.8 26.8 *10°
spring (ege 3)
spawning
herring

! Based on prognosis estimate of capelin maturing biomass for October 1 2005 of 272 000 tonnes, ther eby allowing for an additional year.
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Table1.14 Prognoses of mean weight at age of NEA cod at the 2004 — 2007 by the STOCOBAR model, together with
the observations in 2003-2005.
Age 2003 2004 2005 2006 2007
Observed Observed Model Observed Model Model Model
2 0.074 0.055 0.064 0.056 0.067 0.064 0.059
3 0.230 0.240 0.242 0.230 0.251 0.246 0.221
4 0.537 0.480 0.560 0.624 0.630 0.614 0.562
5 1.310 1112 1111 1121 1.241 1.276 1171
6 2.009 2.054 2.145 1.933 1.840 1.975 2.017
7 3.241 2.972 2.997 3.047 3.127 2.843 2971
8 4971 4567 4.686 3.955 4.348 4.485 4.241
9 6.739 6.601 6.511 5811 6.401 6.124 6.263
10 8.706 8.760 9.133 8.289 8.958 8.967 8.777
Table 1.15. Significance levels of temperature and interaction termsin the model: M, = LW, + Temp + LW, X Temp

where M, is the proportion mature at length, LW, is liver weight at length and Temp is the average temperature from July
through December in the previousyear. The pretime period is 1946 to 1979 and the post time period is 1985 to 2001.

TIME PERIOD LENGTH R? PLW, P(TEMP) P(LW_ X TEMP)
post 725 0.47 0.39%4 0.336 0.29

pre 725 0.27 0.283 0.441 0.393

post 825 043 0.448 0.583 0.579

pre 825 0.13 0.852 0.99 0.972

post 92.5 0.54 0.199 0.291 0.296

pre 92.5 0.07 0.868 0.875 0.78

post 102.5 0.62 0.062 0.119 0.107

pre 102.5 0.14 0.847 0.949 0.758

Table 1.16 Proportion of cod in thediet of cod

Cop

(PREDATOR)

AGE 1 2 3 4 5 6 7 8 9 10 11
Year

1984 0.0000 0.0000 0.0032  0.0000 0.0437 0.0263 0.0326 0.0356 0.0364 0.0387 0.0371
1985 0.0015 0.0009 0.0014  0.0017 0.0313 0.0076 0.0818 0.0824 0.0832 0.0837 0.0842
1986 0.0000 0.0022 0.0015  0.0004 0.0129 0.1761 0.1757 0.1755 0.1751 0.1746 0.1735
1987 0.0000 0.0000 0.0007 0.0051 0.0103 0.0246 0.0377 0.0400 0.0418 0.0405 0.0435
1988 0.0000 0.0000 0.0000  0.0002 0.0058 0.0014 0.0038 0.0036 0.0032 0.0038 0.0036
1989 0.0000 0.0006 0.0016  0.0019 0.0027 0.0040 0.0034 0.0035 0.0038 0.0038 0.0041
1990 0.0000 0.0000 0.0000  0.0007 0.0010 0.0010 0.0172 0.0178 0.0185 0.0186 0.0182
1991 0.0000 0.0005 0.0000  0.0003 0.0032 0.0020 0.0219 0.0227 0.0232 0.0235 0.0237
1992 0.0000 0.0021 0.0037  0.0128 0.0249 0.0475 0.0117 0.0157 0.0230 0.0230 0.0228
1993 0.0000 0.0413 0.0368  0.0515 0.0536 0.1129 0.0498 0.0796 0.0798 0.0798 0.0816
1994 0.0000 0.0038 0.0916  0.0347 0.0284 0.0778 0.1245 0.1331 0.2679 0.2694 0.2663
1995 0.0069 0.0811 0.0744  0.1101 0.0925 0.1114 0.1382 0.2528 0.2539 0.2545 0.2558
1996 0.0000 0.1490 0.2548  0.2059 0.1321 0.1265 0.1839 0.2058 0.2411 0.2421 0.2417
1997 0.0000 0.0720 0.0767  0.1139 0.1588 0.1559 0.2336 0.2247 0.2849 0.2761 0.2801
1998 0.0000 0.0134 0.0272  0.0417 0.1038 0.0974 0.1085 0.1488 0.2706 0.2711 0.2717
1999 0.0000 0.0000 0.0049  0.0137 0.0147 0.0342 0.0618 0.1112 0.1969 0.1939 0.1846
2000 0.0000  0.0000 0.0286  0.0148 0.0134 0.0266 0.0496 0.0563 0.2711 0.2689 0.2717
2001 0.0000 0.0159 0.0116  0.0082 0.0131 0.0241 0.0497 0.0370 0.3231 0.3187 0.3208
2002 0.0000 0.0371 0.0597  0.0151 0.0187 0.0274 0.0624 0.0630 0.1567 0.1551 0.1567
2003 0.0000 0.0197 0.0191  0.0195 0.0193 0.0183 0.0464 0.1012 0.2219 0.2265 0.2238
2004 0.0000  0.0050 0.0147  0.0179 0.0104 0.0178 0.0402 0.0282 0.0880 0.0890 0.0884

Average 0.0004 00212 0.0339 00319 00378 0.0534 00731 00876 01459 0.1455 0.1454
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Table 1.17. Qualitative analysis of effects of ecosystem impact factors on some stocksin the Barents Sea in 2005.

| 45

Ecosystem parameters é
&
2 4 g 8 9 o)
| z 5 é 4 g 5 g 5 g e
Commercia Stock s 5 £ IS 5 5 c 2
2 | | 2| S| =|32| 58| 3] 3
species parameters = 2 £ o _§ k= s
=3 & (5} 8 2 O a T
g 8 © T £ =] o] =
[ N o I
Abundance at ++ ++ + - 2 _ +_ 2 2
age O+
NEA Cod Cannibalism ++ __ + __ _ _ + + .
Rate of growth ++ +— -— ++ —+ + - +— -
Rate of + - + - - = ++ ? + +— +— +—
maturation
Abundance at + ++ —— - - _ _ 2 2
age O+
Capelin
Natural ++ —— —— + - +— + + +
mortality
Rate of growth | ++ + ++ - — _ o 2 +
Rate of ++ + ++ - - - +— ? ?
maturation

H —high, M — medium and L — low values of biological parameters.

++ large positive influence of ecosystem parameter on biological parameters;

+ positive influence of ecosystem parameterson biological parameters,

+ — Influence of ecosystem parameter on biological parameter without clear positive or negative effects,
— negative influence of ecosystem parameterson biological parameters;

——large negative influence of ecosystem parameter on biological parameter;

? knowledge are not available.




46 |

ICES Report AFWG 2005

80°N

\ Svalbard-
/ banken

Bjgrnaya
Il Q

\

T5°N -

1000m (N

70°N |-

Russland
| | | |

10°@ 20°Q 30°@g

40°@ 50°@ 60°@

Figure 1.1. The main features of the circulation and bathymetry of the Barents Sea. Red arrows: Atlantic water. Blue

arrows. Arctic water. Green arrows: Coastal water (Stiansen et al., WD1.).
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Figure 1.2. Temperature and inflow of Atlantic water at the western entrance. The blue lines show Atlantic water volume
flux acr oss the section Norway-Bear Idand. Time seriesare 3 and 12 monthsrunning means. Thered lines show temperature
anomaliesthe section Fuglgya— Bear Island section. Time series are actual values and 12 monthsrunning means (Stiansen et
al., WD1).
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Figure 1.3. Average annual temperature anomaliesin the 0-200 m layer in the Kola section (Titov et al., WD16)
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Figure 1.4. Southern Barents Sea seasonal temperature development. The figure shows the Kola section monthly
temperature statistics (long-term seasonal mean, minimum, maximum and standard deviations) for the period 1921-1999,
together with the values for 2002-2004, given for each calendar month for the 0-200 m depth interval (redrawn from Titov et
al., WD16)
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Figure 1.5. Krill abundance indices from the Russian macroplankton survey in the southern (A) and in the northwestern
sea (B).
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Figure 1.6. Average zooplankton biomass (g m™) together with biomass of one year old and older capelin (million tonnes)

during 1984 — 2004, in the Barents Sea (from Dalpadado et al. 2002, updated with data for 2001-2004).

76° jj{
o
75° - I
e ‘mp\\]_)
[
TN
| Conventional Signs
73° -7 seals aggregation
(F . whales aggregation
; dolphins aggregation
72° Cr seals
|
Y - 2:‘.!
7 %; .
whales
.1
70° .23
/_\ W 4-10
B -0
&9° 4 dolphins
L/' il i
4 @ 2-3
68° ‘/ 4-10
=10
&7° killer whales
v 1
* 2-2
B66° # 4-10
$ =10
[ICoast
14° 18° 22° 26° 30° 34° 38° 42° 46° 50° 54 58° 62°

Figure 1.7. Distribution of marine mammalsin the Barents Sea in August 2004 accor ding to ship- and airborne

observations.
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Figure 1.8. Bivariate relationships between cod weight at age (kg) and proportion of mature fish in two time periods (1946-
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Figure 1.9. Bivariaterelationships between cod weight (g) at 4 different lengths and proportion of maturefish in two
time periods (1946-1979 and 1984-2001).
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Norwegian coastal cod in sub-areas| and I1

Status of the Fisheries

2.1.1 Landingsprior to 2005 (Tables 2.9, 2.19, Figure 2.2)

The catches of Norwegian Coastal cod (NCC) have been caculated back to 1984. During this
period the catches have been between 25,000 and 75,000 t. The estimated landings of NCC in
2003 reported to the Working Group is 34,635 t and the provisiona figure for 2004 is 32,599 t
(Tables 2.9, 2.19, Figure 2.2). The landings in 2004 decreased compared with 2003. However, the
landings were higher than expected. The landings decreased in all areas except for the Lofoten area
where the landings increased. In the Lofoten region the availability of Northeast Arctic cod was
lower than usually because most of the Northeast Arctic cod in 2004 were spawning on the coastal
banks outside the Vestfjord. The catches inside the 12 n.mile zone was separated to type of cod by
the structure of the otoliths (ref. Quality Control Handbook, Coastal cod and chapter 2.2.2). A total
of 15,438 otoliths were collected from the commercial catches (Table 2.1.A) separated into quarter
of catch and fishing gear. Approximately 22 % of the otoliths were classified as coastal cod.

2.1.2 Expected landingsin 2005 (Figure 2.4)

The quota for Norwegian coastal cod was reduced from 40,000 t. in 2003 to 20,000 t. in 2004 and
21,000 t. in 2005. To achieve a reduction in landings of coastal cod new technical regulations were
adopted in 2004 and extended in 2005 in Norway. In the new regulations lines are drawn aong the
shore to close severa fjordsfor direct cod fishing with vessels larger than 15 meter (Figure 2.4). In
addition, all trawl fishing for cod are restricted to areas outside 6 n.mile from shore. These
regulations are supposed to turn the traditional coastal fishery over from catching coastal cod in the
fjords to catch more cod outside the fjords where the proportion of Northeast Arctic cod is higher.

During winter/spring the amount of Northeast Arctic cod at spawning migration near the
Norwegian coast was at the same level as in 2004. The amount of Northeast Arctic cod spawning
inside the Lofoten area was small, and hence a mgjor part of the landings in this region is expected
to consist of coastal cod also in 2005. In addition, the remaining part of the quotas for the coastal
vessels that will be taken after May will consists of a high proportion coastal cod. This makes it
difficult to estimate the landings in 2005 accurate. The working group therefore assume a status
guo fishing mortality in 2005, which will result in landings of 22,877 tonnes using the same
exploitation pattern as in the period 2002-2004, scaled to the 2004 level.

Status of Resear ch

221 Survey results(Tables2.1.B, 2.2, 2.3, 2.4, 2.5, 2.6, 2.7)

A new trawl-acoustic survey along the Norwegian coast from Varanger to Stadt in October-
November was established in 2003. This is a combined survey covering the distribution of coastal
cod and Northeast Arctic saithe and replaces two other surveys (saithe survey and coastal survey).
In 2003 and 2004 the survey covered alarger areathan the coastal surveysin 1995-2002. However,
the survey indices are calculated the same way as previous years using the same covering area as
for previous surveys. The survey indices will not be recalculated before the time series from the
new survey is extended. In addition, a new bottom trawl time series based on fixed stations from
the Norwegian coastal survey is under preparation and will hopefully be ready before next year’s
assessment.

The trawl-acoustic coastal survey in 2004 estimated a total survey biomass of NCC of about
31,000 t (21 million fish) from Varanger to Stadt at 62° N (Tables 2.1.B, 2.2, 2.7). The spawning
biomass accounted for 20,000 t (7 million fish) of the total (Tables 2.3, 2.4). More than 67% of the
total coastal biomass was distributed from the Russian border to 67° N and about 33% south of 67°
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N (Norwegian statistical areas 06 and 07). The bulk of the biomass was comprised of ages 3-7
(Table 2.2).

The data indicated a higher proportion of NCC in the fjords and to the south compared with the
northern and outer areas. In the Norwegian statistical areas 06 and 07 (south of 67° N) nearly all
otoliths collected were of the NCC type, which is similar to the results of the 1995-2003 surveys.

The numbers of NCC per age groups from al the coastal surveys is given in Table 2.7. The total
numbers was almost unchanged in 2004 compared with the 2003 survey. For age groups 2-4 the
numbers increased and for age groups 6-9 the numbers decreased from 2003 to 2004. The
Norwegian 2005 coastal survey (October-November) will be conducted in a similar way as the
previous one (2004) to further extend the time series for NCC over its distribution area.

2.2.2 Agereading and stock separation

Age readings of the cod both from the surveys and from the catches, are done the same way as for
the NEA cod. A total of 2505 cod otoliths were sampled during the 2004 survey, and separated into
NCC type (1721) and NEA cod (784). The precision and accuracy of the separation method has
been investigated by comparison of different otolith readers and results from genetic investigation
of cod. The results indicate about 95 % accuracy in the estimates (Berg et al., in press).

Asin previous years, NCC was found throughout the survey area. The 2004 survey data shows the
same pattern as the 1995-2003 surveys. The proportion of the NCC increases going from north to
south along the Norwegian coast. The NCC type otoliths dominate south of 67° N (Norwegian
statistical areas 06 and 07). Although the proportion is lower, there is significant biomass of NCC
north of 67° N. It must be emphasised that the Norwegian coastal surveys have been conducted in
August-November, and there may be more NEA cod in the southern area at other times of the year,
especially during the spawning season in the wintertime.

2.2.3 Weight-at-age (Tables 2,5 2.11)

There is a general tendency for cod to have higher weight-at-age when caught in the southernmost
area (Tables 2.5, 2.11). The same tendency was found for the surveys in 1995-2003. The number
of cod estimated in the southernmost area increased from 2003 to 2004. This is the main reason
why the weight-at-age (weighted average) from the trawl-acoustic survey in 2004 was higher for
most ages (except for age 2, 8 and 9) compared with the 2003 survey. The weight-at-age for NCC
is however, well above the present level for NEA cod.

2.24 Maturity-at-age (Tables 2.6, 2.12)

The maturity-at-age is estimated from the data collected at the Norwegian coastal survey. The age
at 50% maturity (Msg) for the NCC was estimated to be approximately 5.5 year on average for the
surveyed area in 2004 (Tables 2.6, 2.12). There are some variations between the different areas.
The 2004 data show that the average My is at a lower age as that found in the 2003 survey. The
main reason for the lower age at maturation might be the increased number of cod estimated in the
southern area, where cod is growing faster and reaches Ms, a younger age. However, the survey is
conducted in the period October/November. In this period the maturity ogive can be difficult to
define exactly and might influence the estimation of maturity-at-age and hence the estimation of
SSB. In addition, the average Mgy for the NEA cod in 2004 is about one year higher.

Data Used in the Assessment

2.3.1 Catch-at-age (Table 2.9)

The catches of coastal cod are calculated splitting the total catches of cod caught inside the 12
n.mile zone into coastal cod and Northeast Arctic cod based on samples from commercial catches.
The proportion coastal cod is estimated by inspection of the otoliths (see chapter 2.2.2).
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The catch-at-age (2-10+) for the period 1984-2003 is given in Table 2.9. The exploitation pattern
in 2004 was similar to that observed last year.

The landings of coastal cod are expected to be severely underestimated. In addition to the official
landings from commercial vessels an unknown amount of coastal cod is landed from both tourist
fishing and recreationa fishing activity by Norwegian citizen. Two different investigations have
estimated the amount of cod landed from these two activities and the reports were published in
2003 (in Norwegian). A summary of these two reports was presented as a WD to the WG (WD 23).
The unreported catch of coastal cod in 2003 was estimated to approximately 9.300 tonnes from the
recreational fishing activity and 500-800 tonnes from the tourist fishing. This sums up to almost
30% of the official landings of coastal cod in 2003. There have aso been conducted two
investigations trying two estimate the level of discarding and misreporting from the coastal vessels
in two periods (2000 and 2002-2003, WD 14 at 2002 WG). The amount of the discard was
caculated and the report from the 2000-investigation concluded there was both discard and
misreport by speciesin 2000. Landings of cod with gillnet should be increased by approximately 8-
10%. 1/3 of this is probably Coastal cod. The last report concluded that misreporting in the
Norwegian coastal gillnet fisheries have been reduced significantly since 2000.

Dependent on financing, the Institute of Marine Research in co-operation with other organizations
plan to conduct an improved enquiry about every fifth year to estimate and monitor the more
general recreationa fishing activity. Institute of Marine Research in cooperation with the
Directorate of Fisheries and relevant tourist organizations plans also to conduct an annual research
on estimation of the catches taken by touristsin Norway.

Although it certainly has been unreported catches for a long period, there are no available data for
other years. It is also unknown whether the amount of unreported catch fluctuates with the stock
size or with other factors. The WG therefore considered that unreported landings should not be
included in the assessment until datais available for alonger time period.

2.3.2 Weight-at-age (Table 2.10, 2.11)

The weight-at-age in the stock, used in the assessment, is obtained from the Norwegian coastal
survey (Table 2.11). The survey is covering the distribution area of the stock. Weight-at-age from
this survey is therefore assumed to reflect the weight-at-age in the stock. Weight-at-age in 2004
was slightly higher for most ages (except for age 2 and 9) compared with 2003 (see 2.2.3). Weight-
at-age for age 8 was very low and assumed to be wrong due to low sample size and therefore
recalculated by using an average annual increase from age 7 to 8 for the three earlier years. The
weight-at-age in the catch is given in Table 2.10. Weight at age in the catch increased from 2003 to
2004 caused by a relative higher proportion cod caught in the southernmost area where weight at
age is somewhat higher compared with further north.

2.3.3 Natural mortality
A fixed natural mortality of 0.2 was used.

2.3.4 Maturity-at-age (Tables 2.6, 2.12)

The maturity ogive data in 2004 is obtained from the Norwegian coastal survey (Tables 2.6, 2.12).
The proportion mature at age has decreased the latest years for ages 3-6 (ref. chapter 2.2.4) (Table
2.12).

2.3.5 Tuning data (Table 2.7)

In previous assessments (until 2002) the acoustic indices (age 2-9) from the Norwegian coastal
survey conducted late autumn (1995-2001) has been used in the tuning (Table 2.7). ACFM
proposed in 2002 to exclude age group 9 from the tuning fleet due to high S.E. (log q) for this age
group. The S.E. (log q) was dlightly lower for several ages when excluding age 9, and the WG in
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2003 therefore decided to exclude it in the tuning in the 2003 assessment. The same age groups are
used in 2004 and in this year’s assessment.

Data screening and exploratory runs

241 Survey data (Figures 2.5, 2.6, 2.7, 2.8, 2.9, 2.10)

The acoustic survey tuning data were screened using SURBA (version 2.20) to examine for year,
age and cohort effects. Survey catchability and weighting factors by age were all set to 1.0 with a
smoother parameter rho = 2.0. Mean-standardised survey indices by year class and by year show
quite good internal consistency in tracking weak and strong year classes (Figure 2.5, 2.6), but with
some strong year-effects especialy in 1997 where the index for al year-classes are high than the
year before (Figure 2.5). The empirical catch curves show that the survey has low catchability at
age 2 and age 7 and older causing domed catch curves (Figure 2.9). In 2004 there seems to have
been an increase in catchability of age groups 2-5, and a decrease for older ages (Figure 2.8). There
is a clear temporal downward trend in F over the time series (Figure 2.7) and mean F,, varies
between about 0.3 and 0.7 (Figure 2.7). During the whole time period SSB shows a substantially
downward trend (Figure 2.7). A consist retrospective pattern for F, SSB and recruitment is shown
in Figure 2.10.

2.4.2 Exploratory runs

2421 XSA; SE shrinkage changed from 1.0 to 0.5 (Figures 2.3, 2.11)

Previously a SE of 1.0 has been preferred for coastal cod. An exploratory XSA with the “default”
value of SE of 0.5 was done during the WG. The retrospective pattern in F, SSB and recruitment
was however somewhat worse (Figure 2.11) than using shrinkage=1.0 (Figure 2.3). Both SSB and
total stock biomass for the final year was lower when using SE=0.5 (see table below). Since both
the stock and the SSB the latest years have been underestimated in the assessment year, SE=0.5
will probably lead to an even higher underestimation of the SSB. Although the differences were
small the WG decided to use the previous settings for SE.

2422 XSA; Number of yearsused in shrinkage changed fro 2 to 4 (Figure 2.12)

In the latest assessments the number of year used for shrinkage has been set to 2. The WG made an
exploratory XSA run using 4 year as basis for the shrinkage. Only small changes in SSB, total
biomass and recruitment in 2003 and 2004 was observed (see Table below). The retrospective
pattern for SSB, total biomass and recruitment is very close to those observed for when using 2
year as basis for the shrinkage (Figure 2.12). The WG therefore found no strong reasons for
changing the setting and decided to continue to apply 2 year as basis for the shrinkage.

2.4.2.3 XSA; Catchability for some ages set to be dependent of stock size

Severa exploratory XSA runs were performed setting the catchability dependent of stock size
increasing the age-span one year at the time. However, the XSA was very unstable for all these
settings and the retrospective pattern for F, SSB and recruitment was very bad. The results are
therefore not shown in the table below. The previous used catchability independent of stock size
for all ages was therefore preferred.

24231 ICA; Settings as close as possibleto the settings used in XSA (Tables 2.24, 2.25)

One ICA run was performed with the same input files as to the XSA fina run. The parameter
settings were as close to the X SA settings as possible, and settings are presented in Table 2.24. The
run was done with weighting of abundance manual with a value of 1. The results of the run with
manual weighting came close to the XSA for the SSB. The total stock biomass was about 10%
higher, and the F,.; was considerable lower in the ICA run (see table below). Hence the survivors
in 2005 were higher in the ICA run. The recruits in 2003 was at the same level asin the XSA-run,
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while the recruits in 2004 was considerable lower in the ICA run. The summary output is presented
in Table 2.25.

ASSESSMENT / F(4-7) F (4-7) ToTAL TOTAL SSB SSB RECRUITS  RECRUITS
SETTINGS 2003 2004 Biom. Biom. 2003 2004 2003 2004
2003 2004

XSA - Aslast year 0.4275 0.7029 90 733 82971 49111 58357 5740 6 066
XSA -SE05 0.4192 0.6195 86 639 75225 43176 50805 5212 2278
XSA -4 year 0.4183 0.6808 92 915 85714 50621 60466 5939 6391
shrinkage

ICA 0.3720 0.3964 100 637 94 580 50048 63004 5490 1140

Methods Used in the Assessment

2.5.1 VPA and tuning (Table 2.8)

Tuning of the VPA was carried out using Extended Survival Analysis (XSA), using the default
settings for the XSA with the following exceptions:

1. Catchability was set to be stock size independent for al ages. When examining the
diagnostics from several exploratory runs in 2003 and also in this years WG (see 2.4.2.3)
the regression statistics showed a slope not significant different from one when
catchability was set to be stock size independent for all ages.

2. Catchability was set to be age independent for ages 8 and older. This setting were
obtained after examining the diagnostics of the mean log catchabilities from severa
exploratory XSA-runsin 2003 when changing this setting with one age at the time.

3. The survivors estimate was shrunk towards the mean F of the final 2 years since the
exploitation pattern has changed the last few years (see 2.4.2.2). The 4 oldest ages are
used in the shrinkage to stabilize fluctuations in historical F-values for ages 8 and above.

4. The standard error of the mean to which the survivor estimates are shrunk was set to 1.0
(Table 2.8). It was set above the default level because the coastal survey has shown a
steadily decline in the latest years. The WG assumes the survey is reflecting the
development of the stock and more weight is therefore assigned to the survey (see aso
24.2.1).

The XSA converged after 102 iterations. The log catchability residuals were positive for all agesin
2004, while they were negative for all ages below 8 for the 2003 survey. The Norwegian coastal
survey in 2003 and 2004 covered alarger areathan the coastal surveysin 1995-2002. However, the
survey indices are calculated the same way as previous years using the same covering area asin the
previous surveys. The survey index in 2004 might still suffer from this. At next WG a bottom trawl
index based on fixed trawl stations extending back to 1995 will be presented. The mean log
catchabilities has dlightly increased for age 8, and decreased for ages 6 and younger in this year’s
assessment. This is probably the main reason to the observed retrospective pattern in fishing
mortality.

Results of the Assessment

2.6.1 Fishing mortality and VPA (Tables 2.13-2.19, Figure 2.2)

The average ages 4-7 fishing mortality in 2004 were estimated to be 0.70 (Table 2.13). Thisis the
highest observed level and well above the level in 2003 (0.43). Fishing mortalities tend to be
overestimated while SSB tends to be underestimated in the assessment year as illustrated by the
retrospective plots in Figure 2.3. If the retrospective pattern is continued the estimated F,.; in 2004
is supposed to somewhat to high. However, the fishing mortality has increased substantialy since
2000.
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In 1990 and 1991 the lowest F-values was estimated (0.18 and 0.17). The fishing mortality was
quite stable in the period 1996-2002 at a level varying from 0.30-0.40, but has for the last two
years increased. The total biomass of the stock in the period from 1984-2004 has been between
83,000 t and 310,000 t (Tables 2.17, 2.19). In 2004 the biomass was estimated to be the lowest
observed and about half the biomass in 2000. The spawning stock biomass has been between
49,000 t and 194,000 t (Tables 2.18, 2.19, Figure 2.2). The lowest observed SSB was estimated in
2003. However, the maturity ogive was probably to low in 2003 causing an increase in SSB from
2003-2004. Except for this, the SSB has declined from 1996 to present but were quite stable in the
period 1999-2002. The decline both in the tota stock biomass and the SSB seems to be
accelerating, and will continue to decline unless the fishing mortality is substantially reduced.

A summary of landings, fishing mortality, stock biomass, spawning stock biomass and recruitment
since 1984 isgiven in Table 2.19 and Figure 2.2.

2.6.2 Recruitment (Tables 2.7, 2.15, 2.19, 2.20)

Both the survey estimates of abundance in 2004 (age 1-4, Table 2.7), the X SA-estimate (age 2 and
3, Tables 2.15, 2.19) and result from the RCT3 (Table 2.20) indicate lower than average year-
classes from 1997-2003. These eight year-classes are the lowest seven observed in the time series.
The 2001 year-class is the lowest observed in the time series, and the RCT estimate of the 2003
year classisonly slightly better than the 2001 year-class. Since 2002 the SSB has decreased further
with approximately 30 % and the probability of weak year classes the next few yearsis assumed to
be high.

2.7 Comments to the Assessment

2.7.1 Comparison of the assessment results and the survey results (Figure 2.1)

Both the assessment and the surveys from 1995-2004 show a steeply declining stock. For ages 2-8
the survey indices and the XSA estimates are well correlated (Figure 2.1). It therefore seems like
the survey and the X SA assessment reflect the changes in the stock number quite well. Thereisa
general trend towards decreasing catchability with increasing age.

2.7.2 Comparison of thisyears assessment with last years assessment (Figure 2.3)

Fishing mortalities tend to be overestimated while SSB tends to be underestimated in the
assessment year as illustrated by the retrospective plots in Figure 2.3. The retrospective pattern for
the recruitment is better, especially from 2000 and onwards. The calculated fishing mortality F,;
and SSB in 2002 is lower (23%) and SSB higher (4%) in this year’s assessment compared with last
years assessment (see below). The recruitment in 2002 (2000 year-class) is lower (19%) in last
years assessment compared with this year’s assessment.

ASSESSMENT YEAR F4.7 YEAR 2003 SSB YEAR 2003 TOTAL STOCK BIOMASS 2003 RECRUITSAGE 2 YEAR 2003
2004 0.62 37,642 68,726 4,117
2005 0.43 49,111 90,733 5,740

2.7.3 Uncertaintiesin the assessment

e The landings of Coastal cod is severely underestimated (see 2.3.1). Although it certainly has
been unreported catches for a long period, there are no available data for years other than
2003. It is also unknown whether the amount of unreported catch fluctuates with the stock size
or with other factors. The WG therefore considered that unreported landings should not be
included in the assessment until datais available for alonger time period.

e The Norwegian coastal survey is the only survey covering the distribution area of the stock.
The survey is conducted in the period October/November. In this period the maturity ogive
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can be difficult to define exactly and might influence the estimation of maturity-at-age and
hence the estimation of SSB.

e The catches and survey indices are estimated by separating between coastal cod and Northeast
Arctic cod by inspection of the otoliths. The precision and accuracy of the method has been
investigated by comparison of different otolith readers and results from genetic investigation
of the same otaliths. Preliminary results indicate more than 95 % accuracy in the estimates
(Berg et al., in press).

e The retrospective pattern shows an overestimation of the F-values in the assessment year. The
stock has been steadily declining for several years now. However, the catches are quite high,
which tends to push the historical stock upwards and the fishing mortality downwards. The
accuracy of the estimated number might therefore be uncertain in the assessment year.

e The Norwegian coastal survey in 2003 and 2004 covered alarger areathan the coastal surveys
in 1995-2002. However, the survey indices are calculated the same way as previous years
using the same covering area as in the previous surveys. The survey index in 2003 and 2004
might still suffer from this.

The observed substantially level of unreported landings of coastal cod (WD 23) increase the
uncertainty of the absolute level of both the total stock, SSB, recruitment and fishing mortality
considerably. Assuming the amount of unreported landings have fluctuated together with the
official landings and the age composition in the unreported landings is equal to the official
landings, the assessment is considered to show the trends in the stock. This assumption is
supported by the fact that the trend in the total stock, the SSB and recruitment is the same in the
survey. The assessment is therefore considered to reflect the trend in the stock. The level of SSB
and recruitment is uncertain but considered to show a clear stock-recruitment pattern. The 4 last
and lowest observed year classes are al produced by the 4 last and lowest observed SSB. The
recruitment is therefore clearly impaired at the SSB levels observed the last few years.

Prediction data (Tables 2.20, 2.21, 2.22)

The input data to the short-term prediction with management option table (2005-2007) are givenin
Table 2.21. Weight at age in the stock decreased and the age-at-maturation (Msg) increased in
2003. However, in 2004 these parameters where almost back at the level observed in the period
before 2003. For 2005-2007 the weight-at-age in stock and maturity-at-age were therefore set to
the average in the period 2002-2004. There have been some variations without any trend in weight-
at-age in catch in recent years. Weight at age was therefore set to the average in the period 2002-
2004.

The recruitment (age 2) in 2004 was estimated using RCT3 with C regression and without
shrinkage towards the mean since SSB has been steadily declining and is present at the lowest
observed level. Shrinkage towards the mean would therefore probably overestimate the recruitment
radically. A run using P-regression was also tried. However, this gave aso recruitment at the same
level as using shrinkage and well above the three latest observed year classes (year classes 2000-
2002). Estimated number at age 1 from the Norwegian coastal survey was used as recruitment
index, and the index in the 2004 survey was therefore used to estimate the 2003 year-class (age 2
in 2005). The recruitment in 2005 was estimated to 7.5 million in 2005 (Table 2.20). Since the SSB
has been declining substantially since 2002 and the last survey do not indicate any increased
recruitment, the recruitment in 2006-2007 is supposed to be no higher than the average of the three
last year classes estimated by the XSA (6.5 million). However, the recruiting year classes will not
influence the SSB in 2006 and 2007 since hardly any of these are mature in 2007. It must be
emphasized that the regression diagnosis is not very good (R°=0.39). The reason for the bad R? is
mainly caused by the 1994 year-class. As 1-year old in the survey this year class was observed as
very weak. The exploitation pattern is calculated using the average fishing mortality (age 4-7) from
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2.9

2.10

2.11
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2002 to 2004 scaled to the fishing mortality (age 4-7) in 2004. The scaling was used since there has
been atrend towards fishing at older ages in recent years.

2.8.1 Catch Optionsfor 2005 and Management Scenarios (Tables 2.22-2.23, Figure
2.2)

The total stock biomass and the SSB were further reduced during 2004 (respectively 29% and
close to 32%). The management option table (2.22) shows that the expected catch of 22,877 t in
2005 (assuming F status quo) will give an unchanged fishing mortality (F,004=0.70). The total stock
biomass and the SSB will be further reduced during 2005 and the total stock biomass and SSB in
2006 will be 43,406 t. and 26,113. The status quo catch in 2006 is 15,442 t, and leads to a further
decrease of the total stock biomass. In 2007 the total stock biomass and the SSB will be 34,487 t.
and 17,444 t., which is far less than half of the level in 2004. The SSB will not be rebuilt to the
2005 level even if the fishing mortdity in 2006 is set to zero (Table 2.22). A catch of 6,000 t
(F=0.22) brings the SSB up to the level in 2006 (Table 2.22, Figure 2.2).

Reference points

No reference points have been established for this stock. The WG has not tried to calculate
reference points for this stock during this years meeting. Although the exact amount is unknown,
the historical unreported landings are considered to be rather high compared with the official
landings. The historical levels of the stock, SSB and recruitment are therefore considered to be
severely underestimated.

The level of SSB and recruitment is uncertain but considered to show a clear stock-recruitment
pattern. The 4 last and lowest observed year classes are al produced by the 4 last and lowest
observed SSB. The recruitment is therefore clearly impaired at the SSB levels observed the last
few years. At present, the SSB is well below the level where recruitment is impaired and below
any By, candidate with or without taking the unreported catch into consideration.

Management considerations

New regulations for coastal cod became operative in May 2004 and extended in 2005 (see chapter
2.1.2). In accordance with the precautionary approach and the state of the stock, the new
regulations should be closely evaluated. In case the fishing mortality is not substantially reduced
further action needs to be taken.

Although the absolute level in SSB is uncertain, the assessment is considered to show the trend in
SSB and recruitment, and recruitment from XSA-estimated SSB below 100,000 t is clearly
impaired. The SSB is present the lowest observed and less than half of this level and at the
beginning of 2006 will be 26,000 t assuming F status quo in 2005. In that sense, SSB in 2006 will
be well below any By, candidate, and the probability of further recruitment failure is likely to be
very high. This being the case, the SSB should be rebuilt to a level where recruitment is not
impaired before fishing is resumed.

Responseto ACFM technical minutes
The review committee last year had some comments to the assessment;
“Explore alternative models and input data”

»  The WG has explored the survey datawith SURBA

» TheWG hastried ICA as an assessment tool.

“Information on discarding”
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» The WG has explored the available data. The misreported landings seem to be quite high and
the assessment suffers from this. However, it has not been possible to recalculate historical catch-
at-age.

“Splitting between Northeast Arctic cod and coastal cod based on otoliths should be discussed”

+ A scientific paper estimating the accuracy and precision is nhow in press (Berg et al.). The
results indicate about 95 % accuracy in the estimates.
“Theinput table to RCT ismissing and there is adifference in R-square in XSA and RCT”

* Input table isincluded in the report. The difference in R-square isreel. The input to RCT is age
1inthe survey (year n) and age 2 in the assessment (year n+1). Figure 2.1 compares age 2-8 in the
survey and age 3-9 in the assessment the year after. Age 1 in the survey istherefore not included in
Figure2.1.
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Table2.1.A Number of otoliths sampled from commercial catchesin the period 1985-2004.
CC=coastal cod, NEAC=Northeast Arctic cod.

YEAR QUARTER 1 QUARTER 2 QUARTER 3 QUARTER 4 ToTAL
Y ear CcC NEAC CC NEAC CC NEAC CC NEAC CC NEAC %
CcC
1985 1451 3852 7 1540 1277 1767 1966 730 5471 7889 41
1986 940 1594 1656 2579 0 0 669 966 3265 5139 39
1987 1195 2322 937 3051 638 1108 1122 1137 3892 7618 34
1988 257 546 160 619 87 135 55 44 559 1344 29
1989 556 1387 72 374 65 501 97 663 790 2925 21
1990 731 2974 61 689 252 97 265 674 1309 4434 23
1991 285 1168 92 561 7 96 279 718 733 2543 22
1992 152 619 281 788 79 82 272 672 784 2161 27
1993 314 1098 172 1046 0 0 310 541 796 2685 23
1994 317 1605 179 923 21 31 126 674 643 3233 17

1995 188 1591 232 1682 2095 1057 752 1330 3267 5660 37
1996 861 5486 591 1958 1784 1076 958 2256 4194 10776 28
1997 1106 5429 367 2494 1940 894 1690 1755 5103 10572 33
1998 608 4930 552 1342 489 1094 2999 2217 4648 9583 33
1999 1277 4702 493 2379 202 717 961 1987 2933 9785 23
2000 1283 4918 365 2112 386 1295 472 1668 2506 9993 20
2001 1102 5091 352 2295 126 786 432 983 2012 9155 18
2002 823 5818 321 1656 503 831 897 1355 2544 9660 21
2003 821 4197 445 2850 790 936 1112 1286 3168 9269 25
2004 1511 7539 758 2565 532 685 531 1317 3332 12106 22

Table2.1.B Estimated survey number (x1000) of Norwegian Coastal cod at age from the
Norwegian coastal survey during the autumn 2004.

AGE
Area 1 2 3 4 5 6 7 8 9 10+ Tota
03 East Finnmark 426 888 770 745 464 206 96 58 45 50 3748
04 West Finnmark/Tromsg 1895 1858 1709 1141 736 725 213 205 42 15 8539
05 Lofoten/Vesterdlen 50 67 182 265 164 66 67 55 4 9 929
00 Vestfjord 728 237 305 649 250 437 100 24 4 1 2735
06 Nordland 107 431 606 1090 983 435 256 103 35 4046
07 Mgre 11 60 125 430 162 72 50 3 4 917

Total 3217 3541 3696 4320 2758 1940 783 448 98 110 20914
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Table2.2 Estimated survey biomass (tonnes) of Norwegian Coastal cod at age from the
Norwegian coastal survey during the autumn 2004.

Age
Area 1 2 3 4 5 6 7 8 9 10+ Total
03 East Finnmark 26 247 460 825 809 547 277 189 135 154 3668

04 West Finnmark/Troms 217 664 1390 1607 1589 2227 823 742 231 123 9612
05 Lofoten/Vesterdlen 5 33 252 557 428 310 428 445 21 92 2571

00 Vestfjord 71 91 315 1159 722 2254 354 54 23 5 5049
06 Nordland 8 185 477 2036 1977 1163 915 326 684 7772
07 Mgre 1 49 193 1210 566 399 211 24 44 2697
Tota 329 1269 3087 7394 6089 6901 3009 1779 454 1058 31370
Table2.3 Estimated survey spawning stock number (x1000) of Norwegian Coastal cod at age

from the Norwegian coastal survey during the autumn 2004.

AGE
Area 1 2 3 4 5 6 7 8 9 10+ Totd
03 East Finnmark 13 81 135 312 172 89 58 45 50 953
04 West Finnmark/Troms 25 63 424 576 691 207 205 42 15 2248
05 Lofoten/Vesterdlen 29 72 143 58 67 55 4 9 435
00 Vestfjord 47 390 211 409 100 24 4 1 1186
06 Nordland 50 467 643 435 256 103 0 35 1990
07 Mare 12 126 135 72 50 0 4 0 400
Total 0 37 283 1613 2020 1837 769 445 98 110 7212
Table2.4 Estimated survey spawning stock biomass (tonnes) of Norwegian Coastal cod at age

from the Norwegian coastal survey during the autumn 2004.

AGE
Area 1 2 3 4 5 6 7 8 9 10+ Tota
03 East Finnmark 0 3 49 149 544 456 256 189 135 154 1935
04 West Finnmark/Troms 0 9 51 597 1243 2122 798 742 231 123 5917
05 Lofoten/Vesterdlen 0 O 40 151 374 272 428 445 21 92 1822
00 Vestfjord 0 0O 48 69 611 2113 354 5H54 23 5 3904
06 Nordland 0 0O 40 873 1292 1163 915 326 O 684 5293
07 Mgare 0 0 19 36 471 399 211 O 4 0 1501
Tota 0 12 247 2820 4535 6526 2963 1755 454 1058 20372
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Table25

survey during the autumn 2004.

Area
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Weight (gram)-at-age (year) for Norwegian Coastal cod from the Norwegian coastal

03 East Finnmark
04 West Finnmark/Troms
05 Lofoten/Vesteralen

00 Vestfjord
06 Nordland
07 Mgre

Weighted average

Table 2.6

survey during the autumn 2004.

Table2.7

YEAR
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

69
84
91
87
91
14
83

291
328
433
421
428
1079
352

680
788
1272
1090
755
1529
834

AGE

4
1208
1573
1866
1780
1733
2480
1690

5

1910
2237
2433
2767
2035
3704
2255

6

2677
3339
3880
3484
3029
5019
3312

7
2869
3991
4367
4927
3884
6808
4150

8

3804
4436
9276

9

1817
3493

4594

2392
5985
2900

10322

4383

10+

3951

8150

19620

9733

Percent mature at age for Norwegian Coastal cod at age from the Norwegian coastal

Age
Area

03 East Finnmark
04 West Finnmark/Troms
05 Lofoten/Vesterdlen
00 Vestfjord
06 Nordland
07 Mare

Weighted average

O O O O O O O
O O O O oo oN

11

16
15

10

P O O OO F kP W

18
37

60

29
37

67 83
78 95
88 88
85 94
65 100
83 100
76 95

92
97
100
100
100
100
98

100
100
100
100
100

100

10+
100
100
100
100

100
100

Estimated survey numbers at age (x1000) of Norwegian Coastal cod from the coastal
surveys from 1995-2004.

1
28707
1756
30694
14455
6850
9587
8366
1329
2084
3217

2
20191
17378
18827
13659
11309
11528
6729
2990
2145
3541

3

13633
22815
28913
15003
12171
11612
7994
4103
3545
3696

4
15636
12382
17334
13239
10123
8974
7578
4940
3880
4320

AGE
5
16219
12514
12379
7415
7197
7984
4751
3617
2788
2758

6
9550
6817
10612
3137
3052
5451
2567
2593
2389
1940

7
3174
3180
3928
1578
850

1365
1493
1470
1144
783

8
1158
754
1515
315
242
488
487
408
589

781
242
26
169
112
85
189
29
364
98

10+
579

663
128

97
116
128
80
110

TOTA

L

109628

77843

124891

69098
51960
57171
40270
21607
19008
20914
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Table 2.8

Lowest oft VPA Version 3.1

22/ 04/ 2005 14: 46
Ext ended Survivors Analysis
Nor wegi an Coast al Cod, COVBSEX, PLUSGROUP

CPUE data fromfile c:\VPA\ DATA\ 2005\ COASt - 9. TUN

Catch data for 21 years. 1984 to 2004. Ages 2 to

Fl eet, First, Last, First, Last,
, year, year, age , age
Norw. Coast. survey , 1995, 2004, 0, 8,
Time series weights :
Tapered tinme weighting applied

Power = 3 over 20 years

Catchability analysis :

Al

Catchability independent of stock size for all

Catchability independent of age for ages >=

Term nal popul ation estimation :

Survivor estimtes shrunk towards the nean F

of the final

2 years or the 4 ol dest ages.

10.
pha, Beta
. 750, . 850
ages
8
1

S.E. of the nean to which the estimates are shrunk =

M ni mum st andard error for popul ation
estimates derived fromeach fleet = . 300

Prior weighting not applied

Tuni ng converged after 102 iterations
Regr essi on wei ghts
, .751, .820, .877, .921, .954, .976
Fishing nortalities
Age, 1995, 1996, 1997, 1998, 1999, 2000
2, .026, .033, .045, .019, .011, .009
3, .047, .099, .125, .127, .059, .055
4, .136, .180, .184, .256, .147, .229
5, .257, .467, .247, .380, .382, .378
6, .322, .386, .457, .422, .492, 441
7, .470, .428, .667, .579, .602, .370
8, .372, .628, .732, .771, .626, .230
9, .357, .415, .677, .491, .922, .207
XSA popul ati on numbers (Thousands)
AGE
YEAR , 2, 3, 4, 5
1995 , 3. 49E+04, 2.13E+04, 2.04E+04, 2.53E+04
1996 , 4. 09E+04, 2.79E+04, 1.67E+04, 1.46E+04
1997 , 3. 35E+04, 3.24E+04, 2.07E+04, 1.14E+04
1998 , 3. 19E+04, 2. 62E+04, 2.34E+04, 1.41E+04
1999 , 2. 46E+04, 2.56E+04, 1.89E+04, 1.48E+04
2000 , 1. 95E+04, 1.99E+04, 1.98E+04, 1.34E+04
2001 , 1. 32E+04, 1.58E+04, 1.54E+04, 1.29E+04
2002 , 9. 19E+03, 1.07E+04, 1.25E+04, 1.10E+04
2003 , 5. 74E+03, 7.35E+03, 7.98E+03, 8.13E+03
2004 , 6. 07E+03, 4. 63E+03, 5.02E+03, 4. 64E+03

AONNONNNEN

. 000

.990, .997, 1.000,

2001, 2002, 20083,

. 004,
. 036,
. 141,
. 295,
. 349,
. 441,
. 313,
. 199,

6,

. 23E+04,
. 60E+04,
. 50E+03,
29E+03,
. 88E+03,
. 28E+03,
. 50E+03,
. 84E+03,
. 43E+03,
. 38E+03,

. 023
. 096
. 231
. 334
. 489
. 499
. 579
. 314

WWADWWWOOR©

, .016,
,  .182,
, . 343,
, . 417,
, .463,
, .487,
, .367,
, .315,

7,

. 64E+03,
. 32E+04,

93E+03,
89E+03,
92E+03,

. 94E+03,

37E+03,

. 33E+03,
. 94E+03,
. 31E+03,

1. 000

2004

. 002
. 076
. 254
. 653
. 925
. 981
. 612
. 298

8,

. 18E+03,
. 93E+03,
05E+03,
. 75E+03,
78E+03,
. 76E+03,
. 23E+03,
. 30E+03,
. 15E+03,
. 98E+03,

PRPRPPNRNNONN

9,

. 05E+03,
. 92E+03,

15E+03,
78E+03,
42E+03,
81E+02,
14E+03,

. 33E+03,
. 05E+03,
. 22E+03,

| 65
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Tabl e 2.8 (continued)
Esti mat ed popul ati on abundance at 1st Jan 2005
0. O0OE+00, 4.96E+03, 3.51E+03, 3.19E+03, 1.98E+03, 1.42E+03, 1.02E+03, 8.80E+02,
Taper wei ghted geonetric nmean of the VPA popul ations:
2. 04E+04, 1.92E+04, 1.72E+04, 1.37E+04, 9. 32E+03, 5.72E+03, 3.04E+03, 1.56E+03,
Standard error of the weighted Log(VPA popul ations)

, . 7556, . 6766, . 5618, . 4964, . 4506, . 4740, . 4983, . 5320,

Log catchability residuals.

Fl eet : Norw. Coast. survey

Age , 1995, 1996, 1997, 1998, 1999, 2000, 2001, 2002, 2003, 2004
2, .21, -.09, .19, -.10, -.03, .22, .07, -.37, -.24, .20
3, . 05, . 34, .45, .00, -.24, -.04, -.19, -.42, -.12, .30
4 .21, .21, . 34, .00, ~-.14, ~-.24, -.23, -.38, -.08, .42
5, . 08, . 54, .60, -.01, ~-.09, .11, -.44, -.52, -.41, .33
6, -.21, ~-.17, 1.09, ~-.13, ~-.18, .31, -.41, -.34, -.24, .30
7, -.01, -.36, .44, .29, -.32, -.04, .01, .04, -.12, .07
8 , .05, -.13, .30, -.61, -.25 .15, -.02, -.02, . 25, .25

Mean | og catchability and standard error of ages with catchability
i ndependent of year class strength and constant w.r.t. tine

Age , 2, 3, 4, 5, 6, 7, 8
Mean Log d, -. 5750, -. 2993, -. 2072, -. 1629, -. 2192, -.5655,  -1.0890,
S.E(Log q), . 2097, . 2790, . 2741, . 3991, . 4495, . 2376, . 2785,

Regression statistics :

Ages with g independent of year class strength and constant w.r.t. tine.

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q

2, .92, . 835, 1. 28, . 94, 10, . 20, -.58,
3, . 94, . 413, . 87, . 86, 10, . 28, -. 30,
4, 1.15, -.685, -1. 24, .73, 10, . 33, -. 21,
5, 1.02, -. 066, -. 05, . 54, 10, .44, -. 16,
6, 1. 32, -. 665, -2.63, .37, 10, .62, -. 22,
7, 1. 03, -. 160, .32, .79, 10, . 26, -. 57,
8, 1. 03, -. 159, . 86, .75, 10, . 31, -1.09,

Term nal year survivor and F sunmaries :
Age 2 Catchability constant w.r.t. time and dependent on age

Year class = 2002

Fl eet, Esti nat ed, Int, Ext, Var , N, Scal ed, Estimated
, Survivors, s. e, s. e, Rati o, , Weights, F
Norw. Coast. survey , 6044. , . 300, . 000, . 00, 1, .917, . 002
F shrinkage nean , 549, , 1.00,,,, . 083, . 020

Wei ghted prediction :

Survivors, Int, Ext, N, Var, F
at end of year, s. e, s. e, , Rati o,
4956. , .29, . 69, 2, 2.401, . 002
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Tabl e 2.8 (continued)

Age 3

Year class = 2001
Fl eet, Esti nmat ed,
, Survivors,
Norw. Coast. survey |, 3623.,
F shrinkage nean 1846. ,
Wei ghted prediction :
Survivors, Int, Ext,
at end of year, s. e, s. e,
3511., .21, .21,
Age 4 Catchability constant w.
Year class = 2000
Fl eet, Esti mat ed,
, Survivors,
Norw. Coast. survey , 3208. ,
F shrinkage nean , 2753. ,
Wei ghted prediction :
Survivors, I nt, Ext,
at end of year, s. e, s. e,
3187., .17, .19,
Age 5 Catchability constant w.
Year class = 1999
Fl eet, Esti nat ed,
, Survivors,
Norw. Coast. survey , 1883.,
F shrinkage nean 3961.,
Wei ghted prediction :
Survivors, Int, Ext,
at end of year, s.e, s.e,
1976. , .17, . 16,
Age 6 Catchability constant w.
Year class = 1998
Fl eet, Esti mat ed,
, Survi vors,
Norw. Coast. survey , 1300.,
F shrinkage nean , 3520. ,
Wei ghted prediction :
Survivors, Int, Ext,
at end of year, S. e, s. e,
1424. .17, . 18,

Catchability constant w.r.t.

I nt, Ext, Var,
s. e, s. e, Rati o,
. 212, . 266, 1. 25,
1.00,,,,
N, Var , F
, Rati o,
3, 1. 015, . 076

r.t.

Int, Ext , Var,
s. e, s. e, Rati o,
. 174, . 238, 1. 37,
1.00,,,,
N, Var , F
, Rati o,
4, 1.112, . 254

r.t.

Int, Ext, Var ,
s. e, s. e, Rati o,
. 163, . 151, . 93,
1.00,,,,
N, Var , F
, Rati o,
5, . 956, . 653

r.t.

I nt, Ext, Var,
s. e, s. e, Rati o,
. 158, . 146, .93,
1.00,,,,
N, Var , F
, Rati o,
6, 1. 080, . 925

time and dependent on age

time and dependent on age

time and dependent on age

time and dependent on age

N, Scal ed,
, Weights,
2, .953,
. 047,
N, Scal ed,
, Weights,
3, .958,
. 042,
N, Scal ed,
, \Weights,
4, .935,
. 065,
N, Scal ed,
, Weights,
5, .908,
. 092,
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Esti mat ed
=
. 074

. 140

Esti mat ed
F
. 252

. 288

Esti mat ed
F
.676

. 378

Esti mat ed
F
. 981

. 480
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Tabl e 2.8 (continued)

Age 7 Catchability constant w.r.t. time and dependent on age
Year class = 1997
Fl eet, Esti mat ed, I nt, Ext, Var, N, Scal ed,
, Survivors, s. e, s. e, Rati o, , Weights,
Norw. Coast. survey , 932., . 151, . 080, .53, 6, .915,
F shrinkage nean 2636. , 1.00,,,, . 085,
Wei ghted prediction :
Survivors, Int,