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Executive Summary

Cod in subareas I and II (Norwegian coastal waters)

The cod in subareas I and II, Norw egian coastal waters was assessed on the basis of a
survey time series 1995-2009 as well as catch at age data. This year, anew catch series
for recreational and tourist fisheries was presented to the Working Group.

e  Thestock has varied without a clear trend since 2002. Both the stock bio-
mass and therecruitment are at a low level compared to the first years in
the time series.

e Norwegian authorities have proposed a rebuilding plan for this stock,
and this plan was tested by the W orking Group.

Cod in Sub-areas I and II (Northeast Arctic) was assessed using XSA with the same
settings as in the 2009 assessment.

e  The fishing mortality (Fs10) has declined since 2005 and is estimated to
0.28 for 2009. This is the lowest since 1990. Estimated SSB for 2009 is
1,070,000 t. This assessment represents 1% downward revision of the 2009
SSB and a 10% upward revision of F in 2008.

e  The new “hybrid” recruitment model, introduced in 2008, was used, re-
sulting in recruitment at age 3 of 384 million in 2010, 465 million in 2011
and 484 million in 2012.

e The managers introduced a new element in the HCR when setting the
TAC for 2010: A lower limit on F (030) when SSB is above Bpa. This
amended HCR was tested and found to be consistent with the precau-
tionary approach.

e A catch in 2011 corresponding to the amended HCR is 703,000 t. This
catch corresponds to a fishing mortality of 0.30 in 2011. SSB is estimated to
increase from 1,145,000 t at thebeginning of 2010 to 1,488,000 t in 2011. Such

high SSBs have previously only been observed i the late 1940s. Earlier matura-
tion means that a larger proportion of the total stock is spawners now compared
to these early years.

IUU-catches amounted to near 30% of the international reported catch in 2005 but
havesince dedined and were set to zero in 2009.

Haddock in Sub-areas I and II (Northeast Arctic) was assessed using XSA with the
same settings as in the 2009 assessment.

e  Previously (1950-2000) the fluctuation in the haddock stock have shown
strong cyclic pattern caused by spasmodic recruitment, where stock bio-
mass has been dominated by single cohorts. This picture has changed in
recent years where three subsequent cohorts (2004-2006) all are very
abundant.

e  The fishingmortality (F4-7) in the last three years has declined somewhat
and is in 2009 estimated to 0.31. The current assessment estimated the to-
tal stock to be about 6 % lower and SSB 17 % lower in 2009, compared to
the previous assessment.

e In the projection RCT3 was used to estimate recruiting year classes from
2007 and onwards. Theresults indicate that the 2007 and 2008 year classes
arebelow average, while the 2009 year class is above average.

e A catch in 2011 corresponding to the evaluated and agreed HCR is
303,000 t. This catch is likely to keep the fishing mortality in 2011 at ap-
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proximately 031. SSB is expected to increase considerably until 2012,
while the total stock biomass will decrease from 2010 onwards. The 2010
total stock biomass of 1.1 million is the highest observed in the time se-
ries, which goes back to 1950.

The assessment of haddock is uncertain, and XSA is sensitive to settings which can
give different perception of long time trend in stock dynamics. However, the short
time trends seem to be captured and agree well with results from surveys. Difficul-
ties in estimating initial stock size are additional problems in the forecast.

IUU-catches have been high in recent years, but have since declined and were set to
zero in 2009.

Saithe in Sub-areas I and II (Northeast Arctic)

The last benchmark assessment was done at WKROUND February 2010. The main
conclusions of thebenchmark assessment were:

e Expand the catch matrix from 3-11+to 3-15+

e Base the Norwegian trawl CPUE on data from all quarters and from days
with >20% but <80% saithe in the catches

e Split thetwo tuning series in 2002

e Reduce the shrinkage in the XSA and remove the time tapered downweight-
ing

This resulted in changes in estimated fishing mortality, spawning stock biomass and
recruitment, especially in the last part of the time series.

e In the projections the GM age 3 recruitment of 169 million was used for
the 2006 and subsequent year dasses.

e A catch in 2011 corresponding to the evaluated and implemented HCR is
173,000 t. This catch corresponds toa fishing mortality of 031 in 2011. SSB
is estimated to decrease from 416,000 t at thebeginning of 2010 to 357,000 t in
2011.

Difficulties in estimating initial stock size are the major problem in the forecast. This
is due to divergent indices of abundance used in the tuning of the XSA, in addition
to lack of reliable recruitment estimates. Prediction of catches beyond the TAC year
will, to a large extent, be dependent on assumptions of average recruitment.

Beaked redfish (Sebastes mentella) in Sub-areas I and II (Northeast Arctic) was as-
sessed on the basis of available trends in the fisheries and surveys, as there is no ac-
cepted analytical assessment for this stock. There are signs of improved recruitment,
but the stock is still at a low level and will remain there for a considerable period ir-
respective of current management actions. No directed fishery is advised.

Golden redfish (Sebastes marinus) in Sub-areas I and II (Northeast Arctic) was as-
sessed on the basis of available trends in the fisheries and surveys. There is no ac-
cepted analytical assessment for this stock but the Gadget model was used for the
sixth time as an experimental analytical assessment model.

e Since1993, recruitment of S. marinus has been extremely low,

e commercial data and surveys show consistent declining trends in the
spawning biomass,

e theexploratory assessment conducted using the Gadget simulation model
covering the period 1986-2009 showed a reduction of the spawning stock
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to about 50% of the level in the early 1990s, and a more severe reduction
of the recruitment and the immature stock,

e present available information confirms last year’s evaluation of the very
poor status of the stock

Greenland halibut in Sub-areas I and II (Northeast Arctic) is in the category “same
advice as last year” this year and last year’s advice was repeated. Stock trends in re-
cent years indicate a slight increase in stock size. There is no accepted analytical as-
sessment for the time being. It is hoped that the age reading workshop to be held in

2011 will lead to agreement on age reading methodology

Accordingto ToR b, the data on Barents Sea capelin were updated.
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0 Introduction
0.1 Participants
Asgeir Aglen Norway
Ricardo Alpoim Portugal
Matthias Bernreuther Germany
Mette Bertelsen ICES
Bjarte Bogstad (Chair) Norway
Vladimir Borisov Russia
Oleg Bulatov Russia
Tatiana Bulgakova Russia
Mikel Casas Spain
Anatoly Chetyrkin Russia
Gjert Endre Dingser Norway
Konstantin Drevetnyak Russia
Anatoly Filin Russia
Age Fotland Norway
Harald Gjesaeter Norway
Elvar Halldor Hallfredsson Norway
Daniel Howell Norway
Yuri Kovalev Russia
Sigbjern Mehl Norway
Kjell H. Nedreaas Norway
Dmitry Prozorkevich Russia
Jon Ruiz Gondra Spain
Alexey Russkikh Russia
Oleg Smirnov Russia
Jan Erik Stiansen Norway
Knut Sunnana Norway
Ross Tallman Canada
Oleg Titov Russia
Natalia Yaragina Russia
0.2 Locations of the meting
Due to the problems with air traffic in Europe in April 2010 caused by ash from the
volcanic eruption in Iceland, only some members of the WG managed to reach the
meeting venue in Lisbon. A number of participants, including the Chairman, met in
Bergen, while other participants stayed at home at the national laboratories. The
meeting was carried out using communication via Internet (email, Sharepoint, the
ICES WebEx conference system). We are very grateful to the ICES secretariat for their
assistance with use of WebEx. It is not recommended to carry out WG meetings in
this way.
0.3 Terms of reference

The Arctic Fisheries Working Group [ AFWG]: (Chaired by: Bjarte Bogstad, Norway)
will meet in Lisbon, Portugal, 22-28 April 2010 to:
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a) address generic ToRs for Fish Stock Assessment Working Groups (see ta-
blebelow).

b) for Barents Sea capelin oversee the process of providing intersessional as-
sessment.

The assessments will be carried out on thebasis of the stock annex in National Labo-
ratories, prior to the meeting. This will be coordinated as indicated in the table below .
Material and data relevant for the meeting must be available to the group no later
than 14 days prior to the starting date.

AFW G will report by 6 May 2010 (and 7 October 2010 for Barents Sea capelin) for the
attention of ACOM.

FishStock | Stock Name Advice
cod-arct Cod inSubareas I and I (Northeast Arctic) Update
codoas Cod in Subareas I and Il (Norwegian coastal waters) Update
had-arct Haddock in Subareas I and II (Northeast Arctic) Update
sai-arct Saithe in Subareas I and II (Northeast Arctic) Update
cap-bars Capelin in Subareas I and II (Barents Sea), excluding Division Ila west Update

of5°W

S dvi
ghl-arct Greenland halibut in Sub-areas 1& Il amre advice
as lastyear

smn-arct Redfish Sebastes mentella Subareas 1 and II Update

Same advi
smr-arct Redfish Setustes marinus Subareas I and I advice
as lastyear

In addition, AFWG has received the following two requests from the Norwegian
Ministry of Fisheries and Coastal Affairs:

1) According to paragraph 5.1 of the protocol of 38" session of the JNRFC, the
parties discussed the possibility of an amendment of the management plan
for the Northeast Arctic cod, to secure a more suitable management regime
in periods of strong growth or reassessments of the stock size.

The parties agreed to:

a) a) Establish a management criterion which introduces a minimum fishing
mortality rate (F) of 0.30 - effective from 2010.

b ) b) Request the ICES to confirm that the additional criterion is in line with
the precautionary approach, and provide future advice according to the
revised management plan.

This new management criterion does not apply if the spawning stock biomass falls
below Bpa. For further details regarding the management plan and implementation of
the new criterion we refer to Annex 14 of the protocol of the 38t session of the Joint
Norw egian-Russian Fisheries Commission.

The Norwegian Ministry of Fisheries and Coastal Affairs - representing the Norwe-
gian party in the ]NRFC - would like ICES to comment on the agreed upon amend-
ment to the Northeast Arctic cod management plan, as anchored in the protocol and
described above.
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2: To evaluate whether the adopted rebuilding plan for Norw egian coastal cod is con-
sistent with the Precautionary Approach. If this is not the case, or if the basis for
evaluation is unsatisfactory, further advice for modifications or alternative plans is
requested. Therebuilding plan is as follows:

“The overarching aim is to rebuild the stock complex to full reproductive capacity, as
well as give sufficient protection to local stock components. Until a biologically
founded rebuilding target is defined, the stock complex will only be regarded as re-
stored when the survey index of spawning stock in two successive years is observed
to be above 60 000 tons" Importantly, this rebuilding target will be redefined on the
basis of relevant sdentific information. Such information could, for instance, incdude
a reliable stock assessment, as well as an estimate of the spawning stock correspond-
ing to full reproductive capacity.

Given that the survey index for SSB does not increase, the regulations will aim tore-
duce by at least 15 per cent annually compared to the F estimated for 2009. If, how-
ever, the latest survey index of SSB is higher than the preceding one — or if the
estimated F for the latest catch year is less than 0.1- the regulations will be un-
changed. Special regulatory measures for local stock components will be viewed in
the context of scientific advice. A system with stricter regulations inside fjords than
outside fiords is currently in operation, and this particular system is likely to be con-
tinued in the future. The management regime employed is aiming for improved eco-
system monitoring in order to understand and possibly enhance the survival of
coastal cod. Potential predators are —among others — cormorants, seals and saithe.

Generic ToRs for Regional and Species Working Groups

The following ToRs apply to: AFWG, HAWG, NWWG, NIPAG, WGWIDE,
WGBAST, WGBFAS, WGNSSK, WGCSE, WGDEEP, W GHMM, and WGANSA.
The working group should focus on:

ToRs a)toh) for stocks that will have advice,

ToRs b) to f) and h) for stocks with same advice as last year.

ToRsb) to ¢) and f) for stocks with no advice.

a) Produce a first draft of the advice on the fish stocks and fisheries under
considerations and theregional overview according to ACOM guidelines.
b ) Update, quality check and report relevant data for the working group:

i) Load fisheries data on effort and catches (landings, discards, bycatch,
including estimates of misreporting when appropriate) in the IN-
TERCATCH database by fisheries/fleets. Data should be provided to
the data coordinators at deadlines specified in the ToRs of the indi-
vidual groups. Data submitted after the deadlines can be incorpo-
rated in the assessments at the discretion of the Expert Group chair;

ii) Abundance survey results;

iii ) Environmental drivers.

iv ) Propose specific actions tobe taken to improve the quality of the data
(induding improvements in data collection).

1 The average survey index in the years 1995-1998
2 Ages 4-7
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¢) Produce an overview of the sampling activities on a national basis based
on the INTERCATCH database);

d) In cooperation with the Secretariat, update the description of major regu-
latory changes (technical measures, TAGs, effort control and management
plans) and comment on the potential effects of such changes including the
effects of newly agreed management and recovery plans.

e) For each stock update the assessment by applying the agreed assessment
method (analytical, forecast or trends indicators) as described in the stock
annex. If no stock annex is available this should be prepared prior to the
meeting.

f) Produce abriefreport of the work carried out by the Working Group. This
report should summarise for the stocks and fisheries where the item is re-
levant:

i) Input data (incduding information from the fishing industry and
NGO that is pertinent to the assessments and projections);

ii) Where misreporting of catches is significant, provide qualitative and
where possible quantitative information and describe the methods
used to obtain the information;

iii ) Stockstatus and 2011 catch options;

iv) Historical performance of the assessment and brief description of
quality issues with the assessment;

v ) Mixed fisheries overview and considerations;

vi) Spedies interaction effects and ecosystem drivers;

vii ) Ecosystem effects of fisheries;

viii ) Effects of regulatory changes on the assessment or projections;

g) Where appropriate, check for the need to reopen the advice in autumn
based on thenew survey information and the guidelines in AGCREFA

h') Set MSY reference points (Fmsyand MSY Btrigger) according to the ICES MSY
framew ork and following the guidelines developed by WKFRAME.

Unreported landings

In previous years, estimates of unreported landings of cod and haddock have been
made separately by Norway and Russia. This year, a report from the Norwegian-
Russian analysis group dealing with estimation of total catch of cod and haddock in
the Barents Sea in 2009 was presented to AFWG (WD13). The report present esti-
mated catches made by Norwegian, Russian and third countries separately. Accord-
ing to that report the total catches of both cod and haddock reported to AFWG are
very cose (within 1%) to the estimates made by the analysis group. Thus it was de-
cided to set the IUU catches for 2009 to zero.

It should, however, be noted that there is some disagreement between the Parties in
the analysis Group on the interpretation of mandate of the Group and the approach
to be used. Mutual inspection of the other Parties” data, has, for instance, not been
carried out. Thus one of the Parties has asked the Joint Norw egian-Russian Fisheries
Commission for a darification of how the mandate should be interpreted.

Unreported landings will reduce the effect of management measures and will un-
dermine the intended objectives of the harvest control rule. It is therefore important
that management agencies ensure that all catches are counted against the TAC. The
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AFWG therefore expects that Norway and Russia will continue the work to secure
the necessary quality and accuracy of the catch statistics. Inspections at sea need to be
an important part of this work, and Norway and Russia have check-points in their
respective economic zones where all fishing vessels have to pass. There areat present,
however, nosuch operative check-points for the fisheries in Spitsbergen waters.

Uncertainties in the data

Catch data

At recent AFWG meetings it has been recognized that there is considerable evidence
of both substantial mis-/unreporting of catches and discarding throughout the Bar-
ents Sea for most groundfish stocks having taken place (ICES CM 2002/ACFM:18,
ICES CM 2001/ACFM02, ICES CM 2001/ACFM:19, Dingser WD 13 2002 WG,
Hareide and Garnes WD 14 2002 WG, Nakken WD 10 2001 WG, Nakken WDS8 2000
WG, Schone WD4 1999 WG, Sokolov, WD 9 2003 WG, Ajiad et al. WD18 2005 WG,
WD 24 2004 WG and W2 2008 WG). In addition to these WDs, Dingser (2001) esti-
mated discards in the commercial trawl fishery for Northeast Arctic cod (Gadus mor-
hua L.) and some effects on assessment, and Sokolov (2004) estimated cod discard in
the Russian bottom trawl fishery in the Barents Sea in 1983-2002. This work should be
continued, updated and presented annually to the AFWG.

It becomes a problem for the Sebastes mentella assessment that some countries fishing
S. mentella in international waters of the Norwegian Sea do not report their catches to
NEAFC and ICES. EU-reported catches are, for example, not split by individual coun-
tries. Lack of consistency between daily reports from the sea to NEAFC and later offi-
cial reports by delegates to NEAFC is also worrying.

The capelin catch is not considered misreported. Discarding is considered negligible.

Survey data

While the area coverage of the winter surveys for demersal fish was incomplete in
1997 and 1998, the coverage was normal for these surveys in 1999-2002. In the au-
tumn 2002, 2006 and winter 2003, 2007 however, surveys have again been incomplete
dueto lack of access toboth 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 re-
ceived so late that the work has been severely hampered, e.g., the Russian survey in
autumn 2003 and 2006. There is no acceptable way around this problem except asking
the Norwegian and Russian authorities to give each other's research vessels full ac-
cess to the respective economical zones when assessing the joint resources, as, e.g.,
was the case for Norwegian winter surveys in 2004-2005 and 2008-2010.

From 2004 onwards, a new joint Norw egian-Russian survey has been conducted in
August-September. This is a multi-purpose survey termed an “ecosystem survey”
because most part of the ecosystem is covered; including a bottom trawl survey and
an acoustic survey for the all species, witch available for assessment, incdude not
commercial species. Ongoing work is considering the performance of these new in-
dex series for inclusion in the assessment of cod and haddock, and they seem to be
fairly consistent with the other series available (WDR20). The survey is also utilised in
the assessment of redfish and Greenland halibut. However, this survey may be dis-
continued or downscaled for economical reasons. This is highly regrettable, since
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this survey has been shown to be valuable for sampling of synoptic ecosystem infor-
mation, cover the all area of fish distribution in the Barents Sea, and addition data on
demersal fish, which could prove valuable in future inclusion of more ecosystem in-
formation in the fish stock assessments.

Age reading

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 interpre-
tations (Yaragina et al. 2009b, AFWG 2008, WD 20). Later, a similar exchange pro-
gram has been established for haddock, Greenland halibut and capelin otoliths. Once
ayear (for capelin every second year) the agereaders have come together and evalu-
ated discrepancies, which are seldom more than 1 year, and the results show an im-
provement over the time period, despite still observing discrepancies for cod in the
magnitude of 15-30%. An observation that is supported by the results of a NEA cod
otolith exchange between Norway, Russia and Germany (Heie et al. 2009, AFWG
2009, WD 6). 100 cod otoliths were read by 3 Norwegian, 2 Russian and 1 German
reader, reaching nearly 83% agreement (coefficient of variation 8%). The age reading
comparisons of these 100 cod otoliths show that there are no reading biases between
readers within each country. However, there is a clear trend of bias between the
readers from different countries, Russian age readers assign higher ages than the
Norwegian and German age readers. This systematic difference is a source of concern
and is also discussed in Yaragina et al. (2009b). This seems to be a persistent trend
and will berevealed in the following annual otolith and age reader exchanges.

A positive development is seen for haddock age readings showing that the frequency
of a different reading (usually +1 year) has decreased from above 25% in 1996-1997 to
about 10% at present. The discrepancies are always discussed and a final agreement
on the exchanged cod and haddock otoliths is at present achieved for all otoliths ex-
cept ca. 2-5%. To determine the effects of changes in age reading protocols between
contemporary and historical practices, randomly chosen cod otolith material from
each decade for the period 1940s-1980s has been re-read by experts (Zuykova et al.
2009). Although some year-specific differences in age determination were seen be-
tween historical and contemporary readers, there was no significant effect on length
at age for the historical time period. A small systematic bias in the number spawning
zones detection was observed, demonstrating that the age at first maturation in the
historic material as determined by the contemporary readers is younger than that
determined by historical readers. The difference was largest in the first sampled years
constituting approximately 0.6 years in 1947 and 1957. Then it decreased with time
and was found to be within the range of 0.0-028 years in the 1970-1980s. The study
also shows that cod otoliths could be used for age and growth studies even after long
storage.

The exchange meeting in 2009 (WD14), found that the percent disagreement between
the PINRO and IMR readings have stabilized in recent years at around 20% for cod,
and around 10% for haddock, which suggests that annual meetings are not necessary.
For the future meetings will be bi-annual, while otolith exchange will take place an-
nually.

The otoliths of Greenland halibut are not easy to read especially for older fish. Con-
sequently the readers have difficulties in interpreting real age zones when the fish
become older than 5 years (e.g.,, AFWG 2005, WD 8). Previous 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
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reader precisions, there are strong evidences of low accuracy ofthe age estimates dis-
played by IMR (Norway). Since 2006, validation work has been continued (Albert et
al. 2009) and the Norwegian age readings have been done using the new approach
described in the AFWG 2006 report. The validation work continues and in the future
the historic time series might eventually be converted to the new age understanding.
However, this work is very time consuming and it is difficult to estimate when a full
assessment can be conducted using thenew approach.

This has caused that only the recent Russian age readings provided by PINRO have
been comparable with the historic data series and used for “illustrative” assessment
in 2006-2010. It should be noted that VNIRO (Russia) consider that traditional age
readings are valid for fish up to 60 cm length (Kuznetsova, WD 25).

An ICES Workshop on Greenland halibut age reading will take place in February
2011. Hopefully, during this workshop scientists from different institutes will get an
agreement on Greenland halibut growth rate.

For capelin otoliths there is a very good correspondence between the Norw egian and
Russian age readings, with a discrepancy in less than 5% of the otoliths. An interna-
tional (Russia, Norway, Iceland, Canada) age reading workshop on capelin was con-
ducted in May 2009 WD 1). Otoliths from 20 samples (390 otoliths) where discussed.
Some of these samples had been exchanged earlier, according to the program of an-
nual otolith exchange between Norway and Russia. Other samples were read for the
first time during the workshop, including samples from Iceland and Newfoundland.

For some of the samples, a very high agreement was reached after the initial reading
by the different experts. In other cases, some disagreement was evident after the first
reading. After the initial reading, the results were analysed. The otoliths that caused
disagreement were read again and discussed among the readers. After discussion
about the reasons for disagreement, some readers wanted to change their view on

some of the otoliths. When the samples were read once more, the agreement was 95
%.

It was concluded that experts from all laboratories normally interpret capelin otoliths
equally. Difficult otoliths are sometimes interpreted differently, but these samples are
few, and should not cause large problems for common work on capelin biology and
stock assessment. All participants noted the great value of conducting joint work on
otolith reading, and it was decided to continue the programme of capelin otolith ex-
change and to involve the labs at Iceland and New foundland in the exchange pro-
gram. Readers from Norway and Russia will continue to meet at Workshops every
second year. Readers from all labs involved will meet less frequently. Details will be
discussed and decided by correspondence.

From 2009 onwards, an exchange of Sebastes mentella otoliths is conducted annually
between the Norw egian and Russian laboratories.
Sampling error - catch and survey data

Estimates of sampling error are to a large degree lacking or are incomplete for the
input data used in the assessment. However, the uncertainty has been estimated for
some parts of the input data:

Catdh data

For the Norwegian estimates of catch at age for cod and other demersal species
methods for estimating the precision have been developed, and the work is still in
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progress (Aanes and Pennington 2003, Hirst et al. 2004, Hirst et al. 2005). The meth-
ods are general and can in principle be used for the total catch, including all coun-
tries” catches, and provide estimates both at age and at length groups. Typical error
coefficients of variation are in the range 5-40% depending on age and year. It is evi-
dent that the estimates of the oldest fish are the most imprecise due to the low num-
bers in the catches and resulting small number of samples on these age groups. From
2006 onwards, the Norwegian catch at age in the assessment has been calculated us-
ing themethod described by Hirst et al. (2005).

Aging error is another source of uncertainty, which causes increased uncertainty in
addition to bias in the estimates: An estimated age distribution appears smoother
than it would have been in absence of aging error. Some data have been analysed to
estimate the precision in aging (Aanes 2002). If the aging error is known, this can cur-
rently be taken into account for the estimation of catch at age described above.

For capelin, the uncertainty in the catch data is not evaluated. The catch data are
used, however, only when parameters in the predation model are updated at infre-
quent intervals, and the uncertainty in the catch data is considered small in compari-
son with other types of uncertainties in the estimation.

Survey data

For the Barents Sea winter survey, the sampling error is estimated per length group,
but not per age group. Since the ages are sampled stratified per length groups in this
survey, it is not straightforward to estimate the sampling error per age group. How-
ever, this is possible by for example using similar methods as for the catch data (see
Hirst et al.2004).

The capelin stock is estimated at the August-September survey. After the survey be-
came a multipurpose survey in 2004, there is a possibility that the amount of trawl
catches directed on capelin acoustic registrations has been less than before, as the to-
tal number of trawl stations increased. The effect of this on the quality of the capelin
estimate has not been quantified. The survey coverage is considered adequate. The
uncertainty in the survey has been evaluated by resampling (Tjelmeland 2002), and
used as basis for the CV (02) chosen for the survey uncertainty in the tool used for
calculating the effect of the catch (CapTool) on the spawning stock.

Work on quantifying uncertainties also for other input data sets should be encour-
aged.

Sampling effort - commercial fishery

Concerns about commercial sampling: The main Norwegian sampling program for
demersal fish in ICES areas I and II has been port sampling, carried out on board a
vessel travelling from port to port for approximately 6 weeks each quarter. A detailed
description of this sampling program is given in Hirst et al. (2004). However, this
program was, for economic reasons, terminated 1 July 2009. Although sampling by
the ‘reference fleet’ and the Coast Guard has increased somewhat in recent years, this
change seems to have increased the uncertainty in the catch-at-age estimates (WD6).
For the 2009 data, the effect is strongest for saithe, where the fishery is fairly evenly
distributed by quarters. Cod and haddock are mainly fished in the first half of the
year, so the effect of the change will for those stocks show up much stronger in the
2010 data. Nevertheless, there are already concerns that the commercial sampling
could become so poor that analytical assessments cannot be made in the future. The
split between coastal cod and NEA cod will affected by this, but no analysis of this is
yet available.
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The methodological ICES workshops WKACCU (ICES CM 2008/ACOM:32), WKPRE-
CISE (ICES CM 2009/ACOM:40) and WKMERGE (ICES CM 2010/ACOM:40) were all deal-
ing with different aspects of catch sampling and the need for a more proper, robust
and transparent sampling design for countries involved in catch sampling. The work-
shops have provided valuable general knowledge in how such catch sampling pro-
grams can be designed and thereports arebeneficial for countries aimingto improve
the current situation.

As most stock —assessment models used at present in ICES (such as standard VPA
and the XSA) work with the assumption that the Catch-At-Age data are unbiased,
and know exactly, it seems very important to actually be able to assess if this as-
sumption is reasonable by measuring the accuracy of the estimated catch-at-age
based on data from sampling programs. Some of the recommendations from differ-
ent assessment working groups are further related to assessment of the quality of dif-
ferent estimates such as catch-at-age data. To be able to give validation on the data
quality it is crucial that the sampling program is set up in a transparent, statistical
sound way. Stock assessments need proper sampling designs and estimation proc-
esses that are well documented.

Climate included in advice of NEA cod

For the third time dimate information has been applied in the advice from AFWG. In
this year’s assessment ecosystem information was directly used in the projection of
NEA cod. A combination of regression models, which is based on both climate and
stock parameters, were used for prediction of recruitment at age 3.

In addition, temperature is part of the NEA cod consumption calculations that goes
into the historical back-calculations of the amount of cod, haddock and capelin eaten
by cod.

Proposals for status of assessments in 2011-2012

The AFWG propose to set the following status for assessments for each stock:

Advice | Previous Next
FishStock | Stock Name in benchmark | benchmark

2011*
cod-arct Cod in Subareas Iand II (Northeast Arctic) Update - -
cod-coas Cod in Subareas Iand II (Norwegian coastal waters) [ Update - -
had-arct Haddock in Subareas Iand II (Northeast Arctic) Update - 2011
sai-arct Saithe in Subareas Iand II (Northeast Arctic) Update WKE(SEND )

b Capelinin Subareas Iand II (Barents Sea), Updaie WKSHORT -

cap-bars excluding Division Ila west of 5°W pda 2009

Same - -
ghl-arct Greenland halibut in Sub-areas I & II advice

as last

year

Same - 2012
smn-arct Redfish Sebastesmentella Subareas Iand II advice

as last

year

Same - 2012
smr-arct Redfish Sebastesmarinus Subareas Iand II advice

as last

year
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A benchmark assessment will be planned for Greenland halibut after theage reading
workshop, which will beheld in February 2011. Such a benchmark assessment should
also include the other Greenland halibut stocks.

ICES Quality Handbook

Quality Handbooks for all stocks except Barents Sea capelin are presented in this re-
port as annexes (no. 2-8). For capelin, the stock annex is being updated following the
comments made during WKSHORT in 2009 and will be ready before the capelin as-
sessment in autumn 2010. The stock annex for saithe has been updated after the
benchmark at WKROUND 2010. For S. mentella, some information on the fishery in
International waters in the Norwegian Sea has been added.

InterCatch

The assessment of NEA cod, haddock and saithe was based on output from Inter-
Catch. In the future, AFWG will consider using Intercatch also for the other stocks. It
was noted that Intercatch at present does not allow for catches of more than one stock
of a given species in a given area (e.g. Coastal cod and Northeast Arctic cod in ICES
area Ila).

MSY-related reference points and advice

Summary

The AFWG has no difficulty in principle with moving to an MSY based fishery, and
considers this to be a valuable extension to the existing precautionary-based ap-
proach. However we note that the ICES advice for conducting such assessments has
only been available recently (and indeed may still be subject to change). We feel that
conducting MSY assessments is an involved and complex task, which requires a con-
sideration of the management rule as a whole, and not merely “target F”. As suchwe
feel that insufficient time has been available to conduct such assessments at the 2010
WG. The volcanorelated travel difficulties that affected this WG have further re-
duced the time available. We present below the background to our conclusions, and
highlight the work that has already been done which could lead to MSY advice in
future years, together with the areas that have been identified as requiring detailed
consideration for each stock. We would also note that the stocks covered by the
AFWG are managed by the Russian and Norwegian governments, neither of whom
has requested a move to MSY-based advice in 2011. We believe, in keeping with the
view of the Norwegian government, that amove to MSY advice is valuable, but that
such a change needs to be well thought out and planned, and not rushed through
without due consideration. This is especially important in the AFWG context given
that successful management plans are in place for the most commerdially important
species, and we would be reluctant to provide hasty and under-researched advice
that could jeopardize the current successful management of these stocks.

Background

The generic ToR h) says: Set MSY reference points (Fmsyand MSY Btigger) according to
the ICES MSY framew orkand following the guidelines developed by WKFRAME. In
general terms, ICES is aiming at changing the basis for its advice from Fpa- Bpato Fusy,
combined with a trigger spawning biomass (Btrigger). The significance of Brrigger is that,
if a stock is assessed to be below this level, the F for the advice is reduced linearly
with SSB.
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WKFRAME has given guidelines for calculating FMSY and MSY Burigger. Also, AFW G
has been requested by the ICES secretariat to provide catch options according to Fusy/
MSY Buigger as well as catch options in accordance with the adopted EU plan to move
stepwise towards these reference points in such a way that they are reached in 2015.
However the completeset of guidelines from WKFRAME was not available until just
before the start of the meeting, giving little time for consideration of MSY issues.

Also, in early May 2010 there will be an advisory group meeting on MSY advice
(ADGMSY) which will further consider how to incorporate MSY-based approaches
into the ICES advice giving process.

AFWG specific issues

In contrast to some other areas, many of the major stocks in AFWG are currently at or
near historical maximums, and are successfully managed by existing harvest control
rules. There is therefore a desire among both scientists and managers to be cautious
in moving away from what has proved tobe highly successful management regimes

The stocks assessed by AFWG are managed either by Norway alone (coastal cod and
saithe) or through thejoint Norwegian-Russian Fisheries Commission (NEA cod and
haddock, S. marinus and S. mentella, Greenland halibut, Barents Sea capelin).

In a letter sent to ICES in April 2010, The Royal Norwegian Ministry of Fisheries and
Coastal Affairs states that

“...When management authorities request advice according to a management plan
which ICES considers being consistent with the precautionary approach, ICES pro-
vides such advice. This is the existing situation for the majority of stocks managed by
Norway in cooperation with other parties, and Norway has not signaled that any of
these plans have yet ceased to exist.

Norway will, in collaboration with therelevant partners, evaluate which revisions are
necessary to ensure that the long term management plans provide for maximum sus-
tainable yield. To this end we would welcome any information ICES may have to
guide us in the right direction. But as the existing management plans still remain in
force, such new information should be given as information or catch options.

Furthermore, as there is a need to anchor the MSY-concept stronger and discuss the
short-term consequences amongst therelevant management authorities, Ibelieve it is
premature to change the default advisory framework in the advices for 2011.”

AFW G has not received any requests from the Russian Federation on the transition to
MSY-based advice. AFWG has been informed by ICES that for stocks for which there
are agreed management plans the advice for 2011 should be given in accordance with
those management plans.

In addition it should be noted that the way the AFWG was carried out this year, with
people distributed around Europe, limited the amount of work that could be carried
out by the WG.

MSY-related studies for AFWG stocks

Although we have not been able to give MSY advice during the time period of this
meeting, it should be noted that for some stocks, a notable amount of MSY-related
studies have already been carried out. This work provides thebasis on which the WG
could move towards giving MSY based advice, if required by the Norwegian and
Russian governments. The AFWG stocks can for the purpose of calculating MSY ref-
erence points be divided into4 groups:
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e Stocks for which there is an accepted analytical assessment and an agreed
HCR: NEA cod, haddock, saithe

e Stocks for which there are catch-at-age data and reasonable confidence in
age readings, but no accepted assessment: Coastal cod, S. marinus, S. men-
tella

e Stocks for which the age reading methodology is under revision (Age
Reading W orkshop tobe held in 2011): Greenland halibut

o A short-lived stock with survey-based assessment and an agreed HCR, and
for which a single-species MSY is meaningless since predation from cod
and other predators is much larger than the fishery: Barents Sea capelin.

For NEA cod, haddock and saithe, there is an accepted analytical assessment and an
agreed HCR. All HCRs are similar: F=constant above Bp, and F is reduced linearly
from this value at Bpa to 0 at SSB=0. In addition there is a constraint on annual varia-
tion in TAC (cod: 10%, saithe, 15%, haddock: 25%). This constraint is suspended
when SSB is below Bpa. For cod and saithe, the anticipated stock development 3 years
into the future is taken into account when calculating the TAC. For all stocks, long-
term simulations (100 years) using a detailed biological model with stochastic
stock/recruitment and density-dependent growth and maturation were used to
evaluate whether the HCR is precautionary. For cod, cannibalism was also included
in the model. Such simulation models seem to be appropriate to use for MSY studies
of these stocks, rather than calculating MSY based on Y/R and SSB/R analyses.

For cod, Kovalev and Bogstad (2005) found that FMSY is in the range 025-0.60, where
the yield curve is fairly flat (yield in this range within about 80% of maximum yield),
the exact shape is dependent on thebiological model used (density-dependent or not,
choice of cannibalism model etc.). It should also be noted that Kovalev and Bogstad
(2005) found that shifting the exploitation pattern one age group upward would in-
crease the yield, this finding is consistent with other studies (see Kvamme and Bog-
stad 2007 and references therein). Skagen (2010 WKFRAME WD) found similar
results. For this stock, and several other cod stocks, WGSAM (ICES 2008) found that
the high yields predicted at low F by single-species models are almost certainly unre-
alistic, as thesewill be ‘eroded’ by predation pressure and density-dependent growth
reductions. For NEA cod, using the SSB/R at Forand mean recruitment when the SSB
is above Bim (Figures from 2007 advice report used by ICES WGSAM 2008), gives a
SSB of 49 million t. This is about four times the historical maximum of 1.2 million t,
so Foishould not be considered a candidate Fusyreference point. Also for Fmax values
considerably above the historical maximum were obtained (Section 3). For this cod
stockmuch work has also been done on estimating fecundity and thus total egg pro-
duction (see recent overview in Morgan et al. 2009) which may affect both fishing
mortality reference points and biomass reference/trigger points. This body of work
neatly encapsulates the idea that blindly running different values of F through simu-
lations models without considering the wider issues can give results that are highly
misleading, and could risk damaging the currently successful management of this
stock.

For haddock and saithe, MSY information can similarly be derived from simulations
done during the evaluation of whether the HCR for these stocks are precautionary
(see AFWG 2006 for haddock and AFWG 2007 for saithe). The yield vs. F curve is
rather flat on the top for both stocks. Also, for both stocks, the biological model
should bere-visited before any MSY reference points for advisory use are calculated.
The reason for this for haddock is the recent strong recruitment and following all-
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time high biomass level, which may alter our perception of the stock dynamics. For
saithe, the PA reference points were recalculated at AFWG 2010 due to the extended
agerangetobe used in the assessment (see WKROUND 2010), and this may also alter
our perception of the stock dynamics and require new simulations to be made. For
saithe we advise not to change the numerical Fr and Bpa values used in the HCR this
year, but rather revisit the HCR next year and evaluate it both from a precautionary
and MSY point of view.

For theredfish stocks, there are no biomass-based reference or trigger points or man-
agement plans. Development of U-type (survey based) biomass reference points has
been supported by ACOM. F-based reference points for S. mentella were estimated by
WXKFRAME. For both stocks, AFWG chose not to suggest any of these as Fmsy. One
reason for this is that the shape of the growth curve at older ages is uncertain, and
this shape strongly affects the yield calculated at low fishing mortalities. It should
also be noted that current exploitation rates are well above Fpa, and thus well above
the lower Fmsy levels. It is of questionable utility to provide Fmsy estimates for fisheries
in which even themore modest Fr targets cannot be met.

For coastal cod, there are reasonable data for weight and maturity at age so F-based
reference points have been calculated, but noreliable stock/recruitment data. For this
stock we have evaluated the proposed rebuilding plan this year. This plan is not
linked to a TAC-based or effort-based management, but MSY studies will give
knowledge on whether the rebuilding plan is appropriate. Again, providing Fusyval-
ues is not urgent given that a rebuilding process is required before the stock can even
approach MSY levels.

For Greenland halibut, the managers have agreed upon a fixed yearly quota for the
period 2010-2012, and the advice should not be updated this year. The calculation of
MSY reference points for this stock will be postponed until after the upcoming age
reading workshop in 2011.

For capelin, the agreed HCR is that with 95% probability, at least 200 000 tonnes (Biim)
should be allowed to spawn (see Chapter 9 for details). There is no Bpa and no F-
based reference points. MSY has been investigated by Tjelmeland (2005), using the
multispecies model Bifrost. He found that the MSY reference point of capelin (target
SSB) depends markedly on the harvesting strategy chosen for cod and herring, which
both have strong biological interactions with capelin. Thus, calculating a single-
species MSY for capelin is meaningless. The capelin MSY could be calculated given
on the agreed HCRs for cod and herring, and one could then investigate whether the
MSY for capelin would change considerably if the harvesting strategies for cod and
herring vary e.g. within the intervals corresponding to yields > 80% of the MSY for
herring and cod. In the MSY concept paper (WD to WKFRAME 2010), it was stated
that the framework outlined there for calculating MSY-based reference points was
not applicable for short-lived stocks with a target escapement strategy. WKFRAME
did not touch upon this issue.

General comments on the MSY approach

AFWG also has some comments on the MSY approach in addition to the contents of
the WKFRAME report. Most of these are taken from the final report of the EU UN-
COVER project (2006-2010).

It should be noted that MSY should by definition mean the maximum sustainable
yield that can be obtained from a given stock. An approach that merely involves
varying the target F and BMSY trigger within existing management rules will not, in
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general, give a MSY fishery. We would alsobe concerned at an approach that focused
only on SSB; when looking at e.g. carrying capacity and not only reproductive poten-
tial, total stock biomass (TSB) is just as relevant as SSB and should alsobe considered
in the analysis.

The first point that needs to be made explicit in each and every MSY management
rule is that MSY management does not replace the precautionary approach to fisher-
ies management, rather it incorporates and extends it. A management rule that leads
to long term reductions of the stock will also lead to reductions in the catches, and is
thus by definition not a MSY strategy. A logical consequence of this is that a MSY-
based rule should include definitions of where the stock is considered to beat risk of
being depleted (i.e. of causing recruitment overfishing), and what remedial action
should be taken in this case. This is especially important given the increased uncer-
tainties involved in MSY assessments. MSY fishing should be considered to be “pre-
cautionary plus”, incorporating and extending the precautionary approach to
fisheries, and retaining precautionary biomass limits.

The recommendation, in the absence of an estimated Fwvsy or lack of a stock-
recruitment relationship is to utilise Fmax or Fo1as a proxy does not appear tobe justi-
fied. Fmax is at present determined by ICES WGs ignoring density dependent effects
on growth and mortality (induding cannibalism) making its utilization questionable.
Additionally it is usually very hard to determine the exact value of Fmaxin any given
model simulation, as curves tend to be very flat topped. Taking a point where the
upward slope tends to the asymptote (such as Foi, the point at the slope is 10% of the
maximum), could seem like a good alternative to Fusy in terms of yield, while being
precautionary in terms of the stock dynamics. However, for several stocks, combining
Y/R at Foiwith average recruitment for spawning stock size above Bim would give a
stock size way above what has been observed (see e.g. ICES C.M. 2008/ RMC06) and
thus the yield and biomass indicated by such calculations may not be realistic to
reach.

We suggest that the default approach to calculating Fusy should be to base it on simu-
lations of long-term stock dynamics incorporating stock recruitment relationships,
density dependent growth and mortality, including uncertainty, environmental is-
sues and possible multispecies effects. Work is therefore required which effects are
likely to be of significance for a given stock (environment change, multi-species,
mixed fishery,...), and how to indude these in the simulations. These simulation re-
sults should then also be used to deduce the time intervals for re-assessing target F
and B’s. It may be questionable whether it is justified to calculate point estimates of
FMSY, giving a range for which the yield is within 80-90% of the maximum yield
(taking into account model uncertainty, choice of length of time series in calculation
etc.) could be more appropriate.

Recommendations
AFW G has tworecommendations:

A benchmark meeting for all redfish stocks should be held in 2012.

A workshop on methods estimating recruitment for Northeast arctic cod should be
held before the AFWG meeting in 2011.
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0.12 Time and place of Next Meeting

The Working Group proposes to meet next time in Hamburg in the period 5-11 May
(alternatively 28 April-4 May) 2011.
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Ecosystem considerations (Figures 1.1-1.18, Tables 1.1-1.17)

1

.

The aim of this chapter is to identify important ecosystem information influencing the
fish stocks, and further show how this knowledge may be implemented into the fish
stock assessment and predictions. There has been a steadily development in this as-
pect over thelast few years and theworkis still in a developing phase. Hopefully, the
gathering of information on the ecosystem in this chapter will lead to a better under-
standing of the complex dynamics and interactions that takes place in the ecosystem,
and also participate in the development of an ecosystem based management of the
Barents Sea.

The ecosystem approach to management is variously defined, but in principle it puts
emphasis on a management regime that maintains the health of the ecosystem along-
side appropriate use of the marine environment, for the benefit of current and future
generations (Jennings, 2004).

Along with fishery, changes in the Barents Sea ecosystem are mainly caused by varia-
tions in the ocean climate. A warm period is characterized of increased impact of
warm Atlantic water in the Barents Sea contributes to advection of zooplankton, fast-
er growth rate in fish and emergence of abundant year casses (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. Cli-
matic conditions govern the formation of primary biological production and feeding
conditions for fish, as well as the survival of their offspring. In addition, inter-species
trophic relations are an important factor that influences the abundance dynamics of
commer cial species.

Movement towards an ecosystem approach to the fishery management in the Barents
Sea should indude (Filin and Rettingen, 2005):

e More extensive use of ecosystem information in the population pa-
rameters applied in assessment and prognosis,

e Expansion of the use of multi-species models for fishing management.

This chapter is in general based on a preliminary version of the 2009 update (Stiansen
et al., WD23) of the “Joint Norw egian-Russian environmental statutes 2008, report on
the Barents Sea Ecosystem” (Stiansen et al., 2009), affiliating more than 100 scientists
from 24 institutions in Norway and Russia. This report is the successor to the “Joint
PINRO/IMR report on the state of the Barents Sea ecosystem in 2007, with expected
situation and considerations for management” (Stiansen and Filin, 2008). Text, figures
and tables taken from these reports (i.e. Stiansen et al., 2009, or Stiansen et al, WD23)
are in general not further cited in this chapter.

General description of the Barents Sea ecosystem (Figure 1.1, Tables
1.1-1.7)

Geographical description

The Barents Sea is on the continental shelf surrounding the Arctic Ocean. It connects
with the Norwegian Sea to the west and the Arctic Ocean to the north. Its contours
are delineated by the continental slope betw een Norway and Spitsbergen to the west,
the top of the continental slope towards the Arctic Ocean to the north, Novaya Zem-
lya archipelago to the east, and the coasts of both Norway and Russia to the south
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(Figure 1.1). It covers an area of approximately 14 million km?, has an average depth
of 230 m, and a maximum depth of about 500m at the western end of Bear Island
Trough (Figure 1.1). Its topography is characterized by troughs and basins (300 m —
500m deep), separated by shallow bank areas, with depths ranging from 100-200 m.
The three largest banks are Central Bank, Great Bank and Spitsbergen Bank. Several
troughs over 300 m deep run from central Barents Sea to the northern (e.g. Franz Vic-
toria Trough) and western (e.g. Bear Island Trough) continental shelf break. These
troughs allow the influx of Atlantic waters to the central Barents Sea.

Climate

The general pattern of circulation (Figure 1.1) is strongly influenced by this topogra-
phy, and is characterised by inflow of relatively warm Atlantic water, and coastal
water from the west. This current divides into two branches: 1) a southern branch
that flows parallel to the coast and eastwards towards Novaya Zemlya; and 2) a
northern branch that flows into the Hopen Trench. The Coastal Water has more fresh-
water runoff and a lower salinity than the Atlantic water; it also has a stronger sea-
sonal temperature signal. In the northern region of the Barents Sea, fresh and cold
Arctic waters flow from northeast to southwest. Atlantic and Arctic water masses are
separated by the Polar Front, which is characterised by strong gradients in both tem-
perature and salinity. There is large inter-annual variability in ocean climate related
to variable strength of the Atlantic water inflow, and exchange of cold Arctic water.
Thus, seasonal variations in hydrographic conditions can be quite large.

Bacteria and phytoplankton

In the biogeochemical cydes of the ocean, a multitude of processes are catalyzed by
Bacteria and Archaea, and the functioning of these cycles in the Barents sea donot dif-
fer qualitatively from those at lower latitudes. Both bacteria and viruses show highly
variable abundance in the Barents Sea, and in general, the dynamics of these groups
in this area do not differ from other parts of the ocean. The situation in the ice-
covered areas in the north remains tobe investigated.

The Barents Sea is a spring bloom system. During winter, primary production is close
to zero. Timing of the phytoplankton bloom varies throughout the Barents Sea and
there may also be a high inter-annual variability. The spring bloom starts in the
south-western areas and spreads north and east with the retracting ice. In early
spring, the water is mixed from surface to bottom. Despite adequate nutrient and
light conditions for production, the main bloom does not occur until the water be-
comes stratified.

Stratification of water masses in different areas of the Barents Sea may occur in sev-
eral different ways; 1) through fresh surface water from melting ice along the mar-
ginal ice zone; 2) through solar heating of surface layers in Atlantic water masses; or
3) through lateral dispersion of waters in the southern coastal region (Rey, 1981). As
in other areas, diatoms are also the dominant phytoplankton groups in the Barents
Sea (Rey, 1993). Diatoms particularly dominate the first part of the springbloom, and
the concentration of diatoms can reach up to several million cells per litre. They re-
quire silicate for growing, and when this is consumed, other phytoplankton groups,
such as flagellates, take over. An important flagellate species in the Barents Sea is
Phaeocystis pouchetii but other species may, however, predominate the spring bloom
in different years.
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Zooplankton

In the Barents Sea ecosystem, zooplankton forms a link betw een phytoplankton (pri-
mary producers) and fish, mammals and other organisms at higher trophic levels.
Zooplankton biomass in the Barents Sea can vary significantly between years and
crustaceans are important. The calanoid copepods of the genus Calanus play a key
role in this ecosystem. Calanus finmarchicus, is most abundant in Atlantic waters and
C. glacialis is most abundant in Arctic waters. Both form the largest component of
zooplankton biomass.

Calanoid copepods are largely herbivorous, and feed particularly on diatoms
(Mauchline, 1998). Krill (euphausiids), another group of crustaceans, also play a sig-
nificant role in the Barents Sea ecosystem as food for fish, seabirds, and marine
mammals. Krill species are believed to be omnivorous: filter-feeding on phytoplank-
ton during the spring bloom; while feeding on small zooplankton during other times
of the year (Melle et al., 2004). Four dominant species that occupy different niches in
the community of Barents Sea euphausiids are: Meganyctiphanes norvegica (neritic
shelf boreal); Thysanoessa longicaudata (oceanic arcto-boreal); T. inermis (neritic shelf
arcto-boreal); and T. maschii (neritic coastal arcto-boreal) (Drobysheva, 1994). The two
latter species comprise 80-98% of total euphausiid abundance, but species composi-
tion may vary between years relative to climate (Drobysheva, 1994). After periods
with cold climate, observed abundance of T. raschii increased while abundance of T.
inermis decreased (Drobysheva, 1967). Advection from the Norwegian Sea is influ-
enced by the intensity of Atlantic water inflow, which also influences the composition
of species (Drobysheva, 1967; Drobysheva et al., 2003).

Three amphipod species were found abundant in the Barents Sea; Themisto abyssorum
and T. libellula in the western and central Barents Sea, and T. compressa is found, albeit
less abundant, in central and northern regions. T. abyssorum is most abundant in sub-
Arctic waters. In contrast, the largest of the Themisto species, T. libellula, is largely re-
stricted to combined Atlantic and Arctic water masses. High abundance of T. libellula
was observed adjacent to the Polar Front. Amphipods feed on small zooplankton and
copepods form an important component of their diet (Melle et al., 2004).

“Gelatinous zooplankton” is a term often used by non-specialists in reference to
classes of organism that are jelly-like in appearance. The term "jellyfish" is commonly
used in reference to marine invertebrates belonging to the class Scyphozoa, phylum
Cnidaria. Neither of these terms implies any systematicrelationship to vertebrate fish.
The term "“jellyfish" is also often used in reference to relatives of true scyphozoans,
particularly the Hydrozoa and the Cubozoa. Both comb-jellies (Cterophora) and "true"
jellyfish are predators, and they compete with plankton-eating fish, because cope-
pods often are significant prey items.

Benthos

Thesea floor is inhabited by a widerange of organisms. Some areburied in sediment,
others are attached to a substrate, some are slow and sluggish, others roving and
rapid. Many feed by actively or passively, sieving food particles or small organisms
from the water. Others eat the bottom sediments (detritus feeders), eat carrion (scav-
engers) or hunt other animals (carnivores). The high diversity amongbottom animals
is presumed to be due to the abundance of micro-habitats that organisms can adapt.
In shallow waters, kelp forests are feeding and nursery habitats for many species of
fish, birds, and mammals. Below the sublittoral zone, sea anemones, sponges, hydro-
zoans, tunicates, echinoderms, crustaceans, molluscs and many other animal groups
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abound on hard substrates. These large conspicuous animals are not abundant on
sand or muddy bottoms, and in fact some of these habitats may at first look rather
lifeless. However, most of the benthic animals in these habitats live buried in the
sediments. Polydigete worms, crustaceans and bivalves are found in the sediments
well as a myriad of other taxa. Some muddy areas might have dense aggregations of
brittle stars, sea stars or bivalves.

More than 3050 species of benthic invertebrates inhabit the Barents Sea (Sirenko,
2001). The benthic ecosystems in the Barents Sea have considerable value, both in di-
rect economic terms, and in their ecosystem functions. Scallops, shrimp, king crab,
and snow crab arebenthic residents which areharvested in the region. Many species
of benthos are also interesting for bio-prospecting or as a future food resource, such
as sea cucumber, snails and bivalves. Several of them are crucial to the ecosystem.
Important fish species such as haddock, catfish and most flatfishes primarily feed on
benthos. Many benthic animals, primarily bivalves, filter particles from the ocean and
effectively clean it up. Others scavenge on dead organisms, returning valuable nutri-
ents to the water column. Detritus feeders and other active diggers regularly move
the bottom sediments around and therefore increase sediment oxygen content and
overall productivity — much like earthworms on land.

The northern shrimp (Pandalus borealis) is distributed in most deep areas of the Ba-
rents Sea and Spitsbergen waters. The densest concentrations are found in depths
between 200 and 350 meter. The shrimp mainly feed on detritus, but may also be a
scavenger. Shrimp is alsoimportant as a food item for many fish species and seals.

Red king crab (Paralithodes camtschatica) was introduced to the Barents Sea in the
1960s. Presently it is an important commercial species. Adult red king crabs are op-
portunistic omnivores.

The snow crab (Chionoecetes opilio) is an invasive species in the Barents Sea. The first
recordings of this species in the Barents Sea were in 1996. Since 2003 snow crab have
been found in the stomachs of cod, haddock, catfishes and thorny skates that indi-
cates that the crab abundance and settlement density substantially increased.

Fish

More than 200 fish species are registered in trawl catches during surveys of the Bar-
ents Sea, and nearly 100 of them occur regularly. Even so, the Barents Sea is a rela-
tively simple ecosystem, with few fish species of potentially high abundance.
Different species of fish are not evenly distributed throughout the Barents Sea.
Rather, they exhibit highest abundance in areas with suitable environmental condi-
tions. Commercially important fish species include Northeast Arctic cod, Northeast
Arctic haddock, Barents Sea capelin, polar cod and immature Norwegian spring-
spawning herring. In warm years, increased numbers of young blue whiting have
migrated into the Barents Sea. Species distribution largely depends on positioning of
the Polar Front. There havebeen significant variations in abundance of these species.
These variations are due to a combination of fishing pressure and environmental va-
riability Cod, capelin, and herring are key species in the Barents Sea trophic system.

In general the four pelagic species (herring, capelin, polar cod and blue whiting) have
minor overlapping distributions; with theblue 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 and central areas. In southwestern areas
blue whiting and herring partly overlap. However, they occupy different parts of the
water column.
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The recruitment of the Barents Sea fish species has shown a large year-to-year varia-
bility (Tables 1.1-12). Themost important reasons for this variability are variations in
the spawning biomass, dimate conditions, food availability and predator abundance
and distribution. Variation in therecruitment of some species, like cod, haddock and
herring, has been associated with changes in the influx of Atlantic waters into the Ba-
rents Sea.

Cod prey on capelin, herring, and smaller cod; while herring prey on capelin larvae.
Cod is the most important predator fish species in the Barents Sea, and feeds on a
wide range of prey, induding larger zooplankton, most available fish species and
shrimp (Table 1.3-

Table 1.6). Cod prefer capelin as a prey, and fluctuations of the capelin stock (Table
1.7) have a strong effect on growth, maturation and fecundity of cod, as well as on
cod recruitment because of cannibalism. The role of euphausiids for cod feeding in-
creases in the years when capelin stock is at a low level (Ponomarenko and Yaragina
1990). Also, according to Ponomarenko (1973, 1984) interannual changes of euphausi-
id abundance is important for the survival rate of cod during the first year oflife.

Capelin feed on zooplankton produced near the ice edge. Farther south, capelin is the
most important prey species in the Barents Sea as it transports biomass from northern
to southern regions (von Quillfeldt and Dommasnes, 2005). The capelin has showed
large variations in abundance.

Herring is also a major predator on zooplankton. The herring spawns along the Nor-
wegian western coast and the larvae drifts into the Barents Sea. The juveniles of the
Norw egian 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 ca-
pelin, and it has been shown that when rich year classes of herring enters to the Ba-
rents Sea, the recruitment to the capelin stock is poor, and in the following years the
capelin stock collapses (Gjoseeter and Bogstad, 1998).

Haddock is also a common species, and migrates partly out of the Barents Sea. The
stock has large natural variations in stock size. Food composition of haddock consists
mainly of benthic organisms.

Saithe is found mainly along the Norwegian coast, but also occurs in the Norwegian
Sea and in the southern Barents Sea. The 0-group saithe drifts from the spawning
grounds to inshore waters. The smaller individuals feed on crustaceans, while larger
saithe depends more on fish as prey (Dolgov, WD 29, AFWG 2006; Mehl, WD7,
AFWG 2005). The main fish prey is young herring, Norway pout, haddodk, blue
whiting and capelin, while the dominating crustacean prey is krill. Polar cod is a
cold-water species found particularly in the eastern Barents Sea and in the north. It
seems tobe an important forage fish for several marine mammals, but tosome 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 due toheavy overfishing these stocks declined strongly during
the 1980’s, and has since then stayed at a low level. Young redfish are plankton ea-
ters, but larger individuals takelarger prey, including fish.
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Greenland halibut is a large and voracious fish predator with the continental slope
between the Barents Sea and the Norwegian Sea as its most important area, but it is
also found in the deeper parts of the Barents Sea. Investigations in the period 1980-
1990 showed that cephalopods (squids, octopuses) dominated in the Greenland hali-
but stomachs, as well as fish, mainly capelin and herring. Ontogenetic shift in prey
preference was clear with decreasing proportion of small prey (shrimps and small
capelin) and increasing proportion of larger fish with increasing predator length. The
largest Greenland halibut (length more than 65-70 cm) had a rather big portion of cod
and haddock in the diet.

The blue whiting has its main distribution area in the Norwegian Sea and Northeast
Atlantic, and the marginal northern distribution is at the entrance to the Barents Sea.
Usually the blue whiting population in the Barents Sea is small. In years with warm
Atlantic water masses the blue whiting may enter the Barents Sea in large numbers,
and the blue whiting can be a dominant species in the western areas. This situation
occurred from 2001 onwards, and blue whiting were found in great numbers for the
period 2003-2007. Since then it has decreased strongly again. This rise and fall is
probably due to a combination of variation in stock size and environmental condi-
tions. In the diet of blue whiting zooplankton(copepods, hyperiids and euphausiids)
is dominant in the younger age groups, while fish is increasingly important as the
blue whiting gets older(Dolgov, WD 29, AFWG 2006).

Long rough dab is a typical ichthy obenthophage, which mainly eats benthos (ophiura,
polychaetes etc.) and different fish species (Dolgov, WD 29, AFWG 2006). At older
stages the proportion of fish in the diet increases (polar cod and cod, capelin and ju-
venileredfish). The larger long rough dab also feed on their own juveniles and juve-
nilehaddock.

Thorny skate preys primarily on large crustaceans, shrimps and crabs (Dolgov, WD
29, AFWG 2006), but may also in a lesser extent feed on fish. The most common fish
species are young cod and capelin. Round skate fed mainly on benthos, especially
Polychaeta and Gammaridae. Arctic skate feed mainly on fish and shrimp (herring,
capelin, redfish and northern shrimp). Blue skate diet consists largely of fish, mainly
young cod and haddock, redfish, and long rough dab). Spinytail skate also prey
mostly on fish, which induded haddock, redfish and long rough dab. Total yearly
food consumption by thorny skate is estimated to be around 160 thousand tonnes, of
which around 75 thousand tonnes comprised commercial fishes and invertebrates.
Total yearly food consumption by all other skate species was estimated tobe around
30 thousand tonnes, of which around 20 thousand tonnes was commercial species
(Dolgov, WD 29, AFWG 2006).

Mammals and seabirds

Marine mammals, as top predators, are keystone species significant components of
the Barents Sea ecosystem. About 25 species of marine mammals regularly occur in
the Barents Sea, including: 7 pinnipeds (seals and walruses); 12 large cetaceans (large
whales); 5 small cetaceans (porpoises and dolphins); and the polar bear (Ursus mari-
timus). Some of these species are not full-time residents in the Barents Sea, and use
temperate areas for mating, calving, and feeding (e.g. minke whale Balaenoptera acu-
torostrata). Others reside in the Barents Sea all year round (e.g. white-beaked dolphin
Lagenorhynchus albirostris, and harbour porpoise Phocoena phocoena). Some marine
mammals are naturally rare, such as the beluga whale Delphinapterus leucas. Others are rare
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due to historic high exploitation, such as bowhead whale Balaena mysticetus and blue whale
Balaenoptera musculus.

Marine mammals may consume up to 15 times theamount of fish caught in fisheries.
Minke whales and harp seals may each year consume 1.8 million and 3-5 million tons
of prey of crustaceans, capelin, herring, polar cod, and gadoid fish respectively
(Folkow et al., 2000; Nilssen et al., 2000). Functional relationships between marine
mammals and their prey seem closely related to fluctuations in marine ecosystems.
Both minke whales and harp seals are thought to switch between krill, capelin and
herring depending on availability of the different prey species (Lindstrem et al., 1998;
Haug et al., 1995; Nilssen et al., 2000).

Fish and mammals have seasonal feeding migrations so that the stocks in the area
will have their most northern and eastern distribution in August-September and be
concentrated in the southern and south-western areas in February-March. The Bar-
ents Sea has one of the largest concentrations of seabirds in the world (Norderhaug et
al., 1977; Anker-Nilssen et al., 2000); its 20 million seabirds harvest annually approxi-
mately 1.2 million tonnes of biomass from the area (Barrett et al., 2002). Nearly 40 spe-
cies are thought to breed regularly in northern regions of the Norwegian Sea and the
Barents Sea. Abundant species belong to the auk and gull families. Seabirds play an
important role in transporting organic matter and nutrients from the sea to the land
(Ellis, 2005). This transport is of great importance especially in the Arctic, where lack
of nutrients is an important limiting factor.

Rare, threatened and invasive species and infectious organisms

There are 10 types of parasites found in the fish of the Barents Sea, but it is hard to
determine which groups of parasitic organisms that play an important role in the
population dynamics of their hosts. The Barents Sea parasites considered to be most
damaging to the human health are larvae stages of Cestoda (Diphyllobothrium and
Pyramicocephalus genera), Nematoda (Anisakis and Pseudoterranova genera) and Palaea-
canthocephala (Corynosoma genera). 82 species of helminthes are recorded from 18 bird
species. The Barents Sea birds” helminthofauna mostly consists of the species with the
life cycle dependent on coastal ecosystems. Invertebrates and fish from the littoral
and upper sub littoral complex serve as their intermediate hosts.

The Barents Sea includes species that either have very small populations or species
that have recently undergone considerable population dedine (or are expected to do
so in the dose future). The assessments are done by use of the IUCN criteria (IUCN,
2001; 2003), but the Global, the Russian and the Norwegian lists available cannot be
directly compared. All these lists are closely related and have high relevance for the
conservation of biodiversity, and the list from the Barents Sea include a total of 56
species comprising of 28 fish species, 9 bird species, and 18 mammal species.

Invasions of alien species — spread of the representatives of various groups of living
organisms beyond their primary habitats — are global in nature. Their introduction
and further spread often leads to the undesirable environmental, economic and social
consequences. Different modes of biological invasions can be natural movement asso-
ciated with the population dynamics and cimatic changes, intentional introduction
and reintroduction, and accidental introduction with the ballast waters and along
with the intentionally introduced species, etc. The best known examples of intro-
duced species in the Barents Sea are red king crab (Parlithodes camtschaticus) and
snow crab (Chionoecetes opilio).
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Human activity

The Barents Sea is strongly influenced by human activity; historically involving the
fishing and hunting of marine mammals. More recently, human activities also in-
volve transportation of goods, oil and gas, tourism and aquaculture. In the last years
interest has increases on the evaluation of the most likely response of the Barents Sea
ecosystem to the future climate changes due to anthropogenic effects on climate
warming.

Fishing is the largest human impact to the fish stocks in the Barents Sea, and thereby
the functioning of the whole ecosystem. However, the observed variation in both fish
species and ecosystem is also impacted by other effects such as climate and preda-
tion. The most widespread gear used in the central Barents Sea is bottom trawl, but
also long line and gillnets are used in the demersal fisheries. The pelagic fisheries use
purse seine and pelagic trawl.

The Barents Sea remains relatively clean, however, when compared to marine areas
in many industrialized parts of the world. Major sources of contaminants in the Bar-
ents Sea are natural processes, long-range transport, accidental releases from local
activities, and ship fuel emissions. Results of recent studies indicate low level of con-
taminants in the Barents Sea marine environment and confirm results of earlier stud-
ies on bottom sediments in the same areas. In the near-term, observed levels of
contaminants in the marine environment should not have significant impact on
commer cially important stocks and on the Barents Sea ecosystem as a whole.

Traditionally, fishing having been the most important and far-reaching human activ-
ity in the ecosystem has been given most of the attention with analyses of impacts
and risks. This need has increased in importance as oil- and gas industries have be-
gun to develop new off-shore fields in the Barents Sea, and ship transport of oil and
gas from theregion has increased exponentially over the last 5 years.

The Barents Sea can become an important region for oil and gas development. Cur-
rently offshore development is limited both in the Russian and Norwegian economic
zones (to the Snehvit field north of Hammerfest in the Norwegian zone), but this may
increase in the future with development of new oil- and gas fields. In Russia there are
plans for the development of Stockman, a large gas-field west of Novaya Zemlja. The
environmental risk of oil and gas development in the region has been evaluated sev-
eral times, and is a key environmental question facing theregion.

Transport of oil and other petroleum products from ports and terminals in NW-
Russia havebeen increasing over the last decade. In 2002, about 4 million tons of Rus-
sian oil was exported along the Norwegian coastline, in 2004, the volume reached
almost 12 million tons, but the year after it dropped, and from 2005 to 2008 was on
the levels between 9,5 and 11,5 million tons per year. In a five-ten years perspective,
the total available capacity from Russian arctic oil export terminals can reach the level
of 100 million tons/year (Bambulyak and Frantsen, 2009). Therefore, the risk of large
accidents with oil tankers will increase in the years to come, unless considerable
measures areimposed toreduce such risk.

Tourism is one of the largest and steadily growing economic sectors world-wide.
Travels to the far north have increased considerable during the last 15 years, and
there are currently nearly onemillion tourists annually.

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

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

Ocean acidification is greater and happening faster than any previous acidification
process experienced in millions of years. The absorption of CO2 generally goes faster
in colder waters and thus will rapidly affect the Barents Sea.

State and expected situation of the ecosystem (Figures 1.2-1.10,
Tables 1.3-1.6, 1.9)

1.2.1 Climate

Atmospherical conditions

In 2009, the weather over the North Atlantic was determined by cydonic activity
throughout the year, and northerly and easterly winds prevailed over the Barents and
northern Norwegian Seas. In winter, spring and autumn, air temperature averaged
over the western and eastern parts of the Barents Sea was higher than normal, with
maximum positive anomalies (39-4.1°C) in the eastern Barents Sea in January and
March. In summer, positive anomalies did not exceed 1°C, and small negative ano-
malies were observed in some months

Water temperature

In general the temperatures in the entire Barents Sea in 2009 was still high (about 0.5-
1.0°C above the long-term average), and at about the same levels as in 2008. At the
end of the year the temperature in the Atlantic water masses was increasing again. In
the beginning of 2010 the temperature decreased again, but is still above the long-
term mean.

Sea surface temperature (SST) in the Barents Sea showed much of the same variations
as the air temperatures. In winter, due to the warmer-than-usual air masses over the
central and eastern Barents Sea and therefore the less-than-usual atmospheric cool-
ing, the SST was higher than normal, with maximum positive anomalies (1.0°C) in the
central part of the sea. In the western and north-western Barents Sea, on the contrary,
the SST was low er than normal throughout most of the year, with maximum negative
anomalies (-0.5°C) in April and July. The weaker-than-usual spring-and-summer
warming caused decreasing SST anomalies. From June to August, negative anomalies
of SSTwere observed in most of the sea. In autumn, SST anomalies increased due to
the intensification of cyclonic activity and warm air-masses transport; maximum pos-
itive anomalies of SST (up to 1.6°C) were found in the southern areas in November.

Development in the coastal waters is measured at the Ingey fixed station, and show
that during 2009 the surface temperature was only slightly above normal through
most of the year except in late fall/early winter 2009/2010. In the deeper waters (at 250
m), which is strongly influenced by Atlantic Water, the temperature was above nor-
mal throughout the year. In both the surface and deeper layers, the temperature in-
creased (relative to thenormal) in late fall 2009/early winter 2010, but decreased again
in spring 2010, with surface temperatures around and deeper layers still slightly
abovethelong term mean.
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The Fugloya-Bear Island and Varde-North sections, which capture all the Atlantic
Water entering the Barents Sea from south-west, showed temperatures close to 0.5°C
above the long-term mean in early 2009 (Figure 12). This is lower than the last 5-6
winter, and is due to lower air temperatures causing more intense heat loss in combi-
nation with weak inflow of Atlantic Water. Over the year the temperatures increased,
and in October 2009 the temperature in south-west was 09°C above the long-term
mean. The annual mean temperature in 2009 was close to the year of 2008. In thebe-
ginning the temperature at the Varde-North decreased again to ~0.5 °C above the
long term mean.

Temperature in the upper 200 m layer in the southern Barents Sea (Kola section) was
higher than normal throughout the year of 2009, and, during the second half of the
year, it was higher than in 2008 (Figure 1.3). At thebeginning of the year, the weaker-
than-usual seasonal cooling caused an increase in positive temperature anomalies (by
0.1-03°C) in the Atlantic water compared to December of 2008. The positive anoma-
lies changed slightly during the first half of the year, then they decreased to Septem-
ber dueto easterly and northeasterly winds prevailed in spring and summer. During
autumn, temperature anomalies in the main warm currents increased again due to
the intensification of cyclonic activity and air-mass transport from the west. By De-
cember, temperature anomalies exceeded 1.0°C in all parts of the Kola Section, and
the highest December temperature for the period from 1951 to the present was ob-
served in the Murman Current. The annual temperature in the Murman Current in
2009 was typical of anomalous warm years and close to that of 2008.

Temperature in the bottom layer of the Barents Sea in August-September 2009 was
typical of warm and anomalous warm years. Positive temperature anomalies were
observed in most of the surveyed area and were, on average, 0.3-1.0°C. The largest
positive temperature anomalies (> 1.5°C) were observed in the eastern Barents Sea, in
the areas adjacent to the Eastern Basin (Figure1.4). Compared to 2008, the volume of
cold Arctic waters increased significantly in the northern Barents Sea, and for the first
time in the last three years waters with negative temperature were found in the East-
ern Basin. So, in comparison with the previous year, it caused decrease in the spatial-
ly averaged bottom temperature of the surveyed area except the southern Barents Sea
occupied by the Murman Current and the Central branch of the North Cape Current.
In the beginning of 2010 the bottom temperatures in the south and southwestern
parts were higher than in the same period in 2009, while they were lower in the deep
central parts.

According to computations with a prediction model, based on harmonic analysis of
the Kola Section temperature time series, the temperature of the Atlantic water in the
Murman Current in 2010-2011 is expected to decrease to values typical of warm
years, namely to 45+05°C (with anomaly of + 0.6°C) in 2010 and to 4.4+0.5°C (with
anomaly of + 05°C) in 2011. The years 0of2010 and 2011 are similar to 1989,1991, 2001
and 2002.

Salinity

The salinity variations show a close resemblance to temperature, although not com-
pletely. In Fugloya-Bear Island the salinity has been decreasing since 2006, while in
Varde-N it has increased over the last years. Salinity in the Atlantic water masses in
2009 was still high compared to the long term trend.
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Inflow of Atlantic water

The volume flux of Atlantic Water flowing into the Barents Sea is predominantly
barotropic, with large fluctuations in both current speed and lateral structure. In gen-
eral, the current is wide and slow during summer and fast, with possibly several
cores, during winter. The mean transport of Atlantic Water into the Barents Sea for
the period 1997-2009 is 2 Sv (Sv = 106 m3) with an average of 22 Sv during winter
and 1.8 Sv during summer. During years in which the Barents Sea changes from cold
to warm marine climate, the seasonal cycle can be inverted. Moreover, an annual
event of northerly wind causes a pronounced spring minimum inflow to the western
Barents Sea; at times even an outward flow.

The time series of volume transport reveals fluxes with strong variability on time
scales ranging from one to several months (Figure 15). The strongest fluctuations,
especially in the inflow, occur in late winter and early spring, with both maximum
and minimum in this period. The recirculation seems to be more stable at a value of
something near 1 Sv, but with interruptions of high outflow episodes.

The volume flux varies with periods of several years, and was significantly lower
during 1997-2002 than during 2003-2006. The year of 2006 was a special year as the
volume flux both had a maximum (in winter 2006) and minimum (in fall 2006). Since
then the inflow has been low, particularly during spring and summer. The inflow in
2009 was much as in 2007 and 2008; moderate during winter followed by a strong
decrease in spring. In early summer 2009 the flux was closeto 1.5 Sv below the aver-
age. As the observational series still only have data until summer 2009, it cannot give
information about the situation in fall 2009 and early winter 2010. There is no signifi-
cant trend in the observed volume flux from 1997 to summer 2010.

Ice conditions

The variability in the ice coverage in the Barents Sea is linked to the temperature of
the inflowing Atlantic water, the northerly winds, and import of ice from the Arctic
Ocean and the Kara Sea. The ice has a response time on temperature changes in the
Atlantic inflow (one-two years), but usually the sea ice distribution in the western
Barents Sea respond a bit quicker than in the eastern part. Due to the high tempera-
tures there has been little ice in the last years (Figure 16). During the period 2003-
2006 the winter ice edge had a substantial retreat towards north-east, but since then
the icearea has increased.

For the first eight months of the year of 2009, the sea ice extent in the Barents Sea was
less than normal, but more than in 2008. In comparison with the previous year, the ice
coverage (expressed as a percentage of the sea area) was 10-18% more in January-
May, 59% more in June and August and the same in July. Ice melting in summertime
was more intensive than in 2008. By July, the south-eastern Barents Sea was ice-free,
which is almost one month earlier than in 2008. Ice formation started in the nor-
thernmost sea only at the end of October. In October, the ice coverage was 13% less
than normal and 5% less than in 2008. By December, the ice coverage of the Barents
Sea was still lower than normal but higher than in 2008, a situation that continued
into thebeginning of 2010.

It is expected that there will be slightly less or around average ice conditions in 2010.
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Hydrochemical conditions

According to the chemical observations along the Kola Section in 2009, some decrease
in oxy gen saturation of the bottom layer was found in the southern Barents Sea com-
pared to 2008: the oxygen saturation anomaly averaged from January to October was
—-024% in 2009, and 0.78% in 2008. Negative anomalies prevailed at the beginning of
the year, while small positive anomalies prevailed in summer and autumn.

1.2.2 Phytoplankton

In Norwegian waters there was not observed any large aberration in the annual suc-
cession in the phytoplankton along the fixed transect (Varde — North and Fugloya-
Bear Island) in 2009. The spring bloom occurred from mid March to mid April within
the “normal” period of the spring bloom at the Bear Island transect. The bloom starts
in the coastal waters “spreading” out into the open areas. In April the diatoms were
dominating. During summer the phytoplankton was compound of small flagellates,
dinoflagellates, and at some stations diatoms. During autumn larger dinoflagellates
was common, however, at some stations diatoms had moderate to high abundance.

1.2.3 Zooplankton

The mesoplankton biomass measured in August-September 2009 was clearly below
the long-term mean in the Norwegian sector but with slightly higher values alongthe
border to the Russian zone. A particular feature in 2009 is the very high biomass
found in the Russian sector north of 75°N and east of 40°E. The average zooplankton
biomass in the western and central Barents Sea in 2009 was 5.87 g dry weight m=2
compared to6.48 gin 2008 and 7.13 g in 2007 (Figure1.7).

The macroplankton survey conducted in autumn and winter 2009 showed that on
average, abundance of euphausiids in the west and northwest of the sea was close to
the level of 2008 (Figure 1.8). However, in the center, east and coast areas the abun-
dance indices of krill increased 1.5-2 times compared to 2008. In total the macroplank-
ton survey showed that the abundance indices of euphausiids were above than the
long-term mean.

The average zooplankton abundance in 2009, together with the considerable decline
observed since 2006, suggest that the condition for local production is less favourable
for 2010. The total production will probably depend largely on the magnitude of zoo-
plankton advection from the Norwegian Sea. The macroplankton feeding conditions
for planktivorous fish in 2010 is expected tobe similar to 2009.

The abundance of gelatinous zooplankton, caught by pelagic trawling, show a lower
abundance of gelatinous zooplankton in 2009 compared to 2008. Both in 2008 and in
2009, the distribution of “jellyfish” also showed a considerable overlap with regions
poor in mesozooplankton biomass.

1.2.4 Northern shrimp

According to the Russian-Norwegian ecosystem survey in August — September 2009
the largest catches of the northern shrimp wererecorded in the eastern and northern
Barents Sea and north of Spitsbergen. The investigations of 2009 showed that the total
stock of the northern shrimp increased compared to last year.
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1.2.5 Fish

The current and expected situation of the commercial stocks in the Barents Sea ad-
dressed by the AFWG is given in later chapters. Therefore focus in this subchapter is
on other main species that interacts with the AFWG stocks, and on the role of the
AFWG species in an ecosystem perspective (e.g. as predators). Special attention is
given when there are deviations from the general situation. An overview of the de-
velopment of pelagic and demersal stocks is given in Figures 1.9 and 1.10.

NEA cod consumption

The food consumption of cod in 1984-2009, based on data from the Joint Russian-
Norwegian stomach content data base, is presented in Table 1.3-14. The main prey
items in 2009 were capelin, polar cod, krill, haddock, herring, shrimp, cod and am-
phipods. In comparison with 2008 the importance of capelin and herring has in-
creased while the importance of krill and shrimp has decreased. The consumption
calculations madeby IMR show that the total consumption by age1 and older cod in
2009 was about 6 million tonnes (Table 1.3), while similar calculations by PINRO
gave about 5 million tonnes. According to calculations by IMR and PINRO the con-
sumption per cod was about the same in 2009 as in 2008 (Tables 1.5-1.6).

Blue whiting and polar cod

Based on the most recent estimates of fishing mortality and SSB, ICES classifies the
stock as having full reproductive capacity, and being harvested sustainably. SSB in-
creased to a historical high in 2004 but has decreased since, and is expected tobe just
above Bpa in 2011. The estimated fishing mortality is slightly below Fpa. Recruitment
in 1995-2004 was at a much higher level than earlier, but the 2005 and later year
classes seem to be poor. Total landings in 2008 were 1.3 mill. tonnes, which is lower
than in 2007. Blue whiting is not fished in the Barents Sea.

The high abundance of blue whiting in the Barents Sea in 2004-2007 may be due to a
large stock size in this period combined with high temperature. Blue whiting has
been observed in the western and southern Barents Sea for many years, but never in
such quantities, and never as far east and north in this area as in 2004-2007. In au-
tumn 2009, the acoustic abundance of blue whiting was estimated to 0.3 million ton-
nes, which is higher than in 2008, but still low. Also, the swept area estimate of blue
whiting in winter 2010 was the lowest in the time series, which goback to2001. Thus,
the abundance of blue whiting in the Barents Sea is expected to stay at a low level
until the recruitment to the stock increases again.

The polar cod stock is presently at a high level. Norway took some catches of polar
cod in the 1970s and Russia has fished on this stock more or less on a regular basis
since 1970. The stock size has been measured acoustically since 1986 and the stock has
fluctuated between 0.1-19 million t. In 2009, the stock size was measured to about 0.9
million t., which is below the estimate obtained in 2008. The natural mortality rate in
this stock seems tobe very high, and this is explained by the importance of polar cod
as prey for cod and different stocks of seals.

Herring and capelin

Based on the most recent estimates of SSB and fishing mortality, ICES classifies the
stockas having full reproductive capacity and being harvested sustainably. The 1998,
1999, 2002 and 2004 year dasses dominate the current spawning stock which is esti-
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mated to 122 million t in 2010. Preliminary indications show that the year classes
2005-2009 are below average. Therefore the abundance of herring in the Barents Sea
is believed to be at a relatively low level in 2010. This stock has shown a large de-
pendency on the occasional appearance of very strong year classes. In recent years
the stock has tended to produce strong year classes more regularly. However, as no
strong year classes have been produced since 2004, the stock is expected to decline.
Norw egian spring-spawning herring is fished along the Norwegian coast and in the
Norwegian Sea, but not in the Barents Sea. However, juveniles from this stock play
animportant part rolein the ecosystem in the Barents Sea.

The capelin stock size is at a level somewhat above average. Based on the most recent
estimates of SSB and recruitment ICES dassifies the stock as having full reproductive
capacity. The maturing component in autumn 2009 was estimated to be 23 mill t.,
and SSB 1st April 2010 was predicted to be at 052 mill t. The spawning stock in 2010
consisted of fish from the 2006 and 2007 year classes, but the 2006 year class domi-
nated. The survey estimate at age 1 of the 2008 year dass is somewhat below the
long-term average. Observations during the international 0-group survey in August-
September 2009 indicated that the 2009 year class is below average.

The estimated annual consumption of capelin by cod has varied between 02 and 3.0
million t over the period 1984-2009. Young herring consume capelin larvae, and this
predation pressure is thought tobe one of the causes for the poor year classes of cap-
elinin the periods 1984-1986, in 1992-1994, and from 2002-2005.

Non-commercial s pecies

Thorny skate (Amblymja madiata) was quite widely distributed in the Barents Sea ex-
cept for the south eastern and north eastern regions, as in 2008. The observed abun-
dance of this species was higher than in 2008. The thorny skate preferred to keep in a
widerange of depths from 50 downto 300 meters.

Northern skate (Amblyraja hyperborea) was distributed in the northeast part of the Bar-
ents Sea and along the shelf slope to the west of Spitsbergen. It was mainly found in
the depth range 200 to 300 meters.

Plaice (Pleuronectes platessa) w as distributed in a range of depths from 50 down to 100
meters) on northwest from Kanin peninsula.

According to observations in 2009 the tendency of expansion of Norway pout (Irisop-
terus esmarkii) in the Barents Sea is continuing. Main density concentrations of Nor-
way pout were registered in the south-western areas. At the same time, along the
warm Spitsbergen current, Norway pout was observed until 81° N. Along coastal
North Cape current Norway pout were distributed eastward up to 47° E. It seems like
Norway pout have occupied the blue whiting distribution area after this species de-
clined.

In the ecosystem survey in 2009 there were both new species to the area and re-
cordings of rare species in the area of observation. Some of these species have their
main distribution in the warm waters of the Norwegian Sea (Molva molva, Schedophi-
lus medusophagus) or in the cold waters of the Kara Sea (Arctogadus glacialis)bor dering
the Barents Sea.
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1.2.6 Marine mammals

Harp Seal

Since 1998 the abundance of harp seal pup production in the White Sea has been
sharply reduced, according to the PINRO aerial surveys. However the decrease in the
harp seal pup production abundance has become slower recently and even some
slight increase has been observed. The abundance of harp seal pups in the whelping
patches in 2009 calculated using the data from aerial surveys was more than two
times lower, compared to the data obtained for 2000-2003.

One of the key factors, which caused thereduction in the harp seal pup abundance in
2004-2009, was the diminished ice extent due to warming. The changed ice conditions
were responsible for the redistribution of animals in the pup period. Abnormal ice
conditions in the White Sea in 2005-2009 possibly also led to higher natural mortality
of pups.

The decrease in the abundance of harp seal pup production leads to a reduction of
the whole harp seal population (the model estimate for 2009 — 12 million animals).

Predation by mammals

Analyses of consumptions by marine mammals in the Barents Sea for 2009 are not
available. Last estimates are shown in Table1.9.

1.2.7 Future long-term trends
This section is a short version of Stiansen et al (2009).

Air temperatures have increased almost twiceas fast in the Arctic than the global av-
erage over the last 50 years. Models predict that air temperatures will continue to in-
crease considerably. With the accelerated increase in air temperatures it is predicted
that summer sea ice will disappear. Polar Front that separates the cold Arctic and
warm Atlantic waters will move farther north and east. Although long-term climate
projections are associated with considerable uncertainty, it is highly likely, however,
that any significant warming will cause shifts in species ranges and changes in their
production. The expected northward extension of warm Atlantic water will lead in
general to that temperate zooplankton would shift northward while ice fauna, such
as the large amphipods would diminish due to a massive loss of habitat because of
the disappearance of multi-year ice (Sijoldal et al., 1987; Loeng et al., 2005). Ellingsen
et al. (2008) also predicted that the Atlantic zooplankton production, primarily Ca-
lanus finmarchicus, would increase by about 20% and spread farther eastward while
the Arctic zooplankton biomass would decrease significantly (by 50%) resulting in an
overall decrease in zooplankton production in the Barents Sea.

A number of fish species, e.g. cod and capelin, will likely have a more northern
and/or eastern distribution and boreal species such as blue whiting and mackerel
may become common in the Barents Sea. These changes will likely result in poten-
tially large changes in community composition and it is possible that the structure of
the ecosystem may shift irreversibly. In addition, sea ice extent will be reduced, and
this will have a negative impact on ice-dependent flora and fauna, such as polar
bears. Reduction in sea ice extent may also lead to increased primary productivity, if
nutrient supply is not reduced significantly due to increased stratification in the wa-
ter column. An increase in primary productivity coupled with other positive effects of
increased temperature on fish growth and reproduction, may cause productivity of
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cod, haddock and other commercially important species to increase. However, nega-
tive effects on prey species may also occur. Thus, overall effects on fish productivity
are hard to predict.

Similarly, the many complex ways in which species interact creates considerable un-
certainty in any set of predictions as to what the overall response of climate warming
to the ecosystem will be. If warming causes phytoplankton to increase, this is ex-
pected toresult in an overall increase in fish production. For example, model studies
show that higher primary production tends to lead to an increase in cod recruitment
in the Barents Sea (Svendsen et al., 2007). Higher temperatures should also lead to
improved growth rates of the fish and together with increased recruitment is ex-
pected to lead to increased fish yields (Drinkwater, 2005; Stenevik and Sundby, 2007).
The results of long-term simulations by the STOCOBAR model show that a tempera-
ture increase of 1-4C° in the Barents Sea will lead not only to acceleration of cod
growth and maturation rates, but also to increase in cannibalism (Stiansen et al.2009).
Increased overall production is expected to produce increased catches of cod, had-
dock and other species (ACIA, 2005). Cod are expected to spawn farther north and
new spawning sites will likely be established (Sundby and Nakken, 2008; Drinkwater
2005). With increasing temperatures, temperate benthic species are expected to be-
come more frequent and the species composition of the benthos will change. Such
changes will affect benthic production (i.e. food for demersal fishes and other verte-
brates) and may therefore have considerable management implications. Polar bears,
ringed seals, bearded seals, harp seals and hooded seals are all dependent on sea ice.
It is the primary foraging habitat for polar bears, and a resting and breeding habitat
for all of these seals. Additionally, some of the seals feed on ice-associated prey. As a
result of climate warming and the associated loss of sea ice, distribution and abun-
dance of these species are expected to decrease in the Barents Sea.

Along with climate change should mention that anthropogenic emissions of CO: are
causing acidification of the world oceans because CO: reacts with seawater to form
carbonic acid. Currently, acidity has increased by about 30% (reduction in pH by
about 0,1 units). In 2100, pH reductions in the order of 0.2-0.3 units are predicted.
This will significantly reduce the ability of organisms to build calcium carbonate
shells and skeletons and it might also have other effects on organisms. The direct ef-
fects are expected to be most pronounced for phytoplankton, zooplankton and ben-
thos. Fish, seabirds and marine mammals can be affected indirectly, possibly making
ocean acidification one of the most important anthropogenic drivers in the Barents
Sea in the future.

Description ofo the Barents Sea fisheries and its effect on the
ecosystem (Tables 1.10-1.11, Figures 1.11-1.16

Description of the Barents Sea fisheries and its effect on the ecosystem (Tables 1.10-
1.11, Figures 1.11-1.16)

Fishing is the largest human impact to the fish stocks in the Barents Sea, and thereby
the functioning of the whole ecosystem. However, the observed variation in both fish
species and ecosystem is also impacted by other effects such as dimate and preda-
tion. Open ocean fisheries in the Barents Sea started in the beginning of the 20th cen-
tury with the development of trawling technology. At present there is a multinational
fishery operating in the Barents Sea using different fishing gears and targeting several
species. The largest commercially exploited fish stocks (Northeast Arctic cod, had-
dock and saithe) are now harvested within sustainable limits and have full reproduc-
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tive capacity. However, some of the smaller stocks (golden redfish, beaked redfish
and coastal cod) are overfished, and damage to benthic organisms and habitats from
trawling has been documented. Overcoming these problems and further developing
our understanding of the effects of fisheries in an ecosystem context are important
challenges for management.

General description of the fisheries

The major demersal stocks in the Northeast Arctic incdlude 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, and ling and
tuskat the slopeand in deeper waters. In 2008, catches of nearly 900 thousand tonnes
are reported from the stocks of cod, haddock, saithe, redfish, and Greenland halibut,
which is an increase of 10% as compared to the year before. An additional catch of
about 40 000 tonnes was taken from the stocks of wolffish and shrimp. The annual
fishing mortalities F (the mortality rate is linked to the proportion of the population
being fished by 1-e-F) for the assessed demersal fish stocks show large temporal varia-
tion within species and large differences across species from 0.1 (<10% mortality) for
some years for Sebastes marinus to above 1 (=63% mortality) for some years for cod
(Figure 1.11a). The current harvest rate relative to the maximum levels above which
the fishing mortality over time may impair the recruitment is shown in Figure 1.11b.
Of the analytically assessed demersal stocks in the Barents Sea it is currently only
golden redfish (Sebastes marinus) which is harvested above this critical level.

Themajor pelagic stocks are capelin, herring, and polar cod. There was no fishery for
capelin in the area in 2004-2008 due to the stock’s poor condition, but in 2009 and
2010 the stock is again sufficiently sound to support a quota of 390 000 and 360 000
tonnes, respectively.

Russia, as the only nation currently fishing polar cod, fished 8 190 tonnes polar cod in
2008. Norwegian spring spawning herring is the largest stock inhabiting the North-
east Arctic with its spawning stock estimated to 12.6 million tonnes in 2009. 1.5 mil-
lion tonnes were fished from this stock in 2008, of which about 280 000 tonnes were
caught near the Norwegian coast in the south-western part of the Barents Sea. The
highly migratory species blue whiting and mackerel extend their feeding migrations
into this region, and in 2007 about 65 000 tonnes mackerel and 120 000 tonnes blue
whiting were caught in the area, none of this, however, within the Barents Sea. Spe-
cies with relatively small landings include salmon, Atlantic halibut, hake, pollack,
whiting, Norway pout, anglerfish, lumpsucker, argentines, grenadiers, flatfishes,
dogfishes, skates, crustaceans, and molluscs.

The most widespread gear used in the central Barents Sea is bottom trawl, but also
long line and gillnets are used in the demersal fisheries. The pelagic fisheries use
purse seine and pelagic trawl. Other gears more common along the coast indude
handline and Danish seine. Less frequently used gears are float line (used in a small
but directed fishery for haddock along the coast of Finnmark, Norway) and various
pots and traps for fish and crabs. The gears used vary with time, area and country,
with Norway having the largest variety because of the coastal fishery. For Russia, the
most common gear is bottom trawl, but a longline fishery mainly directed at cod and
wollffish is also present. The other countries mainly usebottom trawl.

For most of the exploited stocks an agreed quota is decided (TAC), and also a number
of additional regulations are applied. Theregulations differ among gears and species
and may be different from country to country, and a non-exhaustive list as well as a
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description of the major fisheries in the Barents Sea by species can be found in Table
1.10.

From 2011 onwards, the minimum mesh size for bottom trawl fisheries for cod and
haddock will be 130 mm for the entire Barents Sea (at present the minimum mesh size
is 135 mm in the Norw egian EEZ and 125 mm in the Russian EEZ). This change is not
expected to havea significant impact on the total exploitation pattern for these stocks,
thus a recent average exploitation pattern is used in the predictions.

1.4.1 Mixed fisheries

The demersal fisheries are highly mixed, usually with a clear target species dominat-
ing, and with low linkage to the pelagic fisheries (Table 1.11). Although the degree of
mixing may be high, the effect of the fisheries varies among the species. More specifi-
cally, the coastal cod stock and the tworedfish stocks are presently at very low levels.
Therefore, the effect of the mixed fishery will be largest for these stocks. In order to
rebuild these stocks, further restrictions in the regulations should be considered (e.g.
closures, moratorium, and restrictions in gears).

Successful management of an ecosystem includes being able to predict the effect of a
mixed fishery on the individual stocks, and ICES is requested to provide advice
which is consistent across stocks for mixed fisheries. Work on incorporating mixed
fishery effects in ICES advice is ongoing and various approaches have been evaluated
(ICES 2006/ACFM:14). At present such approaches are largely missing due to a need
for improving methodology combined with lack of necessary data. However, techni-
cal interactions between the fisheries can be explored by the correlation in fishing
mortalities among species (Figure 1.12). The correlation in fishing mortality is posi-
tive for Northeast Arctic cod and coastal cod, and for haddock and coastal cod con-
firming the linkage in these fisheries. There is also a significant relationship between
saithe and Greenland halibut although the linkage in these fisheries is believed to be
low (Table 1.11). The relationships betw een the other fishing mortalities are scattered
and inconclusive. In case of strong dependencies in fishing mortalities this method
can, in principle, be used to produce consistent advice across species concerning fish-
ing mortality. It is however too simple since this correlation is influenced by too
many confounding factors whose effect cannot be removed without a detailed analy-
sis of data with a higher resolution (e.g. saithe and Greenland halibut, and changes in
stock distribution (ICES 2006/ACEFM:14).

A further quantification of the degree of mixing and impact on individual stocks re-
quires detailed information about the target species and mix per catch/landing and
gear. Such data exist for some fleets (e.g. the trawler fleet), but is incomplete for other
fleets. The Russian and Norwegian trawl fleet catches show spatial and temporal dif-
ferences in both composition and size as well as large differences between countries
(Figures 1.13-1.16). In the north eastern part of the Barents Sea the major part of the
Russian catches consists of cod, whereas the Norwegian catches include a large pro-
portion of other species (mainly shrimp). In the most western part of the Barents Sea,
the Norwegian catches consist of Sebastes mentella and Greenland halibut in addition
to cod, whereas the Russian catches mainly consist of cod and haddock. The main
reason for this disparity is the difference in spatial resolution of the data; the Norwe-
gian strata system extends further west and thus covers the fishing grounds of
Greenland halibut, whereas the Russian strata does not. The Norwegian trawl fishery
along the Norwegian coast includes areas doser to the coast and is also more south-
erly distributed where other species are more dominant in the catches (e.g. saithe).
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Estimates of unreported catches of cod and haddock in 2002-2008 indicate that this
hasbeen a considerable problem which now seems tobe decreasing. Accordingto the
report from the Norw egian-Russian analytical group the total catches of both cod and
haddock reported to AFWG are very close (within 1%) to the estimates made by this
group. Thus it was decided to set the IUU catches for 2009 to zero (see chapter 04). A
continuous control and surveillance of this problem is necessary. Discarding of cod
and haddock (and in some years also saithe) is thought to be significant in periods,
although discarding of these, and a number of other species, is illegal in Norway and
Russia. Data on discards are scarce, but attempts to obtain better quantification are
ongoing.

Fleet composition (groundfish and pelagic species)

Figure 1.17 shows the main fleets catching bottom and pelagic fishes in the Barents
Sea and Svalbard (Spitsbergen archipelago) areas. The pelagic fishery is only con-
ducted by Russia and Norway where both countries target the capelin. Russia has, in
addition, fished polar cod with pelagic trawl (Norway has not fished this species
since the early 1980s), and Norway has in recent years fished somelegal sized herring
in a restricted coastal purse seine fishery inside 4 nautical miles off Finnmark. Further
in the south western part of the Barents Sea (south-west of a linebetween Sereya and
Bear Island), extending into the Norwegian Sea, an international herring fishery has
been open in some seasons.

The Norwegian groundfish fishery is much more diverse compared to Russia and
other countries regarding the number of fleets. The trawler fleet itself is also rather
diverseboth within and betw een countries. In the Norwegian groundfish fishery sev-
eral other gears are also used in addition to trawl. The gear composition also depends
on which groundfish species the fishery targets. The Norwegian bottom trawl fleet
catch about 30% of the Norwegian cod catch, about 40% of the haddock, and more
than 40% of the Norwegian saithe and Greenland halibut catches. The Russian bot-
tom trawl fleet catch about 100% of the Russian saithe catch, about 95% of cod and
haddock, 90% of the Russian Greenland halibut catch and about 37% of wolffishes.
Other countries fishing groundfish in these waters only use trawl, incl. some pair-
trawling. It is mandatory in all groundfish trawl fisheries to use sorting grid toavoid
catching undersized fish. The one and only exception from this rule is within an area
in the southwestern part of the Barents Sea during 1 January — 30 April where trawl-
ing without sorting grids is permitted to catch haddock.

Impact of fisheries on the ecosystem

In order to conclude on thetotal impact of trawling, an extensive mapping of fishing
effort and bottom habitat would be necessary. In general, the response of benthic or-
ganisms to disturbance differs with substrate, depth, gear, and type of organism (Col-
lie et al. 2000). Seabed characteristics from the Barents Sea are only scarcely known
(Klages et al. 2004) and the lack of high-resolution (100 m) maps of benthic habitats
and biota is currently the most serious impediment to effective protection of vulner-
able habitats from fishing activities (Hall 1999). An assessment of fishing intensity on
fine spatial scales is critically important in evaluating the overall impact of fishing
gear on different habitats and may be achieved, for example, by satellite tracking of
fishing vessels (Jennings et al. 2000).The challenge for management is to determine
levels of fishing that are sustainable and not degradable for benthic habitats in the
longrun.
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Fisheries in the Barents Sea do not only influence the targeted stocks. Due to strong
species interactions fisheries removal of one stock may influence the abundance of
other stocks. For example, herring collapses have positively influenced capelin abun-
dance. Reduced stock sizes due to fisheries removal may also lead to changing migra-
tion patterns. Due to density dependent migrations, fish stocks cover greater areas
and migrate longer distances when abundances are high compared to low. Fisheries
also reduce the average fish size, age and age at maturity. The reduced size and age
of the cod stock may actually have altered the ecological role of cod as top predators
in the Barents Sea.

The qualitative effects of trawling have been studied to some degree. The most seri-
ous effects of otter trawling have been demonstrated for hard-bottom habitats domi-
nated 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. Barents Sea hard bottom substrata, with associated attached large epi-
fauna should thereforebe identified.

Effects on soft bottom havebeen less studied, and consequently there are large uncer-
tainties associated with what any effects of fisheries on these habitats might be. Stud-
ies on impacts of shrimp trawling on clay-silt bottoms have not demonstrated clear
and consistent effects, but potential changes may be masked by the more pronounced
temporal variability in these habitats (Lekkeborg 2005). The impacts of experimental
trawling have been studied on a high seas fishing ground in the Barents Sea (Kutti et
al. 2005.) Trawling seems to affect the benthic assemblage mainly through resuspen-
sion of surface sediment and through relocation of shallow burrowing infaunal spe-
cies to thesurface of the seafloor.

Work is currently going on in the Arctic, jointly between Norway and Russia, explor-
ing the possibility of using pelagic trawls when targeting demersal fish. The purpose
is to avoid impact onbottom fauna and to reduce the mixture of other species. It will
bemandatory to use sorting grids to avoid catches of undersized fish.

Lost gears such as gillnets may continue to fish for a long time (ghost fishing). The
catch efficiency of lost gillnets has been examined for some species and areas (eg.
Humborstad et al. 2003; Misund et al. 2006; Large et al. 2009), but at present no esti-
mate of the total effect is available. Ghost fishing in depths shallower than 200 m is
usually not a significant problem because lost, discarded, and abandoned nets have a
limited fishing life owing to their high rate of biofouling and, in some areas, their
tangling by tidal scouring. Investigations madeby the Norwegian Institute of Marine
Research of Bergen in 1999 and 2000 showed that the amount of gillnets lost increases
with depth and out of all the Norwegian gillnet fisheries, the Greenland halibut fish-
ery is the metier where most nets are lost. The effect of ghost fishing in deeper water,
e.g. for Greenland halibut, may be greater since such nets may continue to “fish” for
periods of at least 2-3 years, and perhaps even longer (D. M. Furevik and J. E. Fossei-
dengen, unpublished data), largely as a result of lesser rates of biofouling and tidal
scouring in deep water. The Norwegian Directorate of Fisheries has organised re-
trieval surveys annually since 1980. All together 10 784 gill nets of 30 metres standard
length (approximately 320 km) have been removed from Norwegian fishing
grounds during the period from 1983 to2003.

Other types of fishery-induced mortality include burst net, and mortality caused by
contact with active fishing gear, such as escape mortality (Suuronen 2005; Broadhurst
et al. 2006; Ingolfsson et al. 2007). Some small-scale effects are demonstrated, but the
population effect is not known.
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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 toby-catches
in gillnet fisheries (Bjerge and Kovacs 2005). In 2004 Norway initiated a monitoring
program on by-catches of marine mammals in fisheries.

Fisheries impact seabird populations in two different ways: 1) Directly through by-
catch of seabirds in fishing equipment and 2) Indirectly through competition with
fisheries for the same food sources.

Documentation of the scale of by-catch of seabirds in the Barents Sea is fragmentary.
Special incidents like the by-catch of large numbers of guillemots during spring cod
fisheries in Norwegian areas have been documented (Strann et al. 1991). Gillnet fish-
ing affects primarily coastal and pelagic diving seabirds, while the surface-feeding
species will be most affected by long-line fishing (Furness 2003). The population im-
pact of direct mortality through by-catch will vary with the time of year, the status of
the affected population, and the sex and age structure of the birds killed. Even a nu-
merically low by-catch may be a threat to red-listed species such as Common guille-
mot, White-billed diver and Steller’s eider.

Several bird scaring devices has been tested for long-lining, and a simple one, the
bird-scaring line (Lokkeborg 2003), not only reduces significantly bird by-catch, but
also increases fish catch, as bait loss is reduced. This way there is an economic incen-
tive for the fishermen touse it,and wherebird by-catch is a problem, the bird-scaring
lineis used without any forced regulation.

In 2009, the Norwegian Institute for Nature Research (NINA) and the Institute of Ma-
rine Research in Norway started a cooperation to develop methods for estimation of
bird by-catch. Preliminary reports from observers at sea trained by the institutes
show that most of the fisheries have a minor impact on bird mortality.

Management improvement issues (Tables 1.12-1.15)

1.5.1 Overview

The availability of necessary ecosystem information is only one of the needed items
for implementation of an ecosystem approach to management. Another needed ele-
ment is the development of appropriate methods and instruments for incor poration
of ecosystem information into stock assessment and harvest control rules.

This section summarizes ecosystem information that has the potential of being im-
plemented in, and therefore improves, the advice for sustainable fishery manage-
ment.

Management of fisheries is always based on decision-making under levels of uncer-
tainty. Incorporating data on ocean climate, lower trophic level bio-production, as
well as species interactions on higher trophic levels in catch recommendations for
target species, should reduce the uncertainty of scientific recommendations for sus-
tainableharvest levels.

1.5.2 Multispecies models

Development of multispecies models designed to improve fisheries management in
the Barents Sea based on species interactions started in the mid-1980s. The first mod-
els developed were MULTSPEC, AGGMULT and SYSTMOD in IMR and MSVPA in
PINRO (Tjelmeland and Bogstad, 1998; Hamre and Hatlebakk, 1998, Korzhev and
Dolgov, 1999). In total, these models contained the species cod, capelin, herring, had-
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dock, polar cod, shrimp, harp seal and minke whale. Even though further develop-
ment of these models has been discontinued, they serve as predecessors to newly de-
veloped models, such as EcoCod, Bifrost, Gadget and STOCOBAR. Benefits of
multispecies models include: improved estimates of natural mortality and recruit-
ment; better understanding of stock-recruit relationships and variability in growth
rates; alternatives views on biological reference points. Brief descriptions of the mul-
tispecies models are given below.

EcoCod

The development of this model started in 2005 as the main task in the first stage of
the joint PINRO-IMR Programme on Estimation of Maximum Long-Term Yield of
North-East Arctic cod, taking into account the effect of ecosystem factors. This 10-
year research programme was initiated following a request from the Russian-
Norwegian Fishery Commission (Filin and Tjelmeland, 2005). EcoCod is a stepwise
extension of a single species model for cod (CodSim; Kovalev and Bogstad, 2005),
where cod growth, maturation, cannibalism and recruitment is modeled in a multis-
pecies setting. Preliminary sub-models for cod growth, fecundity and malformation
of eggs havebeen implemented in EcoCod.

Bifrost

Bifrost (Boreal integrated fish resource optimization and simulation tool) is a multis-
pecies model for the Barents Sea (Tjelmeland and Lindstrem, 2005) with main em-
phasis on the cod-capelin dynamics. The prey items for cod are younger cod, capelin
and other food. The predation model is estimated by comparing simulated consump-
tion to that calculated from individual stomach content data using the dos Santos
evacuation rate model with a parameterization where the initial meal size is ex-
cluded. The capelin availability partly shields the cod juveniles from cannibalism,
and by including this effect, the recruitment relation for cod is significantly im-
proved.

In prognostic mode, Bifrost is coupled to the assessment model for herring — SeaStar
(Tjelmeland and Lindstrem, 2005) — and the negative effect of herring juveniles on
capelin recruitment is modeled through the recruitment function for capelin. Bifrost
is also used to evaluate cod-capelin-herring multispecies harvest control rules.

STOCOBAR

The STOCOBAR describes stock dynamics of cod in the Barents Sea, taking into ac-
count trophic interactions and environmental influence (Filin, 2007). It is designed as
a tool for prediction and exploration of cod stock development as well as for evalua-
tion of harvest strategies and recovery plans under different ecosystem scenarios. The
STOCOBAR is an age-structured, a single-area and a single-fleet model with one year
time steps. It indudes a cod as predator on up to eight prey items: capelin, shrimp,
polar cod, herring, krill, haddock, own young and other food. Species structure of the
model is not permanent and it can bereduced from seven-species version to a simple
version, which includes cod and capelin only. Recruitment function is used for cod
only. Impact assessment of ecosystem factors on cod stock dynamics are based on
«what if» scenarios. STOCOBAR is able to take uncertainties in future scenarios of
temperature and capelin stock dynamics, in abundance and individual weight of cod
at age 1 and in its fishing mortality rate into account. The first version of STOCOBAR
was created at PINRO in 2001 and development of this model is continuing. The
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work on the development of the STOCOBAR model is part of the Barents Sea Case
Study within the EU project UNCOVER (2006-2010) and thejoint PINRO-IMR project
(2004-2013) Optimal long-term harvest in the Barents Sea.

GADGET

A multi-species Gadget age-length structured model (www hafro.is/gadget ; Begley
and Howell, 2004, developed during the EU project dst? (2000-2003)), is being used
for modeling the interactions between cod, herring, capelin and minke whale in the
Barents Sea as part of the EU projects BECAUSE, UNCOVER, DEFINEIT and FACTS.
This is a multi-area, multi-species model, focusing on predation interactions within
the Barents Sea. The predator species are minke whale, cod and herring, with capelin,
immature cod, and juvenile herring as prey species. Krill is included as an exogenous
food for minke whales (Lindstrem et al. 2009). The cod model employed is based on
the model presented at AFWG each year.

The modeling approach taken has many similarities to the MULTSPEC approach
(Bogstad et al., 1997). Work is ongoing to enhance the modeling of recruitment
processes during the EU projects FACTS and DEFINEIT. An FLR routine has been
written that can run Gadget models as FLR Operating Models. This also gives the
possibility of using Gadget as an operating model to test the performance of various
assessment programs under a range of scenarios (Howell and Bogstad, 2010). In addi-
tion the Gadget multi-species model is being developed to assess the likely impact on
medium-term population dynamics of oil-spill induced larval mortalities.

1.5.3 Statistical models

Recruitment of commercial fish

Prediction of recruitment in fish stocks is essential for harvest prognosis stocks, both
in a single-species and multi-species context. Traditionally, prediction methods have
been based on spawning stock biomass and survey indices of juvenile fish and have
not included effects of dimate variability. Multiple linear regression models can be
used to incorporateboth climate and parental fish stock parameters. In order for such
models to give predictions there need tobe a a time lag between the predictor and
response variables.

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. The relationship betw een weight- and length-at age
shows that for a given length, weight-at-length is positively correlated with propor-
tion mature-at-length for the period 1985-2001 (Marshall et al., 2004).

Estimates of weight-at-length were multiplied by the Russian liver condition index at
length (Yaragina and Marshall, 2000) to derive estimates of liver weights in grams for
cod at a standard length (see Marshall et al. 2004 for details of the calculation). This
analysis indicated that for the period 1985-2001 there is a consistently significant, pos-
itiverelationship between liver weight and proportion mature.

Condition of fish

Relativebody condition (the quantity of stored energy) is an important tool in under-
standing demographic variation and the ability of a population to respond to envi-
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ronmental stressors, varying food availability and competition. A high-resolution
database was used to examine causes of variation in the condition of North-east arctic
cod for the period 19672004, over annual and monthly timescales. Temperature was
shown to have a positive impact on condition at both inter- and intra-annual time-
scales. Interannually, temperature may affect stock distribution, in particular its over-
lap with the capelin stock. At shorter timescales it is likely that temperature directly
affects the metabolism of the cod. Intra-annually, the quantity of capelin in cod sto-
machs positively affected cod condition in the current and the preceding month for
all lengths of cod. This indicated a time lag between a change in food consumption
and a subsequent change in condition, or ‘latency’.

Results presented by Sandeman et al. (2008) point to the importance of the impact of
varying temperature on condition. The effects of climate are likely to be particularly
important where the species is close to its outer distribution area or where the animal
is an ectotherm.

Growth of fish

Large interannual variations in growth rate are observed for all commercial fish spe-
cies in the Barents Sea. The most important causes are temperature change, density
dependence and changes in prey availability. Variation in growth rate can contribute
substantially to variability in stock biomass and can have a large impact on reproduc-
tive output. Regressions of weight at age of cod on temperature, capelin and the cod
stockitself are used in EcoCod model.

Growth of the youngest capelin is correlated with abundance of the smallest zoop-
lankton, whereas growth of older capelin is more closely correlated with abundance
of the larger zooplankton. The developed regression equations have low determina-
tion coefficient, and are therefore not presented here. However, they may prove use-
ful in the future when further developed.

Reproductive potential

Morgan et al. (2009) explore the impact of four alternative indices of reproductive po-
tential (RP) on perceptions of population productivity for eight fish populations
across the North Atlantic. The four indices of RP included increasingbiological com-
plexity, adding variation in maturation, sex ratio, and fecundity. Perceptions of stock
productivity were greatly affected by the choice of index of RP. Population status
relative to reference points, RP per recruit, and projections of population size all var-
ied when alternative indices of RP were used. There was no consistency in which in-
dex of RP gavethe highest or lowest estimate of population productivity, but rather,
this varied depending on how much variation there was in the reproductive biology
of the population and the age composition. Estimates of sustainable harvest levels
and recovery time for depleted populations can vary greatly depending on the index
of RP.

1.5.4 Other models

Consumption models

When calculating the prey consumption by a given predator, both the overall con-
sumption level and the prey composition in the diet are used. The prey composition
is usually derived from stomach content data, while the overall consumption level
can be calculated using two approaches:
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e A bioenergetic approach (as is usually the case for marine mammals and
seabirds as predators)

e By combining data on stomach content weight with models for stomach
evacuation rate, based on experiments.

Ecosystem models

Ecosystem models may be useful for looking at how change in one species or ecosys-
tem component is affecting whole or other parts an ecosystem, thereby identifying
the most important inter-species/ functional group links and sensitivity of the ecosys-
tem to changes to those. They are also useful for scenario testing (change in fishery
pressure, climate change, and sudden pollution events. Special interesting are those
models that have spatial resolution, like ATLANTIS and ECOPATH/ECOSIM.

Atlantis (Fulton et al., 2004a) is an ecosystem 3D box-model intended for use in man-
agement strategy evaluation (as described in de la Mare 1996, Cochrane et al. 1998,
Butterw orth and Punt 1999, Sainsbury et al. 2000). The overall structure of Atlantis is
based around having multiple alternative submodels to represent each step in the
management strategy and adaptive management cycles. It has been applied to mul-
tiple marine systems (from single bays to millions of square kilometers) in Australia
and the United States. In autumn 2010 it will be implemented at IMR, and cover the
area of the Barents Sea and the Norwegian Sea.

Another model that may have some utility for the future would be ECO-
PATH/ECOSIM. This model can use ecosystem survey data and expected biomass
conversion rates to model systems. As a mass-balance model it can detect if there
may be overlooked components to the ecosystem. The ECOPATH model system is
used in many systems around the world. Versions of it havealso been applied to the
Barents Sea ecosystem (Blanchard et al. 2002, Dommasnes et al. 2002), though they are
not run on an operational level.

1.5.5 Expected impact of ecosystem factors on stock dynamics

Evaluation of natural potential of cod stock biomass changes based on
temperature and capelin data

STOCOBAR long-term simulations show that impact of capelin on cod stock dynam-
ics is dependent on temperature and cod stock state (WD21). Using these simulations
the natural potential for changes in cod stock size may be identified based on temper-
ature conditions and the state of cod and capelin stocks in the Barents Sea. A table for
evaluating the level of natural potential for annual changes in fishable cod stock bio-
mass was produced based on the simulated data (Table1.12).

According to Table 1.12 and available data on temperature, cod and capelin stocks
the potential for annual changes of cod fishable stock biomass in 2009 was low. The
same situations will be in 2010 and 2011 based on expected temperature and capelin
stock size. The resistance of cod stock to fishing pressure under these conditions will
be medium and this does not imply high contributions to cod stock dynamics from
capelin and temperature.
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Prediction of NEA cod recruitment.

Several statistical models, which use multiple linear regressions, have been devel-
oped for recruitment of North East Arctic cod. All models try to predict recruitment
at age 3 (at 1 January), as calculated from the VPA, with cannibalism included. This
quantity is denoted as R3. A collection of the most relevant models for AFWG is de-
scribed below.

Stiansen et al. (2005) developed a model (JES1) with 2 year prediction possibility:
JES1: R3~ Temp(-3)+ Agel(-2) + MatBio(-2)
JES2: R3~ Temp(-3)+ Age2(-1) + MatBio(-2)
JES3: R3~ Temp(-3)+ Age3(0)+ MatBio(-2)

Temp is the Kola yearly temperature (0-200m), Agel is the winter survey bottom
trawl index for cod age 1, and MatBio the maturing biomass of capelin. The number
in parenthesis is the time lag in years. Two other similar models (JES2, JES3) can be
madeby substituting the term Agel(-2) with Age2(-1) and Age3(0), respectively (win-
ter survey bottom trawl index for cod age2 and age 3, respectively), This gives 1 and
0 year predictions, respectively.

Svendsen et al. (2007) used a model (SV) based only data from the ROMS numerical
hydro-dynamical model, with 3 year prognosis possibility:

SV: R3~ Phyto(-3) + Inflow (-3)

Where Phytois the modelled phytoplankton production in the whole Barents Sea and
Inflow is the modelled inflow through the western entrance to the Barents Sea in the
autumn. The number in parenthesis is the time lag in years. Themodel have not been
updated since 2007.

The recruitment model (IB) suggested by T. Bulgakova (AFWG 2005 WD14, WD9) is
amodification of Ricker’s model for stock-recruitment defined by:

TB: R3~ m(-3) exp[-SSB(-3) + N(-3)]

Where R3 is the number of age3 recruits for NEA cod, m is an index of population
fecundity, SSB is the spawning stock biomass and N is equal to the numbers of
months with positive temperature anomalies (TA) on the Kola Section in the birth
year for the year class. The number in parenthesis is the time lag in years. For the
years before 1998 TA was calculated relatively to monthly average for the period
1951-2000. For intervals after 1998, the TA was calculated with relatively linear trend
in the temperature for the period 1998-present. The model was run using two time
intervals (using cod year classes 1984-2000 and year classes 1984-2004) for estimating
the model coefficients. The models werenot updated this year.

Titov (WD 22) and Titov et al. WD 16 AFWG 2005) developed models with 1 to 4
year prediction possibility (TITOV1, TITOV2, TITOV3, TITOV4, respectively), based
on the oxygen saturation at bottom layers of the Kola section stations 3-7 (OxSat), air
temperature at the Murmansk station (Ta), water temperature: 3-7 stations of the Kola
section (layer 0-200m) (Tw), ice coverage in the Barents Sea (I), spawning stock bio-
mass (SSB), and the acoustic abundance of cod at age 1 and 2, derived from the joint
winter Barents Sea acoustic survey:

TITOVO0: R3!~DOxSat(t-13)+ DOxSat(t-13)+ ITa(t-39) + CodA3(t+1) + Tw(t17)
TITOV1: R3!~DOxSat(t-13)+ DOxSat(t-13)+ ITa(t-39) +CodA2(t-11) + Tw(t-17)
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TITOV2: R32~DOxSat(t13) — DOxSat(t-13)+ ITa(t:39)+CodA1(t23) + Tw(t17)
TITOV3: R33~OxSal(t-44) + ITa(t-39) +lgCodCO(t-28)
TITOV4: R34~ OxSat (t44) + ITa(t-39) +SSB(t:36)

Where DOxSat(t-13 )y~ Exp(OxSat(t-13)) — OxSat(t-38), ITa(t39)~ I(t-39)+Ta(t 44).The
number in parenthesis is the time lag in months, relative to 1 January at age 3. The
ITa index coincides in time with the increase of horizontal gradients of water temper-
atures in the area of the Polar Front (Titov, 2001). Some changes werebrought in 2009
(AFWG 2009 WD 12). New equation (TITOV0) was added, 0-group abundance indic-
es, corrected for capture efficiency (Cod(0) was entered instead of former indices in
TITOV3.

Hjermann et al. (2007) developed a model with a one year prognosis, which havebeen
modified by Dingser et al (WD19)to four models with 1-2 year projection possibility.

HI: log(R3)~ Temp(-3) + log(Age0)(-3) +BMoqs-6 /ABM capeiin(-2,-1)

H2: log(R3)~ Temp(-2) Hi(surv)+Age1(-2) + BM a3 /ABM gypeiin (-2,-1)
H3: log(R3)~ Temp(-1) + Age2(-1) + BM_o3.6 /ABMpeiin (1)

H4: log(R3)~ Temp(-1) + Age3(0)

Temp is the Kola yearly temperature (0-200m), Age0 is the 0-group index of cod,
Agel, Age2 and Age3 are the winter survey bottom trawl index for cod age 1,2 and 3,
respectively, BMeodss is the biomass of cod between age 3 and 6, and ABM is the ma-
turing biomass of capelin. Thenumber in parenthesis is the time lag in years.

At AFWG 2008, Subbey et al. presented a comparative study (AFWG 2008 WD27) on
the ability of some of the above models in predicting stock recruitment for NEA cod
(Age 3). At the assessment meeting this year a WD by Dingser et al. (WD 19) was pre-
sented, which investigated the performance of some of the mentioned recruitment
models. Even though this work was well received by the working group it was de-
cided not to change the procedure this year. However, it was strongly recommended
that a Study Group should be appointed to look at criteria’s for choosing/rejecting
recruitment models suitable for use in stock assessment (see also chap 0.11).

The 2008 assessment agreed on using a combination of the best performing models
according to Subbey at (AFWG 2008 WI27) for theage 3 predictions, names the “hy-
brid” model. One-year-ahead prognoses was given by the hybrids (Titov1, Titov3 and
JES1), two-year-ahead (Titov2, Titov 3 and JES1) and three-year-ahead (Titov3) for the
number of age 3 cod. Following the recommendation of the review group in 2008 this
procedure was also conducted in the 2009 assessment.

At the 2010 assessment the model JES 1 was removed from the hybrid for the 2010
estimate only, due to a low age 1 index and thereby the model being out of its valid
range for that prognosis year. Otherwise the hybrid model approach was similar to
last year.

Table 1.13 show the estimates of all the available models, along with last year esti-
mates.

Cannibalism mortality for cod

Currently AFWG estimates of cod natural mortality caused by cannibalism based on
data of the cod proportion in the cod diet is shown in Table 1.14. These data are used
for estimation of cod consumed by cod and further for estimation of its natural mor-
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tality within the XSA (see section 3.42). Averaged natural mortality for last 3 years is
used as predicted M for next 4 years (section 3.7.1).

An alternative approach for prediction of NEA cod cannibalism was proposed by

Kovalev (2004), 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. Using this
approach the predicted natural mortality coefficient for cod, including cannibalism
for recent years, seems to be higher compared to “the standard” assessment and pre-
diction (Table 1.15). Because the mechanisms of cod SSB influence on the level of
own young natural mortality on age 3-4 years is undear, and because of this relation-
ship seems not tobe in correspondence with observations over the last few years, the
assessment group decided that this approach should not to be used for prediction
before it will be further tested. Values for the years 2009 to 2012, predicted by there-
gression, are given in the Table 1.15.

1.5.6 Fishery induced evolution

There is a vital need for the fisheries science community to maintain sustainable fi-
sheries ensuring the effective conservation, management and development of living
aquatic resources. The precautionary approach was proclaimed and applied within
the ICES community tomeet (promote) these aims. This approach takes into account
uncertainties relating to the size and productivity of the stocks. Uncertainties relating
to fisheries induced evolution are most likely taken into consideration in case of a
proper implementation of precautionary approach into responsible fishery.

The Study Group on Fisheries Induced Adaptive Change (SGFIAC) proposed to
create evolutionary impact assessment (EvolA), quantifying the evolutionary effects
of management measures (ICES 2008/RMC:01; ICES 2009/RMC:03). It is a very com-
plicated but promising task given that commercial fishery could act as a selective fac-
tor resulting in evolutionary response of exploited populations.

The papers published by the SGFIAC Group members concern basically probabilistic
maturation reaction norms (PMRNs) estimations for different commercial
stocks/species, and shift in cohort-specific PMRNSs interpreted as a genetic change at
the population level. It is rather difficult to test that findings directly as the genes as-
sociated with maturation have a polygenic nature. The strength and weakness of the
PMRNs approach were discussed in detail in Theme Session issue of the Marine
ecology progress series, 2007, vol. 335, 249- 310.

North east arctic cod stock demonstrates long-term trends in maturation as well as in
demography of the stock and weight at length of fish. The historical trends could be
caused both by genetic and plastic effects on maturation. Population density factors
and environmental conditions can contribute to feeding success resulting in changing
maturation rates in NEA cod for the time period investigated (Marshall and McA-
dam, 2007; Kovalev and Yaragina, 2009). The causes in a discontinuity of the decreas-
ing trend observed in length for 50% maturation probability in the beginning of the
80’s are unknown, but they are most likely non-genetic given that they occurred syn-
chronously across age-classes (Marshall and McAdam, 2007).

More research is needed to evaluate underlined mechanisms of population changes
including biological, physiological, ecological studies, not to mention genetic ones.

It takes a lot of time and efforts for the ICES community to implement the precautio-
nary approach into a scientific/management practice. It is likely to take some time
before the SGFIAC can evaluate and present some results applicable to test on real
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management measures recommendations. AFWG considers it premature at present
to discuss any proposals of management measures (or reference points for fisheries
management) in terms of fisheries induced evolution. Dialogues with scientists of the
mentioned WG could alsobe carried out through the ICES Sharepoint.

Monitoring of the ecosystem (Figure 1.18, Tables 1.16-1.17)

Monitoring of the Barents Sea started already in 1900 (initiated by Nicolai Knipovich),
with regular measurement of temperature in the Kola section. In the last 50 years
regular observations of ecosystem components in the Barents Sea have been con-
ducted both at sections and by area covering surveys from ship and airplanes. In ad-
dition, thereare conducted many long and short time special investigations, designed
to study specific processes or knowledge gaps. Also, the quality of large hydro-
dynamical numeric models isnow at a level where they are useful for filling observa-
tion gaps in time and space for some parameters. Satellite data and hindcast global
reanalysed datasets are also useful information sources.

1.6.1 Standard sections and fixed stations

Some of the longest ocean time series in the world are along standard sections (Figure
1.18) in the Barents Sea. The monitoring of basic oceanographic variables for most of
the sections goes back 30-50 years, with the longest time series stretching over one
century. In the last decades also zooplankton is sampled at some of these sections. An
overview of length, observation frequency and present measured variables for the
standard sections in the Barents Sea is given in Table 1.16.

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

1.6.2 Area coverage

Area surveys are conducted throughout the year. The number of vessels in each sur-
vey differs, not only between surveys but may also change from year to year for the
same survey. However, most surveys are conducted with only one vessel. It is not
possible to measure all ecosystem components during each survey. Effort is always
put on measuring as many parameters as possible on each survey, but available time
put restrictions on what is possible to accomplish. Also, an investigation should not
take too long time in order to give a synoptic picture of the conditions. Therefore the
surveys must focus on a specific set of parameters/species. Other measured parame-
ters may therefore not have optimal coverage and thereby increased uncertainty, but
will still give important information. An overview of the measured parame-
ters/species on each main survey is given in Table1.16. Specific considerations for the
most important surveys are given in the following text.

Norwegian/Russian winter survey

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

Lofoten survey

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

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

Norwegian coastal surveys

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

Joint ecosystem autumn survey

The survey is carried out from early August to early October, and covers the whole
Barents Sea. Four or five vessels are normally applied, three Norwegian and one or
two Russian. Most aspects of the ecosystem are covered, from physical and chemical
oceanography, primary and secondary production, fish (both young and adult stag-
es), sea mammals, benthos and birds. Many kinds of methods and gears are used,
water sampling, plankton nets, pelagic and demersal trawls, grabs and sledges,
acoustics, directs observations (birds and sea mammals). The survey has developed
from joint surveys on 0-group, capelin and juvenile Greenland halibut, through gen-
eral acoustic surveys including observations of physical oceanography and plankton,
gradually developing into the ecosystem survey carried out in recent years. The pre-
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decessor of the survey dates back to 1972 and has been carried out every fall since.
From 2003 these surveys were called “ecosystem surveys”.

In 2009 not all components of the ecosystem were covered during the survey, and a
further reduction will probably take place in 2010; the coverage of e.g. Greenland ha-
libut will be less complete than in previous years. Also, the future of this ecosystem
survey is still undetermined.

Associated with this survey Russia also covers parts of the Northern Kara Sea during
autumn.

Russian Autumn-winter trawl-acoustic survey

The survey is carried out in October-December, and cover the whole Barents Sea up
tothe continental slope. Two Russian vessels are usually used. The survey has devel-
oped from a young cod and haddock trawl survey, started in 1946. The current trawl-
acoustic time series of survey data starts in 1984, targeting both young and adult
stages of bottom fish. The surveys indude observations of physical oceanography
and meso- and macro-zooplankton.

Norwegian Greenland halibut survey

The survey is carried out in August, and cover the continental slope from 68 to 80°N,
in depths of 400-1500 m north of 70°30'N, and 400-1000 m south of this latitude. This
survey was run the first time in 1994, and is now part of the Norwegian Combined
survey index for Greenland halibut. This survey will not be conducted in 2010, and
its future design is being revised.

Russian young herring survey

This survey is conducted in May and takes 2-3 weeks. It is including also observa-
tions of physical oceanography and plankton. In 1991-1995 it was joint survey, since
1996 the survey is carried out only by PINRO.

1.6.3 Other information sources

Large 3D hydrodynamic numeric models for the Barents Sea arerun at both IMR and
PINRO. These models have, through validation with observations, proved to be a
useful tool for filling observation gaps in time and space. The hydrodynamic models
havealso proved useful for scenario testing, and for study of drift patterns of various
planktonic organisms.

Sub-models for phytoplankton and zooplankton are now implemented in some of the
hydrodynamic models. However, due to the present assumptions in these sub-
models care must be taken in the interpretation of the model results.

Satellites can be for several monitoring tasks. Ocean color specter can be used toiden-
tify and estimate the amount of phytoplankton in the skin (~1 m) layer. Several cli-
mate variables can be monitored (e.g. ice cover, cloud cover, heat radiation, sea
surface temperature). Marine mammals, polar bears and seabirds can be traced with
attached transmitters.

Aircraft surveys also are used for monitoring several physical parameters associated
with the sea surface as well as observations of mammals at the surface and estima-
tions of harp seal pup production in the White Sea.
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Several international hindcast databases (e.g.. NCEP, ERA40) are available. They use
a combination of numerical models and available observations to estimate several
climate variables, covering the whole world.

Along the Norwegian coast ship-of-opportunity supply weekly the surface tempera-
turealong their path.

Main conclusions

State and expected situation in the ecosystem (section 1.2)

Climate

e Theair temperature was above the long-term mean during 2009.

e The sea temperature in the Barents Sea is still high, and about the same
level as in 2008. There was an increase in the end of the year, with the
highest December temperature in the Kola section. In 2010 the temperature
is expected to further decrease, but stillbe higher than the long-term mean.

e Salinity in 2009 is stillhigh , and at about the same levels as in 2008

e Inflow of Atlantic waters at the western entrance in 2009 was quite similar
to 2008; moderate during winter followed by a strong decrease in spring.
Data for second half of 2009 is not available.

e Oxygen levels were about normal in 2009.

e Ice extent in 2008 was less than normal, but more than in 2008. In 2010 ice
conditions is expected tobe slightly less or around the long term mean.

Plankton and northern shrimp

e The mesozooplankton biomass measured in August-September 2009 was
less compared to2008, and below the long-term mean.

e Abundance euphausiids (krill) in autumn and winter 2009 were close to
the level in 2008 in the western and northwestern areas and increased in
the centre, eastern and coastal areas. In total the abundance in 2010 is
slightly above the long-term mean.

e The abundance of gelatinous zooplankton, caught by pelagic trawling,
show a lower abundance in 2009 compared to2008.

e The shrimp stock in the Barents Sea and Spitsbergen area in 2009 increased
compared to both 2007 and 2008.

Fish
e Capelin stock size is at around average level, with a slight decrease from
last year. The survey estimate at age 1 of the 2008 year dlass is slightly be-
low the long-term mean. 0-group estimates indicate that the 2009 year class
isbelow average.

e For young herring there are indications that the year classes 2005-2009 are
below average. Therefore the abundance of herring in the Barents Sea is
believed tobeat arelatively low level in 2010.

e Blue whiting is still at a very low level, with a slight increase from 2008.
The abundanceis expected toremain low in 2009.

e The polar cod stock is presently at a high level, similar to 2008.
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Harp Seal

e The decrease in the harp seal pup production in the White Sea has become
slower recently and even some slight increase has been observed, but it is
still at a low level.

Impact of fisheries on the ecosystem (section 1.3)

e Themost widespread gear is trawl.

e The demersal fisheries are mixed, and currently have largest effect on
coastal cod and redfish dueto the poor condition of these stocks.

e The pelagic fisheries are less mixed, and are weakly linked to the demersal
fisheries (however, by-catches of young pelagic stages of demersal species
havebeen reported in some pelagic fisheries)

e Trawling has largest effect on hard bottom habitats; whereas the effects on
other habitats are not clear and consistent.

e  Work s currently going on exploring the possibility of using pelagic trawls
when targeting demersal fish. The purpose is to avoid impact on bottom
fauna and to reduce the mixture of other species. It will be mandatory to
usesorting grids toavoid catches of undersized fish.

e Fishery induced mortality (lost gillnets, contact with active fishing gears,
etc.) on fishis a potential problem but not quantified at present.

Management improvement issues (section 1.4)

e Several methods, which take ecosystem information into account, are pres-
ently under development. These methods should in the future be valuable
for the improvement of the stock assessment and advice.

e According to STOCOBAR simulations there is a low probability to expect
any tendency of decline or increase in the fishable cod stock biomass in
2010 and 2011, based on predicted temperature and capelin stock size.

e The cod recruitment (age 3) in 2010 is expected to be low compared to the
long-term mean. In 2011 and 2012 it is expected to increase slightly, but
still be below thelong-term mean.

1.8 Response to technical minutes

There were no specific comments from the review group to ecosystem consideration
chapter (Chapter 1).
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Table 1.1. 0-group abundance indices (in millions) with 95% confidence limits, not corrected for catching efficiency

Year Capelin Cod Haddock Herring Redfish

Abundance index | Confidence limit | Abundance index [ Confidence limit | Abundance index | Confidence limit [ Abundance index [ Confidence limit | Abundance index | Confidence limit
1980 197278 | 131674 262883 72 38 105 59 38 81 4 1 8 277873 0 701273
1981 123870 | 71852 175888 48 33 64 15 7 22 3 0 8 153279 0 363283
1982 168128 | 35275 300982 651 466 835 649 486 812 202 0 506 106140 | 63753 148528
1983 100042 | 56325 143759 3924 1749 6099 1356 904 1809 40557 | 19526 61589 172392 | 33352 311432
1984 68051 | 43308 92794 5284 2889 7679 1295 937 1653 6313 1930 10697 83182 | 36137 130227
1985 21267 1638 40896 15484 7603 23365 695 397 992 7237 646 13827 412777 | 40510 785044
1986 11409 98 22721 2054 1509 2599 592 367 817 7 0 15 91621 0 184194
1987 1209 435 1983 167 86 249 126 76 176 2 0 5 23747 | 12740 34755
1988 19624 3821 35427 507 296 718 387 157 618 8686 3325 14048 107027 | 23378 190675
1989 251485 | 201110 301861 717 404 1030 173 117 228 4196 1396 6996 16092 7589 24595
1990 36475 | 24372 48578 6612 3573 9651 1148 847 1450 9508 0 23943 94790 | 52658 136922
1991 57390 | 24772 90007 10874 7860 13888 3857 2907 4807 81175| 43230 119121 41499 0 83751
1992 970 105 1835 44583 | 24730 64437 1617 1150 2083 37183 | 21675 52690 13782 0 36494
1993 330 125 534 38015 | 15944 60086 1502 911 2092 61508 2885 120131 5458 0 13543
1994 5386 0 10915 21677 | 11980 31375 1695 825 2566 14884 0 31270 52258 0 121547
1995 862 0 1812 74930 | 38459 111401 472 269 675 1308 434 2182 11816 3386 20246
1996 44268 | 22447 66089 66047 | 42607 89488 1049 782 1316 57169 | 28040 86299 28 8 47
1997 54802 | 22682 86922 67061 | 49487 84634 600 420 780 45808 | 21160 70455 132 0 272
1998 33841 21406 46277 7050 4209 9890 5964 3800 8128 79492 | 44207 114778 755 23 1487
1999 85306 | 45266 125346 1289 135 2442 1137 368 1906 15931 1632 30229 46 14 79
2000 39813 1069 78556 26177 | 14287 38068 2907 1851 3962 49614 3246 95982 7530 0 16826
2001 33646 0 85901 908 152 1663 1706 1113 2299 844 177 1511 6 1 10
2002 19426 | 10648 28205 19157 | 11015 27300 1843 1276 2410 23354 | 12144 34564 130 20 241
2003 94902 | 41128 148676 17304 | 10225 24383 7910 3757 12063 28579 | 15504 41653 216 0 495
2004 16701 2541 30862 19157 | 13987 24328 19144 | 12649 25638 133350 | 94873 171826 849 0 1766
2005 41808 | 12316 71300 21532 | 14732 28331 33283 | 24377 42190 26332 1132 51532 12332 631 24034
2006 166400 | 102749 230050 7860 3658 12061 11421 7553 15289 66819 | 22759 110880 20864 | 10057 31671
2007 157913 | 87370 228456 9707 5887 13527 2826 1787 3866 22481 4556 40405 159159 | 44882 273436
2008 288799 | 178860 398738 52975 | 31839 74111 2742 830 4655 15915 4477 27353 9962 0 20828
2009 189767 | 113154 266379 54579 | 37311 71846 13040 7988 18093 18916 8249 29582 66671 | 29636 103706

Mean 77706 19880 4040 28579 64744
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Table 1.1. (cont). 0-group abundance indices (in millions) with 95% confidence limits, not corrected for catching efficiency.

Year

Saithe

Gr halibut

Long rou gh dab

Polar cod (east)

Polar cod (west)

Abundance index

Confidence limit

Abundance index

Confidence limit

Abundance index

Confidence limit

Abundance index

Confidence limit

Abundance index

Confidence limit

1980 3 0 6 111 35 187 1273 883 1664 28958 9784 48132 9650 0 20622
1981 0 0 0 74 46 101 556 300 813 595 226 963 5150 1956 8345
1982 143 0 371 39 11 68 1013 698 1328 1435 144 2725 1187 0 3298
1983 239 83 394 41 22 59 420 264 577 1246 0 2501 9693 0 20851
1984 1339 407 2271 31 18 45 60 43 77 127 0 303 3182 737 5628
1985 12 1 23 48 29 67 265 110 420 19220 4989 33451 809 0 1628
1986 1 0 2 112 60 164 6846 4941 8752 12938 2355 23521 2130 180 4081
1987 1 0 1 35 23 47 804 411 1197 7694 0 17552 74 31 117
1988 17 4 30 8 3 13 205 113 297 383 9 757 4634 0 9889
1989 1 0 3 1 0 3 180 100 260 199 0 423 18056 2182 33931
1990 11 2 20 1 0 2 55 26 84 399 129 669 31939 0 70847
1991 4 2 6 1 0 2 90 49 131 88292 | 39856 136727 38709 0 110568
1992 159 86 233 9 0 17 121 25 218 7539 0 15873 9978 1591 18365
1993 366 0 913 4 2 7 56 25 87 41207 0 96068 8254 1359 15148
1994 2 0 5 39 0 93 1696 1083 2309 267997 | 151917 384078 5455 0 12032
1995 148 68 229 15 5 24 229 39 419 1 0 2 25 1 49
1996 131 57 204 6 3 9 41 2 79 70134 | 43196 97072 4902 0 12235
1997 78 37 120 5 3 7 97 44 150 33580 | 18788 48371 7593 623 14563
1998 86 39 133 8 3 12 27 13 42 11223 6849 15597 10311 0 23358
1999 136 68 204 14 8 21 105 1 210 129980 | 82936 177023 2848 407 5288
2000 206 111 301 43 17 69 233 120 346 116121 | 67589 164652 22740 | 14924 30556
2001 20 0 46 51 20 83 162 78 246 3697 658 6736 13490 0 28796
2002 553 108 998 51 0 112 731 342 1121 96954 | 57530 136378 27753 4184 51322
2003 65 0 146 13 0 34 78 45 110 11211 6100 16323 1627 0 3643
2004 1395 860 1930 70 28 113 36 20 52 37156 | 19040 55271 367 125 610
2005 55 36 73 9 4 14 200 109 292 6540 3196 9884 3216 1269 5162
2006 142 60 224 11 1 20 710 437 983 26016 9996 42036 2078 464 3693
2007 51 6 96 1 1 0 262 45 478 25883 8494 43273 2532 0 5134
2008 45 22 69 6 0 13 956 410 1502 6649 845 12453 91 0 183
2009 22 0 46 7 4 10 115 51 179 23570 9661 37479 21433 5642 37223
Mean 181 29 587 35898 8997
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Table 1.2. 0-group abundance indices (in millions) with 95% confidence limits, corrected for catching efficiency.

Capelin Cod Haddock Herring
Year | Abundance index | Confidence limit| Abundance index | Confidence limit | Abundance index | Confidence limit | Abundance index | Confidence limit
1980 740289 | 495187 985391 276 131 421 265 169 361 77 12 142
1981 477260 | 273493 681026 289 201 377 75 34 117 37 0 86
1982 599596 | 145299 1053893 3480 2540 4421 2927 2200 3655 2519 0 5992
1983 340200 | 191122 489278 19299 9538 29061 6217 3978 8456 195446 | 69415 321477
1984 275233 | 161408 389057 24326 | 14489 34164 5512 3981 7043 27354 3425 51284
1985 63771 5893 121648 66630 | 32914 100346 2457 1520 3393 20081 3933 36228
1986 41814 642 82986 10509 7719 13299 2579 1621 3537 93 27 160
1987 4032 1458 6607 1035 504 1565 708 432 984 49 0 111
1988 65127 | 12101 118153 2570 1519 3622 1661 630 2693 60782 | 20877 100687
1989 862394 | 690983 1033806 2775 1624 3925 650 448 852 17956 8252 27661
1990 115636 | 77306 153966 23593 | 13426 33759 3122 2318 3926 15172 0 36389
1991 169455 | 74078 264832 40631 29843 51419 13713 | 10530 16897 267644 | 107990 427299
1992 2337 250 4423 166276 92113 240438 4739 3217 6262 83909 | 48399 119419
1993 952 289 lel6 133046 58312 207779 3785 2335 5236 291468 1429 581506
1994 13898 70 27725 70761 39933 101589 4470 2354 6586 103891 0 212765
1995 2869 0 6032 233885 | 114258 353512 1203 686 1720 11018 4409 17627
1996 136674 | 69801 203546 280916 | 188630 373203 2632 1999 3265 549608 | 256160 843055
1997 189372 | 80734 298011 294607 | 218967 370247 1983 1391 2575 463243 | 176669 749817
1998 113390 | 70516 156263 24951 | 15827 34076 14116 9524 18707 476065 | 277542 674589
1999 287760 | 143243 432278 4150 944 7355 2740 1018 4463 35932 | 13017 58848
2000 140837 6551 275123 108093 | 58416 157770 10906 6837 14975 469626 | 22507 916746
2001 90181 0 217345 4150 798 7502 4649 3189 6109 10008 2021 17996
2002 67130 [ 36971 97288 76146 42253 110040 4381 2998 5764 151514 | 58954 244073
2003 340877 | 146178 535575 81977 | 47715 116240 30792 | 15352 46232 177676 | 52699 302653
2004 53950 | 11999 95900 65969 47743 84195 39303 | 26359 52246 773891 | 544964 1002819
2005 148466 | 51669 245263 72137 | 50662 93611 91606 | 67869 115343 125927 | 20407 231447
2006 515770 | 325776 705764 25061 | 11469 38653 28505 | 18754 38256 294649 | 102788 486511
2007 480069 | 272313 687825 42628 | 26652 58605 8401 5587 11214 144002 | 25099 262905
2008 995101 | 627202 1362999 234144 | 131081 337208 9864 1144 18585 201046 | 68778 333313
2009 673027 | 423386 922668 185457 | 123375 247540 33339 | 19707 46970 104233 | 31009 177458

Mean 266916 76659 11243 169164
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Table 1.2 (cont.). 0-group abundance indices (in millions) with 95% confidence limits, corrected for catching efficiency.

Saithe Polar cod (east) Polar cod (west)
Year | Abundance index | Confidence limit [ Abundance index Confidence limit | Abundance index [ Confidence limit
1980 21 0 47 203226 69898 336554 82871 0 176632
1981 0 0 0 4882 1842 7922 46155 | 17810 74500
1982 296 0 699 1443 154 2731 10565 0 29314
1983 562 211 912 1246 0 2501 87272 0 190005
1984 2577 725 4430 871 0 2118 26316 6097 46534
1985 30 7 53 143257 39633 246881 6670 0 13613
1986 4 0 9 102869 16336 189403 18644 125 37164
1987 4 0 10 64171 0 144389 631 265 996
1988 32 11 52 2588 59 5117 41133 0 89068
1989 10 0 23 1391 0 2934 164058 | 15439 312678
1990 29 55 2862 879 4846 246819 0 545410
1991 9 14 823828 | 366924 1280732 281434 0 799822
1992 326 156 495 49757 0 104634 80747 | 12984 148509
1993 1033 0 2512 297397 0 690030 70019 | 12321 127716
1994 7 1 12 2139223 | 1230225 3048220 49237 0 109432
1995 415 196 634 6 0 14 195 0 390
1996 430 180 679 588020 | 368361 807678 46671 0 116324
1997 341 162 521 297828 | 164107 431550 62084 6037 118131
1998 182 91 272 96874 59118 134630 95609 0 220926
1999 275 139 411 1154149 | 728616 1579682 24015 3768 44262
2000 851 446 1256 916625 | 530966 1302284 190661 | 133249 248072
2001 47 0 106 29087 5648 52526 119023 0 252146
2002 2112 134 4090 829216 | 496352 1162079 215572 | 36403 394741
2003 286 0 631 82315 42707 121923 12998 0 30565
2004 4779 2810 6749 290686 | 147492 433879 2892 989 4796
2005 176 115 237 44663 22890 66436 25970 9987 41953
2006 280 116 443 182713 73645 291781 15965 3414 28517
2007 286 3 568 191111 57403 324819 22803 0 46521
2008 142 68 216 42657 5936 79378 619 25 1212
2009 62 0 132 168990 70509 267471 154687 | 37022 272351

Mean 520 291798 73411
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Table 1.3. The North-east arctic cod stock's consumption of various prey species in 1984-2009 (1000 tonnes), based on Norwegian consumption calculations.
Blue Long rou gh
Year Other Amphipods Krill Shrimp Capelin Herring Polar cod Cod Haddock Redfish G. halibut whiting dab Total
1984 479 27 113 436 722 78 15 2 50 364 0 0 24 2330
1985 1112 170 58 156 1621 183 3 32 47 225 0 1 41 3649
1986 606 1236 111 142 837 133 141 83 111 315 0 0 55 3769
1987 671 1085 67 191 229 32 206 25 4 324 1 0 9 2844
1988 401 1237 318 129 339 8 92 9 3 223 0 4 5 2769
1989 656 800 241 131 572 3 32 8 10 228 0 0 57 2739
1990 1343 137 85 195 1609 7 6 19 15 243 0 87 95 3842
1991 760 65 76 188 2891 8 12 26 20 312 7 10 270 4646
1992 907 102 158 373 2457 331 97 55 106 188 20 2 93 4889
1993 751 253 714 315 3033 163 278 285 71 100 2 2 26 5994
1994 625 563 704 518 1085 147 582 224 49 79 0 1 39 4614
1995 845 982 516 362 628 115 254 371 116 193 1 0 34 4417
1996 599 631 1158 341 538 47 104 536 69 97 0 10 34 4164
1997 443 382 519 316 907 5 113 338 41 36 0 33 14 3146
1998 411 363 455 325 714 86 151 155 33 9 0 13 15 2730
1999 378 145 271 250 1720 128 220 62 26 16 1 31 7 3255
2000 385 167 464 450 1727 53 194 76 51 8 0 38 18 3633
2001 685 172 376 277 1722 71 250 66 49 1 151 29 3853
2002 362 9% 261 232 1934 86 270 108 123 1 0 224 15 3713
2003 548 282 529 240 2157 214 272 114 168 3 0 74 48 4649
2004 671 679 318 247 1296 196 338 122 193 3 12 74 62 4212
2005 685 411 521 264 1238 187 354 116 342 2 3 111 46 4282
2006 780 169 957 313 1511 201 118 70 361 15 1 122 104 4721
2007 1141 293 935 373 1881 272 228 94 355 40 1 39 61 5712
2008 1384 146 787 316 2443 102 476 182 303 55 11 29 90 6325
2009 1250 159 427 211 2762 219 478 175 295 35 1 5 91 6109
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Table 1.4. The North-east arctic COD stock's consumption of various prey species in 1984-2009 (1000 tonnes), based on Russian consumption calculations.
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1984 93 31 351 33 592 17 13 50 5 1 195 51 0 269 286 1988

1985 30 432 202 24 989 0 98 34 18 15 97 23 0 519 198 2679

1986 57 860 148 47 807 159 28 103 3 27 158 24 1 372 170 2962

1987 69 508 201 8 162 105 27 2 10 15 118 6 0 268 188 1686

1988 209 169 118 19 292 0 20 93 0 0 127 20 0 239 242 1545

1989 167 290 104 4 680 34 34 2 0 0 158 56 0 201 248 1977

1990 101 30 270 64 1254 8 21 16 39 15 232 79 0 101 167 2396

1991 54 83 287 28 3286 44 52 22 7 6 144 46 6 132 158 4354

1992 213 38 263 374 2021 191 84 38 0 77 121 44 1 295 418 4175

1993 186 177 223 177 2791 171 147 153 4 25 41 48 5 160 384 4691

1994 362 298 472 105 1303 492 391 72 1 2 56 40 0 100 353 4046

1995 39 465 550 192 691 203 557 130 0 1 113 53 3 169 356 3878

1996 973 361 200 76 478 79 473 60 9 37 71 47 0 470 175 3509

1997 386 85 207 54 523 110 409 35 3 0 37 33 2 97 399 2380

1998 615 205 265 70 852 129 129 23 23 18 15 19 0 53 226 2641

1999 454 77 242 74 1402 165 48 14 25 1 13 8 0 58 107 2688

2000 413 111 367 48 1662 157 57 29 26 8 4 20 0 36 181 3119

2001 418 74 308 88 1433 140 59 49 137 29 4 31 2 145 190 3106

2002 309 45 198 55 2330 281 100 77 102 3 4 17 0 44 170 3734

2003 240 140 213 144 1155 204 127 323 26 5 1 38 0 87 270 2974

2004 350 378 243 122 1046 350 83 151 48 20 7 58 15 179 267 3317

2005 543 135 226 170 962 318 114 275 68 42 7 45 2 162 203 3272

2006 887 62 210 239 1186 108 95 268 104 86 17 95 1 92 333 3781

2007 860 153 280 259 1408 239 73 319 33 21 22 65 1 194 376 4304

2008 617 36 229 102 2324 498 138 333 16 16 42 109 13 301 416 5191

2009 511 105 199 158 2380 575 115 306 7 82 27 185 0 133 510 5293

Mean 366 206 253 105 1308 184 134 114 27 21 70 48 2 188 269 3296
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Table 1.5. Consumption per cod by cod age group (kg/yean, based on Norwegian consumption calculations.

57

Year/Age 1 2 3 4 5 6 7 8 9 10 11+
1984 0.247 0.814 1.684 2,513 3.948 5.203 7.973 8.486 9.139 9.867 9.941
1985 0.304 0.761 1.829 3.101 4.671 7.357 11.172 11.892 12.416 13.660 13.773
1986 0.160 0.488 1.347 3.158 5.604 6.834 10.989 11.899 12.701 13.461 13.694
1987 0.219 0.601 1.275 2.055 3.537 5.457 7.044 8.111 8.922 9.343 9.295
1988 0.164 0.703 1.149 2.148 3.744 5.875 10.096 11.218 12.570 13.122 13.345
1989 0.223 0.716 1.606 2.705 3.973 5.601 7.648 8.464 9.559 10.156 10.599
1990 0.363 0.905 1.889 3.027 4.156 5.323 6.249 6.666 6.698 7.039 7.675
1991 0.293 0.969 2.168 3.500 5.281 7.026 9.392 10.154 11.200 12.239 11.886
1992 0.215 0.663 2.095 3.133 4.142 5.093 7.832 8.965 9.352 10.071 10.115
1993 0.112 0.528 1.546 3.044 4.809 6.285 9.421 11.239 11.763 12.253 12.876
1994 0.130 0.408 0.922 2.521 3.504 4.511 6.396 8.846 9.672 9.977 10.176
1995 0.103 0.296 0.921 1.840 3.361 5.252 7.697 10.405 12.333 12.734 13.180
1996 0.108 0.356 0.929 1.847 3.068 4.429 7.381 11.143 14.702 14.876 15.265
1997 0.140 0.319 0.940 1.768 2.710 3.536 5.253 8.149 12.582 13.484 13.091
1998 0.117 0.397 0.983 1.942 2.923 4.186 5.746 8.061 11.339 11.850 11.903
1999 0.163 0.505 1.093 2.717 3.717 5.442 6.965 9.179 11.004 12.007 12.109
2000 0.170 0.499 1.243 2.461 4.252 5.651 7.951 9.364 12.485 13.258 13.299
2001 0.171 0.456 1.309 2.439 3.682 5.294 7.523 11.085 13.422 14.117 14.434
2002 0.199 0.551 1.167 2.441 3.380 4.719 6.357 9.039 10.224 11.538 10.921
2003 0.207 0.653 1.312 2.390 3.995 5.946 8.411 10.405 12.786 13.397 14.343
2004 0.194 0.474 1.280 2.529 3.882 5.588 7.323 11.213 16.665 18.557 17.980
2005 0.194 0.653 1.376 2.592 3.918 5.588 7.182 9.771 13.090 14.012 14.784
2006 0.181 0.595 1.589 2.796 4.185 5.870 7.482 11.255 13.695 14.692 15.613
2007 0.213 0.621 1.742 3.178 4.704 6.231 7.802 9.621 12.636 13.223 13.808
2008 0.189 0.665 1.460 3.047 4.336 6.667 8.135 10.842 14.166 14.673 14.883
2009 0.182 0.586 1.414 2.888 4.568 5.789 8.074 10.195 12.252 13.203 13.286

Average 0.191 0.584 1.396 2.606 4.001 5.564 7.822 9.835 11.821 12.589 12.780
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Table 1.6. Consumption per cod by cod age group (kg/year), based on Russian consumption calculations.

Year/A ge 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 5913 6.477 8.156 9.766 11.455 12.500 13.577 14.772
1987 0.145 0.431 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 2392 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 16.960 18.230 19.202
1996 0.170 0.498 1.028 1.916 3.075 4.189 6.987 10.212 12.185 13.426 14.581 16.214 16.876
1997 0.119 0.341 0.992 1.908 2.668 3.503 4.954 7.980 12.174 21.523 20.666 21.822 24.237
1998 0.232 0.528 1.081 2.016 2.823 4.089 5.469 7.346 9.586 13.012 14.455 15.579 16.201
1999 0.261 0.431 1.128 2.490 3.676 5.222 6.398 8.220 9.194 13.364 15.325 16.918 17.567
2000 0.186 0.545 1.288 2.551 4.387 6.559 8.833 10.483 11.522 15.132 17.155 19.717 20.514
2001 0.150 0.413 1.163 2.110 3.430 5.571 6.835 10.233 12.457 15.130 17.374 19.322 20.559
2002 0.252 0.677 1.303 2.699 3.847 5.591 7.846 10.796 13.238 18.787 17.902 20.202 21.207
2003 0.228 0.618 1.296 2.028 3.547 4716 6.684 8.905 13.418 14.492 19.540 19.239 20.036
2004 0.250 0.654 1.412 2.567 3.857 5.660 7.730 11.126 15.907 20.770 21.687 24.852 25.892
2005 0.255 0.687 1.514 2.504 3.896 5.264 7.192 9.395 13.163 15.981 22.656 23.387 24.181
2006 0.354 0.921 1.833 2.763 3.986 5.317 7.396 10.202 12.762 16.462 21.563 25.940 26.875
2007 0.234 0.666 1.803 3.018 4.295 5.810 7.444 9.017 11.754 15.961 20.903 25.154 26.064
2008 0.223 0.706 1.641 2.881 4.071 6.006 7.705 10.317 13.471 17.596 22.968 27.431 27.328
2009 0.217 0.627 1.503 2.542 4.266 5.530 7.617 10.986 13.258 15.637 21.532 25.632 25.586
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Table 1.7. Capelin stock history from 1973-present. M output biomass is the estimated biomass of

capelin removed from the stock by natural mortality.

Year Total stock Total stock Maturing biomass M output biomass
number, billions biomass in 1000 in 1000 onnes (MOB) during year
(Oct. 1) tonnes (Oct. 1) (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 94 982
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 3195
2004 82 628 293 812
2005 42 324 174 817
2006 88 787 437 733
2007 280 1885 836 2033
2008 570 4426 2468 3285
2009 352 3756 2322 *

* M output biomass is not calculated for 2009
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Table 1.8. Diet composition of main fish species in 2005, % by weight (Data from Dolgov, WD 28

and WD 29, AFWG 2006)
PREDATORS SPECIES

PREY SPECIES Cod | haddock | Greenland [ Thorny | Long | Saithe Blue

(3+) halibut skate | rough whiting

dab

Euphausiidae 52 21,7 04 0,8 0,1 24,4 444
Hy periidae 41 0.2 38 0 0,3 18,2
Cephalopoda 0 0 2,1 0 0 0
Pandalus borealis 4,6 1,2 14 15,8 14 0,2 14
Echino dermata 0 24,1 0 47 0 0
Mollusca 0 79 0 3,6 0 0
Polychaeta 0 9,2 0 4,2 29 0 0
Cod 45 04 0,2 05 0,3 1,7
Herring 89 02 13 05 0,6 3,0 0
Capelin 11,6 2,1 87 30,8 17,5 54,9 09
Haddock 10,7 0,2 6,6 0,6 10,1 8,0 0
Polar cod 104 0 16,5 0 11,6 02 4,7
Blue whiting 4.8 0 2,6 0 0 0 0
Greenland halibut 02 0 14 0 0 0 0
Redfish 04 0 0,1 0 0 0 0
Long rough dab 18 0,1 4.8 29 0 0 0
Other fish 23,6 37 31,9 31,6 78 7,0 25,5
Other food 89 22,4 0,3 79 72 0 2,6
Fishery waste 0 41 17,7 49 31,4 09 0
Undetermined 0 24 0,2 14 0,7 05 0,3
Total number of 12209 7078 5223 432 2221 776 575
stomachs
Percentage of empty 28,9 21,1 71,5 23,8 54,4 34,1 33,4
stomachs
Average filling degree 1,7 1,6 0,7 19 11 1,6 1,7
Mean index of stomach 213,8 1105 84,4 182,71 1390| 1163 111,2
fullness
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Table 1.9. Annual consumption by minke whale and harp seal (thousand tonnes). The figures for
minke whales are based on data from 1992-1995, while the figures for harp seals are based on data

for 1990-1996.

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

Capelin 142 23 812
Herring 633 394 213
Cod 256 298 101
Haddock 128 47 1
Kirill 602 550 605
Amphipods 0 304 3132
Shrimp 0 ! !
Polar cod 1 880 608
Other fish 55 622 406
Other crustaceans 0 356 312
Total 1817 3491 3371

1 the prey species is included in the relevant ‘other’ group for this predator.

2 only Parathemisto
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Table 1.10. Description of the fisheries by gears. The gears are abbreviated as: trawl roundfish (TR), trawl shrimp (TS), longline (LL), gillnet (GN), handline
(HL), purse seine (PS), Danish seine (DS) and trawl pelagic (IP). The regulations are abbreviated as: Quota (Q), mesh size (MS), sorting grid (SG), minimum
catching size (MCS), maximum by-catch of undersized fish (MBU), maximum by-catch of non-target species (MBN), maximum as by-catch (MB), closure of areas
(Q), 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).

SPECIES DIRECTED TYPE OF LANDINGS IN AS BY-CATCH LOCATION AGREEMENTS AND
FISHERY BY GEAR FISHERY 20084 (TONNES) IN FLEET(S) REGULATIONS
Capelin PS, TP seasonal 10 0008 TR, TS Northern coastal areas to south of 74°N Bilateral agreement,
Norway and Russia
Coastal cod GN, LL, HL, all year 25 777¢ TS, PS, DS, Norwegian coast (inside 12 naut.miles) north of | Q, MS, MCS, MBU,
DS TP 62°N MBN, C, RS, RA
NEA Cod TR, GN, LL, all year 464 171¢ TS, PS, TP, North of 62°N, Barents Sea, Svalbard Q, MS, SG, MCS, MBU,
HL DS MBN, C, RS, RA
Wolffish LL all year 11 355 TR, (GN), North of 62°N, Barents Sea, Svalbard Q, MB
(HL)
Haddock TR, GN, LL, all year 155604 TS, PS, TP, North of 62°N, Barents Sea, Svalbard Q, MS, SG, MCS, MBU,
HL DS MBN, C, RS, RA
Saithe PS, TR, GN seasonal 183 443 TS, LL, HL, Coastal areas north of 62°N, southern Barents Q, MS, SG, MCS, MBU,
DS, TP Sea MBN, C, RS, RA
Greenland LL, GN seasonal 13 144 TR Deep shelf and at the continental slope Q, MS, RS, RG, MBH,
halibut MBL
Sebastes No directed all year 13 860 TR Pelagic in the Norwegian Sea, and as bycatch C, SG, MB
mentella fishery on the deep shelf and the continental slope
Sebastes GN, LL, HL all year 6 300 TR Norwegian coast and southwestern Barents Sea | SG, MB MCS, MBU, C
marinus
Shrimp TS all year 21 053 Svalbard, ED, EF, SG, C, MCS
Barents Sea, Coastal north of 62°N

A Provisional figures

B On a research quota

C The total cod catch north of 62°N (480,814 t) is the sum of the NEA cod catch given in the table above (464,171 t) and the total cod catches between 62°N and 67°N for the
whole year and between 67°N and 69N for the second half of the year (16,643 t).

DThe directed fishery for wolffish is mainly in ICES area IIb and the Russian EEZ, and the regulations are mainly restricted to this fishery

E Norwegian and Russian landings

F The only directed fishery for Greenland halibut is by a limited Norwegian fleet, comprising vessels less than 28 m.
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Table 1.11. Flexibility in coupling between the fisheries. Fleets and impact on the other species (H, high, M, medium, L, low and 0, nothing). The table below the
diagonal indicates what gears couples the species, and the strength of the coupling is given above the diagonal. The gears are abbreviated as: trawl roundfish

(TR), trawl shrimp (T'S), longline (LL), gillnet (GN), handline (HL), purse seine (PS), Danish seine (DS) and trawl pelagic (TP).

Coastal Greenland .
Species Cod cod Haddock Saithe Wolffish S. mentella | S. marinus halibut Capelin rimp
M-H
H H M M M M L . .
juvenile cod
TR, PS,GN,
Coastal cod LL HL, DS H H L L M-L L 0-L L
TR, PS,GN M-H
Haddock LL’ HL’ DS, GN,LL, H M M M L 0-L juvenile
T HL, DS haddock
TR, PS
TR, PS,GN, C TR, PS,GN,
Saithe 77 | GNLL, SN L L M 0 0 0
LL, HL, DS HL, DS LL, HL, DS
Wolffish TR, GN,LL, | TRGN, TR,GN, LL, [ TR,GN, LL, M M M 0 M ]u\ferule
HL LL, HL HL HL wolffish
H H
S. mentella TR TR TR TR M H juvenile juvenile
Sebastes Sebastes
. L-Mjuvenile
S. marinus TR,GN, LL TRGN,LL | TRGN,LL | TRGN TR, LL L 0
Sebastes
Greenland TR, GN, TR, GN, TR, GN, M-H
halibut LL,DS TRGN, LL LL,DS LL,DS TR, LL TR TR juvenile
. TR, PS, TS, TR, PS, TS,
Capelin TP PS, TP TP PS P P P Nore
Shrimp TS TS TS TS TS TS TS TS
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Table 1.12. The averaged annual relative changes (%) of cod fishable stock biomass under various
combinations of cod stock size, capelin stock size and water temperature according to STOCO-
BAR long-term simulations (the harvesting strategy is based on Fpa=0,5, Bpa=460 thousand
tonnes). Different colours denotes different natural potential of cod to stock changes: red is high
potential to stock decline, yellow is low potential to stock change, and red is high potential to
stock increase.

Cod FSB* averaged | Capelin stock biomass, millions t

Temperature | for3 previous
, C° years, millions t

13 3-5 >5

<1
<1,4 - 1,73 4,90 5,60

<3,6C° 14-1,8 11,60 | 7,28 3,89 2,98
16,89

18 12,56 7,91 3,61
<1,4 1,17 5,14 12,82 15,99
1,4-1,8 3,96 2,91 6,72
3,6 -42 C° 7.2
>1,8 12,24 | 8,52 5,24 0,27
<1,4 3,77 7,14 16,78 20,94
>4,2 C°
1,4-1,8 2,53 1,36 8,34 16,96
>1,8 3,62 0,95 1,25 1,31

*Fishable stock biomass
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Table 1.13. Overview of available prognoses of NEA cod recruitment (in million individuals of
age 3) from different models (sections 1.4.5) together with the 2009 assessment estimates (ICES

AFWG 2009 Table 1.12).
Mo del Prognostic | Updated 2010 2011 2012 2013
years Prognoses | Prognoses | Prognoses | prognoses
Titov0 0 At assessment 480
Titov1 129 At assessment 518* 470
Titov2 2 At assessment 451 323*
Titov3 3 At assessment 250* 276* 484*
Titov4 4 At assessment 425 362 780 946
TB (1984- 3
2000) Lastyear assessment | 632 553
TB (1984- 3
2004) Lastyear assessment | 627 551
2)
JES1 2 () At assessment 878 797% 827
JES2 129 At assessment 714 669
JES3 0@? At assessment
568
Hi 2 At assessment 890 889
H 2 At assessment 566 636
H3 1 At assessment 500
H4 1 At assessment 475
RCT3 3 At assessment 789 558 675
2010
Hybrid
Mocel
(Assessment
2009) Lastyear assessment | 487 184
Hybrid At assessment 484
model
(Assessment
2010, 384 465

1 Based on calculation of data from 2010.

2 Based on prognosis estimate of capelin maturing biomass for October 1 2010, thereby allowing for an

additional year.

* Models that are used in the Hybrid model at the 2010 assessment
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Table 1.14. P roportion of cod in the diet of cod, based on Norwegian consumption calculations.

Cod (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 0.0328 0.0359 0.0367 0.0390 0.0374
1985 0.0015 0.0009 0.0014 0.0017 0.0314 0.0076 0.0827 0.0834 0.0842 0.0847 0.0853
1986 0.0000 0.0022 0.0015 0.0004 0.0130 0.1761 0.1767 0.1766 0.1762 0.1757 0.1748
1987 0.0000 0.0000 0.0007 0.0051 0.0103 0.0246 0.0377 0.0400 0.0418 0.0405 0.0436
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 0.0035 0.0035 0.0040 0.0038 0.0041
1990 0.0000 0.0000 0.0000 0.0012 0.0017 0.0019 0.0268 0.0268 0.0268 0.0268 0.0268
191 0.0000 0.0005 0.0000 0.0003 0.0032 0.0020 0.0224 0.0232 0.0235 0.0239 0.0241
1992 0.0000 0.0021 0.0037 0.0129 0.0250 0.0475 0.0120 0.0159 0.0232 0.0232 0.0230
1993 0.0000 0.0413 0.0368 0.0515 0.0536 0.1156 0.0498 0.0801 0.0801 0.0801 0.0805
1994 0.0000 0.0038 0.0917 0.0347 0.0285 0.0784 0.1247 0.1339 0.2617 0.2634 0.2608
1995 0.0069 0.0811 0.0745 0.0802 0.0925 0.1123 0.1389 0.2533 0.2553 0.2561 0.2574
1996 0.0000 0.1493 0.2549 0.2060 0.1322 0.1267 0.1850 0.2082 0.2459 0.2471 0.2465
1997 0.0000 0.0704 0.0767 0.1140 0.1552 0.1554 0.2329 0.2267 0.2882 0.2815 0.2832
1998 0.0000 0.0135 0.0272 0.0418 0.1041 0.0981 0.1081 0.1492 0.2758 0.2767 0.2778
1999 0.0000 0.0000 0.0049 0.0137 0.0148 0.0338 0.0620 0.1117 0.1937 0.1940 0.1840
2000 0.0000 0.0000 0.0286 0.0147 0.0134 0.0266 0.0499 0.0566 0.2757 0.2726 0.2738
2001 0.0000 0.0158 0.0116 0.0082 0.0131 0.0241 0.04% 0.0381 0.3294 0.3264 0.3301
2002 0.0000 0.0387 0.0591 0.0142 0.0187 0.0285 0.0359 0.0627 0.1603 0.1575 0.1581
2003 0.0000 0.0193 0.0198 0.0199 0.0206 0.0188 0.0456 0.1043 0.2257 0.2281 0.2269
2004 0.0230 0.0223 0.0294 0.0214 0.0184 0.029%4 0.0391 0.0710 0.1059 0.1056 0.1061
2005 0.0000 0.0261 0.0229 0.0258 0.0155 0.0241 0.0487 0.0830 0.1688 0.1667 0.1693
2006 0.0000 0.0051 0.0007 0.0130 0.0285 0.0124 0.0397 0.0316 0.0841 0.0845 0.0834
2007 0.0000 0.0000 0.0010 0.0108 0.0137 0.0314 0.0336 0.0724 0.1518 0.1543 0.1504
2008 0.0000 0.0821 0.0243 0.0068 0.0089 0.0110 0.0820 0.1004 0.1223 0.1212 0.1198
2009 0.0238 0.0376 0.0353 0.0227 0.0137 0.0147 0.0250 0.0981 0.0918 0.0920 0.0919
Average 0.0021 0.0236 0.0312 | 0.0278 | 0.0339 0.0474 | 0.0673 0.0881 0.1437 | 0.1434 | 0.1432




ICES AFWG REPORT 2010 67

Table 1.15. Cannibalism mortality in cod.

Year M atage3 | M atage 4

by regression

2009 0.40 0.27
2010 0.43 0.28
2011 0.46 0.29
2012 0.64 0.36

values used in assessment

2010-2012 | 0.3335 0.227

Table 1.16. Overview of the standard sections monitored by IMR and PINRO in the Barents Sea,
with observed parameters. Parameters are: T-temperature, S-Salinity, N-nutrients, chla-
chlorophyll, zoo-zooplankton, O-oxygen.

SECTION INSTITUTION TIME PERIOD OBSERVATION PARAMET ERS
FREQUENCY

Fugloy a-Bear IMR 1977-present 6 times pryear T,5,N,chla,zoo

Island

North cape-Bear | PINRO 1950’s-present yearly TS

Island

Bear Island-East | PINRO 1950’s-present yearly TS

Varde-North IMR 1977-present 4 times pryear T,S,N,chla

Kola PINRO 1921-present monthly T,S,0N

Kanin PINRO 1950’s-present yearly TS5

Sem Islands IMR 1970’s-present Intermittently* TS

* The Sem Island section is not observed each year, and have not been observed the last 3-4 years.
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Table 1.17. Overview of conducted monitoring surveys by IMR and PINRO in the Barents Sea, with observed parameters and species. For zooplankton, mam-
mals and benthos abundance and distribution for many species are investigated. Therefore, in the table it is only indicated whether sampling is conducted. Cli-
mate and phytoplankton parameters are: T-temperature, S-Salinity, N-nutrients, chla-chlorophyll

SURVEY INSTITUTION PERIOD CLIMATE PHYTO- ZOO-PLANKTON | JUVENILE FISH TARGET FISH | MAMMALS BENTHOS
PLANKTON STOCKS
Winter Joint FebMar TS N, chla intermittent All commercial | Cod, Haddock | - -
species and
some
additional
Lofoten IMR Mar-Apr | TS - - Cod, haddock, | - -
saithe
Ecosystem Joint AugOct | TS N,chla Yes All commercial | All commercial | Yes Yes
survey species and | species and
some some
additional additional
Norwegian IMR OctNov | TS N,chla Yes Herring, sprat, | Saithe, - -
coastal demersal coastal cod
surveys species
Autumn- PINRO Oct-Des TS - Yes Demersal Demersial - -
winter trawl- species species
acoustic
survey
Norwegian IMR Aug - - - - Greenland - -
Greenland halibut, redfish
halibut survey
Russian young | PINRO May TS Yes Herring - -

herring survey
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Figure 1.1. The main features of the circulation and bathymetry of the Barents Sea.
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Figure 1.2. Temperature (upper) and salinity (lower) anomalies in the 50-200 m layer of the
Fugleya-Bear Island section (left) and the Varde-North section (right).
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Figure 1.3. Monthly temperature anomalies in the 0-200 m layer of the Kola Section in 2008 (black
dots) and 2009 (red bars). St. 1-3 — Coastal waters, St. 3-7 — Murman Current (Anon., 2010).
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Figure 14. Bottom temperature anomalies in the Barents Sea in August-September 2009 (Anon.,
2010).
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Figure 1.5. Observed Atlantic Water volume flux through the Fugleya-Bear Island section esti-
mated from current meter moorings. Three months (blue line) and 12-months (red line) running
means are shown.
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Figure 1.6. Ice extent anomalies in the Barents Sea in 1982-2009 (Anon., 2010). The blue line shows
monthly values, the red one — 11-month moving average values.
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Zooplankton biomass distribution in 2009 - combined Wp2 and Juday
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Figure 1.7. Horizontal distribution of zooplankton in 2009 (g m? of dry weight from bottom-0 m).
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Figure 1.8. The mean abundance of euphausiids in the north-western and western areas of the

Barents Sea in 2008 and 2009.
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Pelagic fish abundance in the Barents Sea
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Figure 1.9. Biomass of pelagic fish species in the Barents Sea. Data are taken from; capelin: Acous-
tic estimates in September, age 1+ (ICES AFWG 2010), herring: VPA estimates of age 1 and 2 her-
ring (ICES C.M. 2009/ACOM:12), using standard weights at age (9g for age 1 and 20g for age 2);
polar cod and blue whiting: Acoustic estimates in September, age 1+ (Anon. 2010), 0-group: esti-
mates of biomass of cod, haddock, herring and capelin 0-group, corrected for catching efficiency
(Eriksen et al. 2010).
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Figure 1.10. Biomass of demersal fish species in the Barents Sea. Data are taken from; cod: VPA
estimates, age 3+ (ICES AFWG 2010); haddock: VPA estimates, age 3+ (ICES, 2010); Greenland
halibut: VPA estimates, age 5+ (ICES, 2007); Sebastes mentella: VPA estimates, age 6+ (ICES, 1995
for the years 1968-1990; ICES, 2003 for the years 1991-2002).
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Figure 1.11a. Time series of annual average fishing mortalities for Northeast Arctic cod (time
period 1946-2009, average for ages 5-10), Northeast Arctic saithe (time period 1960-2009, average
for ages 4-7), coastal cod (1984-2009, average for ages 4-7), Northeast Arctic haddock (time period
1950 2009, average for ages 4-7), Greenland halibut (time period 1964-2009, average for ages 6-10)
and Sebastes marinus (time period 1990 -2009, average forages 12-D).
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Figure 1.11b. Left panel - annual fishing mortalities of the Northeast Arctic cod, haddock and
saithe stocks relative to the critical levels above which the fishing mortality will impair the re-
cruitment. Right panel - annual fishing mortalities of Golden redfish (Sebastes marinus) and
Greenland halibut (Reinhardtius hippoglossoides) relative to the proposed maximum levels above
which the fishing mortality over time most probably will impair the recruitment.
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Figure 1.12. Pair-wise plots of annual average fishing mortalities (above diagonal) and landings (below
diagonal) for overlapping time periods for Northeast Arctic cod (time period 1946-2009, average for ages
5-10), Northeast Arctic haddock (time period 1950-2009, average for ages 4-7), Northeast Arctic saithe

(time period 1960-2009, average for ages 4-7), coastal cod (1984-2009, average for ages 4-7), Greenland
halibut (time period 1964-2009, average for ages 6-10) and Sebastes marinus (time period 1990-2009,

average for ages 12-19). The correlation and the corresponding pvalue are given in the legend.
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Figure 1.13. Relative distribution by weight of cod, haddock, saithe, Greenland halibut, golden
redfish (Sebastes marinus), beaked redfish (Sebastes mentella) and other species taken by Russian
bottom trawl in 2009 per main area for the Russian strata system.

BT TR T T T

n= e

BI= TR e oW g

= s e Lie™
D) saithe
() Heddock
[ ] Cad
g
g
I
i
’ R
/'.'.

me

15 =

R

B

EG

Figure 1.14. Relative distribution by weight of Norwegian catches of cod, haddock, and saithe per

main area for the Norwegian strata system.
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Figure 1.15. The Russian catch of cod, haddock, saithe, Greenland halibut, Sebastes marinus, Se-
bastes mentella and other species taken by bottom trawl by main statistical areas in 2009, thou-
sand tonnes. The statistical areas correspond to the areas shown in Figure 1.13.
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Figure 1.16. The Norwegian catch of cod, haddock and saithe by main statistical areas in 2009,
thousand tonnes. The statistical areas correspond to the areas shown in Figure 1.14.
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Figure 1.17. Upper panel - gear composition of the Norwegian groundfish (2007; left) and pelagic
capelin (2000-2008; right) fisheries in the Northeast Arctic. Note that the purse seine in the
groundfish fishery is solely used in a coastal fishery for saithe. Lower panel - gear composition of
the Russian groundfish (2007; left) and pelagic capelin (2000-2008; right) fisheries in the Northeast
Arctic.
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Figure 1.18. P ositions of the standard sections monitored in the Barents Sea. A is fixed station
Ingoy, B is Fugleya-Bear Island, C is North cape-Bear Island, D is Varde-North, E is Kola, F is
Sem Island-North G is Kanin section and H is Bear Island-East section.
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Ecosystem considerations (Figures 1.1-1.18, Tables 1.1-1.17)

1

.

The aim of this chapter is to identify important ecosystem information influencing the
fish stocks, and further show how this knowledge may be implemented into the fish
stock assessment and predictions. There has been a steadily development in this as-
pect over the last few years and the work is still in a developing phase. Hopefully, the
gathering of information on the ecosystem in this chapter will lead to a better under-
standing of the complex dynamics and interactions that takes place in the ecosystem,
and also participate in the development of an ecosystem based management of the
Barents Sea.

The ecosystem approach to management is variously defined, but in principle it puts
emphasis on a management regime that maintains the health of the ecosystem along-
side appropriate use of the marine environment, for the benefit of current and future
generations (Jennings, 2004).

Along with fishery, changes in the Barents Sea ecosystem are mainly caused by varia-
tions in the ocean climate. A warm period is characterized of increased impact of
warm Atlantic water in the Barents Sea contributes to advection of zooplankton, fast-
er 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. Cli-
matic conditions govern the formation of primary biological production and feeding
conditions for fish, as well as the survival of their offspring. In addition, inter-species
trophic relations are an important factor that influences the abundance dynamics of
commercial species.

Movement towards an ecosystem approach to the fishery management in the Barents
Sea should include (Filin and Rettingen, 2005):

e More extensive use of ecosystem information in the population pa-
rameters applied in assessment and prognosis,

e Expansion of the use of multi-species models for fishing management.

This chapter is in general based on a preliminary version of the 2009 update (Stiansen
et al., WD23) of the “Joint Norwegian-Russian environmental statutes 2008, report on
the Barents Sea Ecosystem” (Stiansen et al., 2009), affiliating more than 100 scientists
from 24 institutions in Norway and Russia. This report is the successor to the “Joint
PINRO/IMR report on the state of the Barents Sea ecosystem in 2007, with expected
situation and considerations for management” (Stiansen and Filin, 2008). Text, figures
and tables taken from these reports (i.e. Stiansen et al., 2009, or Stiansen et al, WD23)
are in general not further cited in this chapter.

General description of the Barents Sea ecosystem (Figure 1.1, Tables
1.1-1.7)

Geographical description

The Barents Sea is on the continental shelf surrounding the Arctic Ocean. It connects
with the Norwegian Sea to the west and the Arctic Ocean to the north. Its contours
are delineated by the continental slope between Norway and Spitsbergen to the west,
the top of the continental slope towards the Arctic Ocean to the north, Novaya Zem-
lya archipelago to the east, and the coasts of both Norway and Russia to the south
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(Figure 1.1). It covers an area of approximately 1.4 million km?, has an average depth
of 230 m, and a maximum depth of about 500m at the western end of Bear Island
Trough (Figure 1.1). Its topography is characterized by troughs and basins (300 m —
500m deep), separated by shallow bank areas, with depths ranging from 100-200 m.
The three largest banks are Central Bank, Great Bank and Spitsbergen Bank. Several
troughs over 300 m deep run from central Barents Sea to the northern (e.g. Franz Vic-
toria Trough) and western (e.g. Bear Island Trough) continental shelf break. These
troughs allow the influx of Atlantic waters to the central Barents Sea.

Climate

The general pattern of circulation (Figure 1.1) is strongly influenced by this topogra-
phy, and is characterised by inflow of relatively warm Atlantic water, and coastal
water from the west. This current divides into two branches: 1) a southern branch
that flows parallel to the coast and eastwards towards Novaya Zemlya; and 2) a
northern branch that flows into the Hopen Trench. The Coastal Water has more fresh-
water runoff and a lower salinity than the Atlantic water; it also has a stronger sea-
sonal temperature signal. In the northern region of the Barents Sea, fresh and cold
Arctic waters flow from northeast to southwest. Atlantic and Arctic water masses are
separated by the Polar Front, which is characterised by strong gradients in both tem-
perature and salinity. There is large inter-annual variability in ocean climate related
to variable strength of the Atlantic water inflow, and exchange of cold Arctic water.
Thus, seasonal variations in hydrographic conditions can be quite large.

Bacteria and phytoplankton

In the biogeochemical cycles of the ocean, a multitude of processes are catalyzed by
Bacteria and Archaea, and the functioning of these cycles in the Barents sea do not dif-
fer qualitatively from those at lower latitudes. Both bacteria and viruses show highly
variable abundance in the Barents Sea, and in general, the dynamics of these groups
in this area do not differ from other parts of the ocean. The situation in the ice-
covered areas in the north remains to be investigated.

The Barents Sea is a spring bloom system. During winter, primary production is close
to zero. Timing of the phytoplankton bloom varies throughout the Barents Sea and
there may also be a high inter-annual variability. The spring bloom starts in the
south-western areas and spreads north and east with the retracting ice. In early
spring, the water is mixed from surface to bottom. Despite adequate nutrient and
light conditions for production, the main bloom does not occur until the water be-
comes stratified.

Stratification of water masses in different areas of the Barents Sea may occur in sev-
eral different ways; 1) through fresh surface water from melting ice along the mar-
ginal ice zone; 2) through solar heating of surface layers in Atlantic water masses; or
3) through lateral dispersion of waters in the southern coastal region (Rey, 1981). As
in other areas, diatoms are also the dominant phytoplankton groups in the Barents
Sea (Rey, 1993). Diatoms particularly dominate the first part of the spring bloom, and
the concentration of diatoms can reach up to several million cells per litre. They re-
quire silicate for growing, and when this is consumed, other phytoplankton groups,
such as flagellates, take over. An important flagellate species in the Barents Sea is
Phaeocystis pouchetii but other species may, however, predominate the spring bloom
in different years.
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Zooplankton

In the Barents Sea ecosystem, zooplankton forms a link between phytoplankton (pri-
mary producers) and fish, mammals and other organisms at higher trophic levels.
Zooplankton biomass in the Barents Sea can vary significantly between years and
crustaceans are important. The calanoid copepods of the genus Calanus play a key
role in this ecosystem. Calanus finmarchicus, is most abundant in Atlantic waters and
C. glacialis is most abundant in Arctic waters. Both form the largest component of
zooplankton biomass.

Calanoid copepods are largely herbivorous, and feed particularly on diatoms
(Mauchline, 1998). Krill (euphausiids), another group of crustaceans, also play a sig-
nificant role in the Barents Sea ecosystem as food for fish, seabirds, and marine
mammals. Krill species are believed to be omnivorous: filter-feeding on phytoplank-
ton during the spring bloom; while feeding on small zooplankton during other times
of the year (Melle et al., 2004). Four dominant species that occupy different niches in
the community of Barents Sea euphausiids are: Meganyctiphanes norvegica (neritic
shelf boreal); Thysanoessa longicaudata (oceanic arcto-boreal); T. inermis (neritic shelf
arcto-boreal); and T. raschii (neritic coastal arcto-boreal) (Drobysheva, 1994). The two
latter species comprise 80-98% of total euphausiid abundance, but species composi-
tion may vary between years relative to climate (Drobysheva, 1994). After periods
with cold climate, observed abundance of T. raschii increased while abundance of T.
inermis decreased (Drobysheva, 1967). Advection from the Norwegian Sea is influ-
enced by the intensity of Atlantic water inflow, which also influences the composition
of species (Drobysheva, 1967; Drobysheva et al., 2003).

Three amphipod species were found abundant in the Barents Sea; Themisto abyssorum
and T. libellula in the western and central Barents Sea, and T. compressa is found, albeit
less abundant, in central and northern regions. T. abyssorum is most abundant in sub-
Arctic waters. In contrast, the largest of the Themisto species, T. libellula, is largely re-
stricted to combined Atlantic and Arctic water masses. High abundance of T. libellula
was observed adjacent to the Polar Front. Amphipods feed on small zooplankton and
copepods form an important component of their diet (Melle et al., 2004).

“Gelatinous zooplankton” is a term often used by non-specialists in reference to
classes of organism that are jelly-like in appearance. The term "jellyfish" is commonly
used in reference to marine invertebrates belonging to the class Scyphozoa, phylum
Cnidaria. Neither of these terms implies any systematic relationship to vertebrate fish.
The term "jellyfish" is also often used in reference to relatives of true scyphozoans,
particularly the Hydrozoa and the Cubozoa. Both comb-jellies (Ctenophora) and "true"
jellyfish are predators, and they compete with plankton-eating fish, because cope-
pods often are significant prey items.

Benthos

The sea floor is inhabited by a wide range of organisms. Some are buried in sediment,
others are attached to a substrate, some are slow and sluggish, others roving and
rapid. Many feed by actively or passively, sieving food particles or small organisms
from the water. Others eat the bottom sediments (detritus feeders), eat carrion (scav-
engers) or hunt other animals (carnivores). The high diversity among bottom animals
is presumed to be due to the abundance of micro-habitats that organisms can adapt.
In shallow waters, kelp forests are feeding and nursery habitats for many species of
fish, birds, and mammals. Below the sublittoral zone, sea anemones, sponges, hydro-
zoans, tunicates, echinoderms, crustaceans, molluscs and many other animal groups
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abound on hard substrates. These large conspicuous animals are not abundant on
sand or muddy bottoms, and in fact some of these habitats may at first look rather
lifeless. However, most of the benthic animals in these habitats live buried in the
sediments. Polychaete worms, crustaceans and bivalves are found in the sediments
well as a myriad of other taxa. Some muddy areas might have dense aggregations of
brittle stars, sea stars or bivalves.

More than 3050 species of benthic invertebrates inhabit the Barents Sea (Sirenko,
2001). The benthic ecosystems in the Barents Sea have considerable value, both in di-
rect economic terms, and in their ecosystem functions. Scallops, shrimp, king crab,
and snow crab are benthic residents which are harvested in the region. Many species
of benthos are also interesting for bio-prospecting or as a future food resource, such
as sea cucumber, snails and bivalves. Several of them are crucial to the ecosystem.
Important fish species such as haddock, catfish and most flatfishes primarily feed on
benthos. Many benthic animals, primarily bivalves, filter particles from the ocean and
effectively clean it up. Others scavenge on dead organisms, returning valuable nutri-
ents to the water column. Detritus feeders and other active diggers regularly move
the bottom sediments around and therefore increase sediment oxygen content and
overall productivity — much like earthworms on land.

The northern shrimp (Pandalus borealis) is distributed in most deep areas of the Ba-
rents Sea and Spitsbergen waters. The densest concentrations are found in depths
between 200 and 350 meter. The shrimp mainly feed on detritus, but may also be a
scavenger. Shrimp is also important as a food item for many fish species and seals.

Red king crab (Paralithodes camtschatica) was introduced to the Barents Sea in the
1960s. Presently it is an important commercial species. Adult red king crabs are op-
portunistic omnivores.

The snow crab (Chionoecetes opilio) is an invasive species in the Barents Sea. The first
recordings of this species in the Barents Sea were in 1996. Since 2003 snow crab have
been found in the stomachs of cod, haddock, catfishes and thorny skates that indi-
cates that the crab abundance and settlement density substantially increased.

Fish

More than 200 fish species are registered in trawl catches during surveys of the Bar-
ents Sea, and nearly 100 of them occur regularly. Even so, the Barents Sea is a rela-
tively simple ecosystem, with few fish species of potentially high abundance.
Different species of fish are not evenly distributed throughout the Barents Sea.
Rather, they exhibit highest abundance in areas with suitable environmental condi-
tions. Commercially important fish species include Northeast Arctic cod, Northeast
Arctic haddock, Barents Sea capelin, polar cod and immature Norwegian spring-
spawning herring. In warm years, increased numbers of young blue whiting have
migrated into the Barents Sea. Species distribution largely depends on positioning of
the Polar Front. There have been significant variations in abundance of these species.
These variations are due to a combination of fishing pressure and environmental va-
riability Cod, capelin, and herring are key species in the Barents Sea trophic system.

In general the four pelagic species (herring, capelin, polar cod and blue whiting) 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 and central areas. In southwestern areas
blue whiting and herring partly overlap. However, they occupy different parts of the
water column.
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The recruitment of the Barents Sea fish species has shown a large year-to-year varia-
bility (Tables 1.1-1.2). The most important reasons for this variability are variations in
the spawning biomass, climate conditions, food availability and predator abundance
and distribution. Variation in the recruitment of some species, like cod, haddock and
herring, has been associated with changes in the influx of Atlantic waters into the Ba-
rents Sea.

Cod prey on capelin, herring, and smaller cod; while herring prey on capelin larvae.
Cod is the most important predator fish species in the Barents Sea, and feeds on a
wide range of prey, including larger zooplankton, most available fish species and
shrimp (Table 1.3-

Table 1.6). Cod prefer capelin as a prey, and fluctuations of the capelin stock (Table
1.7) have a strong effect on growth, maturation and fecundity of cod, as well as on
cod recruitment because of cannibalism. The role of euphausiids for cod feeding in-
creases in the years when capelin stock is at a low level (Ponomarenko and Yaragina
1990). Also, according to Ponomarenko (1973, 1984) interannual changes of euphausi-
id abundance is important for the survival rate of cod during the first year of life.

Capelin feed on zooplankton produced near the ice edge. Farther south, capelin is the
most important prey species in the Barents Sea as it transports biomass from northern
to southern regions (von Quillfeldt and Dommasnes, 2005). The capelin has showed
large variations in abundance.

Herring is also a major predator on zooplankton. The herring spawns along the Nor-
wegian western coast and the larvae drifts into the Barents Sea. 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 ca-
pelin, and it has been shown that when rich year classes of herring enters to the Ba-
rents Sea, the recruitment to the capelin stock is poor, and in the following years the
capelin stock collapses (Gjoseeter and Bogstad, 1998).

Haddock is also a common species, and migrates partly out of the Barents Sea. The
stock has large natural variations in stock size. Food composition of haddock consists
mainly of benthic organisms.

Saithe is found mainly along the Norwegian coast, but also occurs in the Norwegian
Sea and in the southern Barents Sea. The 0-group saithe drifts from the spawning
grounds to inshore waters. The smaller individuals feed on crustaceans, while larger
saithe depends more on fish as prey (Dolgov, WD 29, AFWG 2006; Mehl, WD?,
AFWG 2005). The main fish prey is young herring, Norway pout, haddock, blue
whiting and capelin, while the dominating crustacean prey is krill. 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 due to heavy overfishing these stocks declined strongly during
the 1980’s, and has since then stayed at a low level. Young redfish are plankton ea-
ters, but larger individuals take larger prey, including fish.

Greenland halibut is a large and voracious fish predator with the continental slope
between the Barents Sea and the Norwegian Sea as its most important area, but it is
also found in the deeper parts of the Barents Sea. Investigations in the period 1980-
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1990 showed that cephalopods (squids, octopuses) dominated in the Greenland hali-
but stomachs, as well as fish, mainly capelin and herring. Ontogenetic shift in prey
preference was clear with decreasing proportion of small prey (shrimps and small
capelin) and increasing proportion of larger fish with increasing predator length. The
largest Greenland halibut (Ilength more than 65-70 cm) had a rather big portion of cod
and haddock in the diet.

The blue whiting has its main distribution area in the Norwegian Sea and Northeast
Atlantic, and the marginal northern distribution is at the entrance to the Barents Sea.
Usually the blue whiting population in the Barents Sea is small. In years with warm
Atlantic water masses the blue whiting may enter the Barents Sea in large numbers,
and the blue whiting can be a dominant species in the western areas. This situation
occurred from 2001 onwards, and blue whiting were found in great numbers for the
period 2003-2007. Since then it has decreased strongly again. This rise and fall is
probably due to a combination of variation in stock size and environmental condi-
tions. In the diet of blue whiting zooplankton(copepods, hyperiids and euphausiids)
is dominant in the younger age groups, while fish is increasingly important as the
blue whiting gets older(Dolgov, WD 29, AFWG 2006).

Long rough dab is a typical ichthyobenthophage, which mainly eats benthos (ophiura,
polychaetes etc.) and different fish species (Dolgov, WD 29, AFWG 2006). At older
stages the proportion of fish in the diet increases (polar cod and cod, capelin and ju-
venile redfish). The larger long rough dab also feed on their own juveniles and juve-
nile haddock.

Thorny skate preys primarily on large crustaceans, shrimps and crabs (Dolgov, WD
29, AFWG 2006), but may also in a lesser extent feed on fish. The most common fish
species are young cod and capelin. Round skate fed mainly on benthos, especially
Polychaeta and Gammaridae. Arctic skate feed mainly on fish and shrimp (herring,
capelin, redfish and northern shrimp). Blue skate diet consists largely of fish, mainly
young cod and haddock, redfish, and long rough dab). Spinytail skate also prey
mostly on fish, which included haddock, redfish and long rough dab. Total yearly
food consumption by thorny skate is estimated to be around 160 thousand tonnes, of
which around 75 thousand tonnes comprised commercial fishes and invertebrates.
Total yearly food consumption by all other skate species was estimated to be around
30 thousand tonnes, of which around 20 thousand tonnes was commercial species
(Dolgov, WD 29, AFWG 2006).

Mammals and seabirds

Marine mammals, as top predators, are keystone species significant components of
the Barents Sea ecosystem. About 25 species of marine mammals regularly occur in
the Barents Sea, including: 7 pinnipeds (seals and walruses); 12 large cetaceans (large
whales); 5 small cetaceans (porpoises and dolphins); and the polar bear (Ursus mari-
timus). Some of these species are not full-time residents in the Barents Sea, and use
temperate areas for mating, calving, and feeding (e.g. minke whale Balaenoptera acu-
torostrata). Others reside in the Barents Sea all year round (e.g. white-beaked dolphin
Lagenorhynchus albirostris, and harbour porpoise Phocoena phocoena). Some marine
mammals are naturally rare, such as the beluga whale Delphinapterus leucas. Others are rare
due to historic high exploitation, such as bowhead whale Balaena mysticetus and blue whale
Balaenoptera musculus.

Marine mammals may consume up to 1.5 times the amount of fish caught in fisheries.
Minke whales and harp seals may each year consume 1.8 million and 3-5 million tons
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of prey of crustaceans, capelin, herring, polar cod, and gadoid fish respectively
(Folkow et al., 2000; Nilssen et al., 2000). Functional relationships between marine
mammals and their prey seem closely related to fluctuations in marine ecosystems.
Both minke whales and harp seals are thought to switch between krill, capelin and
herring depending on availability of the different prey species (Lindstrem et al., 1998;
Haug et al., 1995; Nilssen et al., 2000).

Fish and mammals have seasonal feeding migrations so that the stocks in the area
will have their most northern and eastern distribution in August-September and be
concentrated in the southern and south-western areas in February-March. The Bar-
ents Sea has one of the largest concentrations of seabirds in the world (Norderhaug et
al., 1977; Anker-Nilssen et al., 2000); its 20 million seabirds harvest annually approxi-
mately 1.2 million tonnes of biomass from the area (Barrett et al., 2002). Nearly 40 spe-
cies are thought to breed regularly in northern regions of the Norwegian Sea and the
Barents Sea. Abundant species belong to the auk and gull families. Seabirds play an
important role in transporting organic matter and nutrients from the sea to the land
(Ellis, 2005). This transport is of great importance especially in the Arctic, where lack
of nutrients is an important limiting factor.

Rare, threatened and invasive species and infectious organisms

There are 10 types of parasites found in the fish of the Barents Sea, but it is hard to
determine which groups of parasitic organisms that play an important role in the
population dynamics of their hosts. The Barents Sea parasites considered to be most
damaging to the human health are larvae stages of Cestoda (Diphyllobothrium and
Pyramicocephalus genera), Nematoda (Anisakis and Pseudoterranova genera) and Palaea-
canthocephala (Corynosoma genera). 82 species of helminthes are recorded from 18 bird
species. The Barents Sea birds” helminthofauna mostly consists of the species with the
life cycle dependent on coastal ecosystems. Invertebrates and fish from the littoral
and upper sub littoral complex serve as their intermediate hosts.

The Barents Sea includes species that either have very small populations or species
that have recently undergone considerable population decline (or are expected to do
so in the close future). The assessments are done by use of the IUCN criteria (IUCN,
2001; 2003), but the Global, the Russian and the Norwegian lists available cannot be
directly compared. All these lists are closely related and have high relevance for the
conservation of biodiversity, and the list from the Barents Sea include a total of 56
species comprising of 28 fish species, 9 bird species, and 18 mammal species.

Invasions of alien species — spread of the representatives of various groups of living
organisms beyond their primary habitats — are global in nature. Their introduction
and further spread often leads to the undesirable environmental, economic and social
consequences. Different modes of biological invasions can be natural movement asso-
ciated with the population dynamics and climatic changes, intentional introduction
and reintroduction, and accidental introduction with the ballast waters and along
with the intentionally introduced species, etc. The best known examples of intro-
duced species in the Barents Sea are red king crab (Paralithodes camtschaticus) and
snow crab (Chionoecetes opilio).

Human activity

The Barents Sea is strongly influenced by human activity; historically involving the
fishing and hunting of marine mammals. More recently, human activities also in-
volve transportation of goods, oil and gas, tourism and aquaculture. In the last years
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interest has increases on the evaluation of the most likely response of the Barents Sea
ecosystem to the future climate changes due to anthropogenic effects on climate
warming,.

Fishing is the largest human impact to the fish stocks in the Barents Sea, and thereby
the functioning of the whole ecosystem. However, the observed variation in both fish
species and ecosystem is also impacted by other effects such as climate and preda-
tion. The most widespread gear used in the central Barents Sea is bottom trawl, but
also long line and gillnets are used in the demersal fisheries. The pelagic fisheries use
purse seine and pelagic trawl.

The Barents Sea remains relatively clean, however, when compared to marine areas
in many industrialized parts of the world. Major sources of contaminants in the Bar-
ents Sea are natural processes, long-range transport, accidental releases from local
activities, and ship fuel emissions. Results of recent studies indicate low level of con-
taminants in the Barents Sea marine environment and confirm results of earlier stud-
ies on bottom sediments in the same areas. In the near-term, observed levels of
contaminants in the marine environment should not have significant impact on
commercially important stocks and on the Barents Sea ecosystem as a whole.

Traditionally, fishing having been the most important and far-reaching human activ-
ity in the ecosystem has been given most of the attention with analyses of impacts
and risks. This need has increased in importance as oil- and gas industries have be-
gun to develop new off-shore fields in the Barents Sea, and ship transport of oil and
gas from the region has increased exponentially over the last 5 years.

The Barents Sea can become an important region for oil and gas development. Cur-
rently offshore development is limited both in the Russian and Norwegian economic
zones (to the Snehvit field north of Hammerfest in the Norwegian zone), but this may
increase in the future with development of new oil- and gas fields. In Russia there are
plans for the development of Stockman, a large gas-field west of Novaya Zemlja. The
environmental risk of oil and gas development in the region has been evaluated sev-
eral times, and is a key environmental question facing the region.

Transport of oil and other petroleum products from ports and terminals in NW-
Russia have been increasing over the last decade. In 2002, about 4 million tons of Rus-
sian oil was exported along the Norwegian coastline, in 2004, the volume reached
almost 12 million tons, but the year after it dropped, and from 2005 to 2008 was on
the levels between 9,5 and 11,5 million tons per year. In a five-ten years perspective,
the total available capacity from Russian arctic oil export terminals can reach the level
of 100 million tons/year (Bambulyak and Frantsen, 2009). Therefore, the risk of large
accidents with oil tankers will increase in the years to come, unless considerable
measures are imposed to reduce such risk.

Tourism is one of the largest and steadily growing economic sectors world-wide.
Travels to the far north have increased considerable during the last 15 years, and
there are currently nearly one million tourists annually.

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

Aquaculture is growing along the coasts of northern Norway and Russia, and there
are several commercial fish farms producing salmonids (salmon, trout), white fish
(mainly cod) and shellfish.
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Ocean acidification is greater and happening faster than any previous acidification
process experienced in millions of years. The absorption of CO: generally goes faster
in colder waters and thus will rapidly affect the Barents Sea.

State and expected situation of the ecosystem (Figures 1.2-1.10,
Tables 1.3-1.6, 1.9)

1.2.1 Climate

Atmospherical conditions

In 2009, the weather over the North Atlantic was determined by cyclonic activity
throughout the year, and northerly and easterly winds prevailed over the Barents and
northern Norwegian Seas. In winter, spring and autumn, air temperature averaged
over the western and eastern parts of the Barents Sea was higher than normal, with
maximum positive anomalies (3.9-4.1°C) in the eastern Barents Sea in January and
March. In summer, positive anomalies did not exceed 1°C, and small negative ano-
malies were observed in some months

Water temperature

In general the temperatures in the entire Barents Sea in 2009 was still high (about 0.5-
1.0°C above the long-term average), and at about the same levels as in 2008. At the
end of the year the temperature in the Atlantic water masses was increasing again. In
the beginning of 2010 the temperature decreased again, but is still above the long-
term mean.

Sea surface temperature (SST) in the Barents Sea showed much of the same variations
as the air temperatures. In winter, due to the warmer-than-usual air masses over the
central and eastern Barents Sea and therefore the less-than-usual atmospheric cool-
ing, the SST was higher than normal, with maximum positive anomalies (1.0°C) in the
central part of the sea. In the western and north-western Barents Sea, on the contrary,
the SST was lower than normal throughout most of the year, with maximum negative
anomalies (-0.5°C) in April and July. The weaker-than-usual spring-and-summer
warming caused decreasing SST anomalies. From June to August, negative anomalies
of SST were observed in most of the sea. In autumn, SST anomalies increased due to
the intensification of cyclonic activity and warm air-masses transport; maximum pos-
itive anomalies of SST (up to 1.6°C) were found in the southern areas in November.

Development in the coastal waters is measured at the Ingey fixed station, and show
that during 2009 the surface temperature was only slightly above normal through
most of the year except in late fall/early winter 2009/2010. In the deeper waters (at 250
m), which is strongly influenced by Atlantic Water, the temperature was above nor-
mal throughout the year. In both the surface and deeper layers, the temperature in-
creased (relative to the normal) in late fall 2009/early winter 2010, but decreased again
in spring 2010, with surface temperatures around and deeper layers still slightly
above the long term mean.

The Fugleya-Bear Island and Varde-North sections, which capture all the Atlantic
Water entering the Barents Sea from south-west, showed temperatures close to 0.5°C
above the long-term mean in early 2009 (Figure 1.2). This is lower than the last 5-6
winter, and is due to lower air temperatures causing more intense heat loss in combi-
nation with weak inflow of Atlantic Water. Over the year the temperatures increased,
and in October 2009 the temperature in south-west was 0.9°C above the long-term
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mean. The annual mean temperature in 2009 was close to the year of 2008. In the be-
ginning the temperature at the Varde-North decreased again to ~0.5 °C above the
long term mean.

Temperature in the upper 200 m layer in the southern Barents Sea (Kola section) was
higher than normal throughout the year of 2009, and, during the second half of the
year, it was higher than in 2008 (Figure 1.3). At the beginning of the year, the weaker-
than-usual seasonal cooling caused an increase in positive temperature anomalies (by
0.1-0.3°C) in the Atlantic water compared to December of 2008. The positive anoma-
lies changed slightly during the first half of the year, then they decreased to Septem-
ber due to easterly and northeasterly winds prevailed in spring and summer. During
autumn, temperature anomalies in the main warm currents increased again due to
the intensification of cyclonic activity and air-mass transport from the west. By De-
cember, temperature anomalies exceeded 1.0°C in all parts of the Kola Section, and
the highest December temperature for the period from 1951 to the present was ob-
served in the Murman Current. The annual temperature in the Murman Current in
2009 was typical of anomalous warm years and close to that of 2008.

Temperature in the bottom layer of the Barents Sea in August-September 2009 was
typical of warm and anomalous warm years. Positive temperature anomalies were
observed in most of the surveyed area and were, on average, 0.3-1.0°C. The largest
positive temperature anomalies (> 1.5°C) were observed in the eastern Barents Sea, in
the areas adjacent to the Eastern Basin (Figure 1.4). Compared to 2008, the volume of
cold Arctic waters increased significantly in the northern Barents Sea, and for the first
time in the last three years waters with negative temperature were found in the East-
ern Basin. So, in comparison with the previous year, it caused decrease in the spatial-
ly averaged bottom temperature of the surveyed area except the southern Barents Sea
occupied by the Murman Current and the Central branch of the North Cape Current.
In the beginning of 2010 the bottom temperatures in the south and southwestern
parts were higher than in the same period in 2009, while they were lower in the deep
central parts.

According to computations with a prediction model, based on harmonic analysis of
the Kola Section temperature time series, the temperature of the Atlantic water in the
Murman Current in 2010-2011 is expected to decrease to values typical of warm
years, namely to 4.5+0.5°C (with anomaly of + 0.6°C) in 2010 and to 4.4+0.5°C (with
anomaly of + 0.5°C) in 2011. The years of 2010 and 2011 are similar to 1989, 1991, 2001
and 2002.

Salinity

The salinity variations show a close resemblance to temperature, although not com-
pletely. In Fugleya-Bear Island the salinity has been decreasing since 2006, while in
Varde-N it has increased over the last years. Salinity in the Atlantic water masses in
2009 was still high compared to the long term trend.

Inflow of Atlantic water

The volume flux of Atlantic Water flowing into the Barents Sea is predominantly
barotropic, with large fluctuations in both current speed and lateral structure. In gen-
eral, the current is wide and slow during summer and fast, with possibly several
cores, during winter. The mean transport of Atlantic Water into the Barents Sea for
the period 1997-2009 is 2 Sv (Sv = 10 m3s?) with an average of 2.2 Sv during winter
and 1.8 Sv during summer. During years in which the Barents Sea changes from cold
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to warm marine climate, the seasonal cycle can be inverted. Moreover, an annual
event of northerly wind causes a pronounced spring minimum inflow to the western
Barents Sea; at times even an outward flow.

The time series of volume transport reveals fluxes with strong variability on time
scales ranging from one to several months (Figure 1.5). The strongest fluctuations,
especially in the inflow, occur in late winter and early spring, with both maximum
and minimum in this period. The recirculation seems to be more stable at a value of
something near 1 Sv, but with interruptions of high outflow episodes.

The volume flux varies with periods of several years, and was significantly lower
during 1997-2002 than during 2003-2006. The year of 2006 was a special year as the
volume flux both had a maximum (in winter 2006) and minimum (in fall 2006). Since
then the inflow has been low, particularly during spring and summer. The inflow in
2009 was much as in 2007 and 2008; moderate during winter followed by a strong
decrease in spring. In early summer 2009 the flux was close to 1.5 Sv below the aver-
age. As the observational series still only have data until summer 2009, it cannot give
information about the situation in fall 2009 and early winter 2010. There is no signifi-
cant trend in the observed volume flux from 1997 to summer 2010.

Ice conditions

The variability in the ice coverage in the Barents Sea is linked to the temperature of
the inflowing Atlantic water, the northerly winds, and import of ice from the Arctic
Ocean and the Kara Sea. The ice has a response time on temperature changes in the
Atlantic inflow (one-two years), but usually the sea ice distribution in the western
Barents Sea respond a bit quicker than in the eastern part. Due to the high tempera-
tures there has been little ice in the last years (Figure 1.6). During the period 2003-
2006 the winter ice edge had a substantial retreat towards north-east, but since then
the ice area has increased.

For the first eight months of the year of 2009, the sea ice extent in the Barents Sea was
less than normal, but more than in 2008. In comparison with the previous year, the ice
coverage (expressed as a percentage of the sea area) was 10-18% more in January-
May, 5-9% more in June and August and the same in July. Ice melting in summertime
was more intensive than in 2008. By July, the south-eastern Barents Sea was ice-free,
which is almost one month earlier than in 2008. Ice formation started in the nor-
thernmost sea only at the end of October. In October, the ice coverage was 13% less
than normal and 5% less than in 2008. By December, the ice coverage of the Barents
Sea was still lower than normal but higher than in 2008, a situation that continued
into the beginning of 2010.

It is expected that there will be slightly less or around average ice conditions in 2010.

Hydrochemical conditions

According to the chemical observations along the Kola Section in 2009, some decrease
in oxygen saturation of the bottom layer was found in the southern Barents Sea com-
pared to 2008: the oxygen saturation anomaly averaged from January to October was
-0.24% in 2009, and 0.78% in 2008. Negative anomalies prevailed at the beginning of
the year, while small positive anomalies prevailed in summer and autumn.
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1.2.2 Phytoplankton

In Norwegian waters there was not observed any large aberration in the annual suc-
cession in the phytoplankton along the fixed transect (Varde — North and Fugleya-
Bear Island) in 2009. The spring bloom occurred from mid March to mid April within
the “normal” period of the spring bloom at the Bear Island transect. The bloom starts
in the coastal waters “spreading” out into the open areas. In April the diatoms were
dominating. During summer the phytoplankton was compound of small flagellates,
dinoflagellates, and at some stations diatoms. During autumn larger dinoflagellates
was common, however, at some stations diatoms had moderate to high abundance.

1.2.3 Zooplankton

The mesoplankton biomass measured in August-September 2009 was clearly below
the long-term mean in the Norwegian sector but with slightly higher values along the
border to the Russian zone. A particular feature in 2009 is the very high biomass
found in the Russian sector north of 75°N and east of 40°E. The average zooplankton
biomass in the western and central Barents Sea in 2009 was 5.87 g dry weight m?
compared to 6.48 g in 2008 and 7.13 g in 2007 (Figure 1.7).

The macroplankton survey conducted in autumn and winter 2009 showed that on
average, abundance of euphausiids in the west and northwest of the sea was close to
the level of 2008 (Figure 1.8). However, in the center, east and coast areas the abun-
dance indices of krill increased 1.5-2 times compared to 2008. In total the macroplank-
ton survey showed that the abundance indices of euphausiids were above than the
long-term mean.

The average zooplankton abundance in 2009, together with the considerable decline
observed since 2006, suggest that the condition for local production is less favourable
for 2010. The total production will probably depend largely on the magnitude of zoo-
plankton advection from the Norwegian Sea. The macroplankton feeding conditions
for planktivorous fish in 2010 is expected to be similar to 2009.

The abundance of gelatinous zooplankton, caught by pelagic trawling, show a lower
abundance of gelatinous zooplankton in 2009 compared to 2008. Both in 2008 and in
2009, the distribution of “jellyfish” also showed a considerable overlap with regions
poor in mesozooplankton biomass.

1.2.4 Northern shrimp

According to the Russian-Norwegian ecosystem survey in August — September 2009
the largest catches of the northern shrimp were recorded in the eastern and northern
Barents Sea and north of Spitsbergen. The investigations of 2009 showed that the total
stock of the northern shrimp increased compared to last year.

1.2.5 Fish

The current and expected situation of the commercial stocks in the Barents Sea ad-
dressed by the AFWG is given in later chapters. Therefore focus in this subchapter is
on other main species that interacts with the AFWG stocks, and on the role of the
AFWG species in an ecosystem perspective (e.g. as predators). Special attention is
given when there are deviations from the general situation. An overview of the de-
velopment of pelagic and demersal stocks is given in Figures 1.9 and 1.10.
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NEA cod consumption

The food consumption of cod in 1984-2009, based on data from the Joint Russian-
Norwegian stomach content data base, is presented in Table 1.3-1.4. The main prey
items in 2009 were capelin, polar cod, krill, haddock, herring, shrimp, cod and am-
phipods. In comparison with 2008 the importance of capelin and herring has in-
creased while the importance of krill and shrimp has decreased. The consumption
calculations made by IMR show that the total consumption by age 1 and older cod in
2009 was about 6 million tonnes (Table 1.3), while similar calculations by PINRO
gave about 5 million tonnes. According to calculations by IMR and PINRO the con-
sumption per cod was about the same in 2009 as in 2008 (Tables 1.5-1.6).

Blue whiting and polar cod

Based on the most recent estimates of fishing mortality and SSB, ICES classifies the
stock as having full reproductive capacity, and being harvested sustainably. SSB in-
creased to a historical high in 2004 but has decreased since, and is expected to be just
above Bpa in 2011. The estimated fishing mortality is slightly below Fpa. Recruitment
in 1995-2004 was at a much higher level than earlier, but the 2005 and later year
classes seem to be poor. Total landings in 2008 were 1.3 mill. tonnes, which is lower
than in 2007. Blue whiting is not fished in the Barents Sea.

The high abundance of blue whiting in the Barents Sea in 2004-2007 may be due to a
large stock size in this period combined with high temperature. Blue whiting has
been observed in the western and southern Barents Sea for many years, but never in
such quantities, and never as far east and north in this area as in 2004-2007. In au-
tumn 2009, the acoustic abundance of blue whiting was estimated to 0.3 million ton-
nes, which is higher than in 2008, but still low. Also, the swept area estimate of blue
whiting in winter 2010 was the lowest in the time series, which go back to 2001. Thus,
the abundance of blue whiting in the Barents Sea is expected to stay at a low level
until the recruitment to the stock increases again.

The polar cod stock is presently at a high level. Norway took some catches of polar
cod in the 1970s and Russia has fished on this stock more or less on a regular basis
since 1970. The stock size has been measured acoustically since 1986 and the stock has
fluctuated between 0.1-1.9 million t. In 2009, the stock size was measured to about 0.9
million t., which is below the estimate obtained in 2008. The natural mortality rate in
this stock seems to be very high, and this is explained by the importance of polar cod
as prey for cod and different stocks of seals.

Herring and capelin

Based on the most recent estimates of SSB and fishing mortality, ICES classifies the
stock as having full reproductive capacity and being harvested sustainably. The 1998,
1999, 2002 and 2004 year classes dominate the current spawning stock which is esti-
mated to 12.2 million t in 2010. Preliminary indications show that the year classes
2005-2009 are below average. Therefore the abundance of herring in the Barents Sea
is believed to be at a relatively low level in 2010. This stock has shown a large de-
pendency on the occasional appearance of very strong year classes. In recent years
the stock has tended to produce strong year classes more regularly. However, as no
strong year classes have been produced since 2004, the stock is expected to decline.
Norwegian spring-spawning herring is fished along the Norwegian coast and in the
Norwegian Sea, but not in the Barents Sea. However, juveniles from this stock play
an important part role in the ecosystem in the Barents Sea.



ICES AFWG REPORT 2010 31

The capelin stock size is at a level somewhat above average. Based on the most recent
estimates of SSB and recruitment ICES classifies the stock as having full reproductive
capacity. The maturing component in autumn 2009 was estimated to be 2.3 mill t.,
and SSB 1st April 2010 was predicted to be at 0.52 mill t. The spawning stock in 2010
consisted of fish from the 2006 and 2007 year classes, but the 2006 year class domi-
nated. The survey estimate at age 1 of the 2008 year class is somewhat below the
long-term average. Observations during the international 0-group survey in August-
September 2009 indicated that the 2009 year class is below average.

The estimated annual consumption of capelin by cod has varied between 0.2 and 3.0
million t over the period 1984-2009. Young herring consume capelin larvae, and this
predation pressure is thought to be one of the causes for the poor year classes of cap-
elin in the periods 1984-1986, in 1992-1994, and from 2002-2005.

Non-commercial species

Thorny skate (Amblyraja radiata) was quite widely distributed in the Barents Sea ex-
cept for the south eastern and north eastern regions, as in 2008. The observed abun-
dance of this species was higher than in 2008. The thorny skate preferred to keep in a
wide range of depths from 50 down to 300 meters.

Northern skate (Amblyraja hyperborea) was distributed in the northeast part of the Bar-
ents Sea and along the shelf slope to the west of Spitsbergen. It was mainly found in
the depth range 200 to 300 meters.

Plaice (Pleuronectes platessa) was distributed in a range of depths from 50 down to 100
meters) on northwest from Kanin peninsula.

According to observations in 2009 the tendency of expansion of Norway pout (Trisop-
terus esmarkii) in the Barents Sea is continuing. Main density concentrations of Nor-
way pout were registered in the south-western areas. At the same time, along the
warm Spitsbergen current, Norway pout was observed until 81° N. Along coastal
North Cape current Norway pout were distributed eastward up to 47° E. It seems like
Norway pout have occupied the blue whiting distribution area after this species de-
clined.

In the ecosystem survey in 2009 there were both new species to the area and re-
cordings of rare species in the area of observation. Some of these species have their
main distribution in the warm waters of the Norwegian Sea (Molva molva, Schedophi-
lus medusophagus) or in the cold waters of the Kara Sea (Arctogadus glacialis) bordering
the Barents Sea.

1.2.6 Marine mammals

Harp Seal

Since 1998 the abundance of harp seal pup production in the White Sea has been
sharply reduced, according to the PINRO aerial surveys. However the decrease in the
harp seal pup production abundance has become slower recently and even some
slight increase has been observed. The abundance of harp seal pups in the whelping
patches in 2009 calculated using the data from aerial surveys was more than two
times lower, compared to the data obtained for 2000-2003.

One of the key factors, which caused the reduction in the harp seal pup abundance in
2004-2009, was the diminished ice extent due to warming. The changed ice conditions
were responsible for the redistribution of animals in the pup period. Abnormal ice
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conditions in the White Sea in 2005-2009 possibly also led to higher natural mortality
of pups.

The decrease in the abundance of harp seal pup production leads to a reduction of
the whole harp seal population (the model estimate for 2009 — 1.2 million animals).

Predation by mammals

Analyses of consumptions by marine mammals in the Barents Sea for 2009 are not
available. Last estimates are shown in Table 1.9.

1.2.7 Future long-term trends
This section is a short version of Stiansen et al (2009).

Air temperatures have increased almost twice as fast in the Arctic than the global av-
erage over the last 50 years. Models predict that air temperatures will continue to in-
crease considerably. With the accelerated increase in air temperatures it is predicted
that summer sea ice will disappear. Polar Front that separates the cold Arctic and
warm Atlantic waters will move farther north and east. Although long-term climate
projections are associated with considerable uncertainty, it is highly likely, however,
that any significant warming will cause shifts in species ranges and changes in their
production. The expected northward extension of warm Atlantic water will lead in
general to that temperate zooplankton would shift northward while ice fauna, such
as the large amphipods would diminish due to a massive loss of habitat because of
the disappearance of multi-year ice (Skjoldal et al., 1987; Loeng et al., 2005). Ellingsen
et al. (2008) also predicted that the Atlantic zooplankton production, primarily Ca-
lanus finmarchicus, would increase by about 20% and spread farther eastward while
the Arctic zooplankton biomass would decrease significantly (by 50%) resulting in an
overall decrease in zooplankton production in the Barents Sea.

A number of fish species, e.g. cod and capelin, will likely have a more northern
and/or eastern distribution and boreal species such as blue whiting and mackerel
may become common in the Barents Sea. These changes will likely result in poten-
tially large changes in community composition and it is possible that the structure of
the ecosystem may shift irreversibly. In addition, sea ice extent will be reduced, and
this will have a negative impact on ice-dependent flora and fauna, such as polar
bears. Reduction in sea ice extent may also lead to increased primary productivity, if
nutrient supply is not reduced significantly due to increased stratification in the wa-
ter column. An increase in primary productivity coupled with other positive effects of
increased temperature on fish growth and reproduction, may cause productivity of
cod, haddock and other commercially important species to increase. However, nega-
tive effects on prey species may also occur. Thus, overall effects on fish productivity
are hard to predict.

Similarly, the many complex ways in which species interact creates considerable un-
certainty in any set of predictions as to what the overall response of climate warming
to the ecosystem will be. If warming causes phytoplankton to increase, this is ex-
pected to result in an overall increase in fish production. For example, model studies
show that higher primary production tends to lead to an increase in cod recruitment
in the Barents Sea (Svendsen et al., 2007). Higher temperatures should also lead to
improved growth rates of the fish and together with increased recruitment is ex-
pected to lead to increased fish yields (Drinkwater, 2005; Stenevik and Sundby, 2007).
The results of long-term simulations by the STOCOBAR model show that a tempera-
ture increase of 1-4C° in the Barents Sea will lead not only to acceleration of cod
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growth and maturation rates, but also to increase in cannibalism (Stiansen et al. 2009).
Increased overall production is expected to produce increased catches of cod, had-
dock and other species (ACIA, 2005). Cod are expected to spawn farther north and
new spawning sites will likely be established (Sundby and Nakken, 2008; Drinkwater
2005). With increasing temperatures, temperate benthic species are expected to be-
come more frequent and the species composition of the benthos will change. Such
changes will affect benthic production (i.e. food for demersal fishes and other verte-
brates) and may therefore have considerable management implications. Polar bears,
ringed seals, bearded seals, harp seals and hooded seals are all dependent on sea ice.
It is the primary foraging habitat for polar bears, and a resting and breeding habitat
for all of these seals. Additionally, some of the seals feed on ice-associated prey. As a
result of climate warming and the associated loss of sea ice, distribution and abun-
dance of these species are expected to decrease in the Barents Sea.

Along with climate change should mention that anthropogenic emissions of CO: are
causing acidification of the world oceans because CO: reacts with seawater to form
carbonic acid. Currently, acidity has increased by about 30% (reduction in pH by
about 0,1 units). In 2100, pH reductions in the order of 0.2-0.3 units are predicted.
This will significantly reduce the ability of organisms to build calcium carbonate
shells and skeletons and it might also have other effects on organisms. The direct ef-
fects are expected to be most pronounced for phytoplankton, zooplankton and ben-
thos. Fish, seabirds and marine mammals can be affected indirectly, possibly making
ocean acidification one of the most important anthropogenic drivers in the Barents
Sea in the future.

Description ofo the Barents Sea fisheries and its effect on the
ecosystem (Tables 1.10-1.11, Figures 1.11-1.16

Description of the Barents Sea fisheries and its effect on the ecosystem (Tables 1.10-
1.11, Figures 1.11-1.16)

Fishing is the largest human impact to the fish stocks in the Barents Sea, and thereby
the functioning of the whole ecosystem. However, the observed variation in both fish
species and ecosystem is also impacted by other effects such as climate and preda-
tion. Open ocean fisheries in the Barents Sea started in the beginning of the 20t cen-
tury with the development of trawling technology. At present there is a multinational
fishery operating in the Barents Sea using different fishing gears and targeting several
species. The largest commercially exploited fish stocks (Northeast Arctic cod, had-
dock and saithe) are now harvested within sustainable limits and have full reproduc-
tive capacity. However, some of the smaller stocks (golden redfish, beaked redfish
and coastal cod) are overfished, and damage to benthic organisms and habitats from
trawling has been documented. Overcoming these problems and further developing
our understanding of the effects of fisheries in an ecosystem context are important
challenges for management.

General description of the fisheries

The major demersal stocks in the Northeast Arctic include cod, haddock, saithe, and
shrimp. In addition, redfish, Greenland halibut, wolffish, and flatfishes (e.g. long
rough dab, plaice) are common on the shelf and at the continental slope, and ling and
tusk at the slope and in deeper waters. In 2008, catches of nearly 900 thousand tonnes
are reported from the stocks of cod, haddock, saithe, redfish, and Greenland halibut,
which is an increase of 10% as compared to the year before. An additional catch of
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about 40 000 tonnes was taken from the stocks of wolffish and shrimp. The annual
fishing mortalities F (the mortality rate is linked to the proportion of the population
being fished by 1-e-F) for the assessed demersal fish stocks show large temporal varia-
tion within species and large differences across species from 0.1 (=10% mortality) for
some years for Sebastes marinus to above 1 (*63% mortality) for some years for cod
(Figure 1.11a). The current harvest rate relative to the maximum levels above which
the fishing mortality over time may impair the recruitment is shown in Figure 1.11b.
Of the analytically assessed demersal stocks in the Barents Sea it is currently only
golden redfish (Sebastes marinus) which is harvested above this critical level.

The major pelagic stocks are capelin, herring, and polar cod. There was no fishery for
capelin in the area in 2004-2008 due to the stock’s poor condition, but in 2009 and
2010 the stock is again sufficiently sound to support a quota of 390 000 and 360 000
tonnes, respectively.

Russia, as the only nation currently fishing polar cod, fished 8 190 tonnes polar cod in
2008. Norwegian spring spawning herring is the largest stock inhabiting the North-
east Arctic with its spawning stock estimated to 12.6 million tonnes in 2009. 1.5 mil-
lion tonnes were fished from this stock in 2008, of which about 280 000 tonnes were
caught near the Norwegian coast in the south-western part of the Barents Sea. The
highly migratory species blue whiting and mackerel extend their feeding migrations
into this region, and in 2007 about 65 000 tonnes mackerel and 120 000 tonnes blue
whiting were caught in the area, none of this, however, within the Barents Sea. Spe-
cies with relatively small landings include salmon, Atlantic halibut, hake, pollack,
whiting, Norway pout, anglerfish, lumpsucker, argentines, grenadiers, flatfishes,
dogfishes, skates, crustaceans, and molluscs.

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

For most of the exploited stocks an agreed quota is decided (TAC), and also a number
of additional regulations are applied. The regulations differ among gears and species
and may be different from country to country, and a non-exhaustive list as well as a
description of the major fisheries in the Barents Sea by species can be found in Table
1.10.

From 2011 onwards, the minimum mesh size for bottom trawl fisheries for cod and
haddock will be 130 mm for the entire Barents Sea (at present the minimum mesh size
is 135 mm in the Norwegian EEZ and 125 mm in the Russian EEZ). This change is not
expected to have a significant impact on the total exploitation pattern for these stocks,
thus a recent average exploitation pattern is used in the predictions.

1.4.1 Mixed fisheries

The demersal fisheries are highly mixed, usually with a clear target species dominat-
ing, and with low linkage to the pelagic fisheries (Table 1.11). Although the degree of
mixing may be high, the effect of the fisheries varies among the species. More specifi-
cally, the coastal cod stock and the two redfish stocks are presently at very low levels.
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Therefore, the effect of the mixed fishery will be largest for these stocks. In order to
rebuild these stocks, further restrictions in the regulations should be considered (e.g.
closures, moratorium, and restrictions in gears).

Successful management of an ecosystem includes being able to predict the effect of a
mixed fishery on the individual stocks, and ICES is requested to provide advice
which is consistent across stocks for mixed fisheries. Work on incorporating mixed
fishery effects in ICES advice is ongoing and various approaches have been evaluated
(ICES 2006/ACFM:14). At present such approaches are largely missing due to a need
for improving methodology combined with lack of necessary data. However, techni-
cal interactions between the fisheries can be explored by the correlation in fishing
mortalities among species (Figure 1.12). The correlation in fishing mortality is posi-
tive for Northeast Arctic cod and coastal cod, and for haddock and coastal cod con-
firming the linkage in these fisheries. There is also a significant relationship between
saithe and Greenland halibut although the linkage in these fisheries is believed to be
low (Table 1.11). The relationships between the other fishing mortalities are scattered
and inconclusive. In case of strong dependencies in fishing mortalities this method
can, in principle, be used to produce consistent advice across species concerning fish-
ing mortality. It is however too simple since this correlation is influenced by too
many confounding factors whose effect cannot be removed without a detailed analy-
sis of data with a higher resolution (e.g. saithe and Greenland halibut, and changes in
stock distribution (ICES 2006/ACFM:14).

A further quantification of the degree of mixing and impact on individual stocks re-
quires detailed information about the target species and mix per catch/landing and
gear. Such data exist for some fleets (e.g. the trawler fleet), but is incomplete for other
fleets. The Russian and Norwegian trawl fleet catches show spatial and temporal dif-
ferences in both composition and size as well as large differences between countries
(Figures 1.13-1.16). In the north eastern part of the Barents Sea the major part of the
Russian catches consists of cod, whereas the Norwegian catches include a large pro-
portion of other species (mainly shrimp). In the most western part of the Barents Sea,
the Norwegian catches consist of Sebastes mentella and Greenland halibut in addition
to cod, whereas the Russian catches mainly consist of cod and haddock. The main
reason for this disparity is the difference in spatial resolution of the data; the Norwe-
gian strata system extends further west and thus covers the fishing grounds of
Greenland halibut, whereas the Russian strata does not. The Norwegian trawl fishery
along the Norwegian coast includes areas closer to the coast and is also more south-
erly distributed where other species are more dominant in the catches (e.g. saithe).

Estimates of unreported catches of cod and haddock in 2002-2008 indicate that this
has been a considerable problem which now seems to be decreasing. According to the
report from the Norwegian-Russian analytical group the total catches of both cod and
haddock reported to AFWG are very close (within 1%) to the estimates made by this
group. Thus it was decided to set the IUU catches for 2009 to zero (see chapter 0.4). A
continuous control and surveillance of this problem is necessary. Discarding of cod
and haddock (and in some years also saithe) is thought to be significant in periods,
although discarding of these, and a number of other species, is illegal in Norway and
Russia. Data on discards are scarce, but attempts to obtain better quantification are
ongoing.
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Fleet composition (groundfish and pelagic species)

Figure 1.17 shows the main fleets catching bottom and pelagic fishes in the Barents
Sea and Svalbard (Spitsbergen archipelago) areas. The pelagic fishery is only con-
ducted by Russia and Norway where both countries target the capelin. Russia has, in
addition, fished polar cod with pelagic trawl (Norway has not fished this species
since the early 1980s), and Norway has in recent years fished some legal sized herring
in a restricted coastal purse seine fishery inside 4 nautical miles off Finnmark. Further
in the south western part of the Barents Sea (south-west of a line between Sergya and
Bear Island), extending into the Norwegian Sea, an international herring fishery has
been open in some seasons.

The Norwegian groundfish fishery is much more diverse compared to Russia and
other countries regarding the number of fleets. The trawler fleet itself is also rather
diverse both within and between countries. In the Norwegian groundfish fishery sev-
eral other gears are also used in addition to trawl. The gear composition also depends
on which groundfish species the fishery targets. The Norwegian bottom trawl fleet
catch about 30% of the Norwegian cod catch, about 40% of the haddock, and more
than 40% of the Norwegian saithe and Greenland halibut catches. The Russian bot-
tom trawl fleet catch about 100% of the Russian saithe catch, about 95% of cod and
haddock, 90% of the Russian Greenland halibut catch and about 37% of wolffishes.
Other countries fishing groundfish in these waters only use trawl, incl. some pair-
trawling. It is mandatory in all groundfish trawl fisheries to use sorting grid to avoid
catching undersized fish. The one and only exception from this rule is within an area
in the southwestern part of the Barents Sea during 1 January — 30 April where trawl-
ing without sorting grids is permitted to catch haddock.

Impact of fisheries on the ecosystem

In order to conclude on the total impact of trawling, an extensive mapping of fishing
effort and bottom habitat would be necessary. In general, the response of benthic or-
ganisms to disturbance differs with substrate, depth, gear, and type of organism (Col-
lie et al. 2000). Seabed characteristics from the Barents Sea are only scarcely known
(Klages et al. 2004) and the lack of high-resolution (+100 m) maps of benthic habitats
and biota is currently the most serious impediment to effective protection of vulner-
able habitats from fishing activities (Hall 1999). An assessment of fishing intensity on
fine spatial scales is critically important in evaluating the overall impact of fishing
gear on different habitats and may be achieved, for example, by satellite tracking of
fishing vessels (Jennings et al. 2000).The challenge for management is to determine
levels of fishing that are sustainable and not degradable for benthic habitats in the
long run.

Fisheries in the Barents Sea do not only influence the targeted stocks. Due to strong
species interactions fisheries removal of one stock may influence the abundance of
other stocks. For example, herring collapses have positively influenced capelin abun-
dance. Reduced stock sizes due to fisheries removal may also lead to changing migra-
tion patterns. Due to density dependent migrations, fish stocks cover greater areas
and migrate longer distances when abundances are high compared to low. Fisheries
also reduce the average fish size, age and age at maturity. The reduced size and age
of the cod stock may actually have altered the ecological role of cod as top predators
in the Barents Sea.

The qualitative effects of trawling have been studied to some degree. The most seri-
ous effects of otter trawling have been demonstrated for hard-bottom habitats domi-
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nated 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. Barents Sea hard bottom substrata, with associated attached large epi-
fauna should therefore be identified.

Effects on soft bottom have been less studied, and consequently there are large uncer-
tainties associated with what any effects of fisheries on these habitats might be. Stud-
ies on impacts of shrimp trawling on clay-silt bottoms have not demonstrated clear
and consistent effects, but potential changes may be masked by the more pronounced
temporal variability in these habitats (Lekkeborg 2005). The impacts of experimental
trawling have been studied on a high seas fishing ground in the Barents Sea (Kutti et
al. 2005.) Trawling seems to affect the benthic assemblage mainly through resuspen-
sion of surface sediment and through relocation of shallow burrowing infaunal spe-
cies to the surface of the seafloor.

Work is currently going on in the Arctic, jointly between Norway and Russia, explor-
ing the possibility of using pelagic trawls when targeting demersal fish. The purpose
is to avoid impact on bottom fauna and to reduce the mixture of other species. It will
be mandatory to use sorting grids to avoid catches of undersized fish.

Lost gears such as gillnets may continue to fish for a long time (ghost fishing). The
catch efficiency of lost gillnets has been examined for some species and areas (e.g.
Humborstad et al. 2003; Misund et al. 2006; Large ef al. 2009), but at present no esti-
mate of the total effect is available. Ghost fishing in depths shallower than 200 m is
usually not a significant problem because lost, discarded, and abandoned nets have a
limited fishing life owing to their high rate of biofouling and, in some areas, their
tangling by tidal scouring. Investigations made by the Norwegian Institute of Marine
Research of Bergen in 1999 and 2000 showed that the amount of gillnets lost increases
with depth and out of all the Norwegian gillnet fisheries, the Greenland halibut fish-
ery is the metier where most nets are lost. The effect of ghost fishing in deeper water,
e.g. for Greenland halibut, may be greater since such nets may continue to “fish” for
periods of at least 2-3 years, and perhaps even longer (D. M. Furevik and J. E. Fossei-
dengen, unpublished data), largely as a result of lesser rates of biofouling and tidal
scouring in deep water. The Norwegian Directorate of Fisheries has organised re-
trieval surveys annually since 1980. All together 10 784 gill nets of 30 metres standard
length (approximately 320 km) have been removed from Norwegian fishing
grounds during the period from 1983 to 2003.

Other types of fishery-induced mortality include burst net, and mortality caused by
contact with active fishing gear, such as escape mortality (Suuronen 2005; Broadhurst
et al. 2006; Ingdlfsson et al. 2007). 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 (Bjorge and Kovacs 2005). In 2004 Norway initiated a monitoring
program on by-catches of marine mammals in fisheries.

Fisheries impact seabird populations in two different ways: 1) Directly through by-
catch of seabirds in fishing equipment and 2) Indirectly through competition with
fisheries for the same food sources.

Documentation of the scale of by-catch of seabirds in the Barents Sea is fragmentary.
Special incidents like the by-catch of large numbers of guillemots during spring cod
fisheries in Norwegian areas have been documented (Strann et al. 1991). Gillnet fish-
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ing affects primarily coastal and pelagic diving seabirds, while the surface-feeding
species will be most affected by long-line fishing (Furness 2003). The population im-
pact of direct mortality through by-catch will vary with the time of year, the status of
the affected population, and the sex and age structure of the birds killed. Even a nu-
merically low by-catch may be a threat to red-listed species such as Common guille-
mot, White-billed diver and Steller’s eider.

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 incen-
tive for the fishermen to use it, and where bird by-catch is a problem, the bird-scaring
line is used without any forced regulation.

In 2009, the Norwegian Institute for Nature Research (NINA) and the Institute of Ma-
rine Research in Norway started a cooperation to develop methods for estimation of
bird by-catch. Preliminary reports from observers at sea trained by the institutes
show that most of the fisheries have a minor impact on bird mortality.

Management improvement issues (Tables 1.12-1.15)

1.5.1 Overview

The availability of necessary ecosystem information is only one of the needed items
for implementation of an ecosystem approach to management. Another needed ele-
ment is the development of appropriate methods and instruments for incorporation
of ecosystem information into stock assessment and harvest control rules.

This section summarizes ecosystem information that has the potential of being im-
plemented in, and therefore improves, the advice for sustainable fishery manage-
ment.

Management of fisheries is always based on decision-making under levels of uncer-
tainty. Incorporating data on ocean climate, lower trophic level bio-production, as
well as species interactions on higher trophic levels in catch recommendations for
target species, should reduce the uncertainty of scientific recommendations for sus-
tainable harvest levels.

1.5.2 Multispecies models

Development of multispecies models designed to improve fisheries management in
the Barents Sea based on species interactions started in the mid-1980s. The first mod-
els developed were MULTSPEC, AGGMULT and SYSTMOD in IMR and MSVPA in
PINRO (Tjelmeland and Bogstad, 1998; Hamre and Hatlebakk, 1998, Korzhev and
Dolgov, 1999). In total, these models contained the species cod, capelin, herring, had-
dock, polar cod, shrimp, harp seal and minke whale. Even though further develop-
ment of these models has been discontinued, they serve as predecessors to newly
developed models, such as EcoCod, Bifrost, Gadget and STOCOBAR. Benefits of mul-
tispecies models include: improved estimates of natural mortality and recruitment;
better understanding of stock-recruit relationships and variability in growth rates;
alternatives views on biological reference points. Brief descriptions of the multispe-
cies models are given below.
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EcoCod

The development of this model started in 2005 as the main task in the first stage of
the joint PINRO-IMR Programme on Estimation of Maximum Long-Term Yield of
North-East Arctic cod, taking into account the effect of ecosystem factors. This 10-
year research programme was initiated following a request from the Russian-
Norwegian Fishery Commission (Filin and Tjelmeland, 2005). EcoCod is a stepwise
extension of a single species model for cod (CodSim; Kovalev and Bogstad, 2005),
where cod growth, maturation, cannibalism and recruitment is modeled in a multis-
pecies setting. Preliminary sub-models for cod growth, fecundity and malformation
of eggs have been implemented in EcoCod.

Bifrost

Bifrost (Boreal integrated fish resource optimization and simulation tool) is a multis-
pecies model for the Barents Sea (Tjelmeland and Lindstrem, 2005) with main em-
phasis on the cod-capelin dynamics. The prey items for cod are younger cod, capelin
and other food. The predation model is estimated by comparing simulated consump-
tion to that calculated from individual stomach content data using the dos Santos
evacuation rate model with a parameterization where the initial meal size is ex-
cluded. The capelin availability partly shields the cod juveniles from cannibalism,
and by including this effect, the recruitment relation for cod is significantly im-
proved.

In prognostic mode, Bifrost is coupled to the assessment model for herring — SeaStar
(Tjelmeland and Lindstrem, 2005) — and the negative effect of herring juveniles on
capelin recruitment is modeled through the recruitment function for capelin. Bifrost
is also used to evaluate cod-capelin-herring multispecies harvest control rules.

STOCOBAR

The STOCOBAR describes stock dynamics of cod in the Barents Sea, taking into ac-
count trophic interactions and environmental influence (Filin, 2007). It is designed as
a tool for prediction and exploration of cod stock development as well as for evalua-
tion of harvest strategies and recovery plans under different ecosystem scenarios. The
STOCOBAR is an age-structured, a single-area and a single-fleet model with one year
time steps. It includes a cod as predator on up to eight prey items: capelin, shrimp,
polar cod, herring, krill, haddock, own young and other food. Species structure of the
model is not permanent and it can be reduced from seven-species version to a simple
version, which includes cod and capelin only. Recruitment function is used for cod
only. Impact assessment of ecosystem factors on cod stock dynamics are based on
«what if» scenarios. STOCOBAR is able to take uncertainties in future scenarios of
temperature and capelin stock dynamics, in abundance and individual weight of cod
at age 1 and in its fishing mortality rate into account. The first version of STOCOBAR
was created at PINRO in 2001 and development of this model is continuing. The
work on the development of the STOCOBAR model is part of the Barents Sea Case
Study within the EU project UNCOVER (2006-2010) and the joint PINRO-IMR project
(2004-2013) Optimal long-term harvest in the Barents Sea.

GADGET

A multi-species Gadget age-length structured model ( www.hafro.is/gadget ; Begley
and Howell, 2004, developed during the EU project dst? (2000-2003)), is being used
for modeling the interactions between cod, herring, capelin and minke whale in the
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Barents Sea as part of the EU projects BECAUSE, UNCOVER, DEFINEIT and FACTS.
This is a multi-area, multi-species model, focusing on predation interactions within
the Barents Sea. The predator species are minke whale, cod and herring, with capelin,
immature cod, and juvenile herring as prey species. Krill is included as an exogenous
food for minke whales (Lindstrem et al. 2009). The cod model employed is based on
the model presented at AFWG each year.

The modeling approach taken has many similarities to the MULTSPEC approach
(Bogstad et al., 1997). Work is ongoing to enhance the modeling of recruitment
processes during the EU projects FACTS and DEFINEIT. An FLR routine has been
written that can run Gadget models as FLR Operating Models. This also gives the
possibility of using Gadget as an operating model to test the performance of various
assessment programs under a range of scenarios (Howell and Bogstad, 2010). In addi-
tion the Gadget multi-species model is being developed to assess the likely impact on
medium-term population dynamics of oil-spill induced larval mortalities.

1.5.3 Statistical models

Recruitment of commercial fish

Prediction of recruitment in fish stocks is essential for harvest prognosis stocks, both
in a single-species and multi-species context. Traditionally, prediction methods have
been based on spawning stock biomass and survey indices of juvenile fish and have
not included effects of climate variability. Multiple linear regression models can be
used to incorporate both climate and parental fish stock parameters. In order for such
models to give predictions there need to be a a time lag between the predictor and
response variables.

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. The relationship between weight- and length-at age
shows that for a given length, weight-at-length is positively correlated with propor-
tion mature-at-length for the period 1985-2001 (Marshall et al., 2004).

Estimates of weight-at-length were multiplied by the Russian liver condition index at
length (Yaragina and Marshall, 2000) to derive estimates of liver weights in grams for
cod at a standard length (see Marshall et al. 2004 for details of the calculation). This
analysis indicated that for the period 1985-2001 there is a consistently significant, pos-
itive relationship between liver weight and proportion mature.

Condition of fish

Relative body condition (the quantity of stored energy) is an important tool in under-
standing demographic variation and the ability of a population to respond to envi-
ronmental stressors, varying food availability and competition. A high-resolution
database was used to examine causes of variation in the condition of North-east arctic
cod for the period 1967-2004, over annual and monthly timescales. Temperature was
shown to have a positive impact on condition at both inter- and intra-annual time-
scales. Interannually, temperature may affect stock distribution, in particular its over-
lap with the capelin stock. At shorter timescales it is likely that temperature directly
affects the metabolism of the cod. Intra-annually, the quantity of capelin in cod sto-
machs positively affected cod condition in the current and the preceding month for
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all lengths of cod. This indicated a time lag between a change in food consumption
and a subsequent change in condition, or ‘latency’.

Results presented by Sandeman et al. (2008) point to the importance of the impact of
varying temperature on condition. The effects of climate are likely to be particularly
important where the species is close to its outer distribution area or where the animal
is an ectotherm.

Growth of fish

Large interannual variations in growth rate are observed for all commercial fish spe-
cies in the Barents Sea. The most important causes are temperature change, density
dependence and changes in prey availability. Variation in growth rate can contribute
substantially to variability in stock biomass and can have a large impact on reproduc-
tive output. Regressions of weight at age of cod on temperature, capelin and the cod
stock itself are used in EcoCod model.

Growth of the youngest capelin is correlated with abundance of the smallest zoop-
lankton, whereas growth of older capelin is more closely correlated with abundance
of the larger zooplankton. The developed regression equations have low determina-
tion coefficient, and are therefore not presented here. However, they may prove use-
ful in the future when further developed.

Reproductive potential

Morgan et al. (2009) explore the impact of four alternative indices of reproductive po-
tential (RP) on perceptions of population productivity for eight fish populations
across the North Atlantic. The four indices of RP included increasing biological com-
plexity, adding variation in maturation, sex ratio, and fecundity. Perceptions of stock
productivity were greatly affected by the choice of index of RP. Population status
relative to reference points, RP per recruit, and projections of population size all var-
ied when alternative indices of RP were used. There was no consistency in which in-
dex of RP gave the highest or lowest estimate of population productivity, but rather,
this varied depending on how much variation there was in the reproductive biology
of the population and the age composition. Estimates of sustainable harvest levels
and recovery time for depleted populations can vary greatly depending on the index
of RP.

1.5.4 Other models

Consumption models

When calculating the prey consumption by a given predator, both the overall con-
sumption level and the prey composition in the diet are used. The prey composition
is usually derived from stomach content data, while the overall consumption level
can be calculated using two approaches:

e A bioenergetic approach (as is usually the case for marine mammals and
seabirds as predators)

e By combining data on stomach content weight with models for stomach
evacuation rate, based on experiments.
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Ecosystem models

Ecosystem models may be useful for looking at how change in one species or ecosys-
tem component is affecting whole or other parts an ecosystem, thereby identifying
the most important inter-species/ functional group links and sensitivity of the ecosys-
tem to changes to those. They are also useful for scenario testing (change in fishery
pressure, climate change, and sudden pollution events. Special interesting are those
models that have spatial resolution, like ATLANTIS and ECOPATH/ECOSIM.

Atlantis (Fulton et al., 2004a) is an ecosystem 3D box-model intended for use in man-
agement strategy evaluation (as described in de la Mare 1996, Cochrane et al. 1998,
Butterworth and Punt 1999, Sainsbury et al. 2000). The overall structure of Atlantis is
based around having multiple alternative submodels to represent each step in the
management strategy and adaptive management cycles. It has been applied to mul-
tiple marine systems (from single bays to millions of square kilometers) in Australia
and the United States. In autumn 2010 it will be implemented at IMR, and cover the
area of the Barents Sea and the Norwegian Sea.

Another model that may have some utility for the future would be ECO-
PATH/ECOSIM. This model can use ecosystem survey data and expected biomass
conversion rates to model systems. As a mass-balance model it can detect if there
may be overlooked components to the ecosystem. The ECOPATH model system is
used in many systems around the world. Versions of it have also been applied to the
Barents Sea ecosystem (Blanchard et al. 2002, Dommasnes et al. 2002), though they are
not run on an operational level.

1.5.5 Expected impact of ecosystem factors on stock dynamics

Evaluation of natural potential of cod stock biomass changes based on
temperature and capelin data

STOCOBAR long-term simulations show that impact of capelin on cod stock dynam-
ics is dependent on temperature and cod stock state (WD21). Using these simulations
the natural potential for changes in cod stock size may be identified based on temper-
ature conditions and the state of cod and capelin stocks in the Barents Sea. A table for
evaluating the level of natural potential for annual changes in fishable cod stock bio-
mass was produced based on the simulated data (Table 1.12).

According to Table 1.12 and available data on temperature, cod and capelin stocks
the potential for annual changes of cod fishable stock biomass in 2009 was low. The
same situations will be in 2010 and 2011 based on expected temperature and capelin
stock size. The resistance of cod stock to fishing pressure under these conditions will
be medium and this does not imply high contributions to cod stock dynamics from
capelin and temperature.

Prediction of NEA cod recruitment.

Several statistical models, which use multiple linear regressions, have been devel-
oped for recruitment of North East Arctic cod. All models try to predict recruitment
at age 3 (at 1 January), as calculated from the VPA, with cannibalism included. This
quantity is denoted as R3. A collection of the most relevant models for AFWG is de-
scribed below.

Stiansen et al. (2005) developed a model (JES1) with 2 year prediction possibility:
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JES1: R3~ Temp(-3) + Agel(-2) + MatBio(-2)
JES2: R3~ Temp(-3) + Age2(-1) + MatBio(-2)
JES3: R3~ Temp(-3) + Age3(0) + MatBio(-2)

Temp is the Kola yearly temperature (0-200m), Agel is the winter survey bottom
trawl index for cod age 1, and MatBio the maturing biomass of capelin. The number
in parenthesis is the time lag in years. Two other similar models (JES2, JES3) can be
made by substituting the term Agel(-2) with Age2(-1) and Age3(0), respectively (win-
ter survey bottom trawl index for cod age 2 and age 3, respectively), This gives 1 and
0 year predictions, respectively.

Svendsen et al. (2007) used a model (SV) based only data from the ROMS numerical
hydro-dynamical model, with 3 year prognosis possibility:

SV: R3~ Phyto(-3) + Inflow(-3)

Where Phyto is the modelled phytoplankton production in the whole Barents Sea and
Inflow is the modelled inflow through the western entrance to the Barents Sea in the
autumn. The number in parenthesis is the time lag in years. The model have not been
updated since 2007.

The recruitment model (TB) suggested by T. Bulgakova (AFWG 2005 WD14, WD9) is
a modification of Ricker’s model for stock-recruitment defined by:

TB: R3~ m(-3) exp[-SSB(-3) + N(-3)]

Where R3 is the number of age3 recruits for NEA cod, m is an index of population
fecundity, SSB is the spawning stock biomass and N is equal to the numbers of
months with positive temperature anomalies (TA) on the Kola Section in the birth
year for the year class. The number in parenthesis is the time lag in years. For the
years before 1998 TA was calculated relatively to monthly average for the period
1951-2000. For intervals after 1998, the TA was calculated with relatively linear trend
in the temperature for the period 1998-present. The model was run using two time
intervals (using cod year classes 1984-2000 and year classes 1984-2004) for estimating
the model coefficients. The models were not updated this year.

Titov (WD 22) and Titov et al. (WD 16 AFWG 2005) developed models with 1 to 4
year prediction possibility (TITOV1, TITOV2, TITOV3, TITOV4, respectively), based
on the oxygen saturation at bottom layers of the Kola section stations 3-7 (OxSat), air
temperature at the Murmansk station (Ta), water temperature: 3-7 stations of the Kola
section (layer 0-200m) (Tw), ice coverage in the Barents Sea (I), spawning stock bio-
mass (SSB), and the acoustic abundance of cod at age 1 and 2, derived from the joint
winter Barents Sea acoustic survey:

TITOVO: R3! ~DOxSat2(t-13)+ DOxSat(t-13)+ ITa(t-39) + Cod A3(t+1) + Tw(t-17)
TITOV1: R3!~DOxSat(t-13)+ DOxSat(t-13)+ ITa(t-39) +Cod A2(t-11) + Tw(t-17)
TITOV2: R32~DOxSat?(t-13) - DOxSat(t-13)+ ITa(t-39)+Cod Al(t-23) + Tw(t-17)
TITOV3: R3%- OxSati(t -44) +ITa(t -39) +1gCodC0(t-28)

TITOV4: R34~ OxSat? (t-44) + ITa(t -39) + SSB(t-36)

Where DOxSat(t-13)~ Exp(OxSat(t-13)) - OxSat(t-38), ITa(t-39) ~ I(t-39) +Ta(t—44). The
number in parenthesis is the time lag in months, relative to 1 January at age 3. The
ITa index coincides in time with the increase of horizontal gradients of water temper-
atures in the area of the Polar Front (Titov, 2001). Some changes were brought in 2009
(AFWG 2009 WD 12). New equation (TITOV0) was added, 0-group abundance indic-
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es, corrected for capture efficiency (CodC0) was entered instead of former indices in
TITOV3.

Hjermann et al. (2007) developed a model with a one year prognosis, which have been
modified by Dingser et al (WD 19) to four models with 1-2 year projection possibility.

H1: log(R3)~ Temp(-3) + 10g9(Age0)(-3) +BM coqz.6 /ABM capaiin(-2,-1)

H2: log(R3)~ Temp(-2) +(surv)+ Agel(-2) + BM coqz-6 /ABM capeiin (-2,-1)
H3: log(R3)~ Temp(-1) + Age2(-1) + BM coz-6 /ABM capaiin (-1)

H4: log(R3)~ Temp(-1) + Age3(0)

Temp is the Kola yearly temperature (0-200m), Age0 is the 0-group index of cod,
Agel, Age2 and Age3 are the winter survey bottom trawl index for cod age 1,2 and 3,
respectively, BMcwadss is the biomass of cod between age 3 and 6, and ABM is the ma-
turing biomass of capelin. The number in parenthesis is the time lag in years.

At AFWG 2008, Subbey et al. presented a comparative study (AFWG 2008 WD27) on
the ability of some of the above models in predicting stock recruitment for NEA cod
(Age 3). At the assessment meeting this year a WD by Dingser et al. (WD 19) was pre-
sented, which investigated the performance of some of the mentioned recruitment
models. Even though this work was well received by the working group it was de-
cided not to change the procedure this year. However, it was strongly recommended
that a Study Group should be appointed to look at criteria’s for choosing/rejecting
recruitment models suitable for use in stock assessment (see also chap 0.11).

The 2008 assessment agreed on using a combination of the best performing models
according to Subbey at (AFWG 2008 WD27) for the age 3 predictions, names the “hy-
brid” model. One-year-ahead prognoses was given by the hybrids (Titov1l, Titov3 and
JES1), two-year-ahead (Titov2, Titov 3 and JES1) and three-year-ahead (Titov3) for the
number of age 3 cod. Following the recommendation of the review group in 2008 this
procedure was also conducted in the 2009 assessment.

At the 2010 assessment the model JES 1 was removed from the hybrid for the 2010
estimate only, due to a low age 1 index and thereby the model being out of its valid
range for that prognosis year. Otherwise the hybrid model approach was similar to
last year.

Table 1.13 show the estimates of all the available models, along with last year esti-
mates.

Cannibalism mortality for cod

Currently AFWG estimates of cod natural mortality caused by cannibalism based on
data of the cod proportion in the cod diet is shown in Table 1.14. These data are used
for estimation of cod consumed by cod and further for estimation of its natural mor-
tality within the XSA (see section 3.4.2). Averaged natural mortality for last 3 years is
used as predicted M for next 4 years (section 3.7.1).

An alternative approach for prediction of NEA cod cannibalism was proposed by
Kovalev (2004), 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. Using this
approach the predicted natural mortality coefficient for cod, including cannibalism
for recent years, seems to be higher compared to “the standard” assessment and pre-
diction (Table 1.15). Because the mechanisms of cod SSB influence on the level of
own young natural mortality on age 3-4 years is unclear, and because of this relation-
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ship seems not to be in correspondence with observations over the last few years, the
assessment group decided that this approach should not to be used for prediction
before it will be further tested. Values for the years 2009 to 2012, predicted by the re-
gression, are given in the Table 1.15.

1.5.6 Fishery induced evolution

There is a vital need for the fisheries science community to maintain sustainable fi-
sheries ensuring the effective conservation, management and development of living
aquatic resources. The precautionary approach was proclaimed and applied within
the ICES community to meet (promote) these aims. This approach takes into account
uncertainties relating to the size and productivity of the stocks. Uncertainties relating
to fisheries induced evolution are most likely taken into consideration in case of a
proper implementation of precautionary approach into responsible fishery.

The Study Group on Fisheries Induced Adaptive Change (SGFIAC) proposed to
create evolutionary impact assessment (EvolA), quantifying the evolutionary effects
of management measures (ICES 2008/RMC:01; ICES 2009/RMC:03). It is a very com-
plicated but promising task given that commercial fishery could act as a selective fac-
tor resulting in evolutionary response of exploited populations.

The papers published by the SGFIAC Group members concern basically probabilistic
maturation reaction norms (PMRNs)  estimations for different commercial
stocks/species, and shift in cohort-specific PMRNSs interpreted as a genetic change at
the population level. It is rather difficult to test that findings directly as the genes as-
sociated with maturation have a polygenic nature. The strength and weakness of the
PMRNs approach were discussed in detail in Theme Session issue of the Marine
ecology progress series, 2007, vol. 335, 249- 310.

North east arctic cod stock demonstrates long-term trends in maturation as well as in
demography of the stock and weight at length of fish. The historical trends could be
caused both by genetic and plastic effects on maturation. Population density factors
and environmental conditions can contribute to feeding success resulting in changing
maturation rates in NEA cod for the time period investigated (Marshall and McA-
dam, 2007; Kovalev and Yaragina, 2009). The causes in a discontinuity of the decreas-
ing trend observed in length for 50% maturation probability in the beginning of the
80’s are unknown, but they are most likely non-genetic given that they occurred syn-
chronously across age-classes (Marshall and McAdam, 2007).

More research is needed to evaluate underlined mechanisms of population changes
including biological, physiological, ecological studies, not to mention genetic ones.

It takes a lot of time and efforts for the ICES community to implement the precautio-
nary approach into a scientific/management practice. It is likely to take some time
before the SGFIAC can evaluate and present some results applicable to test on real
management measures recommendations. AFWG considers it premature at present
to discuss any proposals of management measures (or reference points for fisheries
management) in terms of fisheries induced evolution. Dialogues with scientists of the
mentioned WG could also be carried out through the ICES Sharepoint.

Monitoring of the ecosystem (Figure 1.18, Tables 1.16-1.17)

Monitoring of the Barents Sea started already in 1900 (initiated by Nicolai Knipovich),
with regular measurement of temperature in the Kola section. In the last 50 years
regular observations of ecosystem components in the Barents Sea have been con-
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ducted both at sections and by area covering surveys from ship and airplanes. In ad-
dition, there are conducted many long and short time special investigations, designed
to study specific processes or knowledge gaps. Also, the quality of large hydro-
dynamical numeric models is now at a level where they are useful for filling observa-
tion gaps in time and space for some parameters. Satellite data and hindcast global
reanalysed datasets are also useful information sources.

1.6.1 Standard sections and fixed stations

Some of the longest ocean time series in the world are along standard sections (Figure
1.18) in the Barents Sea. The monitoring of basic oceanographic variables for most of
the sections goes back 30-50 years, with the longest time series stretching over one
century. In the last decades also zooplankton is sampled at some of these sections. An
overview of length, observation frequency and present measured variables for the
standard sections in the Barents Sea is given in Table 1.16.

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

1.6.2 Area coverage

Area surveys are conducted throughout the year. The number of vessels in each sur-
vey differs, not only between surveys but may also change from year to year for the
same survey. However, most surveys are conducted with only one vessel. It is not
possible to measure all ecosystem components during each survey. Effort is always
put on measuring as many parameters as possible on each survey, but available time
put restrictions on what is possible to accomplish. Also, an investigation should not
take too long time in order to give a synoptic picture of the conditions. Therefore the
surveys must focus on a specific set of parameters/species. Other measured parame-
ters may therefore not have optimal coverage and thereby increased uncertainty, but
will still give important information. An overview of the measured parame-
ters/species on each main survey is given in Table 1.16. Specific considerations for the
most important surveys are given in the following text.

Norwegian/Russian winter survey

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

Lofoten survey

The main spawning grounds of North East Arctic cod are in the Lofoten area. Echo-
sounder equipment was first used in 1935 to detect concentrations of spawning cod,
and the first attempt to map such concentrations was made in 1938 (Sund, 1938). Lat-
er investigations have provided valuable information on the migratory patterns, the
geographical distribution and the age composition and abundance of the stock.
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The current time series of survey data starts in 1985. Due to the change in echo
sounder equipment in 1990 results obtained earlier are not directly comparable with
later results. The survey is designed as equidistant parallel acoustic transects cover-
ing 3 strata (North, South and Vestfjorden). In most surveys previous to 1990 the
transects were not parallel, but more as parts of a zig-zag pattern across the spawning
grounds aimed at mapping the distribution of cod. Trawl samples are not taken ac-
cording to a proper trawl survey design. This is due to practical reasons. The spawn-
ing concentrations can be located with echosounder thus effectively reduce the
number of trawl stations needed. The ability to properly sample the composition of
the stock (age, sex, maturity stage etc.) is limited by the amount of fixed gear (gillnets
and longlines) in the different areas.

Norwegian coastal surveys

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

Joint ecosystem autumn survey

The survey is carried out from early August to early October, and covers the whole
Barents Sea. Four or five vessels are normally applied, three Norwegian and one or
two Russian. Most aspects of the ecosystem are covered, from physical and chemical
oceanography, primary and secondary production, fish (both young and adult stag-
es), sea mammals, benthos and birds. Many kinds of methods and gears are used,
water sampling, plankton nets, pelagic and demersal trawls, grabs and sledges,
acoustics, directs observations (birds and sea mammals). The survey has developed
from joint surveys on 0-group, capelin and juvenile Greenland halibut, through gen-
eral acoustic surveys including observations of physical oceanography and plankton,
gradually developing into the ecosystem survey carried out in recent years. The pre-
decessor of the survey dates back to 1972 and has been carried out every fall since.
From 2003 these surveys were called “ecosystem surveys”.

In 2009 not all components of the ecosystem were covered during the survey, and a
further reduction will probably take place in 2010; the coverage of e.g. Greenland ha-
libut will be less complete than in previous years. Also, the future of this ecosystem
survey is still undetermined.

Associated with this survey Russia also covers parts of the Northern Kara Sea during
autumn.
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Russian Autumn-winter trawl-acoustic survey

The survey is carried out in October-December, and cover the whole Barents Sea up
to the continental slope. Two Russian vessels are usually used. The survey has devel-
oped from a young cod and haddock trawl survey, started in 1946. The current trawl-
acoustic time series of survey data starts in 1984, targeting both young and adult
stages of bottom fish. The surveys include observations of physical oceanography
and meso- and macro-zooplankton.

Norwegian Greenland halibut survey

The survey is carried out in August, and cover the continental slope from 68 to 80°N,
in depths of 400-1500 m north of 70°30'N, and 400-1000 m south of this latitude. This
survey was run the first time in 1994, and is now part of the Norwegian Combined
survey index for Greenland halibut. This survey will not be conducted in 2010, and
its future design is being revised.

Russian young herring survey

This survey is conducted in May and takes 2-3 weeks. It is including also observa-
tions of physical oceanography and plankton. In 1991-1995 it was joint survey, since
1996 the survey is carried out only by PINRO.

1.6.3 Other information sources

Large 3D hydrodynamic numeric models for the Barents Sea are run at both IMR and
PINRO. These models have, through validation with observations, proved to be a
useful tool for filling observation gaps in time and space. The hydrodynamic models
have also proved useful for scenario testing, and for study of drift patterns of various
planktonic organisms.

Sub-models for phytoplankton and zooplankton are now implemented in some of the
hydrodynamic models. However, due to the present assumptions in these sub-
models care must be taken in the interpretation of the model results.

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

Aircraft surveys also are used for monitoring several physical parameters associated
with the sea surface as well as observations of mammals at the surface and estima-
tions of harp seal pup production in the White Sea.

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

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

Main conclusions

State and expected situation in the ecosystem (section 1.2)
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Climate

The air temperature was above the long-term mean during 2009.

The sea temperature in the Barents Sea is still high, and about the same
level as in 2008. There was an increase in the end of the year, with the
highest December temperature in the Kola section. In 2010 the temperature
is expected to further decrease, but still be higher than the long-term mean.

Salinity in 2009 is still high , and at about the same levels as in 2008

Inflow of Atlantic waters at the western entrance in 2009 was quite similar
to 2008; moderate during winter followed by a strong decrease in spring.
Data for second half of 2009 is not available.

Oxygen levels were about normal in 2009.

Ice extent in 2008 was less than normal, but more than in 2008. In 2010 ice
conditions is expected to be slightly less or around the long term mean.

Plankton and northern shrimp

Fish

The mesozooplankton biomass measured in August-September 2009 was
less compared to 2008, and below the long-term mean.

Abundance euphausiids (krill) in autumn and winter 2009 were close to
the level in 2008 in the western and northwestern areas and increased in
the centre, eastern and coastal areas. In total the abundance in 2010 is
slightly above the long-term mean.

The abundance of gelatinous zooplankton, caught by pelagic trawling,
show a lower abundance in 2009 compared to 2008.

The shrimp stock in the Barents Sea and Spitsbergen area in 2009 increased
compared to both 2007 and 2008.

Capelin stock size is at around average level, with a slight decrease from
last year. The survey estimate at age 1 of the 2008 year class is slightly be-
low the long-term mean. 0-group estimates indicate that the 2009 year class
is below average.

For young herring there are indications that the year classes 2005-2009 are
below average. Therefore the abundance of herring in the Barents Sea is
believed to be at a relatively low level in 2010.

Blue whiting is still at a very low level, with a slight increase from 2008.
The abundance is expected to remain low in 2009.

The polar cod stock is presently at a high level, similar to 2008.

Harp Seal

The decrease in the harp seal pup production in the White Sea has become
slower recently and even some slight increase has been observed, but it is
still at a low level.

Impact of fisheries on the ecosystem (section 1.3)

The most widespread gear is trawl.
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e The demersal fisheries are mixed, and currently have largest effect on
coastal cod and redfish due to the poor condition of these stocks.

e The pelagic fisheries are less mixed, and are weakly linked to the demersal
fisheries (however, by-catches of young pelagic stages of demersal species
have been reported in some pelagic fisheries)

e Trawling has largest effect on hard bottom habitats; whereas the effects on
other habitats are not clear and consistent.

e Work is currently going on exploring the possibility of using pelagic trawls
when targeting demersal fish. The purpose is to avoid impact on bottom
fauna and to reduce the mixture of other species. It will be mandatory to
use sorting grids to avoid catches of undersized fish.

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

Management improvement issues (section 1.4)

e Several methods, which take ecosystem information into account, are pres-
ently under development. These methods should in the future be valuable
for the improvement of the stock assessment and advice.

e According to STOCOBAR simulations there is a low probability to expect
any tendency of decline or increase in the fishable cod stock biomass in
2010 and 2011, based on predicted temperature and capelin stock size.

e The cod recruitment (age 3) in 2010 is expected to be low compared to the
long-term mean. In 2011 and 2012 it is expected to increase slightly, but
still be below the long-term mean.

Response to technical minutes

There were no specific comments from the review group to ecosystem consideration
chapter (Chapter 1).
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Table 1.1. 0-group abundance indices (in millions) with 95% confidence limits, not corrected for catching efficiency

Year Capelin Cod Haddock Herring Redfish

Abundance index | Confidence limit | Abundance index | Confidence limit | Abundance index | Confidence limit [ Abundance index | Confidence limit | Abundance index | Confidence limit
1980 197278 | 131674 262883 72 38 105 59 38 81 4 1 8 277873 0 701273
1981 123870 | 71852 175888 48 33 64 15 7 22 3 0 8 153279 0 363283
1982 168128 | 35275 300982 651 466 835 649 486 812 202 0 506 106140 | 63753 148528
1983 100042 | 56325 143759 3924 1749 6099 1356 904 1809 40557 | 19526 61589 172392 | 33352 311432
1984 68051 | 43308 92794 5284 | 2889 7679 1295 937 1653 6313 1930 10697 83182 | 36137 130227
1985 21267 1638 40896 15484 | 7603 23365 695 397 992 7237 646 13827 412777 | 40510 785044
1986 11409 98 22721 2054 1509 2599 592 367 817 7 0 15 91621 0 184194
1987 1209 435 1983 167 86 249 126 76 176 2 0 5 23747 | 12740 34755
1988 19624 3821 35427 507 296 718 387 157 618 8686 | 3325 14048 107027 | 23378 190675
1989 251485 | 201110 301861 717 404 1030 173 117 228 4196 | 1396 6996 16092 | 7589 24595
1990 36475 | 24372 48578 6612 | 3573 9651 1148 847 1450 9508 0 23943 94790 | 52658 136922
1991 57390 | 24772 90007 10874 | 7860 13888 3857 2907 4807 81175 | 43230 119121 41499 0 83751
1992 970 105 1835 44583 | 24730 64437 1617 1150 2083 37183 | 21675 52690 13782 0 36494
1993 330 125 534 38015 | 15944 60086 1502 911 2092 61508 | 2885 120131 5458 0 13543
1994 5386 0 10915 21677 | 11980 31375 1695 825 2566 14884 0 31270 52258 0 121547
1995 862 0 1812 74930 | 38459 111401 472 269 675 1308 434 2182 11816 | 3386 20246
1996 44268 | 22447 66089 66047 | 42607 89488 1049 782 1316 57169 | 28040 86299 28 8 47
1997 54802 | 22682 86922 67061 | 49487 84634 600 420 780 45808 | 21160 70455 132 0 272
1998 33841 | 21406 46277 7050 | 4209 9890 5964 3800 8128 79492 | 44207 114778 755 23 1487
1999 85306 | 45266 125346 1289 135 2442 1137 368 1906 15931 1632 30229 46 14 79
2000 39813 1069 78556 26177 | 14287 38068 2907 1851 3962 49614 | 3246 95982 7530 0 16826
2001 33646 0 85901 908 152 1663 1706 1113 2299 844 177 1511 6 1 10
2002 19426 | 10648 28205 19157 | 11015 27300 1843 1276 2410 23354 | 12144 34564 130 20 241
2003 94902 | 41128 148676 17304 | 10225 24383 7910 3757 12063 28579 | 15504 41653 216 0 495
2004 16701 2541 30862 19157 | 13987 24328 19144 | 12649 25638 133350 | 94873 171826 849 0 1766
2005 41808 | 12316 71300 21532 | 14732 28331 33283 | 24377 42190 26332 | 1132 51532 12332 631 24034
2006 166400 | 102749 230050 7860 | 3658 12061 11421 7553 15289 66819 | 22759 110880 20864 | 10057 31671
2007 157913 | 87370 228456 9707 | 5887 13527 2826 1787 3866 22481 4556 40405 159159 | 44882 273436
2008 288799 | 178860 398738 52975 | 31839 74111 2742 830 4655 15915 | 4477 27353 9962 0 20828
2009 189767 | 113154 266379 54579 | 37311 71846 13040 7988 18093 18916 | 8249 29582 66671 | 29636 103706

Mean 77706 19880 4040 28579 64744
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Table 1.1. (cont.).
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0-group abundance indices (in millions) with 95% confidence limits, not corrected for catching efficiency.

Year

Saithe

Gr halibut

Long rough dab

Polar cod (east)

Polar cod (west)

Abundance index

Confidence limit

Abundance index

Confidence limit

Abundance index

Confidence limit

Abundance index

Confidence limit

Abundance index

Confidence limit

1980 3 0 6 111 35 187 1273 883 1664 28958 9784 48132 9650 0 20622
1981 0 0 0 74 46 101 556 300 813 595 226 963 5150 1956 8345
1982 143 0 371 39 11 68 1013 698 1328 1435 144 2725 1187 0 3298
1983 239 83 394 41 22 59 420 264 577 1246 0 2501 9693 0 20851
1984 1339 407 2271 31 18 45 60 43 77 127 0 303 3182 737 5628
1985 12 1 23 48 29 67 265 110 420 19220 4989 33451 809 0 1628
1986 1 0 2 112 60 164 6846 4941 8752 12938 2355 23521 2130 180 4081
1987 1 0 1 35 23 47 804 411 1197 7694 0 17552 74 31 117
1988 17 4 30 8 3 13 205 113 297 383 9 757 4634 0 9889
1989 1 0 3 1 0 3 180 100 260 199 0 423 18056 2182 33931
1990 11 2 20 1 0 2 55 26 84 399 129 669 31939 0 70847
1991 4 2 6 1 0 2 90 49 131 88292 | 39856 136727 38709 0 110568
1992 159 86 233 9 0 17 121 25 218 7539 0 15873 9978 1591 18365
1993 366 0 913 4 2 7 56 25 87 41207 0 96068 8254 1359 15148
1994 2 0 5 39 0 93 1696 1083 2309 267997 | 151917 384078 5455 0 12032
1995 148 68 229 15 5 24 229 39 419 1 0 2 25 1 49
1996 131 57 204 6 3 9 41 2 79 70134 | 43196 97072 4902 0 12235
1997 78 37 120 5 3 7 97 44 150 33580 | 18788 48371 7593 623 14563
1998 86 39 133 8 3 12 27 13 42 11223 6849 15597 10311 0 23358
1999 136 68 204 14 8 21 105 1 210 129980 | 82936 177023 2848 407 5288
2000 206 111 301 43 17 69 233 120 346 116121 | 67589 164652 22740 | 14924 30556
2001 20 0 46 51 20 83 162 78 246 3697 658 6736 13490 0 28796
2002 553 108 998 51 0 112 731 342 1121 96954 | 57530 136378 27753 4184 51322
2003 65 0 146 13 0 34 78 45 110 11211 6100 16323 1627 0 3643
2004 1395 860 1930 70 28 113 36 20 52 37156 | 19040 55271 367 125 610
2005 55 36 73 9 4 14 200 109 292 6540 3196 9884 3216 1269 5162
2006 142 60 224 11 1 20 710 437 983 26016 9996 42036 2078 464 3693
2007 51 6 96 1 1 0 262 45 478 25883 8494 43273 2532 0 5134
2008 45 22 69 6 0 13 956 410 1502 6649 845 12453 91 0 183
2009 22 0 46 7 4 10 115 51 179 23570 9661 37479 21433 5642 37223
Mean 181 29 587 35898 8997




ICES AFWG REPORT 2010

Table 1.2. 0-group abundance indices (in millions) with 95% confidence limits, corrected for catching efficiency.

Capelin Cod Haddock Herring
Year | Abundance index | Confidence limit | Abundance index | Confidence limit | Abundance index | Confidence limit | Abundance index | Confidence limit
1980 740289 | 495187 985391 276 131 421 265 169 361 77 12 142
1981 477260 | 273493 681026 289 201 377 75 34 117 37 0 86
1982 599596 | 145299 1053893 3480 2540 4421 2927 | 2200 3655 2519 0 5992
1983 340200 | 191122 489278 19299 9538 29061 6217 3978 8456 195446 | 69415 321477
1984 275233 | 161408 389057 24326 | 14489 34164 5512 3981 7043 27354 3425 51284
1985 63771 5893 121648 66630 | 32914 100346 2457 1520 3393 20081 3933 36228
1986 41814 642 82986 10509 7719 13299 2579 1621 3537 93 27 160
1987 4032 1458 6607 1035 504 1565 708 432 984 49 0 111
1988 65127 | 12101 118153 2570 1519 3622 1661 630 2693 60782 | 20877 100687
1989 862394 | 690983 1033806 2775 1624 3925 650 448 852 17956 8252 27661
1990 115636 | 77306 153966 23593 | 13426 33759 3122 2318 3926 15172 0 36389
1991 169455 | 74078 264832 40631 | 29843 51419 13713 | 10530 16897 267644 | 107990 427299
1992 2337 250 4423 166276 | 92113 240438 4739 3217 6262 83909 | 48399 119419
1993 952 289 1616 133046 | 58312 207779 3785 2335 5236 291468 1429 581506
1994 13898 70 27725 70761 | 39933 101589 4470 2354 6586 103891 0 212765
1995 2869 0 6032 233885 | 114258 353512 1203 686 1720 11018 4409 17627
1996 136674 | 69801 203546 280916 | 188630 373203 2632 1999 3265 549608 | 256160 843055
1997 189372 | 80734 298011 294607 | 218967 370247 1983 1391 2575 463243 | 176669 749817
1998 113390 | 70516 156263 24951 | 15827 34076 14116 9524 18707 476065 | 277542 674589
1999 287760 | 143243 432278 4150 944 7355 2740 1018 4463 35932 | 13017 58848
2000 140837 6551 275123 108093 | 58416 157770 10906 6837 14975 469626 | 22507 916746
2001 90181 0 217345 4150 798 7502 4649 3189 6109 10008 2021 17996
2002 67130 | 36971 97288 76146 | 42253 110040 4381 2998 5764 151514 | 58954 244073
2003 340877 | 146178 535575 81977 | 47715 116240 30792 | 15352 46232 177676 | 52699 302653
2004 53950 | 11999 95900 65969 | 47743 84195 39303 | 26359 52246 773891 | 544964 1002819
2005 148466 | 51669 245263 72137 | 50662 93611 91606 | 67869 115343 125927 | 20407 231447
2006 515770 | 325776 705764 25061 | 11469 38653 28505 | 18754 38256 294649 | 102788 486511
2007 480069 | 272313 687825 42628 | 26652 58605 8401 5587 11214 144002 | 25099 262905
2008 995101 | 627202 1362999 234144 | 131081 337208 9864 1144 18585 201046 | 68778 333313
2009 673027 | 423386 922668 185457 | 123375 247540 33339 | 19707 46970 104233 | 31009 177458

Mean 266916 76659 11243 169164
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Table 1.2 (cont.). 0-group abundance indices (in millions) with 95% confidence limits, corrected for catching efficiency.

Saithe Polar cod (east) Polar cod (west)
Year | Abundance index | Confidence limit | Abundance index | Confidence limit | Abundance index | Confidence limit
1980 21 0 47 203226 69898 336554 82871 0 176632
1981 0 0 0 4882 1842 7922 46155 | 17810 74500
1982 296 0 699 1443 154 2731 10565 0 29314
1983 562 211 912 1246 0 2501 87272 0 190005
1984 2577 725 4430 871 0 2118 26316 6097 46534
1985 30 7 53 143257 39633 246881 6670 0 13613
1986 4 0 9 102869 16336 189403 18644 125 37164
1987 4 0 10 64171 0 144389 631 265 996
1988 32 11 52 2588 59 5117 41133 0 89068
1989 10 0 23 1391 0 2934 164058 | 15439 312678
1990 29 4 55 2862 879 4846 246819 0 545410
1991 9 14 823828 | 366924 1280732 281434 0 799822
1992 326 156 495 49757 0 104634 80747 | 12984 148509
1993 1033 0 2512 297397 0 690030 70019 | 12321 127716
1994 7 1 12 2139223 | 1230225 3048220 49237 0 109432
1995 415 196 634 6 0 14 195 0 390
1996 430 180 679 588020 | 368361 807678 46671 0 116324
1997 341 162 521 297828 | 164107 431550 62084 6037 118131
1998 182 91 272 96874 59118 134630 95609 0 220926
1999 275 139 411 1154149 | 728616 1579682 24015 3768 44262
2000 851 446 1256 916625 | 530966 1302284 190661 | 133249 248072
2001 47 0 106 29087 5648 52526 119023 0 252146
2002 2112 134 4090 829216 | 496352 1162079 215572 | 36403 394741
2003 286 0 631 82315 42707 121923 12998 0 30565
2004 4779 2810 6749 290686 | 147492 433879 2892 989 4796
2005 176 115 237 44663 22890 66436 25970 9987 41953
2006 280 116 443 182713 73645 291781 15965 3414 28517
2007 286 3 568 191111 57403 324819 22803 0 46521
2008 142 68 216 42657 5936 79378 619 25 1212
2009 62 0 132 168990 70509 267471 154687 | 37022 272351

Mean 520 291798 73411
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Table 1.3. The North-east arctic cod stock's consumption of various prey species in 1984-2009 (1000 tonnes), based on Norwegian consumption calculations.
Blue Long rough
Year Other Amphipods Krill Shrimp Capelin Herring Polar cod Cod Haddock Redfish G. halibut whiting dab Total
1984 479 27 113 436 722 78 15 22 50 364 0 0 24 2330
1985 1112 170 58 156 1621 183 3 32 47 225 0 1 41 3649
1986 606 1236 111 142 837 133 141 83 111 315 0 0 55 3769
1987 671 1085 67 191 229 32 206 25 4 324 1 0 9 2844
1988 401 1237 318 129 339 8 92 9 3 223 0 4 5 2769
1989 656 800 241 131 572 3 32 8 10 228 0 0 57 2739
1990 1343 137 85 195 1609 7 6 19 15 243 0 87 95 3842
1991 760 65 76 188 2891 8 12 26 20 312 7 10 270 4646
1992 907 102 158 373 2457 331 97 55 106 188 20 2 93 4889
1993 751 253 714 315 3033 163 278 285 71 100 2 2 26 5994
1994 625 563 704 518 1085 147 582 224 49 79 0 1 39 4614
1995 845 982 516 362 628 115 254 371 116 193 1 0 34 4417
1996 599 631 1158 341 538 47 104 536 69 97 0 10 34 4164
1997 443 382 519 316 907 5 113 338 41 36 0 33 14 3146
1998 411 363 455 325 714 86 151 155 33 9 0 13 15 2730
1999 378 145 271 250 1720 128 220 62 26 16 1 31 7 3255
2000 385 167 464 450 1727 53 194 76 51 8 0 38 18 3633
2001 685 172 376 277 1722 71 250 66 49 6 1 151 29 3853
2002 362 9% 261 232 1934 86 270 108 123 1 0 224 15 3713
2003 548 282 529 240 2157 214 272 114 168 3 0 74 48 4649
2004 671 679 318 247 1296 196 338 122 193 3 12 74 62 4212
2005 685 411 521 264 1238 187 354 116 342 2 3 111 46 4282
2006 780 169 957 313 1511 201 118 70 361 15 1 122 104 4721
2007 1141 293 935 373 1881 272 228 94 355 40 1 39 61 5712
2008 1384 146 787 316 2443 102 476 182 303 55 11 29 90 6325
2009 1250 159 427 211 2762 219 478 175 295 35 1 5 91 6109
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Table 1.4. The North-east arctic COD stock's consumption of various prey species in 1984-2009 (1000 tonnes), based on Russian consumption calculations.
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9 = 2
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8 el s T S 5 S T = z & 3 3 5 5 e
1984 93 31 351 33 592 17 13 50 5 1 195 51 0 269 286 1988
1985 30 432 202 24 989 0 98 34 18 15 97 23 0 519 198 2679
1986 57 860 148 47 807 159 28 103 3 27 158 24 1 372 170 2962
1987 69 508 201 8 162 105 27 2 10 15 118 6 0 268 188 1686
1988 209 169 118 19 292 0 20 93 0 0 127 20 0 239 242 1545
1989 167 290 104 4 680 34 34 2 0 0 158 56 0 201 248 1977
1990 101 30 270 64 1254 8 21 16 39 15 232 79 0 101 167 2396
1991 54 83 287 28 3286 44 52 22 7 6 144 46 6 132 158 4354
1992 213 38 263 374 2021 191 84 38 0 77 121 44 1 295 418 4175
1993 186 177 223 177 2791 171 147 153 4 25 41 48 5 160 384 4691
1994 362 298 472 105 1303 492 391 72 1 2 56 40 0 100 353 4046
1995 396 465 550 192 691 203 557 130 0 1 113 53 3 169 356 3878
1996 973 361 200 76 478 79 473 60 9 37 71 47 0 470 175 3509
1997 386 85 207 54 523 110 409 35 3 0 37 33 2 97 399 2380
1998 615 205 265 70 852 129 129 23 23 18 15 19 0 53 226 2641
1999 454 77 242 74 1402 165 48 14 25 1 13 8 0 58 107 2688
2000 413 111 367 48 1662 157 57 29 26 8 4 20 0 36 181 3119
2001 418 74 308 88 1433 140 59 49 137 29 4 31 2 145 190 3106
2002 309 45 198 55 2330 281 100 77 102 3 4 17 0 44 170 3734
2003 240 140 213 144 1155 204 127 323 26 5 1 38 0 87 270 2974
2004 350 378 243 122 1046 350 83 151 48 20 7 58 15 179 267 3317
2005 543 135 226 170 962 318 114 275 68 42 7 45 2 162 203 3272
2006 887 62 210 239 1186 108 95 268 104 86 17 95 1 92 333 3781
2007 860 153 280 259 1408 239 73 319 33 21 22 65 1 194 376 4304
2008 617 36 229 102 2324 498 138 333 16 16 42 109 13 301 416 5191
2009 511 105 199 158 2380 575 115 306 7 82 27 185 0 133 510 5293
Mean 366 206 253 105 1308 184 134 114 27 21 70 48 2 188 269 3296
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Table 1.5. Consumption per cod by cod age group (kg/year), based on Norwegian consumption calculations.

Year/Age 1 2 3 4 5 6 7 8 9 10 11+
1984 0.247 0.814 1.684 2.513 3.948 5.203 7.973 8.486 9.139 9.867 9.941
1985 0.304 0.761 1.829 3.101 4.671 7.357 11.172 11.892 12.416 13.660 13.773
1986 0.160 0.488 1.347 3.158 5.604 6.834 10.989 11.899 12.701 13.461 13.694
1987 0.219 0.601 1.275 2.055 3.537 5.457 7.044 8.111 8.922 9.343 9.295
1988 0.164 0.703 1.149 2.148 3.744 5.875 10.096 11.218 12.570 13.122 13.345
1989 0.223 0.716 1.606 2.705 3.973 5.601 7.648 8.464 9.559 10.156 10.599
1990 0.363 0.905 1.889 3.027 4.156 5.323 6.249 6.666 6.698 7.039 7.675
1991 0.293 0.969 2.168 3.500 5.281 7.026 9.392 10.154 11.200 12.239 11.886
1992 0.215 0.663 2.095 3.133 4.142 5.093 7.832 8.965 9.352 10.071 10.115
1993 0.112 0.528 1.546 3.044 4.809 6.285 9.421 11.239 11.763 12.253 12.876
1994 0.130 0.408 0.922 2.521 3.504 4.511 6.396 8.846 9.672 9.977 10.176
1995 0.103 0.296 0.921 1.840 3.361 5.252 7.697 10.405 12.333 12.734 13.180
1996 0.108 0.356 0.929 1.847 3.068 4.429 7.381 11.143 14.702 14.876 15.265
1997 0.140 0.319 0.940 1.768 2.710 3.536 5.253 8.149 12.582 13.484 13.091
1998 0.117 0.397 0.983 1.942 2.923 4.186 5.746 8.061 11.339 11.850 11.903
1999 0.163 0.505 1.093 2.717 3.717 5.442 6.965 9.179 11.004 12.007 12.109
2000 0.170 0.499 1.243 2.461 4.252 5.651 7.951 9.364 12.485 13.258 13.299
2001 0.171 0.456 1.309 2.439 3.682 5.294 7.523 11.085 13.422 14.117 14.434
2002 0.199 0.551 1.167 2.441 3.380 4.719 6.357 9.039 10.224 11.538 10.921
2003 0.207 0.653 1.312 2.390 3.995 5.946 8.411 10.405 12.786 13.397 14.343
2004 0.194 0.474 1.280 2.529 3.882 5.588 7.323 11.213 16.665 18.557 17.980
2005 0.194 0.653 1.376 2.592 3.918 5.588 7.182 9.771 13.090 14.012 14.784
2006 0.181 0.595 1.589 2.796 4.185 5.870 7.482 11.255 13.695 14.692 15.613
2007 0.213 0.621 1.742 3.178 4.704 6.231 7.802 9.621 12.636 13.223 13.808
2008 0.189 0.665 1.460 3.047 4.336 6.667 8.135 10.842 14.166 14.673 14.883
2009 0.182 0.586 1.414 2.888 4.568 5.789 8.074 10.195 12.252 13.203 13.286

Average 0.191 0.584 1.396 2.606 4.001 5.564 7.822 9.835 11.821 12.589 12.780
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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 5913 6.477 8.156 9.766 11.455 12.500 13.577 14.772
1987 0.145 0.431 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 16.960 18.230 19.202
1996 0.170 0.498 1.028 1916 3.075 4.189 6.987 10.212 12.185 13.426 14.581 16.214 16.876
1997 0.119 0.341 0.992 1.908 2.668 3.503 4.954 7.980 12.174 21.523 20.666 21.822 24.237
1998 0.232 0.528 1.081 2.016 2.823 4.089 5.469 7.346 9.586 13.012 14.455 15.579 16.201
1999 0.261 0.431 1.128 2.490 3.676 5.222 6.398 8.220 9.194 13.364 15.325 16.918 17.567
2000 0.186 0.545 1.288 2.551 4.387 6.559 8.833 10.483 11.522 15.132 17.155 19.717 20.514
2001 0.150 0.413 1.163 2.110 3.430 5.571 6.835 10.233 12.457 15.130 17.374 19.322 20.559
2002 0.252 0.677 1.303 2.699 3.847 5.591 7.846 10.796 13.238 18.787 17.902 20.202 21.207
2003 0.228 0.618 1.296 2.028 3.547 4.716 6.684 8.905 13.418 14.492 19.540 19.239 20.036
2004 0.250 0.654 1.412 2.567 3.857 5.660 7.730 11.126 15.907 20.770 21.687 24.852 25.892
2005 0.255 0.687 1.514 2.504 3.896 5.264 7.192 9.395 13.163 15.981 22.656 23.387 24.181
2006 0.354 0.921 1.833 2.763 3.986 5.317 7.396 10.202 12.762 16.462 21.563 25.940 26.875
2007 0.234 0.666 1.803 3.018 4.295 5.810 7.444 9.017 11.754 15.961 20.903 25.154 26.064
2008 0.223 0.706 1.641 2.881 4.071 6.006 7.705 10.317 13.471 17.596 22.968 27.431 27.328
2009 0.217 0.627 1.503 2.542 4.266 5.530 7.617 10.986 13.258 15.637 21.532 25.632 25.586
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Table 1.7. Capelin stock history from 1973-present. M output biomass is the estimated biomass of

capelin removed from the stock by natural mortality.

Year Total stock Total stock Maturing biomass M output biomass
number, billions biomass in 1000 in 1000 tonnes (MOB) during year
(Oct. 1) tonnes (Oct. 1) (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 94 982
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 3195
2004 82 628 293 812
2005 42 324 174 817
2006 88 787 437 733
2007 280 1885 836 2033
2008 570 4426 2468 3285
2009 352 3756 2322 *

* M output biomass is not calculated for 2009
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Table 1.8. Diet composition of main fish species in 2005, % by weight (Data from Dolgov, WD 28
and WD 29, AFWG 2006)

PREDATORS SPECIES

PREY SPECIES Cod | haddock | Greenland | Thorny | Long | Saithe Blue
(3+) halibut skate | rough whiting
dab
Euphausiidae 52 21,7 0,4 0,8 0,1 24,4 44,4
Hyperiidae 4,1 0,2 3,8 0 0 0,3 18,2
Cephalopoda 0 0 2,1 0 0 0 0
Pandalus borealis 4,6 1,2 1,4 15,8 1,4 0,2 1,4
Echinodermata 0 24,1 0 0 4,7 0 0
Mollusca 0 7,9 0 0 3,6 0 0
Polychaeta 0 9,2 0 472 2,9 0 0
Cod 45 04 0,2 0 0,5 0,3 1,7
Herring 8,9 0,2 1,3 0,5 0,6 3,0 0
Capelin 11,6 2,1 8,7 30,8 17,5 54,9 0,9
Haddock 10,7 0,2 6,6 0,6 10,1 8,0 0
Polar cod 10,4 0 16,5 0 11,6 0,2 47
Blue whiting 4.8 0 2,6 0 0] 0 0
Greenland halibut 0,2 0 1,4 0 0] 0] 0
Redfish 04 0 0,1 0 0 0 0
Long rough dab 1,8 0,1 4,8 2,9 0] 0] 0
Other fish 23,6 3,7 31,9 31,6 7,8 7,0 25,5
Other food 8,9 22,4 0,3 7,9 7,2 0 2,6
Fishery waste 0 4,1 17,7 49 31,4 0,9 0
Undetermined 0 2,4 0,2 14 0,7 0,5 0,3
Total number of 12209 7078 5223 432 2221 776 575
stomachs
Percentage of empty 28,9 21,1 71,5 23,8 54,4 34,1 33,4
stomachs
Average filling degree 1,7 1,6 0,7 1,9 1,1 1,6 1,7
Mean index of stomach 213,8 110,5 84,4 182,7 139,0 116,3 111,2
fullness
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Table 1.9. Annual consumption by minke whale and harp seal (thousand tonnes). The figures for
minke whales are based on data from 1992-1995, while the figures for harp seals are based on data

for 1990-1996.

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

Capelin 142 23 812
Herring 633 394 213
Cod 256 298 101
Haddock 128 47 1
Krill 602 550 605
Amphipods 0 304 3132
Shrimp 1 1
Polar cod ! 880 608
Other fish 55 622 406
Other crustaceans 0 356 312
Total 1817 3491 3371

1the prey species is included in the relevant ‘other’ group for this predator.
prey sp group P

2 only Parathemisto
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Table 1.10. Description of the fisheries by gears. The gears are abbreviated as: trawl roundfish (TR), trawl shrimp (TS), longline (LL), gillnet (GN), handline
(HL), purse seine (PS), Danish seine (DS) and trawl pelagic (TP). The regulations are abbreviated as: Quota (Q), mesh size (MS), sorting grid (SG), minimum
catching size (MCS), maximum by-catch of undersized fish (MBU), maximum by-catch of non-target species (MBN), maximum as by-catch (MB), closure of areas
(O), 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).

SPECIES DIRECTED TYPE OF LANDINGS IN AS BY-CATCH LOCATION AGREEMENTS AND
FISHERY BY GEAR FISHERY 20084 (TONNES) IN FLEET(S) REGULATIONS
Capelin PS, TP seasonal 10 0008 TR, TS Northern coastal areas to south of 74°N Bilateral agreement,
Norway and Russia
Coastal cod GN, LL, HL, all year 25 777¢ TS, PS, DS, Norwegian coast (inside 12 naut.miles) north of | Q, MS, MCS, MBU,
DS TP 62°N MBN, C, RS, RA
NEA Cod TR, GN, LL, all year 464 171¢ TS, PS, TP, North of 62°N, Barents Sea, Svalbard Q, MS, SG, MCS, MBU,
HL DS MBN, C, RS, RA
Wolffish LL all year 11 355 TR, (GN), North of 62°N, Barents Sea, Svalbard Q, MB
(HL)
Haddock TR, GN, LL, all year 155 604 TS, PS, TP, North of 62°N, Barents Sea, Svalbard Q, MS, SG, MCS, MBU,
HL DS MBN, C, RS, RA
Saithe PS, TR, GN seasonal 183 443 TS, LL, HL, Coastal areas north of 62°N, southern Barents Q, MS, SG, MCS, MBU,
DS, TP Sea MBN, C, RS, RA
Greenland LL, GN seasonal 13 144 TR Deep shelf and at the continental slope Q, MS, RS, RG, MBH,
halibut MBL
Sebastes No directed all year 13 860 TR Pelagic in the Norwegian Sea, and as bycatch C, SG, MB
mentella fishery on the deep shelf and the continental slope
Sebastes GN, LL, HL all year 6 300 TR Norwegian coast and southwestern Barents Sea | SG, MB MCS, MBU, C
marinus
Shrimp TS all year 21 053 Svalbard, ED, EF, SG, C, MCS
Barents Sea, Coastal north of 62°N

A Provisional figures

B On a research quota
C The total cod catch north of 62°N (480,814 t) is the sum of the NEA cod catch given in the table above (464,171 t) and the total cod catches between 62°N and 67°N for the
whole year and between 67°N and 69°N for the second half of the year (16,643 t).
D The directed fishery for wolffish is mainly in ICES area IIb and the Russian EEZ, and the regulations are mainly restricted to this fishery

E Norwegian and Russian landings

F The only directed fishery for Greenland halibut is by a limited Norwegian fleet, comprising vessels less than 28 m.
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Table 1.11. Flexibility in coupling between the fisheries. Fleets and impact on the other species (H, high, M, medium, L, low and 0, nothing). The table below the
diagonal indicates what gears couples the species, and the strength of the coupling is given above the 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 Haddock Saithe Wolffish S. mentella | S. marinus Gre:enland Capelin Shrimp
cod halibut
M-H
H H H M M M M L e
juvenile cod
TR, PS, GN,
Coastal cod LL HL, DS H L L M-L L 0-L L
TR, PS, GN M-
Haddock o " | GN,LL, H M M M L 0-L juvenile
LL, HL, DS
HL, DS haddock
TR, PS
TR, PS, GN i TR, PS, GN
Saithe T " | GN,LL, i ’ L M 0 0 0
LL, HL, DS HL, DS LL, HL, DS
. TR, GN, LL, | TR,GN, TR, GN, LL, | TR, GN, LL, M juvenile
Wolifish HL LL, HL HL HL M M M 0 wolffish
H H
S. mentella TR TR TR TR TR M H juvenile juvenile
Sebastes Sebastes
S. marinus TRGN,LL | TRGN,LL | TRGN,LL | TRGN TR, LL L 0 L-Mjuvenile
Sebastes
Greenland TR, GN, TR, GN, TR, GN, M-H
halibut LL,DS TRGN, LL LL,DS LL,DS TR, LL R = juvenile
. TR, PS, TS, TR, PS, TS,
Capelin TP PS, TP TP PS TP TP TP None
Shrimp TS TS TS TS TS TS TS TS
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Table 1.12. The averaged annual relative changes (%) of cod fishable stock biomass under various
combinations of cod stock size, capelin stock size and water temperature according to STOCO-
BAR long-term simulations (the harvesting strategy is based on Fpa=0,5, Bpa=460 thousand
tonnes). Different colours denotes different natural potential of cod to stock changes: red is high
potential to stock decline, yellow is low potential to stock change, and red is high potential to
stock increase.

Cod FSB* averaged | Capelin stock biomass, millions t
Temperature | for 3 previous

,Co years, millions t <1 1-3 3-5 >5
<1,4 B |- 4,90 5,60

<36C° 14-18 AL60 | 7,28 -3,89 2,98
>18 1689 | 12,56 7,94 3,61
<14 1,17 5,14 12,82 15,99

s6_aace | A1 BB | 3% 2,91 6,72
>1,8 ;1224 | -852 -5,24 -0,27
<14 377 | 4 16,78 20,94

42 C°
- 1,4-1,38 253 | 1,36 8,34 16,96

>1,8 -3,62 -0,95 1,25 1,31

*Fishable stock biomass
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Table 1.13. Overview of available prognoses of NEA cod recruitment (in million individuals of
age 3) from different models (sections 1.4.5) together with the 2009 assessment estimates (ICES

AFWG 2009 Table 1.12).
Model Prognostic | Updated 2010 2011 2012 2013
years Prognoses | Prognoses | Prognoses | prognoses
Titov0 0 At assessment 480
Titovl 121 At assessment 518* 470
Titov2 2 At assessment 451 323*
Titov3 3 At assessment 250* 276* 484*
Titov4 4 At assessment 425 362 780 946
TB (1984- 3
2000) Last year assessment | 632 553
TB (1984- 3
2004) Last year assessment | 627 551
JES1 237 At assessment 378 797+ 827
JES2 12?2 At assessment 714 669
JES3 0(1? At assessment
568

H1 2 At assessment 890 889
H2 2 At assessment 566 636
H3 1 At assessment 500
H4 1 At assessment 475
RCT3 3 At t

assessmen 289 558 675
2010
Hybrid
Model
(Assessment
2009) Last year assessment | 487 184
Hybrid At assessment 484
model
(Assessment
2010) 384 465

1 Based on calculation of data from 2010.

2 Based on prognosis estimate of capelin maturing biomass for October 1 2010, thereby allowing for an

additional year.

* Models that are used in the Hybrid model at the 2010 assessment
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Table 1.14. Proportion of cod in the diet of cod, based on Norwegian consumption calculations.

Cod (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 0.0328 0.0359 0.0367 0.0390 0.0374
1985 0.0015 0.0009 0.0014 0.0017 0.0314 0.0076 0.0827 0.0834 0.0842 0.0847 0.0853
1986 0.0000 0.0022 0.0015 0.0004 0.0130 0.1761 0.1767 0.1766 0.1762 0.1757 0.1748
1987 0.0000 0.0000 0.0007 0.0051 0.0103 0.0246 0.0377 0.0400 0.0418 0.0405 0.0436
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 0.0035 0.0035 0.0040 0.0038 0.0041
1990 0.0000 0.0000 0.0000 0.0012 0.0017 0.0019 0.0268 0.0268 0.0268 0.0268 0.0268
1991 0.0000 0.0005 0.0000 0.0003 0.0032 0.0020 0.0224 0.0232 0.0235 0.0239 0.0241
1992 0.0000 0.0021 0.0037 0.0129 0.0250 0.0475 0.0120 0.0159 0.0232 0.0232 0.0230
1993 0.0000 0.0413 0.0368 0.0515 0.0536 0.1156 0.0498 0.0801 0.0801 0.0801 0.0805
1994 0.0000 0.0038 0.0917 0.0347 0.0285 0.0784 0.1247 0.1339 0.2617 0.2634 0.2608
1995 0.0069 0.0811 0.0745 0.0802 0.0925 0.1123 0.1389 0.2533 0.2553 0.2561 0.2574
1996 0.0000 0.1493 0.2549 0.2060 0.1322 0.1267 0.1850 0.2082 0.2459 0.2471 0.2465
1997 0.0000 0.0704 0.0767 0.1140 0.1552 0.1554 0.2329 0.2267 0.2882 0.2815 0.2832
1998 0.0000 0.0135 0.0272 0.0418 0.1041 0.0981 0.1081 0.1492 0.2758 0.2767 0.2778
1999 0.0000 0.0000 0.0049 0.0137 0.0148 0.0338 0.0620 0.1117 0.1937 0.1940 0.1840
2000 0.0000 0.0000 0.0286 0.0147 0.0134 0.0266 0.0499 0.0566 0.2757 0.2726 0.2738
2001 0.0000 0.0158 0.0116 0.0082 0.0131 0.0241 0.0496 0.0381 0.3294 0.3264 0.3301
2002 0.0000 0.0387 0.0591 0.0142 0.0187 0.0285 0.0359 0.0627 0.1603 0.1575 0.1581
2003 0.0000 0.0193 0.0198 0.0199 0.0206 0.0188 0.0456 0.1043 0.2257 0.2281 0.2269
2004 0.0230 0.0223 0.0294 0.0214 0.0184 0.0294 0.0391 0.0710 0.1059 0.1056 0.1061
2005 0.0000 0.0261 0.0229 0.0258 0.0155 0.0241 0.0487 0.0830 0.1688 0.1667 0.1693
2006 0.0000 0.0051 0.0007 0.0130 0.0285 0.0124 0.0397 0.0316 0.0841 0.0845 0.0834
2007 0.0000 0.0000 0.0010 0.0108 0.0137 0.0314 0.0336 0.0724 0.1518 0.1543 0.1504
2008 0.0000 0.0821 0.0243 0.0068 0.0089 0.0110 0.0820 0.1004 0.1223 0.1212 0.1198
2009 0.0238 0.0376 0.0353 0.0227 0.0137 0.0147 0.0250 0.0981 0.0918 0.0920 0.0919
Average 0.0021 0.0236 0.0312 0.0278 0.0339 0.0474 0.0673 0.0881 0.1437 0.1434 0.1432
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Table 1.15. Cannibalism mortality in cod.

Year Matage3 | Matage4
by regression

2009 0.40 0.27

2010 0.43 0.28

2011 0.46 0.29

2012 0.64 0.36
values used in assessment

2010-2012 | 0.3335 0.227
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Table 1.16. Overview of the standard sections monitored by IMR and PINRO in the Barents Sea,
with observed parameters. Parameters are: T-temperature, S-Salinity, N-nutrients, chla-
chlorophyll, zoo-zooplankton, O-oxygen.

SECTION INSTITUTION TIME PERIOD OBSERVATION PARAMETERS
FREQUENCY

Fugloya-Bear IMR 1977-present 6 times pr year T,5,N,chla,zoo

Island

North cape-Bear | PINRO 1950’s-present yearly 1,5

Island

Bear Island-East | PINRO 1950’s-present yearly T,5

Varde-North IMR 1977-present 4 times pr year T,5,N,chla

Kola PINRO 1921-present monthly T,5,0,N

Kanin PINRO 1950’s-present yearly T,S

Sem Islands IMR 1970’s-present Intermittently* T,S

* The Sem Island section is not observed each year, and have not been observed the last 3-4 years.
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Table 1.17. Overview of conducted monitoring surveys by IMR and PINRO in the Barents Sea, with observed parameters and species.
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For zooplankton, mam-

mals and benthos abundance and distribution for many species are investigated. Therefore, in the table it is only indicated whether sampling is conducted. Cli-
mate and phytoplankton parameters are: T-temperature, S-Salinity, N-nutrients, chla-chlorophyll.

SURVEY INSTITUTION PERIOD CLIMATE PHYTO- ZOO-PLANKTON JUVENILE FISH TARGET FISH | MAMMALS BENTHOS
PLANKTON STOCKS
Winter Joint Feb-Mar T,S N, chla intermittent All commercial | Cod, Haddock - -
species and
some
additional
Lofoten IMR Mar-Apr T,S - - Cod, haddock, | - -
saithe
Ecosystem Joint Aug-Oct T,S N,chla Yes All commercial | All commercial | Yes Yes
survey species and | species and
some some
additional additional
Norwegian IMR Oct-Nov | T,S N,chla Yes Herring, sprat, | Saithe, - -
coastal demersal coastal cod
surveys species
Autumn- PINRO Oct-Des T,S - Yes Demersal Demersial - -
winter trawl- species species
acoustic
survey
Norwegian IMR Aug - - - - Greenland - -
Greenland halibut, redfish
halibut survey
Russian young | PINRO May TS Yes Herring - -

herring survey
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Figure 1.1. The main features of the circulation and bathymetry of the Barents Sea.
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Figure 1.2. Temperature (upper) and salinity (lower) anomalies in the 50-200 m layer of the
Fugleya-Bear Island section (left) and the Varde-North section (right).
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Figure 1.3. Monthly temperature anomalies in the 0-200 m layer of the Kola Section in 2008 (black
dots) and 2009 (red bars). St. 1-3 — Coastal waters, St. 3-7 — Murman Current (Anon., 2010).
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Figure 1.4. Bottom temperature anomalies in the Barents Sea in August-September 2009 (Anon.,
2010).
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Figure 1.5. Observed Atlantic Water volume flux through the Fugleya-Bear Island section esti-
mated from current meter moorings. Three months (blue line) and 12-months (red line) running
means are shown.
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Figure 1.6. Ice extent anomalies in the Barents Sea in 1982-2009 (Anon., 2010). The blue line shows
monthly values, the red one — 11-month moving average values.
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Zooplankton biomass distribution in 2009 - combined Wp2 and Juday
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Figure 1.7. Horizontal distribution of zooplankton in 2009 (g m? of dry weight from bottom-0 m).
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Figure 1.8. The mean abundance of euphausiids in the north-western and western areas of the
Barents Sea in 2008 and 2009.
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Pelagic fish abundance in the Barents Sea
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Figure 1.9. Biomass of pelagic fish species in the Barents Sea. Data are taken from; capelin: Acous-
tic estimates in September, age 1+ (ICES AFWG 2010), herring: VPA estimates of age 1 and 2 her-
ring (ICES C.M. 2009/ACOM:12), using standard weights at age (9g for age 1 and 20g for age 2);
polar cod and blue whiting: Acoustic estimates in September, age 1+ (Anon. 2010), 0-group: esti-
mates of biomass of cod, haddock, herring and capelin 0-group, corrected for catching efficiency
(Eriksen et al. 2010).
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Figure 1.10. Biomass of demersal fish species in the Barents Sea. Data are taken from; cod: VPA
estimates, age 3+ (ICES AFWG 2010); haddock: VPA estimates, age 3+ (ICES, 2010); Greenland
halibut: VPA estimates, age 5+ (ICES, 2007); Sebastes mentella: VPA estimates, age 6+ (ICES, 1995
for the years 1968-1990; ICES, 2003 for the years 1991-2002).
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Figure 1.11a. Time series of annual average fishing mortalities for Northeast Arctic cod (time
period 1946-2009, average for ages 5-10), Northeast Arctic saithe (time period 1960-2009, average
for ages 4-7), coastal cod (1984-2009, average for ages 4-7), Northeast Arctic haddock (time period
1950-2009, average for ages 4-7), Greenland halibut (time period 1964-2009, average for ages 6-10)
and Sebastes marinus (time period 1990-2009, average for ages 12-19).
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Figure 1.11b. Left panel - annual fishing mortalities of the Northeast Arctic cod, haddock and
saithe stocks relative to the critical levels above which the fishing mortality will impair the re-
cruitment. Right panel - annual fishing mortalities of Golden redfish (Sebastes marinus) and
Greenland halibut (Reinhardtius hippoglossoides) relative to the proposed maximum levels above
which the fishing mortality over time most probably will impair the recruitment.
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Figure 1.12. Pair-wise plots of annual average fishing mortalities (above diagonal) and landings (below
diagonal) for overlapping time periods for Northeast Arctic cod (time period 1946-2009, average for ages
5-10), Northeast Arctic haddock (time period 1950-2009, average for ages 4-7), Northeast Arctic saithe
(time period 1960-2009, average for ages 4-7), coastal cod (1984-2009, average for ages 4-7), Greenland
halibut (time period 1964-2009, average for ages 6-10) and Sebastes marinus (time period 1990-2009,
average for ages 12-19). The correlation and the corresponding pvalue are given in the legend.
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Figure 1.13. Relative distribution by weight of cod, haddock, saithe, Greenland halibut, golden
redfish (Sebastes marinus), beaked redfish (Sebastes mentella) and other species taken by Russian
bottom trawl in 2009 per main area for the Russian strata system.
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Figure 1.14. Relative distribution by weight of Norwegian catches of cod, haddock, and saithe per

main area for the Norwegian strata system.
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Figure 1.15. The Russian catch of cod, haddock, saithe, Greenland halibut, Sebastes marinus, Se-
bastes mentella and other species taken by bottom trawl by main statistical areas in 2009, thou-
sand tonnes. The statistical areas correspond to the areas shown in Figure 1.13.
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Figure 1.16. The Norwegian catch of cod, haddock and saithe by main statistical areas in 2009,
thousand tonnes. The statistical areas correspond to the areas shown in Figure 1.14.
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Figure 1.17. Upper panel - gear composition of the Norwegian groundfish (2007; left) and pelagic
capelin (2000-2008; right) fisheries in the Northeast Arctic. Note that the purse seine in the
groundfish fishery is solely used in a coastal fishery for saithe. Lower panel - gear composition of
the Russian groundfish (2007; left) and pelagic capelin (2000-2008; right) fisheries in the Northeast
Arctic.
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Figure 1.18. Positions of the standard sections monitored in the Barents Sea. A is fixed station
Ingay, B is Fugleya-Bear Island, C is North cape-Bear Island, D is Varde-North, E is Kola, F is
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Cod in subareas | and Il (Norwegian coastal waters)

2.1

Type of assessment: The schedule says “Update”, but several revisions are presented.
The main reason for the revisions has been to have some additional basis for evaluat-
ing the proposed rebuilding plan.

A new catch series for recreational and tourist fisheries is presented and added to the
commercial catch. The combined data series is found to fit better with the survey, us-
ing stock dependent catchability for ages 2 and 3 in a XSA otherwise set to standard
values given in the Quality Handbook Stock Annex. General information regarding
the stock and earlier assessments are given in an updated Quality Handbook Stock
Annex.

A rebuilding plan has been proposed by Norwegian authorities and has been evalu-
ated by the working group.

Fisheries

Coastal cod is to a variable extent fished throughout the year and within nearly all
the distribution area (inside the 12 n.mile zone in the Norwegian statistical areas 03,
04, 05, 00, 06, 07, Figures 2.1- 2.3). The main fishery for coastal cod takes place in the
first half of the year. The main fishing areas are along the coast from Varangerfjord to
Lofoten (areas 03, 04, 05, 00).

Except for the open fjords in eastern Finnmark, the quantities fished inside fjords are
quite low. The total share between gear types in the estimated coastal cod commercial
landings has in recent years been around 50% for gillnet, 20% for Danish seine, 20%
for long-line/hand-line and less than 5% for bottom trawl.

Recreational fisheries take an important fraction of the catches in some local areas,
especially near the coastal cities and in some fjords where commercial fishing activity
is low. There is no measurements of the amount of Norwegian coastal cod (NCC)
taken by recreational or tourist fishers in Norway. However, there are a few reports
trying to assess the amount in certain years and these reports have been used to con-
struct time series based on assumptions made in the reports of temporal trends.

A survey for mapping recreational fisheries was conducted in 2003 (Hallenstvedt and
Waulff, 2004) and the results from this report gives reason to assume that there were
fished app. 13,000 t of cod by recreational fishers in 2003 north of 62°N. This is based
on 50% of the catches in the area being cod and that due to the fishing season almost
all of the cod is coastal cod. Nedreaas (2005) discuss this assumption and assumes
that the winter fishery by recreational fishers only consists of North east arctic cod.
This is probably not the case — since the winter fishery is small and is probably con-
ducted close to home.

The effort used in recreational fisheries is monitored through surveys of question-
naires mapping the amount of the population that has conducted recreational fisher-
ies during the last year and to what extent they have fished in salt water or
freshwater. Based on interpolating these surveys onto the development of the popu-
lation in Norway, it is possible to give an index of effort in recreational fisheries in the
sea. It is assumes that recreational fisheries are conducted to catch a desired amount
of fish — and that the effort is not restricted in time. This gives the quantity taken to be
proportionate to the effort — and not influenced by the stock size.
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Some recreational fishers deliver their catches to the sales organisations. In this work-
ing document it is assumed that this group is not included in the interview material
and that these landings are already included in the reported catches from the com-
mercial fisheries. This is also contradictory to the conclusions from Nedreaas (2005).

Thus, the quantity of 13,000 t NCC is assumed to be taken by the recreational fishers
in Norway in 2003 has been extrapolated to the years before and after using the
product of population numbers and the fraction of the people conducting recreational
sea fisheries. It is assumed that the amount of cod is 50% throughout all the years.

There is one report available to indicate the level of tourist fisheries in Norway. The
report is by the consultant company Essens management (Anon, 2005) and is based
partly on Hallenstvedt and Wulff, 2004 and partly by surveys on the number of tour-
ists who say they have been fishing in the sea.

This report estimates the tourist fishery north of 62°N for cod to amount to 1,100 t in
2004. They also assume that the increase in tourism for sea fishing increased with 19%
per year from 1995 until 2000, then increased with 16% per year until 2004. In this
working document it is assumed that the increase until 2009 has been 10% per year.
This gives a quantity in 2009 of 1,800 t cod. It also gives a time series back to the be-
ginning of the 1990s assuming that the catch is proportional to the number of tourists
fishing in the sea.

There are ongoing investigations of tourist fisheries and the results of these investiga-
tions will only be available at a later time. However, there is reason to believe that the
figure of 1800 t cod is not out of scale with the ongoing investigations (pers. comm.
Nedreaas, 2010).

The constructed time series may not be as accurate as desired, however, the level of
catch to be added to the commercial catches is assumed to be fairly well documented.
Also the trend in both the recreational fisheries and tourist fisheries seem to be con-
sistent with what has been presented in later years.

2.1.1 Sampling fisheries and estimating catches (Tables 2.1-2.2)

The commercial catches of Norwegian Coastal cod (NCC) have been calculated back
to 1984 (Table 2.1a). For this period the estimated landings have been between 22,000
and 75,000 t. The estimated landings of NCC in 2008 are 25,777 t and in 2009 they are
24,821 t (Table 2.1a, Figure 2.4). Table 2.1b shows the estimated catch by gears, area
and quarters in 2009.

In table 2.1c is shown the age distribution for long line and hand line raised to the
combined estimates of recreational and tourist fisheries, together with the two esti-
mated time series for these two fisheries.

Commercial catches of cod are separated to types of cod by the structure of the oto-
liths in commercial samples. Figure 2.5 illustrates the main difference between the
two types: The figure and the following text is from (Berg et al., 2005): Coastal cod has a
smaller and more circular first translucent zone than north-east Arctic cod, and the distance
between the first and the second translucent zone is larger (Fig. 2.5). The shape of the first
translucent zone in north-east Arctic cod is similar to the outer edge of the broken otolith and
to the subsequent established translucent zones. This pattern is established at an age of 2
years, and error in differentiating between the two major types does not increase with age
since the established growth zones do not change with age. The precision and accuracy of
the separation method has been investigated by comparison of different otolith read-
ers and results from genetic investigation of cod. The results indicate high accuracy
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using in the otolith method (Berg ef al., 2005). Nevertheless, in cases with a low per-
centage misclassification of large catches of pure NEA cod, the catches of coastal cod
could be severely overestimated.

The basis for estimating coastal cod catches is the total landings of cod inside the 12 n.
mile zone in the Norwegian statistical areas 03, 04, 05, 00, 06, 07 (Figures 2.1-2.3),
combined with the sampling of these fisheries. Tables 2.2 and 2.3 show the sampling
of the cod fishery by quarters and areas in 2009 and earlier. The total number of age
samples was 359. Since the catches are separated to type of cod by the structure of the
otoliths, the numbers of age samples are critical for the estimated catch of coastal cod.
A total of about 11,000 fish were aged. More than 2,600 of these otoliths were classi-
fied as coastal cod.

Table 2.4 shows the estimated catches of coastal cod by statistical area and quarter for
the years 2006-2009. The corresponding fractions of coastal cod in cod catches are also
shown. In the southern areas (06/07) the proportions are close to 1.0 in all quarters,
except for some years when some NEA cod spawn far to the south in quarter 1 and 2.
In the other areas the proportions are lower in quarter 1 and 2 in all years due to the
spawning migration of NEA cod. In area 03 (eastern Finnmark) a considerable pro-
portion of NEA cod is present also during autumn.

The calculation of coastal cod landings for recent years has been problematic for parts
of the Lofoten area. This relates to the Norwegian statistical area 00 (outer Vestfjord,
the area south of Lofoten archipelago, Figure 2.3) in quarter 1 and 2. This area has
historically been an important spawning area for Northeast Arctic cod. In the period
2004-2009 a major part of the Northeast Arctic cod was spawning in the outer, south-
western part of the area, and almost nothing in the north-eastern part. Most of the
commercial catches in the area were taken in the south-western part (locations 03 and
04, Figure 2.3) where the density of cod was much higher than in the north-eastern
part. In the same period the sampling intensity has been highest for the catches in the
north-eastern part (locations 46 and 48) where coastal cod dominated. (In most of this
north-eastern area the fishery was restricted to vessels below 15m and use of Danish
seine was not allowed). The catch sampling has not been sufficiently accurate to split
the catches between those locations. Merging all samples in the whole area is there-
fore considered to overestimate landings of coastal cod. In order to obtain a more re-
alistic catch in the area for the years 2004-2009, the working group in the years from
2007 has used only the samples taken from the south-western part for separating the
total catch in the area between coastal cod and Northeast Arctic cod. The recorded
positions of the samples are considered to be accurate.

2.1.2 Regulations

The Norwegian cod TAC is a combined TAC for both NEAC stock and NCC stock.
The coastal cod part of this combined quota was set 40,000t in 2003 and earlier years.
In 2004 it was set to 20,000t, and in the following years to 21,000t. There are no sepa-
rate quotas given for the coastal cod for the different groups of the fishing fleet.

Trawl fishing for cod is not allowed inside the 6-n.mile. Since the mid 1990 the fjords
in Finnmark and northern Troms (areas 03 and 04) has been closed for fishing with
Danish seine. Since 2000 the large longliners have been restricted to fish outside the 4
n.mile.

For the fisheries in 2010 there were also set a quota for recreational and tourist fisher-
ies together with the quota for young fishers, to be 10,000 t and allocated from the
agreed TAC.
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To achieve a reduction in landings of coastal cod additional technical regulations in
coastal areas were introduced in May 2004 (after the main fishing season) and contin-
ued with small modifications in 2005 and 2006. In the new regulations “fjord-lines”
are drawn along the coast to close the fjords for direct cod fishing with vessels larger
than 15 meter. Further restrictions were introduced in 2007, 2008 and continued in
2009, by not allowing pelagic gill net fishing for cod and by reducing the allowed by-
catch of cod when fishing for other species inside fjord lines from 25% to 5%, and
outside fjord-lines from 25% to 20%. A box closed for all fishing gears except hand-
line and fishing rod has since 2005 been defined in the Henningsveer-Svolveer area. A
similar box has in 2009 and 2010 been closed during the spawning season in
Borgundfjord near Alesund. These are areas where spawning concentrations of
coastal cod is usually observed and where the catches of coastal cod has been high.
Since the coastal cod is fished under a merged coastal cod/north-east arctic cod quota,
these regulations are supposed to turn parts of 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.

Survey data

A trawl-acoustic survey along the Norwegian coast from the Russian boarder to 62°N
was started in the autumn 1995. In 2003 the survey was somewhat modified by being
combined with the former saithe survey at the coastal banks and the survey was
moved from September to October-November. This new survey covers a larger area
than the coastal surveys in 1995-2002. However, the survey indices for cod to be used
in this report are calculated using the same area coverage and the same method as in
the years previous to 2003.

2.2.1 Indices of abundance and biomass (Tables 2.5-2.11, Figs 2.7 to 2.13)

The results of the 2009 survey (Mehl et al. WD 8 2010) are presented in Tables 2.5-2.11
for the area inside the 12 n. miles border in the Norwegian statistical areas 03, 04, 05,
00, 06, and 07 (Figures 2.1 and 2.2). The survey time series of estimated numbers of
NCC per age groups is given in Table 2.6. For most age groups the estimates are close
to the lowest ever observed, and the total number is the third lowest observed. The
2009 estimate of survey biomass is about 39,100 t (Table 2.9) and this is an increase
from last year, and is mainly due to an increase in most age groups except 2 and 3
year olds. The estimated spawning biomass is 13,500 t, and this is the lowest observed
(Tables 2.11). However, this is mainly due to a downward change in the maturity at
age, which may have been influenced by an earlier start of the survey this year, by
two weeks. The bulk of the spawning biomass is comprised of ages 5-7.

Similar changes in maturity have been observed at earlier surveys. Variable timing of
the survey and annual variation of the onset of the maturation process could be parts
of the reason for this. Since the rebuilding plan is made conditional to the survey es-
timate of SSB, it would be more robust to use a more smoothed, or even fixed ogive
for calculating the survey SSB. This approach will give an increased biomass from
2008 to 2009.

The 4+ biomass (summed from Table 2.9) is plotted together with total biomass and
spawning biomass in Figure 2.13.

The pattern seen (Figure 2.6) over the full time series of abundance at age is that ages
2 and 3 have declined more, and over a longer period, compared to the older fish. The
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series now indicates a rather stable stock at a low level. The period since 2002 shows
considerable variation, however, without any trend.

Figures 2.7-2.12 show the time series of stock number within each statistical area. In
areas 03, 04 and 05 the decline since the late 1990s is rather parallel. In the other three
areas the year-to- year variation is larger, but similar trends are indicated. These latter
southern areas contribute less to the total estimate.

2.2.2 Age reading and stock separation (Tables 2.2, 2.3, 2.8-2.10)
A total of 2341 cod otoliths were sampled during the 2009 survey.

As in previous years, NCC was found throughout the survey area. The 2009 survey
data on the stock separation are similar to the 2007 and 2008 data and shows the same
pattern as the whole 1995-2008 surveys. The sampling showed a higher proportion of
NCC in the fjords and to the south compared with the northern and outer areas. The
proportion of the NCC increases going from north to south along the Norwegian
coast. Table 2.12 show the proportions of coastal cod in the survey samples by age
and statistical areas in 2008. Nearly all otoliths collected south of 67° N (Norwegian
statistical areas 06 and 07) were NCC type. Although the proportions are lower, the
total abundance of NCC is higher north of 67° N (Table 2.5).

Table 2.12 also show the proportions of coastal cod in the survey samples by age for 5
previous years. The proportion is rather stable between years, but is consistently
higher for young fish compared to old.

It must be emphasised that the Norwegian coastal surveys is conducted in October-
November, and there is usually more NEA cod in the coastal areas at other times of
the year, especially during the spawning season in the late winter. This is reflected in
the commercial sampling as shown in Table 2.4.

2.2.3 Weights at age (Table 2.8)

As observed in the earlier surveys, there is a general tendency for costal cod to have
higher weight at age when caught in the southernmost area. Table 2.8 show the time
series of mean weights at age for the whole survey.

2.2.4 Maturity-at-age (Table 2.10)

The maturity-at-age is estimated annual from the data collected at the coastal survey.
The age at 50% maturity (Mso) for the NCC was near 5 in 2006, 2007 and 2008 surveys
(Table 2.10), but increased to almost 7 years of age in 2009. Both the estimated
weights at age and the estimate of maturities are influenced by uncertain values in
areas where few fish are sampled. In addition, the survey is conducted in the period
October/November, a period when maturation stages are difficult to interpret. There-
fore, much of the year to year variation observed might not be real, and a fixed long
term average could be a reasonable alternative. In 2009 the survey was started two
weeks earlier than the years before, and this may also have influenced the sampling
of mature fish.
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Data available for the Assessment

2.3.1 Catch at age (Table 2.1, and table 2.14)

The estimated commercial catch at age (2-10+) for the period 1984-2009 is given in
Table 2.1a. Also, the estimated catches from recreational and tourist fisheries are
given in table 2.1c. The combined catches as are given in table 2.14.

The total catches of coastal cod have been severely underestimated in earlier reports.
In addition to the official landings from commercial vessels, an unknown amount of
coastal cod is landed both from tourist fishing and from recreational fishing activity
by Norwegian citizens. Two different investigations have estimated the amount of
cod landed from these two activities and the reports were published in 2004 (in Nor-
wegian). A summary of these two reports was presented as a WD to the 2005 WG
(WD 23).

In this year’s report, a new evaluation of the catches from recreational and tourist
fisheries are given, based on the same reports but giving slightly different figures
than in the 2005 WG report. The catch of coastal cod in 2003 is estimated to approxi-
mately 13,000 tonnes from the recreational fishing activity and in 2004 to be 1,100
tonnes from the tourist fishing. These figures sum up close to 50% of the official land-
ings of coastal cod in 2004.

There have also been conducted two investigations trying to estimate the level of dis-
carding and misreporting from the coastal vessels in two periods (2000 and 2002-
2003, WD 14 at 2002 WG). The amount of the discard was calculated and the report
from the 2000-investigation concluded there was both discard and misreport by spe-
cies in 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.

From Hallenstvedt and Wulff (2004) it is seen that in the northern part of Norway
almost no gill net fishing is included in the recreational fisheries. It is therefore rea-
sonable to use the samples from long line and hand line to split the catches into age.
The available material for coastal cod is for the whole year and this is used to split the
estimated figures in tonnes to numbers at age.

For the early part of the time series for long line and hand line there are a large por-
tion of the samples being aged 10 year and older. It is assumed that this is mainly
from the winter fisheries for cod and therefore the 10+ group is excluded from the
material used to raise the numbers at age to the recreational and tourist catches.. This
is also supported by a fairly low numbers of 9 year olds in that part of the material. In
view of this it is assumed that it would be reasonable to assume that most of the rec-
reational fishery is for fish younger than 10 year of age.

It seems to be clear that the commercial catches using hook and line reflect a severe
failure in recruitment during the time series and anecdotal information seem to sup-
port this also for the recreational fishery. Recreational fishers frequently say that fish-
ing grounds are no longer giving any yield, and that smaller cod is not available to
fishers using fishing rod from land.

This matrix of recreational and tourist catches is proposed as a first solution to the
problem that the commercial catches do not reflect the total amount being caught.
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2.3.2 Weights at age (Tables 2.8 and 2.13)

Weight at age in catches is derived from the commercial sampling and is shown in
Table 2.13. The same weight at age is assumed for the recreational and tourist catches.

The weight-at-age in the stock is obtained from the Norwegian coastal survey (Table
2.8). The survey is covering the distribution area of the stock. Weight-at-age from the
survey is therefore assumed to be a relevant measure of the weight-at-age in the stock
at survey time (October). These weights will, however, overestimate the stock bio-
mass at start of the year (Table 2.13).

2.3.3 Natural mortality

A fixed natural mortality of 0.2 has been assumed in the assessment. However, in the
Barents Sea cod cannibalism has been documented to be a significant source of mor-
tality that varies in relation to alternative food and in relation to the abundance of
large cod. This might also be the case for the coastal cod (Pedersen and Pope, 2003a
and b). In the 2005 coastal cod survey 1125 cod stomachs were analysed (Mortensen
2007). The observed average frequency of occurrence of cod in cod stomachs was
around 4%. Other important predators on cod in coastal waters are cormorants and
otters (Pedersen et al., 2007). Young saithe (ages 2-4) has been observed to consume
postlarvae and 0-group cod during summer/autumn.

2.3.4 Maturity-at-age (Tables 2.10, 2.13)

The average maturity at age observed over the whole survey period (1995-2009) has
been used in the assessment (Table 2.13).

Methods used for assessing stock trends

Earlier attempts to assess the stock using XSA analysis have not given reliable results.
In the two last years the main basis for assessing the stock is the survey time series
plotted in Figures 2.6-2.13, and a SURBA was used for further analysing the survey
trends. However, this method is not recommended and did not give reliable results.

In this year’s WG with the updated catch figures for recreational and tourist catches
an attempt to use the XSA method was again tried. Four set of runs were performed.
First, last year’s data was updated with only the commercial catches and an XSA with
the standard settings from the stock annex was run. Secondly, the new time series of
catch on numbers and catch in tonnes were applied and the settings were as in the
first run. Thirdly, an attempt to use stock dependant catchability for the two youngest
ages (age 2 and 3) were done, and this XSA run was then taken to be the basic run for
the assessment.

An additional analysis of trends in fishing mortality is presented in Annex 9. Mortal-
ity from log catch ratios in the canum matrix was calculated and survey mortalities
were calculated from the coastal survey. These mortalities were regressed with the
xsa-Fs and thereby used for estimating Fs.

The result of these evaluations was that F had remained fairly stable over the last 5
years, and an average value just above 0.35 was indicated for the analysis relating to
commercial catch. The analysis relating to the new total catch data show a stable or
slightly declining trend with F2009 close to 0.30. On this basis it was decided to use
the Fold from the third XSA together with the Fnew set as the average values of the
years 2005 to 2008 in the same XSA for ages 3 and older to run a Standard VPA. For
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age 2 the value from the XSA in 2009 was used. This fourth run, the SVPA, was then
used as the final stock trends and further used in the predictions.

2.4.1 Input, diagnostics and results for the XSA tuning (Table 2.6, tables 2.13 —
2.20)

The data for the tuning is the survey indices given in Table 2.6. The diagnostic out-
puts from the three XSA runs are given in tables 2.15, 2.17 and 2.19. The summary
tables are given in tables 2.16, 2.18 and 2.20. SSB-values refer to 1 January.

2.4.2 Input for the predictions (Tables 2.23 and 2.24)

Input to the predictions is set as the standard choices in the MFDP program. The fish-
ing pattern is raised to F4-7 level in year 2009. Two sets of prediction are made, one
with a fixed fishing pattern, and one with a fishing pattern in 2011 and onwards set
with reduced F values on ages 2, 3, 4 and 5 to accomplish a reduction in F4-7 of 15%.
This fishing pattern will allow less small fish to be caught. In order to give manage-
ment options tables corresponding to the proposed rebuilding plan for Norwegian
Coastal Cod, the factors for the intervals of F is set to vary by 0.15, approximating a
15% change from one year to the next. The two input scenarios are given in tales 2.26
and 2.29.

Results of the Assessment (Tables 2.21 - 2.22)

2.5.1 Comparing with last year’s assessment (Figures 2.13 and 14)

Last year’s assessment was based on the survey. In figure 2.13 is shown the develop-
ment of total biomass, biomass of age 4 and older and the spawning biomass. Also
figure 2.14 show the ratio of yield to the biomass of 4 year and older ion the survey.

In these figures are also added the SSB and F from this year assessment for compari-
son. The biomass development seem to be similar, however, the SSB in the SVPA is
calculated with constant maturity ogive, whereas the maturity in the survey show a
declining trend with time. The F4-7 from the VPA is more stable then the
Yield/Biomass4+ in the survey. In addition to the survey variability, this may be due
to an increase of ages 2, 3 and 4 in the catches in the years 2002, 2003 and 2008, where
high values for Yield/Biomass4+ is found.

2.5.2 Fishing mortalities and final Standard VPA (standard plots)

The fishing mortality (F4-7) shows a declining trend since 1999 and is now close to
0.30. The VPA analysis reflects the increase in F4-7 in the years before 1999, which is
also seen from the Yield/Biomass4+ in the survey.

From the retrospective plots of the XSA (Figure 2.15) one may see that there is a ten-
dency for the F4-7 in the last year to be overestimated, and this is dealt with in the
final SVPA by setting a terminal F based on external analysis (Annex 10). The termi-
nal values used just happened to fit with the average values of the years 2005-2008 in
the XSA.

2.5.3 Recruitment

The survey estimates of young age groups (1-3) in 2009 are among the lowest in the
series, as were in particular the values in 2008. For ages 1, 2 and 3 the 2008 value was
only about 1/10 of the peak values in 1995, 1996 and 1997. At present there are there-
fore poor prospects for any rapid rebuilding of the stock in near future.
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It is worth noting that the recruitment started to decline a few years before the
spawning stock, indicating that the recruitment failure is the cause for the stock de-
cline. Whether this recruitment is now at a stable level and will be maintained or if
there is going to be a further decrease, is difficult to say. In the prediction is used a
resent average of 21.5 millions (taken as the average of the 4 last years in the SVPA)
and no further attempt to estimate the recruitment was made.

2.5.4 Catch options for 2011 and 2012 (Tables 2.25 and 2.26)

The results of the predictions are given in tables 2.25 and 2.26. The second option
where the fishing pattern is changed towards larger fish seems to give comparable
results to the first option where the fishing pattern was kept constant. Both options
give an increase of the SSB by reducing Fs7 by 15% each year over two years.

Comments to the Assessment

The acoustic survey probably has a larger relative uncertainty in later years com-
pared to earlier. This is because cod now contributes to a lower fraction of the total
observed acoustic values. The cod estimate is thus more vulnerable to allocation er-
ror. 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 can be difficult to define exactly and might influence the estimation of
maturity-at-age and hence the estimation of SSB.

The new series with recreational and tourist fisheries included may be said to scale
the stock to an more realistic level and give reason to believe that regulations accord-
ing to this level may affect the stock in the desired direction.

The XSA tuning with stock dependant catchability on ages 2and 3 gave better fit to
the survey data. The average survey biomass for the years 1995 to 1998 is defined as a
preliminary target for a rebuilding plan.

Reference points

The analyses made for evaluating the Rebuilding Plan (Annex 10) also give some in-
formation regarding reference points. The assessment based on commercial catch
plus recreational catch gives a stock-recruit break point at 139 kt SSB. The corre-
sponding Fcrash is estimated to 0.38.

The stock-recruit development may indicate that recruitment conditions may have
changed. Assuming that increased SSB will not give recruitments higher than those
observed for the year-classes 2000-2005, we get a break point at 103 kt. This is a rea-
sonable candidate for Blim. The corresponding F crash is 0.32, which is a candidate
for Flim. F0.1 is estimated to 0.16. A safe long term Fmsy-target also has to be rather
close to 0.16. A corresponding MSY Btrigger would be in the range 150-200 kt. These
MSY considerations are quite preliminary (see also section 0.10).

Management considerations

Catches have remained rather stable since 2004. The regulations seem to have re-
duced the catches compared to pre 2004 level but have not been sufficient to cause
further reduction. The time series of recreational catch show rather stable catches,
and they represent thereby a higher fraction (about 35%) after 2004 compared to be-
fore.
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Evaluation of Rebuilding plan for coastal cod

Annex 10 describes the analysis made for evaluation and presents the results of vari-
ous simulations. The conclusions are;

If the plan is fully implemented it will lead to a safe rebuilding. Under presumed rea-
listic errors a rather long rebuilding period is required, but the fishing mortality
comes down to fairly safe levels within few years. On this basis the proposed rule is
considered to be in accordance with the Precautionary Approach. Increasing the F
step or aiming for annual reduction unconditional to survey results for the first 3-5
years will contribute to a faster and safer rebuilding. If future observations show re-
cruitment declines stronger than assumed in the current stock-recruit model, the plan
may need revisions. The new data on recreational fisheries also highlights the need to
consider further regulation on these activities to obtain the F-reductions specified in
the plan.

The current regulations aiming for protection of local stock components should be
maintained. This should be improved when the scientific basis is improved.

Analyses were made both using input from the assessment based on only commercial
catch and the one using all catches. For each of these data sets two recruitment sce-
narios were assumed; one with continued low recruitment near the recent average
(2000-2005 year-classes), and one using the full historic recruitment series. In terms of
rebuilding period needed to reach a safe F level, the analysis seemed fairly robust
against choice of data sets and recruitment assumptions. The resulting stock size and
catches was however higher in the cases where higher recruitment was assumed.

The main findings are that uncertainty in the survey and uncertainty in the imple-
mentation of F-reductions are both contributing to slow down reduction rate for the
realized F and corresponding slow growth in stock. The general patterns were similar
in all these simulation (see tables 4-9 in Annex 10). The series based on all catches and
assuming recruitment restricted to recent levels were considered most relevant. With
15% reduction steps for F the resulting time span from now (2010) was (Table 4 in
Annex 10):

-about 7 years were needed to have high probability for F being below F crash
-about 10 years needed for average SSB above rebuilding target
-about 15 years to have high probability for SSB>Biim

Larger steps in the reduction rates or making the reduction every year (unconditional
to the survey result) will speed up the process somewhat.

The unconditional case gives (Table 8 in Annex 10):

-about 4 years were needed to have high probability for F being below F crash
-about 10 years needed for average SSB above rebuilding target

-about 10 years to have high probability for SSB>Biim

The precautionary criteria of high probability of F below Fcrash and SSB above Blim
seem achievable within a reasonable time frame. Provided that the management is
able to enforce regulations that are efficient in reducing F, the plan is considered to be
in accordance with the precautionary approach. Further actions will be needed if
there are signs that recruitment declines further.
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The new data on recreational fisheries also highlights the need for further regulation
on these activities to follow the planned F-reduction.

In these quantitative simulations and analyses no direct attempts have been made to
take account of the stock complexity. Genetic studies indicate that the cod in some
fjords could be separate stocks isolated from neighboring stocks. An assessment of
the merged stock is not likely to detect fluctuations of the smaller components, and
thereby the current assessment approach involves some risk to local stocks. The stock
complex is still not fully mapped, but the existence of local stocks also calls for special
attention for protecting genetic diversity. Full monitoring and research on small local
stocks requires large efforts and may not be realistic. A possible approach could be to
obtain information from local fisheries and look for data that could be appropriate
indicators for at least detecting sharp declines of local stocks. The established strategy
of more strict regulations inside the fjords than outside should be continued.

A fixed natural mortality of 0.2 is used both in the assessment and the simulations.
Some fjord studies (Pedersen and Pope, 2003a and b, Mortensen 2007, Pedersen et al., 2007,
Aas, 2007) indicate that the main predators on young cod are larger cod, cormorants
and saithe. There are no estimates of annual predation mortality for the stock com-
plex. Thus, the development of the cod predators, mentioned in the request, is not
taken into account. Reduced predator stocks may enhance the rebuilding of cod,
while an increase of predators may inhibit the process and require prolonged strong
regulations of the fishery for obtaining the rebuilding target.

Recent ICES advice

Since 2004 the advice has been; No catch should be taken from this stock and a recov-
ery plan should be developed and implemented.

Response to the comments from the Review Group
The SSB values from the VPA runs refer to 1. January
Recent ICES advice is described in section 2.10

A comparison of results with last year’s assessment is given in section 2.5.1
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Table 2.1a. Norwegian coastal cod. Estimated commercial landings in numbers ('000) at age, and
total tonnes by year.

AGE TONNES

2 3 4 5 6 7 8 9 10+ Landed

1984 829 3478 6954 7278 6004 4964 2161 819 624 74824
1985 396 7848 7367 8699 7085 3066 705 433 264 75451
1986 4095 4095 12662 8906 5750 3868 1270 342 407 68905
1987 170 940 8236 12430 4427 2649 1127 313 149 60972
1988 110 1921 3343 6451 6626 4687 1461 497 333 59294
1989 41 1159 1434 2299 5197 2720 949 236 86 40285
1990 7 349 1233 1330 1129 3456 773 141 73 28127
1991 125 607 1452 3114 1873 1297 873 132 94 24822
1992 40 665 3160 4422 2992 1945 898 837 279 41690
1993 4 369 1706 2343 2684 3072 1871 627 690 52557
1994 332 573 1693 4302 2467 3337 1514 777 798 54562
1995 810 896 2345 5188 5546 3270 1455 557 433 57207
1996 1193 2376 2480 4930 4647 4160 2082 898 543 61776
1997 1326 3438 3150 2258 2490 3935 3312 959 684 63319
1998 554 2819 4786 4023 2272 1546 1826 975 343 51572
1999 252 1322 2346 4263 2773 1602 751 774 320 40732
2000 156 971 3664 3807 2671 1104 326 132 152 36715
2001 44 505 1837 2974 1998 1409 542 187 119 29699
2002 192 893 2331 2822 2742 1538 915 325 377 40994
2003 81 1107 2094 2506 2158 1374 598 258 99 34635
2004 12 306 924 1713 1820 1444 609 226 264 24547
2005 15 474 1299 1828 1436 1115 513 188 143 22432
2006 71 315 1656 1695 1695 1246 671 326 224 26134
2007 88 515 1396 1846 1252 824 391 256 196 23841
2008 92 670 1438 1635 1232 862 440 215 170 25777
2009 3 238 1052 1280 1388 1065 545 172 276 24821

Table 2.1b. Estimated commercial catch of coastal cod in 2008 by gear and area (tonnes).

Year 2009

Area 03 04 00 05 06/07 Total
Gillnet 832 1615 3 356 2475 4341 12 619
L.line/dig 1365 696 1527 1390 672 5 650
Danish seine 912 1120 987 2384 304 5708
Trawl! 385 393 8 46 13 844
Total 3494 3824 5877 6 295 5331 24 821
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Table 2.1c. Norwegian coastal cod. Estimated recreational and tourist catches in numbers ("000) at

age, and total tonnes by year.

Year
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

Numbers at age

2
650
3162
627
108
634
418
401
1183
429
47
57
8

21
51
249
49
63

56
85
26
21
19
49
15

3
1731
2590
3033
1972
1407
825
1494
2698
1281
1276
701
332
591
707
1137
466
554
343
298
342
254
270
236
346
395
84

4
2116
2366
2668
4008
1567
1483
1252
2996
2349
1288
1723
804
509
1023
2327
1445
1153
735
830
664
483
658
1016
759
743
576

5
1667
1745
1659
2181
1708
1758
682
1342
1491
813
715
1451
617
763
1316
1939
1515
1046
1055
916
924
858
867
959
838
727

6
1194
647
1139
649
2088
1413
2709
808
630
846
1288
1585
1497
735
585
920
1044
964
939
918
1099
853
983
606
650
863

597
225
435
431
550
518
450
583
514
696
671
780
1373
1189
410
357
344
873
596
450
827
715
612
531
400
600

236
130
251
109
129
108
73

104
846
202
393
413
461
688
329
198
127
198
335
244
358
423
315
327
261
280

133
79
139
38
94
34

71

84

368
124
180
227
132
255
221
109
134
165
326
162
176
127
157
134
90

Total
(tonnes)
13300
13400
13500
13500
13600
13700
14500
15300
16100
14800
14700
14700
14500
14500
14600
13900
13600
13400
13600
13900
13400
13200
13000
13000
12800
12700

Recr.
(tonnes)
13300
13400
13500
13500
13600
13600
14400
15200
16000
14700
14600
14500
14300
14200
14300
13500
13100
12700
12800
13000
12300
12000
11700
11500
11200
10900

Tourist

(tonnes)
0
0
0
0
0

100
100
100
100
100
100
200
200
300
300
400
500
700
800
900
1100
1200
1300
1500
1600
1800
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Table 2.2. Sampling from cod fisheries in 2009 in the statistical areas 00, 03,04,05, 06+07. Number

of age samples of cod by quarter, total number of cod otoliths.

Quarter 3 4 0 5 6+7 Tot

1 23 36 28 73 24 184
2 33 18 0 15 6 72

3 11 2 1 0 0 14

4 21 28 5 19 16 89
Total samples 88 84 34 107 46 359
Total otoliths 2933 2765 976 3404 981 11059
Coastal cod type otoliths 492 599 276 508 765 2640

Table 2.3 Number of otoliths sampled by quarter from commercial catches in the period 1985-2009.
CC=coastal cod, NEAC=Northeast Arctic cod.

YEAR QUARTER 1

Year
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

CC
1451
940
1195
257
556
731
285
152
314
317
188
861
1106
608
1277
1283
1102
823
821
1511
1583
2244
1867
1450
1114

NEAC

3852
1594
2322
546

1387
2974
1168
619

1098
1605
1591
5486
5429
4930
4702
4918
5091
5818
4197
7539
6219
5087
5895
4162
5109

QUARTER 2
CcC NEAC
777 1540
1656 2579
937 3051
160 619
72 374
61 689
92 561
281 788
172 1046
179 923
232 1682
591 1958
367 2494
552 1342
493 2379
365 2112
352 2295
321 1656
445 2850
758 2565
767 4383
1329 2819
944 2496
1116 3122
558 2592

QUARTER 3
CcC NEAc
1277 1767
0 0
638 1108
87 135
65 501
252 97
77 96
79 82

0 0

21 31
2095 1057
1784 1076
1940 894
489 1094
202 717
386 1295
126 786
503 831
790 936
532 685
473 258
590 271
503 648
626 515
126 253

QUARTER 4
CcC NEAC
1966 730
669 966
1122 1137
55 44
97 663
265 674
279 718
272 672
310 541
126 674
752 1330
958 2256
1690 1755
2999 2217
961 1987
472 668
432 983
897 1355
1112 1286
531 1317
877 1258
119 71
637 1163
693 999
842 465

TOTAL
CC
5471
3265
3892
559
790
1309
733
784
796
643
3267
4194
5103
4648
2933
2506
2012
2544
3168
3332
3700
4282
3951
3885
2640

NEAC
7889
5139
7618
1344
2925
4434
2543
2161
2685
3233
5660
10776
10572
9583
9785
9993
9155
9660
9269
12106
12188
8248
10202
8798
8419

%
CC
41
39
34
29
21
23
22
27
23
17
37
28
33
33
23
20
18
21
25
22
23
34
28
31
24
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Table 2.4. Landings in tonnes of Coastal cod by area and quarter 2006-2009 (upper 4 tables) Pro-
portion (of total) coastal cod in landings by area and quarter 2006-2009 (lower 4 tables).

Year 2006 Year 2007

Qu./Area 03 04 00 05 06-07 | Total Qu./Area 03 04 00 05 06-07 | Total

1 291 3483 2677 3150 4169 | 13769 1 664 1812 3787 2274 384312380

2| 1485 2298 601 507 1388 | 6279 2| 2962 1762 679 803 1324 | 7530

3 343 893 338 635 564 | 2774 3 416 393 537 279 423 | 2049

4 253 1232 444 1071 312 | 3312 4 557 343 346 354 283 | 1883

Total | 2372 7906 4059 5363 6434 | 26134 Total | 4599 4311 5349 3709 587323841
Year 2008 Year 2009

Qu./Area 03 04 00 05 06-07 | Total Qu./Area 03 04 00 05 06-07 | Total

1 653 2206 3964 2222 4090 | 13134 1| 1122 1073 4537 3006 3581 | 13318

2| 2005 2162 1116 979 1640 7902 2 723 1195 715 1461 985 | 5079

3 513 647 287 332 434 | 2212 3 640 394 340 633 398 | 2405

4 356 793 424 657 299 | 2529 4| 1009 1161 286 1196 367 | 4019

Total | 3526 5807 5791 4190 6463 | 25777 Total | 3494 3824 5877 6295 5331 | 24821
Year 2006 Year 2007

Qu./Area 03 04 00 05 06-07 | Total Qu./Area 03 04 00 05 06-07 | Total

1| 005 020 013 0.13 0.88| 0.19 1| 008 009 024 007 079| 0.16

2 0.20 0.16 0.13 0.10 0.96 0.19 2 0.28 0.13 0.24 0.23 095| 0.23

3 0.35 0.81 0.91 0.95 0.98 0.75 3 0.33 0.49 0.98 0.50 1.00| 0.57

4| 010 085 091 09 099| 056 4| 023 036 098 052 0.90| 040

Total| 015 023 015 0.17 091| 0.23 Total| 020 0.12 028 011 0.84| 0.20
Year 2008 Year 2009

Qu./Area 03 04 00 05 06-07 | Total Qu./Area 03 04 00 05 06-07 | Total

1| 010 010 023 0.08 086| 0.17 1| 014 007 025 0.09 0.77| 0.17

2 0.22 0.19 0.29 0.27 0.92 0.26 2 0.06 0.14 0.25 0.32 0.87| 0.17

3| 030 060 095 060 1.00| 0.54 3| 025 035 100 081 098| 0.46

4| 014 065 095 057 100| 044 4| 050 070 096 081 098] 0.69

Total| 0.18 0.16 0.27 0.12 0.89| 0.22 Total| 0.14 0.15 027 016 0.81| 0.21
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Table 2.5. Coastal cod. Acoustic abundance indices by sub areas and in total in 2009 (in thou-
sands).

Age (Year class)
Area 1 2 3 4 5 6 7 8 9 10+

08)  (07) (06) (05) (04) (03) (02) (01) (00) (99+) Sum
03 1356 347 629 736 499 321 174 83 47 39 4230
04 1082 758 954 1142 630 350 312 167 75 62 5533
05 623 146 114 194 95 50 458 39 0 1717
00 141 52 338 833 716 440 244 302 229 3295
06 240 742 563 987 556 432 59 202 91 31 3905
07 0 13 124 68 39 10 12 0 0 9 275
Total 3442 2059 2722 3959 2536 1603 1259 793 443 141 18955
Table 2.6. Coastal cod. Acoustic abundance indices by age 1995 — 2009 (in thousands).
Ar Alder / Age
Year |1 2 3 4 5 6 7 8 9 10+ | Sum
1995 [ 28707 20191 13633 15636 16219 9550 3174 1158 781 579 |109628
1996 |1756 17378 22815 12382 12514 6817 3180 754 242 5 77843
1997 [ 30694 18827 28913 17334 12379 10612 3928 1515 26 663 | 124891
1998 | 14455 13659 15003 13239 7415 3137 1578 315 169 128 | 69099
1999 6850 11309 12171 10123 7197 3052 850 242 112 54 51960
2000 | 9587 11528 11612 8974 7984 5451 1365 488 85 97 57171
2001 | 8366 6729 7994 7578 4751 2567 1493 487 189 116 |40270
2002 1329 2990 4103 4940 3617 2593 1470 408 29 128 | 21607
2003 2084 2145 3545 3880 2788 2389 1144 589 364 80 19008
2004 |3217 3541 3696 4320 2758 1940 783 448 98 110 | 20914
2005 | 1443 1843 3525 3198 3217 1700 1120 552 330 78 17006
2006 1929 2525 4049 3783 3472 2509 1811 399 229 13 20719
2007 2202 3300 4080 5518 3259 2447 1444 760 197 34 23241
2008 |2128 2181 2475 2863 2101 1219 815 403 319 177 | 14681
2009 |3442 2059 2722 3959 2536 1603 1259 793 443 141 | 18955
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Table 2.7. Coastal cod. Mean length (cm) at age 1995 — 2009.

Age
Year 1 2 3 4 5 6 7 8 9 10+
1995 215 330 430 520 591 641 760 874 89.0 1083
1996 190 302 417 525 592 652 791 848 870 1142
1997 168 287 408 516 581 659 736 808 102.0 110.7
1998 203 333 438 514 591 663 741 81.0 932 1169
1999 215 326 438 546 596 658 779 908 994 118.0
2000 21.6 333 434 535 610 661 755 90.8 99.1 105.5
2001 211 333 445 536 629 647 887 842 8.7 1021
2002 225 344 446 560 616 677 724 66.6 89.0 1083
2003 189 338 421 516 600 672 727 769 849 948
2004 20.7 329 435 545 599 680 719 750 746 918
2005 225 328 422 579 606 640 713 699 735 1084
2006 222 361 470 555 614 680 695 778 870 1005
2007 21.6 360 480 579 622 668 718 86.6 1002 106.3
2008 219 369 492 590 661 709 717 741 776 988
2009 209 345 478 578 658 705 779 784 851 735

Table 2.8. Coastal cod. Mean weight (grams) at age 1995-2009.

Age

Year 1 2 3 4 5 6 7 8 9 10+
1995 81 390 791 1525 2222 2881 4665 6979 6759 9897
1996 59 252 724 1433 2053 2748 4722 6685 6932 9723
1997 43 240 683 1364 1893 2816 4426 6406 7805 1827
1998 52 372 883 1456 2107 2950 4319 5625 8323 12468
1999 70 323 841 1675 2192 2857 4540 6579 9454 12902
2000 72 365 809 1554 2539 3049 4352 6203 8527 12066
2001 51 396 966 1524 2314 3320 3695 6144 8768 12468
2002 103 428 895 1741 2433 3133 4273 4397 7759 12992
2003 62 385 738 1353 2145 3103 3981 4921 6923 9956
2004 83 352 834 1690 2255 3312 4150 4594 4383 9733
2005 112 359 786 2168 2265 2756 4174 3373 4502 15887
2006 105 474 1080 1746 2430 3336 3684 5125 7028 14650
2007 103 518 1185 2011 2500 3160 4241 6806 11051 14931
2008 96 508 1208 2095 2987 3671 3976 4387 5415 11588
2009 85 434 1116 2003 2894 3632 4875 5400 6125 4719
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Table 2.9. Coastal cod. Acoustic biomass indices (tonnes) in 1995 — 2009.

Age
Year 1 2 3 4 5 6 7 8 9 10+ | Sum

1995 2337 7868 10786 23846 36039 27515 14445 8761 4933 7779 | 144309
1996 145 4386 16521 17739 25687 18731 15562 4376 3130 46 106323
1997 1319 4518 19748 23644 23435 29884 15060 8860 249 8643 | 135360
1998 752 5078 13247 19274 15627 9255 6675 1646 1329 2083 | 74966
1999 477 3650 10233 16960 15774 8720 4723 2097 1220 567 | 64421
2000 688 4321 9824 14464 20482 17067 5936 4359 926 1232 [ 79299
2001 425 2662 7724 11548 10993 8521 5517 3010 1705 1917 | 54022
2002 137 1279 3672 8600 8801 8124 6282 1794 225 1663 (40577
2003 125 876 2569 5328 5788 6995 4201 2754 2674 1136 (32446
2004 329 1269 3087 7394 6089 6901 3009 1779 454 1058 | 31405
2005 109 675 2947 6521 7167 4807 3648 1942 1315 1205 [ 30336
2006 202 1197 4374 6605 8435 8367 6672 2045 1602 190 |39689
2007 227 1709 4835 11097 8148 7733 6124 5173 2177 508 |47731
2008 206 1212 3120 6085 6593 4203 3437 2014 1492 2066 | 30506

2009 294 893 3037 7933 7335 5821 6137 4282 2707 665 (39107
Table 2.10. Coastal cod. Maturity ogives by age in the period 1995 - 2009.
Age
Year 1 2 3 4 5 6 7 8 9 10+

1995 0.00 0.00 0.01 0.21 0.48 0.71 0.87 0.87 1.00 1.00
1996 0.00 0.00 0.03 0.25 0.56 0.81 0.92 0.99 1.00 1.00
1997 0.00 0.00 0.06 0.29 0.45 0.76 0.97 1.00 1.00 1.00
1998 0.00 0.02 0.15 0.25 0.53 0.74 0.87 0.89 1.00 1.00
1999 0.00 0.02 0.03 0.21 0.43 0.66 0.74 1.00 1.00 1.00
2000 0.00 0.00 0.00 0.16 0.31 0.61 0.76 0.64 0.99 1.00
2001 0.00 0.00 0.00 0.04 0.37 0.78 0.98 0.99 0.97 1.00
2002 0.00 0.02 0.02 0.26 0.88 0.93 0.90 0.97 1.00 1.00
2003 0.00 0.00 0.00 0.05 0.29 0.49 0.90 0.98 0.96 1.00
2004 0.00 0.00 0.01 0.09 0.37 0.76 0.95 0.98 1.00 1.00
2005 0.00 0.00 0.00 0.07 0.40 0.56 0.89 0.98 1.00 1.00

2006 0.00 0.00 0.00 0.14 0.52 0.75 0.91 0.87 0.96 1.00
2007 0.00 0.00 0.00 0.14 0.54 0.76 0.96 0.83 1.00 1.00
2008 0.00 0.00 0.03 0.12 0.48 0.72 0.89 0.94 0.96 1.00
2009 0.00 0.00 0.02 0.06 0.26 0.35 0.59 0.74 0.60 0.92
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Table 2.11. Coastal cod. Acoustic spawning biomass indices (tonnes) in 1995 — 2009.

Age

Year 1 2 3 4 5 6 7 8 9 10+ | Sum

1995 0 0 96 4925 17424 19614 12573 7648 4933 7779 | 74992
1996 0 0 468 4467 14320 15130 14365 4311 3130 46 56237
1997 0 0 1185 6857 10546 22712 14608 8860 249 8643 | 73660
1998 0 92 2026 4870 8252 6804 5774 1461 1329 2083 |32691
1999 0 56 315 3544 6778 5716 3478 2097 1220 567 |[23771
2000 0 0 2366 6354 10426 4486 2798 916 1232 | 28579
2001 0 0 15 508 4102 6662 5398 2978 1650 1917 |23230
2002 0 20 87 2240 7702 7551 5650 1747 225 1663 | 26885
2003 0 0 0 269 1670 3428 3778 2686 2554 1136 |15521
2004 0 0 28 679 2252 5253 2853 1736 434 722 |13959
2005 0 0 0 447 2844 2670 3247 1898 1315 288 |12709
2006 0 0 0 925 4386 6275 6072 1779 1538 571 |21546
2007 0 0 0 1554 4400 5877 5879 4294 2177 508 |24689
2008 0 0 107 734 3189 3012 3049 1902 1434 2066 | 15493
2009 0 0 61 476 1907 2037 3621 3169 1624 612 |13508
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Table 2.12. Proportion coastal cod among sampled cod during the coastal survey by age and statis-
tical areas in the years 2004-2009.

Year | Area/Age 2 3 4 5 6 7 8 9 10+

2004 |3 061 062 035 043 039 034 045 033 0,69
2004 | 4 08 08 074 076 077 047 077 044 044
2004 |5 08 08 08 079 062 08 075 050 020
2004 | O 1,00 09% 09% 060 08 1,00 1,00 1,00 0,07
2004 |6 08 094 08 08 074 077 064 1,00

2004 |7 098 09 09 09 0% 091 075 1,00

2005 |3 063 054 054 045 035 030 020 048 0,03
2005 | 4 0% 091 076 074 071 060 076 081 050
2005 |5 000 054 065 068 052 100 100 0,67

2005 |0 o1 03 o070 061 070 085 050 1,00

2005 |6 1,00 100 093 087 081 081 05 09

2005 |7 1,00 100 1,00 1,00 1,00 08 067 0,00

2006 | 3 079 077 063 059 045 037 030 039 0,00
2006 | 4 1,00 08 08 079 068 063 08 040 042
2006 |5 1,00 09 081 08 077 063 08 000 050
2006 |0 09 09 09 08 08 08 08 033

2006 | 6 1,00 100 09 09 08 072 1,00 0,67

2006 |7 1,00 097 09 09 08 1,00 050

2007 |3 08 038 040 059 027 032 000 1,00

2007 | 4 091 092 092 08 08 0% 071 067 1,00
2007 | 5 097 100 097 094 094 09 08 067 0,00
2007 |0 1,00 08 1,00 1,00 1,00 000 1,00 1,00

2007 | 6 1,00 1,00 09 087 091 081

2007 | 7 1,00 100 1,00 08 08 08 1,00 1,00 1,00
2008 |3 098 097 080 08 079 072 053 100 040
2008 | 4 100 09 08 08 084 078 088 088 086
2008 |5 1.00 100 093 09 100 080 067 1.00 1.00
2008 |0 100 100 100 1.00 1.00 1.00 1.00 1.00  0.00
2008 | 6 100 100 100 1.00 1.00 1.00 1.00 1.00  1.00
2008 | 7 100 100 100 1.00 1.00 1.00 1.00 1.00  1.00
2009 |3 090 072 054 044 048 057 079 067 058
2009 | 4 095 089 078 062 069 092 072 078 079
2009 |5 100 100 095 084 078 082 088 067 1.00
2009 |0 1.00 100 100 1.00 1.00 1.00 050 1.00

2009 |6 100 100 100 1.00 082 1.00 1.00 1.00 0.50
2009 |7 100 100 100 1.00 100 1.00  1.00 1.00
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Table 2.13. Norwegian Coastal Cod. Input data to all the VPA-analysis.

Table 2 Catch weights at age (kg)

YEAR 1984 1985 1986 1987 1988 1989
AGE
2 0248 0214 0227 0331 0246 0.3
3 0619 0712 0525 0.673 0.634 0.661
4 1.149 1415 1.08 1.12 1.17 1.836
5 1.734 2036 1706 1.693 1.727 217
6 2325 2737 2256 2359 2328 2448
7 3486 4.012 3353 3.743 3.256 4.391
8 4.845 6.116 4.838 5326 4.7 4.899
9 5.608 6.46 5838 6.129 5.45 6.661
+gp 8.84 10.755 7.053  11.623 8.202 11.608
0 SOPCOFAC 1.0002 1 1.0001 1.0001 1.0001 1
YEAR 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
AGE
2 0345 0.164 0.168 0.241 0254 0302 0274 0277 0376 0.467
3 1174 0922 0556 0.645 0.805 0.71 0921 097 0978 1.155
4 1515 1.608 1359 171 1476 1335 1464 1554 1.518 1.633
5 1.678 2108 2267 2591 2097 1.842 1979 197 2281 2171
6 2708 2507 2957 3.588 3.287 2467 2516 2897 3.125 3.249
7 3.898 3469 3903 4366 4.095 4191 3461 3716 3.9 4.095
8 6515 4976 5317 5899 5592 5778 4.866 4.829 552 5.013
9 7299 5734 4558 6494 7217 6376 5391 6349 6333 6.018
+gp 13924 11.059 7.032 7509 8331 9903 8.854 9.267 9337 6.255
0 SOPCOFAC 1.0002 1.0003 1.0001 1 1 1.0001 1.0001 1.0003 0.9919 1.0002
YEAR 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
AGE
2 0515 0.164 0491 0944 0.824 0.82 1.274 1.241 0977 1.219
3 1.305 0952 1.179 1552 1.374 1317 1599 1744 1.882 147
4 2272  1.637 1.8 2146 1.877 2.094 1.894 2143 2444 2348
5 2555 2881 2485 3.082 2679 2795 2687 2718 3.747 3.331
6 3283 3424 3.86 3594 3365 3.493 3562 4.098 4.165 4.251
7 4504 4.038 4.76 4953 4.013 4.087 4.029 4884 4989 4.824
8 5.4 5397 5195 5736 4.847 4.836 5182 5939 5992 5.807
9 6379 7208 5507 6477 5554 6264 5905 6.89 6.143  6.776

+gp 6.42 6.881 9183 9.686 6.343 5115 6.213 8.098 8229 8571
0 SOPCOFAC 0.9999 1.0004 1.0181 1.0001 0.9997 1.0001 0.9999 0.9998 0.9999 1
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Table 2.13. Norwegian Coastal Cod. Input data to all the VPA-analysis. Continued
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Table 3 Stock weights at age (kg)

YEAR

AGE

*gp

YEAR

AGE

+gp

YEAR

AGE

*gp

1984

0.321
0.758
1.479
2.137
2.814
4.722
6.685
6.98

9.723

1990

0.321
0.758
1.479
2.137
2.814
4.722
6.685
6.98

9.723

2000

0.346
0.777
1.458
2.296
2.735
4.048
7.011
9.224
12.277

1985

0.321
0.758
1.479
2.137
2.814
4.722
6.685
6.98

9.723

1991

0.321
0.758
1.479
2.137
2.814
4.722
6.685
6.98

9.723

2001

0.347
0.878
1.543
2213
2.862
3.321
4.849
7.339
11.542

1986

0.321
0.758
1.479
2.137
2.814
4.722
6.685
6.98

9.723

1992

0.321
0.758
1.479
2.137
2.814
4.722
6.685
6.98

9.723

2002

0.43
0.88
1.698
2.452
3.538
4.397
4.191
7.046
15.619

1987

0.321
0.758
1.479
2.137
2.814
4.722
6.685
6.98

9.723

1993

0.321
0.758
1.479
2.137
2.814
4.722
6.685
6.98

9.723

2003

0.308
0.686
1.299
2.149
3.135
4.048
5.008
5.789
10.069

1988

0.321
0.758
1.479
2.137
2.814
4.722
6.685
6.98

9.723

1994

0.321
0.758
1.479
2.137
2.814
4.722
6.685
6.98

9.723

2004

0.339
0.834
1.614
2.269
3.29

4.124
4.718
4.976
6.358

1989

0.321
0.758
1.479
2.137
2.814
4.722
6.685
6.98

9.723

1995

0.298
0.7
1.338
1.973
2.649
4.164
7.051
6.413
14.326

2005

0.407
0.846
1.748
2.2
2.693
3.817
3.797
5.344
14.829

1996

0.27
0.717
1.435
2.044
2.694
4.817
6.28
11.365
15.67

2006

0.49

1.125
1.812
2.559
3.579
3.964
4.822
7.332
14.65

1997

0.232
0.677
1.363
1.903
2.816
3.833
5.849
9.6
13.037

2007

0.518
1.185
2.011
25
3.16
4.241
6.806
11.051
14.931

1998

0.323
0.834
1.366
2.075
3.013
4.255
5.305
8.35
18.016

2008

0.508
1.208
2.095
2.987
3.671
3.976
4.387
5.415
11.558

105

1999

0.318
0.804
1.559
2.042
2.798
4.678
7.151
8.959
18.34

2009

0.434
1.116
2.003
2.894
3.632
4.875
5.4

6.125
4.719
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Table 2.13. Norwegian Coastal Cod. Input data to all the VPA-analysis. Continued
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Table 5 Proportion mature at age

YEAR

AGE

*gp

YEAR

AGE

*gp

YEAR

AGE

tgp

1984

0

0.02
0.16
0.46
0.69
0.87
0.91
0.96

1990

0.02
0.16
0.46
0.69
0.87
0.91
0.96

2000

0.02
0.16
0.46
0.69
0.87
0.91
0.96
1

1985

0

0.02
0.16
0.46
0.69
0.87
0.91
0.96

1991

0.02
0.16
0.46
0.69
0.87
0.91
0.96

2001

0.02
0.16
0.46
0.69
0.87
0.91
0.96
1

1986

0

0.02
0.16
0.46
0.69
0.87
0.91
0.96

1992

0.02
0.16
0.46
0.69
0.87
0.91
0.96

2002

0.02
0.16
0.46
0.69
0.87
0.91
0.96
1

1987

0

0.02
0.16
0.46
0.69
0.87
0.91
0.96

1993

0.02
0.16
0.46
0.69
0.87
0.91
0.96

2003

0.02
0.16
0.46
0.69
0.87
0.91
0.96
1

1988

0.02
0.16
0.46
0.69
0.87
0.91
0.96

1994

0.02
0.16
0.46
0.69
0.87
0.91
0.96

2004

0.02
0.16
0.46
0.69
0.87
0.91
0.96
1

1989

0.02
0.16
0.46
0.69
0.87
0.91
0.96

1995

0.02
0.16
0.46
0.69
0.87
0.91
0.96

2005

0.02
0.16
0.46
0.69
0.87
0.91
0.96
1

1996

0.02
0.16
0.46
0.69
0.87
0.91
0.96

2006

0.02
0.16
0.46
0.69
0.87
0.91
0.96
1

1997

0.02
0.16
0.46
0.69
0.87
0.91
0.96

2007

0.02
0.16
0.46
0.69
0.87
0.91
0.96
1

1998

0.02
0.16
0.46
0.69
0.87
0.91
0.96

2008

0.02
0.16
0.46
0.69
0.87
0.91
0.96
1
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1999

0.02
0.16
0.46
0.69
0.87
0.91
0.96

2009

0.02
0.16
0.46
0.69
0.87
0.91
0.96
1
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Table 2.14. Norwegian Coastal Cod. Catch numbers at age (thousands) and total catch i(tones) as
input to the VPA-analysis including recreational and tourist fisheries.

Table 1 Catch numbers at age Numbers*10**-3
YEAR 1984 1985 1986 1987 1988 1989
AGE

1479 3558 4722 278 744 459
5209 10438 7128 2912 3328 1984
9070 9733 15330 12244 4910 2917
8945 10444 10565 14611 8159 4057
7198 7732 6889 5076 8714 6610
5561 3291 4303 3080 5237 3238
2397 835 1521 1236 1590 1057
952 512 481 351 591 270
+gp 624 264 407 149 333 86
0 TOTALNUM 41435 46807 51346 39937 33606 20678
TONSLAND 88124 88851 82405 74472 72894 53985
SOPCOF% 100 100 100 100 100 100

O 0 N N U s W DN

YEAR 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
AGE
408 1308 469 51 389 818 1214 1377 803 301
1843 3305 1946 1645 1274 1228 2967 4145 3956 1788
2485 4448 5509 2994 3416 3149 2989 4173 7113 3791
2012 4456 5913 3156 5017 6639 5547 3021 5339 6202
3838 2681 3622 3530 3755 7131 6144 3225 2857 3693
3906 1880 2459 3768 4008 4050 5533 5124 1956 1959
846 977 1744 2073 1907 1868 2543 4000 2155 949
141 203 921 995 901 737 1125 1091 1230 995
+gp 73 94 279 690 798 433 543 684 343 320
0 TOTALNUM 15552 19352 22862 18902 21465 26053 28605 26840 25752 19998
TONSLAND 42627 40122 57790 67357 69262 71907 76276 77819 66172 54632
SOPCOF % 100 100 100 100 100 100 100 100 99 100
YEAR 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
AGE

O 0 N O U s WN

219 44 248 166 38 36 90 137 107 3
1525 848 1191 1449 560 744 551 861 1065 322
4817 2572 3161 2758 1407 1957 2672 2155 2181 1628
5322 4020 3877 3422 2637 2686 2562 2805 2473 2007
3715 2962 3681 3076 2919 2289 2678 1858 1882 2251
1448 2282 2134 1824 2271 1830 1858 1355 1262 1665
453 740 1250 842 967 936 986 718 701 825
241 321 490 584 388 364 453 413 349 262
+gp 152 119 377 99 264 143 224 196 170 276
0 TOTALNUM 17892 13908 16409 14220 11451 10985 12074 10498 10190 9239
TONSLAND 50315 43099 54594 48535 37947 35632 39134 36841 38577 37521
SOPCOF % 100 100 101 100 100 100 100 100 100 100

O 0 N O U s W N
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Table 2.15. Norwegian Coastal Cod. Diagnostic output from XSA run for 2009 updated.

Lowestoft VPA Version 3.1
26/04/2010 15:29

Extended Survivors Analysis

Norwegian Coastal Cod COMBSEX

CPUE data from file coast-9.txt

Catch data for 26 years. 1984 to 2009. Ages 2 to 10.

PLUSGROUP

Fleet First Last First
year year age
Norw. Coast. survey 1995 2009 0

Time series weights :
Tapered time weighting applied
Power= 3 over 20 years
Catchability analysis :
Catchability independent of stock size for all ages
Catchability independent of age for ages >= 8
Terminal population estimation :
Survivor estimates shrunk towards the mean F
of the final 2 years or the 4 oldest ages.
S.E. of the mean to which the estimates are shrunk = 1.000
Minimum standard error for population
estimates derived from each fleet=.300
Prior weighting not applied
Tuning had not converged after 30 iterations
Total absolute residual between iterations
29and 30= .00525

Final year F values

Age 2 3 4
Iteration 29 0.001 0.0426  0.1797
Iteration 30 0.001 0.0426  0.1795

Regression weights

0.751 0.82 0.877

Fishing mortalities
Age 2000 2001 2002

2 0.008 0.002 0.012
3 0.054 0.031 0.059
4 0.243 0.138 0.193
5 0.396 0.318 0.327
6 0.471 0.373 0.548
7 0.442 0.49 0.554
8 0.304 0.406 0.695
9 0.314 0.286 0.457

Last
age

8

5
0.3381
0.3378

0.921

2003

0.005
0.087
0.191
0.328
0.447
0.591
0.434
0.424

Alpha

0.75

6
0.5365
0.5359

0.954

2004

0.001
0.025
0.098
0.236
0.422
0.619
0.573
0.288
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Beta

0.85

7
0.6032
0.6021

0.976

2005

0.001
0.038
0.139
0.285
0.318
0.498
0.464
0.345

8
0.4827
0.4808

0.99

2006

0.006
0.03

0.18

0.272
0.468
0.505
0.644
0.614

0.3102
0.3089

0.997

2007

0.008
0.059
0.182
0.313
0.332
0.437
0.29

0.547

1

2008

0.013
0.082
0.234
0.337
0.357
0.402
0.443
0.256

2009

0.001
0.043
0.18

0.338
0.536
0.602
0.481
0.309
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XSA population numbers (Thousands)

AGE
YEAR

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

Estimated population abundance at 1st Jan 2010

Taper weighted geometric mean of the VPA populations:

2.28E+04
2.11E+04
1.81E+04
1.70E+04
1.72E+04
1.43E+04
1.21E+04
1.16E+04
7.81E+03
3.21E+03

0.00E+00

1.54E+04

2.03E+04
1.85E+04
1.73E+04
1.46E+04
1.38E+04
1.41E+04
1.17E+04
9.87E+03
9.38E+03
6.31E+03

2.62E+03

1.49E+04

Standard error of the weighted Log(VPA populations) :

1

0.6542

Fleet : Norw. Coast. survey

Age

0 N N o WN

Age

® NN N U e W N

1995
0.76
0.57
0.54
0.33
-0.01
-0.13
-0.13

2000
0.57
0.41
0.12
0.4
0.53
0
0.06

0.4597

1996
0.44
0.85
0.57
0.84
-0.02
-0.42
-0.44

2001
0.11
0.11
0.04
-0.11
-0.2
-0.03
-0.12

1.88E+04
1.57E+04
1.47E+04
1.33E+04
1.10E+04
1.10E+04
1.11E+04
9.27E+03
7.62E+03
7.07E+03

4.95E+03

1.29E+04

0.3982

1997
0.74
0.94
0.69
0.92
1.32
0.29
0.1

2002
-0.54
-0.46
-0.27
-0.3

-0.06
0.01

-0.19

1.29E+04
1.21E+04
1.12E+04
9.91E+03
9.01E+03
8.14E+03
7.86E+03
7.58E+03
6.32E+03
4.93E+03

4.84E+03

9.71E+03

0.3963

1998
0.46
0.5
0.33
0.31
0.13
0.29
-0.97

2003
-0.82
-0.42
-0.42
-0.44
-0.14
-0.05
0.04

7.87E+03
7.09E+03
7.19E+03
6.61E+03
5.85E+03
5.83E+03
5.01E+03
4.90E+03
4.54E+03
3.70E+03

2.88E+03

6.37E+03

0.3799

1999
0.46
0.28
0.19
0.2
0.09
-0.26
-0.31

2004
-0.33
-0.37
-0.19
-0.43
-0.25
-0.43
0.08

7

3.41E+03
4.02E+03
3.99E+03
3.40E+03
3.46E+03
3.14E+03
3.47E+03
2.57E+03
2.88E+03
2.60E+03

1.77E+03

3.75E+03

0.407

2005
-0.8

-0.43
-047
-0.14
-0.46
-0.07
0.21

1.38E+03
1.80E+03
2.02E+03
1.88E+03
1.54E+03
1.53E+03
1.56E+03
1.71E+03
1.36E+03
1.58E+03

1.17E+03

1.94E+03

0.4436

2006
-0.32
-0.11
-0.27
-0.03
0.2
0.32
0.01
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5.42E+02
8.31E+02
9.80E+02
8.25E+02
9.97E+02
7.12E+02
7.85E+02
6.71E+02
1.05E+03
7.15E+02

8.02E+02

9.85E+02

0.4498

2007

0.09
0.29
-0.03
0.09
0.34
0.27

2008
-0.02
-0.34
-0.13
-0.27
-0.51
-0.38
-0.01

2009
0.81
0.12
0.22
0.17
0.11
0.32
0.55
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Mean log catchability and standard error of ages with catchability

independent of year class strength and constant w.r.t. time

Age 2 3 4
Mean Log q -1.0887 -0.765 -0.5018
S.E(Log q) 0.5618 04264  0.3395

Regression statistics :

5
-0.4048
0.3723

Ages with q independent of year class strength and constant w.r.t. time.

Age Slope t-value  Intercept
2 1.04 -0.143 0.74
3 0.68 1.756 3.61
4 0.78 0.945 242
5 0.75 1.031 2.57
6 0.86 0.465 1.55
7 1.17 -0.618 -0.91
8 1.54 -1.536 -2.98

Terminal year survivor and F summaries :

Age 2 Catchability constant w.r.t. time and dependent on age

Year class = 2007

Fleet Estimated Int Ext
Survivors s.e s.e

Norw. Coast. survey 5875 0.585 0

F shrinkage mean 250 1

Weighted prediction :

Survivors Int Ext N

at end of year s.e s.e

2623 0.51 1.6 2

Age 3 Catchability constant w.r.t. time and dependent on age

Year class = 2006

Fleet Estimated Int Ext
Survivors s.e s.e

Norw. Coast. survey 5307 0.354 0.065

F shrinkage mean 2927 1

Weighted prediction :

Survivors Int Ext N

at end of year s.e s.e

4953 0.33 0.15 3

RSquare

0.55
0.75
0.67
0.64
0.52
0.58
0.46

Var
Ratio

Var
Ratio
3.158

Var
Ratio
0.18

Var
Ratio
0.449

6
-0.3572
0.3995

No Pts
15
15
15
15
15
15
15

0.001

N

0.043
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7
-0.4057
0.2815

Reg s.e
0.61
0.26
0.27
0.28
0.36
0.34
0.48

Scaled
Weights
0.745

0.255

Scaled
Weights
0.884

0.116

8
-0.6964
0.3319

Mean Q
-1.09
-0.76
-0.5
-0.4
-0.36
-0.41
-0.7

Estimated

F

0.011

Estimated
F
0.04

0.071
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Age 4 Catchability constant w.r.t. time and dependent on age

Year class = 2005

Fleet Estimated Int Ext Var
Survivors s.e s.e Ratio

Norw. Coast. survey 4907 0.25 0.176 0.7

F shrinkage mean 4094 1

Weighted prediction :

Survivors Int Ext N Var

at end of year s.e s.e Ratio

4843 0.24 0.14 4 0.58

Age 5 Catchability constant w.r.t. time and dependent on age

Year class = 2004

Fleet Estimated Int Ext Var
Survivors s.e s.e Ratio

Norw. Coast. survey 2876 0.212 0.098 0.46

F shrinkage mean 2995 1

Weighted prediction :

Survivors Int Ext N Var

at end of year s.e s.e Ratio

2885 0.21 0.08 5 0.391

1

Age 6 Catchability constant w.r.t. time and dependent on age
Year class = 2003

Fleet Estimated Int Ext Var
Survivors s.e s.e Ratio

Norw. Coast. survey 1693 0.193 0.153 0.79

F shrinkage mean 3035 1

Weighted prediction :

Survivors Int Ext N Var

at end of year s.e s.e Ratio

1774 0.19 0.15 6 0.772

Age 7 Catchability constant w.r.t. time and dependent on age

Year class = 2002

Fleet Estimated Int Ext Var
Survivors s.e s.e Ratio

Norw. Coast. survey 1132 0.171 0.153 0.89

F shrinkage mean 1834 1

Weighted prediction :

Survivors Int Ext N Var

at end of year s.e s.e Ratio

1169 0.17 0.14 7 0.832

Age 8 Catchability constant w.r.t. time and dependent on age

Year class = 2001

Fleet Estimated  Int Ext Var
Survivors s.e s.e Ratio

Norw. Coast. survey 786 0.16 0.178 1.11

0.18

0.338

0.536

0.602

Scaled Estimated
Weights F

0.928 0.177

0.072 0.209
Scaled Estimated
Weights  F

0.931 0.338

0.069 0.327
Scaled Estimated
Weights  F

0.921 0.555

0.079 0.346
Scaled Estimated
Weights F

0.932 0.616

0.068 0.422
Scaled Estimated
Weights  F

0.941 0.487



112

F shrinkage mean 1106 1
Weighted prediction :
Survivors Int Ext N Var
at end of year s.e s.e Ratio
802 0.16 0.16 8 1.008

Age 9 Catchability constant w.r.t. time and age (fixed at the value for age) 8
Year class = 2000

Fleet Estimated Int Ext Var
Survivors s.e s.e Ratio
Norw. Coast. survey 454 0.166 0.097 0.59
F shrinkage mean 244 1
Weighted prediction :
Survivors Int Ext N Var
at end of year s.e s.e Ratio

432 0.17 0.11 8 0.631

0.481

0.309

ICES AFWG REPORT 2010

0.059 0.369

Scaled Estimated

Weights F
0.918 0.295
0.082 0.493
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Table 2.16. Norwegian Coastal Cod. Summary output from XSA run for 2009 updated.

Terminal Fs derived using XSA (With F shrinkage)

RECRUITS TOTALBIO TOTSPBIO LANDINGS YIELD/SSB  SOPCOFAC FBAR 4-7

Age?2
1984 87915 310202 140813 74824 0.5314 1.0002 0.6221
1985 74401 293915 116933 75451 0.6452 1 0.5276
1986 35543 290530 122006 68905 0.5648 1.0001 0.5808
1987 36610 254620 114620 60972 0.5319 1.0001 0.4919
1988 39928 230358 117782 59294 0.5034 1.0001 0.6203
1989 43226 195737 93316 40285 0.4317 1 0.3763
1990 42297 209288 102157 28127 0.2753 1.0002 0.1845
1991 59811 244532 122385 24822 0.2028 1.0003 0.1714
1992 49295 286162 153360 41690 0.2718 1.0001 0.2356
1993 30294 298765 165785 52557 0.317 1 0.2375
1994 25179 298482 174761 54562 0.3122 1 0.2396
1995 33496 260753 161869 57207 0.3534 1.0001 0.3064
1996 39939 261957 173001 61776 0.3571 1.0001 0.383
1997 32577 204456 127641 63319 0.4961 1.0003 0.4071
1998 30422 175637 93903 51572 0.5492 0.9919 0.4502
1999 25013 154934 78153 40732 0.5212 1.0002 0.4557
2000 22754 138094 66319 36715 0.5536 0.9999 0.3879
2001 21125 129059 61969 29699 0.4793 1.0004 0.3299
2002 18070 154004 83131 40994 0.4931 1.0181 0.4054
2003 16965 105703 55358 34635 0.6257 1.0001 0.3893
2004 17204 108573 56881 24547 0.4315 0.9997 0.3435
2005 14265 100189 49732 22432 0.4511 1.0001 0.3102
2006 12136 112080 57270 26134 0.4563 0.9999 0.3564
2007 11555 108338 57439 23841 0.4151 0.9998 0.3161
2008 7808 99441 53352 25777 0.4831 0.9999 0.3322
2009 3206 81276 46617 24821 0.5324 1 0.4139
Arith.
Mean 31963 196426 101790 44065 4533 3798

0 Units  (Thousands) (Tonnes) (Tonnes) (Tonnes)
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Table 2.17. Norwegian Coastal Cod. Diagnostic output from XSA run for 2010 with recreational

and tourist fisheries included.

Lowestoft VPA Version 3.1
26/04/2010 15:31
Extended Survivors Analysis
Norwegian
Coastal Cod COMBSEX  PLUSGROUP
CPUE data from file coast-9.txt
Catch data for 26 years. 1984 to 2009. Ages 2 to 10.

Fleet First  Last First Last Alpha Beta
year year age age

Norw. Coast.
survey 1995 2009 0 8 0.75 0.85
Time series weights :

Tapered time weighting applied

Power= 3 over 20 years
Catchability analysis :

Catchability independent of stock size for all ages

Catchability independent of age for ages>= 8
Terminal population estimation :

Survivor estimates shrunk towards the mean F

of the final 2 years or the 4 oldest ages.

S.E. of the mean to which the estimates are shrunk = 1.000

Minimum standard error for population

estimates derived from each fleet=.300

Prior weighting not applied
Tuning had not converged after 30 iterations
Total absolute residual between iterations
29and 30=.00475
Final year F values
Age 2 3 4 5 6 7
Iteration 29 0.0008 0.0401  0.1885 0.355 0.5703  0.6075
Iteration 30 0.0008 0.0401  0.1884  0.3548  0.5697  0.6066
Regression weights

0.751 0.82 0.877 0.921 0.954 0.976
Fishing mortalities
Age 2000 2001 2002 2003 2004 2005
2 0.007 0.002 0.01 0.007 0.002 0.002
3 0.058 0.034 0.052 0.074 0.03 0.038
4 0.228 0.131 0.174 0.163 0.096 0.139
5 0.377 0.303 0.298 0.288 0.231 0.268
6 0.417 0.373 0.504 0.41 0.428 0.323
7 0.383 0.49 0.508 0.505 0.611 0.526
8 0.259 0.344 0.551 0.384 0.555 0.551
9 0.297 0.295 0.404 0.543 0.306 0.417
XSA population numbers (Thousands)
AGE

YEAR 2 3 4 5 6 7
2000 3.41E+04 3.00E+04 2.61E+04 1.87E+04 1.21E+04 5.03E+03
2001 3.19E+04 2.77E+04 2.32E+04 1.70E+04 1.05E+04 6.51E+03
2002 2.76E+04 2.61E+04 2.19E+04 1.66E+04 1.03E+04 5.92E+03
2003 2.58E+04 2.24E+04 2.03E+04 1.51E+04 1.01E+04 5.08E+03
2004 2.67E+04 2.09E+04 1.70E+04 1.41E+04 9.26E+03 5.49E+03
2005 2.21E+04 2.18E+04 1.66E+04 1.26E+04 9.17E+03 4.94E+03
2006 1.84E+04 1.80E+04 1.72E+04 1.19E+04 7.92E+03 5.44E+03
2007 1.72E+04 1.50E+04 1.43E+04 1.17E+04 7.38E+03 4.06E+03
2008 1.12E+04 1.40E+04 1.15E+04 9.73E+03 7.02E+03 4.36E+03

2009 3.91E+03 9.06E+03 1.05E+04 7.43E+03 5.73E+03 4.05E+03

8
0.4717
0.47

0.99

2006

0.005
0.034
0.188
0.273
0.468
0.474
0.609
0.57

8

2.19E+03
2.81E+03
3.26E+03
2.92E+03
2.51E+03
2.44E+03
2.39E+03
2.77E+03
2.10E+03
2.43E+03

0.3113
0.3102

0.997

2007
0.009
0.066
0.183
0.309
0.326
0.46

0.338
0.56

9

1.04E+03
1.39E+03
1.63E+03
1.54E+03
1.63E+03
1.18E+03
1.15E+03
1.06E+03
1.62E+03
1.09E+03

1

2008
0.011
0.088
0.236
0.33
0.351
0.385
0.46
0.272

2009
0.001
0.04
0.188
0.355
0.57
0.607
0.47
0.31
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Estimated population abundance at 1st Jan 2010

0.00E+00 3.20E+03 7.13E+03 7.11E+03 4.27E+03 2.66E+03 1.81E+03 1.25E+03

Taper weighted geometric mean of the VPA populations:

2.25E+04 2.21E+04 191E+04 1.43E+04 9.48E+03 5.61E+03 2.96E+03 1.56E+03

Standard error of the weighted Log(VPA populations) :

0.6908 0.4456 03708 03576  0.3349  0.3543  0.3776  0.3851
Log catchability residuals.
Fleet : Norw. Coast. survey

Age 1995 1996 1997 1998 1999
2 0.84 0.45 0.74 0.52 0.46
3 0.68 0.93 0.93 0.51 0.35
4 0.69 0.67 0.76 0.32 0.21
5 0.47 0.94 1.03 0.37 0.18
6 0.12 0.12 1.39 0.21 0.13
7 0.06 -0.28 0.46 0.3 -0.27
8 0 -0.25 0.18 -0.87 -0.46

Age 2000 2001 2002 2003 2004 2005 2006 2007
2 0.55 0.08 -0.58 -0.85 -0.39 -0.85 -0.35 -0.01
3 0.42 0.11 -0.49 -0.46 -0.39 -0.47 -0.14 0.07
4 0.18 0.05 -0.29 -0.46 -0.23 -0.48 -0.3 0.26
5 0.42 -0.06 -0.32 -0.49 -0.48 -0.19 -0.04 -0.06
6 0.47 -0.18 -0.04 -0.18 -0.29 -0.5 0.15 0.09
7 0 -0.08 0.01 -0.09 -0.46 -0.07 0.28 0.33
8 0.02 -0.16 -0.32 0.02 0.04 0.27 0.01 0.29

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age 2 3 4 5 6 7 8
MeanLogq  -1.4723 -1.1627  -0.9001  -0.8096 -0.7698  -0.8352  -1.1554
S.E(Log q) 0.6103 04521 03729 04143 04176  0.2866  0.3371

Regression statistics :

Ages with q independent of year class strength and constant w.r.t. time.

Mean

Age Slope t-value Intercept RSquare NoPts Regse Q
2 1.18 -0.556 -0.1 0.49 15 0.75 -1.47
3 0.69 1.466 3.89 0.7 15 0.3 -1.16
4 0.79 0.781 2.79 0.58 15 0.3 -0.9
5 0.76 0.79 2.89 0.53 15 0.32 -0.81
6 0.83 0.495 2.2 0.46 15 0.36 -0.77
7 1.04 -0.131 0.54 0.56 15 0.31 -0.84
8 1.37 -0.934 -1.35 0.4 15 0.46 -1.16
Terminal year survivor and F summaries :
Age 2 Catchability constant w.r.t. time and dependent on age
Year class = 2007
Fleet Estimated Int Ext Var N Scaled Estimated

Survivors s.e s.e Ratio Weights F
Norw. Coast.
survey 8622 0.636 0 0 1 0.712 0

F shrinkage

mean 277 1 0.288 0.01
Weighted prediction :
Survivors Int Ext N Var F
at end of year s.e s.e Ratio
3203 0.54 1.85 2 3.439 0.001

Age 3 Catchability constant w.r.t. time and dependent on age
Year class = 2006

2008
0.01
-0.34
-0.14
-0.3
-0.54
-0.38
0.03

2009
0.99
0.15
0.24
0.18
0.11
0.31
0.57
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Fleet Estimated Int Ext Var N
Survivors s.e s.e Ratio
Norw. Coast.
survey 7882 0.379 0.07 0.18 2
F shrinkage
mean 3638 1
Weighted prediction :
Survivors Int Ext N Var F
at end of year s.e s.e Ratio
7127 0.35 0.2 3 0.572 0.04
1

Age 4 Catchability constant w.r.t. time and dependent on age
Year class = 2005

Fleet Estimated Int Ext Var N
Survivors s.e s.e Ratio
Norw. Coast.
survey 7188 0.271 0.18 0.66 3
F shrinkage
mean 6299 1
Weighted prediction :
Survivors Int Ext N Var F
at end of year s.e s.e Ratio
7108 0.26 0.14 4 0.543 0.188

Age 5 Catchability constant w.r.t. time and dependent on age
Year class = 2004

Fleet Estimated Int Ext Var N
Survivors s.e s.e Ratio
Norw. Coast.
survey 4223 0.232 0.104 0.45 4
F shrinkage
mean 4796 1
Weighted prediction :
Survivors Int Ext N Var F
at end of year s.e s.e Ratio
4268 0.23 0.09 5 0.387 0.355

Age 6 Catchability constant w.r.t. time and dependent on age
Year class =2003

Fleet Estimated Int Ext Var N
Survivors s.e s.e Ratio
Norw. Coast.
survey 2487 0.209 0.156 0.75 5
F shrinkage
mean 5018 1
Weighted prediction :
Survivors Int Ext N Var F
at end of year s.e s.e Ratio
2656 0.21 0.16 6 0.776 0.57

Age 7 Catchability constant w.r.t. time and dependent on age

ICES AFWG REPORT 2010

Scaled Estimated
Weights F
0.87 0.036
0.13 0.077
Scaled Estimated
Weights F
0.915 0.186
0.085 0.21
Scaled Estimated
Weights F
0.917 0.358
0.083 0.321
Scaled Estimated
Weights F
0.906 0.598
0.094 0.341
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Year class = 2002

Fleet Estimated
Survivors

Norw. Coast.
survey 1746

F shrinkage
mean 2842
Weighted prediction :
Survivors Int

at end of year s.e
1810 0.18

Int Ext Var
s.e s.e Ratio
0.18 0.16 0.89
1
Ext N Var
s.e Ratio
0.15 7 0.824

0.607

Age 8 Catchability constant w.r.t. time and dependent on age

Year class = 2001

Fleet Estimated
Survivors

Norw. Coast.
survey 1234

F shrinkage
mean 1511
Weighted prediction :
Survivors Int
at end of year s.e
1250 0.17

Int Ext Var
s.e s.e Ratio
0.167 0.183 1.1
1
Ext N Var
s.e Ratio
0.17 8 0.983

0.47

Age 9 Catchability constant w.r.t. time and age (fixed at the value for age) 8

Year class = 2000

Fleet Estimated
Survivors

Norw. Coast.
survey 694

F shrinkage
mean 362
Weighted prediction :
Survivors Int
at end of year s.e
654 0.18

Int Ext Var
s.e s.e Ratio
0.174 0.098 0.57
1
Ext N Var
s.e Ratio

0.11 8 0.627

0.31

117

Scaled Estimated
Weights F

0.927 0.622

0.073 0.425
Scaled Estimated
Weights F

0.938 0.473

0.062 0.402
Scaled Estimated
Weights F

0.911 0.294

0.089 0.504
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Table 2.18. Norwegian Coastal Cod. Summary output from XSA run for 2010 with recreational
and tourist fisheries included.

Terminal Fs derived using XSA (With F shrinkage)

RECRUITS  TOTALBIO TOTSPBIO LANDINGS YIELD/SSB  SOPCOFAC FBAR 4-7

Age?2
1984 109445 363616 161708 88124 0.545 1.0001 0.6182
1985 98043 348434 134544 88851 0.6604 1 0.5235
1986 62696 351708 140662 82405 0.5858 1 0.5895
1987 49015 317004 133299 74472 0.5587 1 0.5067
1988 54425 294097 139624 72894 0.5221 1 0.6342
1989 62998 260422 117973 53985 0.4576 1 0.3834
1990 61657 279615 131106 42627 0.3251 1.0001 0.2371
1991 81509 325149 158032 40122 0.2539 1.0002 0.1941
1992 68237 371918 194241 57790 0.2975 1 0.249
1993 39633 385526 209475 67357 0.3216 1 0.2361
1994 33297 381398 218590 69262 0.3169 1.0001 0.2409
1995 45300 335804 206391 71907 0.3484 1.0001 0.3018
1996 57977 343119 224269 76276 0.3401 1 0.3616
1997 47218 274036 166813 77819 0.4665 1.0002 0.3962
1998 42205 246837 128856 66172 0.5135 0.9937 0.4108
1999 36936 222467 110823 54632 0.493 1.0001 0.413
2000 34100 202305 97923 50315 0.5138 0.9999 0.3512
2001 31920 190167 91132 43099 0.4729 1.0002 0.3244
2002 27591 222777 117369 54594 0.4651 1.0134 0.3708
2003 25759 160469 83672 48535 0.5801 1.0001 0.3416
2004 26727 165996 85725 37947 0.4427 0.9997 0.3415
2005 22064 150333 72584 35632 0.4909 1.0001 0.314
2006 18390 168916 84497 39134 0.4631 0.9998 0.3508
2007 17217 163168 85363 36841 0.4316 1 0.3192
2008 11181 145804 76271 38577 0.5058 0.9998 0.3254
2009 3914 119962 68660 37521 0.5465 1.0001 0.4299
Arith.
Mean 44979 261194 132292 57957 4584 3756

0 Units  (Thousands) (Tonnes) (Tonnes) (Tonnes)
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Table 2.19. Norwegian Coastal Cod. Diagnostic output from XSA run for 2010 with recreational and tourist fisheries included, and stock dependant catchabilities for ages 2 and 3.

Lowestoft VPA Version 3.1
26/04/2010 16:18
Extended Survivors Analysis
Norwegian Coastal Cod COMBSEX PLUSGROUP
CPUE data from file coast-9.txt
Catch data for 26 years. 1984 to 2009. Ages 2 to 10.

Fleet First Last First Last Alpha Beta
year year age age
Norw. Coast. survey 1995 2009 0 8 0.75 0.85

Time series weights :
Tapered time weighting applied
Power= 3 over 20 years
Catchability analysis :
Catchability dependent on stock size for ages < 4
Regression type = C
Minimum of 5 points used for regression
Survivor estimates shrunk to the population mean for ages < 4
Catchability independent of age for ages >= 8
Terminal population estimation :
Survivor estimates shrunk towards the mean F
of the final 2 years or the 4 oldest ages.
S.E. of the mean to which the estimates are shrunk = 1.000
Minimum standard error for population
estimates derived from each fleet=.300
Prior weighting not applied
Tuning had not converged after 30 iterations
Total absolute residual between iterations
29 and 30= .00808

Final year F values
Age 2 3 4 5 6 7 8 9
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Iteration 29 0.0001 0.0181 0.1321 0.2646 0.4794 0.5589 0.412 0.2794
Iteration 30 0.0001 0.018 0.1318 0.264 0.4781 0.5574 0.4092 0.2779
Regression weights
0.751 0.82 0.877 0.921 0.954 0976 099  0.997 1 1
Fishing mortalities
Age 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
2 0.007 0.001 0.01 0.007 0.002 0.002 0.004 0.007 0.005 0
3 0.057 0.034 0.051 0.073 0.029 0.037 0.032 0.054 0.064 0.018
4 0.227 0.13 0.172 0.159 0.094 0.134 0.183 0.167 0.188 0.132
5 0.375 0.301 0.294 0.286 0.224 0.262 0.26 0.297 0.294 0.264
6 0.422 0.371 0.5 0.402 0.422 0.31 0.453 0.305 0.333 0.478
7 0.384 0.5 0.502 0.498 0.591 0.515 0.446 0.438 0.351 0.557
8 0.251 0.346 0.569 0.377 0.541 0.52 0.586 0.309 0.426 0.409
9 0.318 0.283 0.407 0.576 0.298 0.401 0.517 0.523 0.242 0.278
XSA population numbers (Thousands)
AGE

YEAR 2 3 4 5 6 7 8 9
2000 3.43E+04 3.03E+04 2.62E+04 1.88E+04 1.19E+04 5.01E+03 2.26E+03 9.79E+02
2001 3.26E+04 2.79E+04 2.34E+04 1.71E+04 1.06E+04 6.41E+03 2.79E+03 1.44E+03
2002 2.80E+04 2.67E+04 2.21E+04 1.68E+04 1.03E+04 5.97E+03 3.18E+03 1.62E+03
2003 2.67E+04 2.27E+04 2.08E+04 1.52E+04 1.03E+04 5.14E+03 2.96E+03 1.47E+03
2004 2.74E+04 2.17E+04 1.73E+04 1.45E+04 9.36E+03 5.62E+03 2.56E+03 1.66E+03
2005 2.39E+04 2.24E+04 1.73E+04 1.29E+04 9.50E+03 5.02E+03 2.55E+03 1.22E+03
2006 2.23E+04 1.95E+04 1.77E+04 1.24E+04 8.12E+03 5.70E+03 2.46E+03 1.24E+03
2007 2.33E+04 1.82E+04 1.55E+04 1.21E+04 7.81E+03 4.22E+03 2.99E+03 1.12E+03
2008 2.44E+04 1.90E+04 1.41E+04 1.07E+04 7.34E+03 4.71E+03 2.23E+03 1.80E+03
2009 2.25E+04 1.99E+04 1.46E+04 9.56E+03 6.55E+03 4.31E+03 2.72E+03 1.19E+03
Estimated population abundance at 1st Jan 2010

0.00E+00 1.85E+04 1.60E+04 1.05E+04 6.03E+03 3.33E+03 2.03E+03 1.49E+03
Taper weighted geometric mean of the VPA populations:

2.93E+04 2.50E+04 2.03E+04 1.49E+04 9.74E+03 5.73E+03 3.04E+03 1.60E+03

Standard error of the weighted Log(VPA populations) :
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0.2765 0.2875  0.2962 0.3053 0.309 0.3405  0.3642 0.3761
Log catchability residuals.
Fleet : Norw. Coast. survey

Age 1995 1996 1997 1998 1999
2 0.09 -0.21 0.02 0.02 0.08
3 0.25 0.17 0.03 -0.01 -0.01
4 0.77 0.74 0.84 0.4 0.28
5 0.53 1.01 1.07 0.43 0.24
6 0.14 0.18 1.45 0.23 0.17
7 0.1 -0.27 0.51 0.36 -0.26
8 0.02 -0.21 0.18 -0.78 -0.37

Age 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
2 0.17 0.03 -0.09 -0.15 -0.01 -0.1 0.08 0.13 -0.06 0
3 0.08 0.01 -0.2 -0.09 -0.04 -0.09 0.1 0.19 -0.05 -0.07
4 0.24 0.11 -0.23 -0.42 -0.18 -0.45 -0.26 0.23 -0.31 -0.06
5 0.47 -0.02 -0.28 -0.45 -0.46 -0.16 -0.04 -0.05 -0.37 -0.09
6 0.52 -0.15 -0.02 -0.17 -0.27 -0.5 0.16 0.05 -0.56 -0.06
7 0.04 -0.03 0.03 -0.08 -047 -0.06 0.24 0.31 -0.44 0.24
8 0.02 -0.12 -0.25 0.04 0.04 0.24 0 0.23 -0.02 0.45

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age 4 5 6 7 8
Mean Log q -0.9725 -0.863 -0.8087  -0.8689  -1.1934
S.E(Log q) 0.3834 04277 04314 0.2915  0.2828

Regression statistics :
Ages with q dependent on year class strength

Age Slope t-value Intercept RSquare NoPts Regs.e MeanLogq
2 0.34 5.401 7.36 0.87 15 0.11 -1.75
3 0.39 4.482 6.7 0.85 15 0.12 -1.29

Ages with q independent of year class strength and constant w.r.t. time.
Age Slope t-value Intercept RSquare NoPts Regse  MeanQ
4 0.55 2.071 5 0.69 15 0.18 -0.97
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0.59
0.75
0.98
1.17

1.524
0.72
0.058
-0.554

4.46
29
1
0.06

Terminal year survivor and F summaries :

Age 2 Catchability dependent on age and year class strength
Year class = 2007

Fleet Estimated  Int Ext
Survivors s.e s.e
Norw. Coast. survey 18430 0.3 0
P shrinkage mean 25017 0.29
F shrinkage mean 475 1
Weighted prediction :
Survivors Int Ext N
at end of year s.e s.e
18460 0.2 0.55 3

Age 3 Catchability dependent on age and year class strength
Year class = 2006

Fleet Estimated  Int Ext
Survivors s.e s.e
Norw. Coast. survey 14971 0.212 0.006
P shrinkage mean 20309 0.3
F shrinkage mean 4786 1
Weighted prediction :
Survivors Int Ext N
at end of year s.e s.e
16030 0.17 0.15 4

Age 4 Catchability constant w.r.t. time and dependent on age

Year class = 2005

Fleet Estimated  Int Ext
Survivors s.e s.e

Norw. Coast. survey 10618 0.188 0.063

0.59
0.46
0.56
0.53

Var
Ratio

Var
Ratio
2.693

Var
Ratio
0.03

Var
Ratio
0.893

Var
Ratio
0.33

15
15
15
15

0.018

3

0.24
0.33
0.3

0.34

Scaled
Weights
0.459
0.5
0.041

Scaled

Weights
0.637
0.334
0.029

Scaled
Weights
0.959

-0.86
-0.81
-0.87
-1.19

Estimated

F
0
0

0.006

Estimated

F

0.019
0.014
0.059

Estimated

F
0.13
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F shrinkage mean 7557 1
Weighted prediction :
Survivors Int Ext N
at end of year s.e s.e
10473 0.18 0.06 4

Age 5 Catchability constant w.r.t. time and dependent on age
Year class = 2004

Fleet Estimated  Int Ext
Survivors s.e s.e

Norw. Coast. survey 6065 0.174 0.105

F shrinkage mean = 5247 1

Weighted prediction :

Survivors Int Ext N

at end of year s.e s.e

6025 0.17 0.09 5

Age 6 Catchability constant w.r.t. time and dependent on age
Year class = 2003

Fleet Estimated  Int Ext
Survivors s.e s.e

Norw. Coast. survey 3236 0.165 0.091

F shrinkage mean = 5379 1

Weighted prediction :

Survivors Int Ext N

at end of year s.e s.e

3333 0.17 0.1 6

Age 7 Catchability constant w.r.t. time and dependent on age
Year class = 2002

Fleet Estimated  Int Ext
Survivors s.e s.e
Norw. Coast. survey 1975 0.154 0.117
F shrinkage mean 3091 1
Weighted prediction :

Survivors Int Ext N

Var
Ratio
0.346

Var
Ratio
0.6

Var
Ratio
0.522

Var
Ratio
0.55

Var
Ratio
0.581

Var
Ratio
0.76

Var

0.132

0.264

0.478

6

0.041 0.178

Scaled Estimated

Weights F
0.955 0.262
0.045 0.297

Scaled Estimated

Weights F
0.942 0.488
0.058 0.321

Scaled Estimated

Weights F
0.943 0.567
0.057 0.397
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at end of year
2026

Age 8 Catchability constant w.r.t. time and dependent on age

Year class = 2001
Fleet

Norw. Coast. survey
F shrinkage mean

Weighted prediction :

Survivors

at end of year

1486

s.e
0.16

1478
1668

s.e
0.14

Int

Estimated
Survivors

s.e
0.11

Int

s.e
0.144
1

Ext
s.e
0.13

7

Ext
s.e
0.148

N

8

Ratio
0.72

Var
Ratio
1.03

Var
Ratio
0.933

0.557

N

0.409

Age 9 Catchability constant w.r.t. time and age (fixed at the value for age) 8

Year class = 2000
Fleet

Norw. Coast. survey
F shrinkage mean

Weighted prediction :

Survivors

at end of year

745

773
441

s.e
0.16

Int

Estimated
Survivors

Int

s.e
0.151
1

Ext
s.e
0.08

Ext
s.e
0.067

Var
Ratio
0.45

Var
Ratio
0.521

0.278

Scaled Estimated

Weights F
0.956 0.409
0.044 0.37

Scaled Estimated

Weights  F
0.934 0.268
0.066 0.43

ICES AFWG REPORT 2010



ICES AFWG REPORT 2010 125

Table 2.20. Norwegian Coastal Cod. Summary output from XSA run for 2010 with recreational
and tourist fisheries included, and stock dependant catchabilities for age 2 and 3.

RECRUITS  TOTALBIO  TOTSPBIO LANDINGS YIELD/SSB  SOPCOFAC FBAR 4-7

Age?2

1984 109449 363619 161709 88124 0.545 1.0001 0.6182
1985 98065 348446 134546 88851 0.6604 1 0.5235
1986 62717 351735 140665 82405 0.5858 1 0.5895
1987 49052 317058 133307 74472 0.5587 1 0.5066
1988 54447 294183 139647 72894 0.522 1 0.6341
1989 63187 260596 118018 53985 0.4574 1 0.3832
1990 61580 279849 131193 42627 0.3249 1.0001 0.2369
1991 82057 325629 158187 40122 0.2536 1.0002 0.1938
1992 67797 372453 194505 57790 0.2971 1 0.2486
1993 39399 386057 209853 67357 0.321 1 0.2356
1994 33502 381945 219214 69262 0.316 1.0001 0.24
1995 45252 336241 206936 71907 0.3475 1.0001 0.3021
1996 57711 344132 225387 76276 0.3384 1 0.3616
1997 47356 273803 166706 77819 0.4668 1.0002 0.4007
1998 42360 247695 129784 66172 0.5099 0.9937 0.4134
1999 37294 220704 108943 54632 0.5015 1.0001 0.4109
2000 34327 201992 97181 50315 0.5177 0.9999 0.3522
2001 32649 191514 91632 43099 0.4703 1.0002 0.3254
2002 28028 224158 117483 54594 0.4647 1.0134 0.367
2003 26701 162358 84164 48535 0.5767 1.0001 0.3361
2004 27436 169673 87444 37947 0.434 0.9997 0.333
2005 23885 155231 74689 35632 0.4771 1.0001 0.3051
2006 22278 178062 88247 39134 0.4435 0.9998 0.3356
2007 23323 178055 90142 36841 0.4087 1 0.3017
2008 24427 172120 83113 38577 0.4642 0.9998 0.2915
2009 22511 161482 78773 37521 0.4763 1.0001 0.3578
Arith.

Mean 46800 265338 133518 57957 4515 3694

0 Units  (Thousands) (Tonnes) (Tonnes) (Tonnes)
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Table 2.21. Norwegian Coastal Cod. Output from final standard VPA run for 2010.

Table 8 Fishing mortality (F) at age

YEAR 1984

AGE
0.0152
0.0945
0.2393
0.3664
0.6625
1.2029
1.0048
0.8193

+gp 0.8193

0 FBAR 4-7 0.6178

O 0 N O U ok W N

YEAR 1990

AGE
0.0074
0.0407
0.0842
0.1088
0.2919
0.4623
0.5
0.3436

+gp 0.3436

0 FBAR 4-7 0.2368

O 0 N O G ok W N

YEAR 2000

AGE
0.0071
0.0576
0.228
0.3754
0.4224
0.3845
0.251
03175

+gp 03175

0 FBAR 4-7 0.3526

O 0 NI O U ok W N

1985

0.0411
0.1409
0.2555
0.476

0.6259
0.7425
0.565

0.6062
0.6062
0.525

1991

0.0179
0.0762
0.1304
0.2132
0.2067
0.2269
0.1989
0.212

0.212

0.1943

2001

0.0015
0.0344
0.1302
0.3021
0.3707
0.5006
0.3465
0.2834
0.2834
0.3259

1986

0.0871
0.1082
0.3157
0.4854
0.6725
0.8887
0.9661
0.7607
0.7607
0.5906

1992

0.0077
0.0333
0.1754
0.2558
0.2688
0.2968
0.3397
0.2916
0.2916
0.2492

2002

0.0104
0.0508
0.1729
0.2947
0.4995
0.501

0.5694
0.4074
0.4074
0.367

1987

0.0063
0.071

0.2732
0.5628
0.457

0.7407
0.7009
0.6187
0.6187
0.5084

1993

0.0014
0.0338
0.0658
0.1442
0.239

0.4951
0.4384
0.3312
0.3312
0.236

2003

0.0071
0.0776
0.159

0.2866
0.4028
0.4978
0.3769
0.5759
0.5759
0.3366

1988

0.0153
0.097

0.1641
0.2952
0.7948
1.2752
1.1625
0.8948
0.8948
0.6323

1994

0.013

0.045

0.0912
0.1496
0.2548
0.4669
0.5041
0.3461
0.3461
0.2406

2004

0.0014
0.03

0.1005
0.2245
0.4231
0.5905
0.5403
0.2984
0.2984
0.3346

1989

0.0081
0.0515
0.1154
0.1984
0.4143
0.8007
1.0172
0.6159
0.6159
0.3822

1995

0.0203
0.0517
0.1492
0.2562
0.3277
0.4794
0.4141
0.3712
0.3712
0.3031

2005

0.0014
0.0345
0.139

0.2822
0.3099
0.5153
0.5203
0.4008
0.4008
0.3116

1996

0.0237
0.0951
0.1712
0.4227
0.3995
0.4567
0.636

0.4732
0.4732
0.3625

2006

0.0047
0.027

0.1665
0.2716
0.5035
0.4452
0.5854
0.5166
0.5166
0.3467

1997

0.0328
0.1051
0.1876
0.2615
0.4672
0.6889
0.7114
0.6271
0.6271
0.4013

2007

0.008
0.056
0.14
0.2639
0.3233
0.5182
0.3083
0.5234
0.5234
0.3113

1998

0.0213
0.1243
0.2634
0.3878
0.4221
0.5805
0.7115
0.4956
0.4956
0.4135

2008

0.0048
0.0796
0.1959
0.2362
0.2843
0.3802
0.5599
0.2416
0.2416
0.2741

1999

0.009

0.0603
0.1682
0.3861
0.5099
0.5776
0.6273
0.8755
0.8755
0.4104

2009

0.0002
0.018

0.1678
0.2782
0.3504
0.4376
0.4603
0.4206
0.4206
0.3085

FBAR *%_%K

0.0043
0.0512
0.1679
0.2594
0.3193
0.4453
0.4428
0.3952
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Table 2.21. Norwegian Coastal Cod. Output from final standard VPA run for 2010 continued.

Table 10 Stock number at age (start of year) Numbers*10**-3
YEAR 1984 1985 1986 1987 1988 1989

AGE
108384 97422 62363 48753 54062 62736
63659 87401 76550 46799 39664 43591
46837 47422 62151 56247 35689 29473
31977 30186 30071 37109 35041 24796
16215 18150 15354 15153 17306 21355
8600 6844 7947 6417 7855 6400
4104 2115 2667 2675 2505 1797
1853 1230 984 831 1087 641

+gp 1215 634 83 353 612 204

0 TOTAL 282845 291404 258920 214336 193821 190992

O 0 N O U ok W N

YEAR 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

AGE
61090 81382 67144 39068 33267 44916 57255 47031 42033 36994
50949 49648 65448 54549 31940 26885 36036 45780 37262 33689
33898 40050 37666 51828 43176 25000 20903 26828 33744 26942
21500 25512 28781 25877 39731 32268 17631 14422 18207 21230
16649 15789 16876 18245 18342 28009 20447 9459 9090 10114
11554 10181 10513 10560 11762 11639 16525 11228 4854 4880
2353 5958 6643 6397 5270 6037 5900 8569 4616 2224
532 1168 3998 3872 3379 2606 3267 2557 3444 1855

+gp 275 541 1211 2685 2992 1531 1577 1603 960 597

0 TOTAL 198800 230228 238282 213082 189858 178893 179541 167477 154211 138524

O 0 N O G ok W N

YEAR 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 GMST

AGE
34051 32448 26396 25708 29632 27864 21374 18883 24436 22068 O 43594
30016 27681 26526 21387 20898 24226 22780 17419 15336 19910 18065 37294
25968 23199 21897 20643 16203 16604 19163 18153 13484 11595 16010 30090
18643 16926 16675 15081 14416 11997 11830 13282 12921 9076 8027 21579
11815 10486 10245 10168 9271 9430 7407 7382 8352 8353 5626 13415
4973 6341 5926 5090 5564 4972 5663 3666 4374 5146 4818 7364
2242 2772 3147 2940 2533 2524 2431 2971 1788 2449 2720 3435
972 1428 1605 1458 1651 1208 1228 1109 1787 836 1265 1572

+gp 613 530 1235 247 1123 475 607 526 870 881 923

0 TOTAL 129294 121810 113652 102721 101291 99299 92486 83390 83348 80314 57454

O 0 NI O U ks W N
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Table 2.21. Norwegian Coastal Cod. Output from final standard VPA run for 2010 continued.

Table 12 Stock biomass at age (start of year) Tonnes
YEAR 1984 1985 1986 1987 1988 1989
AGE

34791 31272 20019 15650 17354 20138
48254 66250 58025 35474 30065 33042
69272 70137 91922 83189 52784 43590
68336 64508 64261 79303 74882 52989
45629 51073 43207 42639 48700 60092
40610 32318 37525 30299 37092 30219
27438 14136 17827 17885 16745 12011
12934 8588 6868 5800 7585 4476

+gp 11810 6168 8095 3429 5954 1986

0 TOTALBIO 359074 344451 347749 313668 291160 258544

O 0 N0 O U o W N

YEAR 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

AGE
19610 26123 21553 12541 10679 13385 15459 10911 13577 11764
38620 37633 49610 41348 24211 18820 25838 30993 31077 27086
50136 59234 55709 76653 63857 33450 29996 36566 46094 42002
45946 54519 61505 55298 84906 63666 36038 27445 37779 43351
46849 44430 47490 51342 51614 74195 55085 26637 27389 28300
54556 48072 49644 49864 55539 48467 79600 43035 20653 22828
15728 39827 44410 42765 35229 42567 37052 50119 24487 15903
3713 8155 27907 27030 23582 16713 37127 24550 28760 16620

+gp 2678 5260 11776 26110 29094 21936 24708 20902 17304 10942

0 TOTALBIO 277835 323254 369604 382952 378710 333198 340903 271159 247120 218796

O 0 N O U o~ W N

YEAR 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

AGE
11782 11259 11350 7918 10045 11341 10473 9781 12413 9578
23323 24304 23343 14671 17429 20495 25628 20641 18526 22219
37862 35796 37182 26815 26152 29024 34723 36507 28249 23225
42804 37458 40888 32409 32710 26393 30274 33206 38594 26266
32313 30011 36246 31875 30500 25394 26511 23327 30660 30339
20131 21057 26056 20604 22947 18977 22449 15545 17393 25086
15721 13441 13189 14723 11951 9584 11725 20218 7842 13223
8969 10483 11307 8439 8216 6456 9006 12251 9676 5121

+gp 7529 6112 19285 2488 7143 7038 8898 7855 10060 4156

0 TOTALBIO 200434 189920 218845 159943 167093 154703 179687 179332 173413 159214

O o0 N O U B~ W DN
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Table 2.21. Norwegian Coastal Cod. Output from final standard VPA run for 2010 continued.

Table 13 Spawning stock biomass at age (spawning time) ~ Tonnes

YEAR 1984 1985 1986 1987 1988 1989

AGE
0 0 0 0 0 0
965 1325 1161 709 601 661
11084 11222 14707 13310 8445 6974
31435 29674 29560 36479 34446 24375
31484 35240 29813 29421 33603 41463
35330 28117 32647 26360 32270 26290
24969 12863 16223 16275 15238 10930
12417 8244 6593 5568 7282 4297
+gp 11810 6168 8095 3429 5954 1986
0 TOTSPBIO 159493 132854 138799 131553 137838 116978

O 0 N0 O U o W N

Table 13 Spawning stock biomass at age (spawning time)  Tonnes

YEAR 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

AGE
0 0 0 0 0 0 0 0 0 0
772 753 992 827 484 376 517 620 622 542
8022 9477 8913 12265 10217 5352 4799 5851 7375 6720
21135 25079 28292 25437 39057 29286 16577 12625 17378 19942
32326 30657 32768 35426 35614 51194 38009 18380 18899 19527
47464 41823 43190 43382 48319 42166 69252 37441 17968 19860
14312 36243 40413 38916 32058 38736 33717 45608 22283 14472
3565 7829 26791 25949 22639 16045 35642 23568 27610 15955
+gp 2678 5260 11776 26110 29094 21936 24708 20902 17304 10942
0 TOTSPBIO 130274 157120 193136 208312 217481 205091 223221 164994 129439 107960

O 0 N O O s~ WN

YEAR 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

AGE
0 0 0 0 0 0 0 0 0 0
466 486 467 293 349 410 513 413 371 444
6058 5727 5949 4290 4184 4644 5556 5841 4520 3716
19690 17230 18808 14908 15047 12141 13926 15275 17753 12082
22296 20707 25010 21994 21045 17522 18292 16096 21155 20934
17514 18320 22669 17925 19964 16510 19531 13525 15132 21825
14307 12231 12002 13398 10875 8721 10669 18399 7136 12033
8610 10064 10855 8102 7887 6198 8646 11761 9289 4916
+gp 7529 6112 19285 2488 7143 7038 8898 7855 10060 4156
0 TOTSPBIO 96470 90878 115044 83399 86494 73185 86030 89164 85416 80107

O 0 N O U o~ W DN
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Table 2.22. Norwegian Coastal Cod. Summary utput from final standard VPA run for 2010 con-
tinued.

Traditional vpa using file input for terminal F

RECRUITS TOTALBIO  TOTSPBIO LANDINGS YIELD/SSB FBAR 4-7

Age?2

1984 108384 359074 159493 88124 0.5525 0.6178
1985 97422 344451 132854 88851 0.6688 0.525
1986 62363 347749 138799 82405 0.5937 0.5906
1987 48753 313668 131553 74472 0.5661 0.5084
1988 54062 291160 137838 72894 0.5288 0.6323
1989 62736 258544 116978 53985 0.4615 0.3822
1990 61090 277835 130274 42627 0.3272 0.2368
1991 81382 323254 157120 40122 0.2554 0.1943
1992 67144 369604 193136 57790 0.2992 0.2492
1993 39068 382952 208312 67357 0.3233 0.236
1994 33267 378710 217481 69262 0.3185 0.2406
1995 44916 333198 205091 71907 0.3506 0.3031
1996 57255 340903 223221 76276 0.3417 0.3625
1997 47031 271159 164994 77819 0.4716 0.4013
1998 42033 247120 129439 66172 0.5112 0.4135
1999 36994 218796 107960 54632 0.506 0.4104
2000 34051 200434 96470 50315 0.5216 0.3526
2001 32448 189920 90878 43099 0.4743 0.3259
2002 26396 218845 115044 54594 0.4745 0.367
2003 25708 159943 83399 48535 0.582 0.3366
2004 29632 167093 86494 37947 0.4387 0.3346
2005 27864 154703 73185 35632 0.4869 0.3116
2006 21374 179687 86030 39134 0.4549 0.3467
2007 18883 179332 89164 36841 0.4132 0.3113
2008 24436 173413 85416 38577 0.4516 0.2741
2009 22068 159214 80107 37521 0.4684 0.3085
Arith.

Mean 46414 263106 132336 57957 0.4555 0.3682

0 Units  (Thousands) (Tonnes) (Tonnes) (Tonnes)
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Table 2.23. Norwegian Coastal Cod. Input to the predictions using fixed fishing pattern.

MFDP version la

Run: Pred2

Time and date: 20:23 26.04.2010
Fbar age range: 4-7

2010

Age N M Mat PF PM SWt Sel CWt

2 21500 0.2 0 0 0 0.4867 0.0045 1.1457
3 18065 0.2 0.02 0 0 1.1697 0.0530 1.6987
4 16010 0.2 0.16 0 0 2.0363 0.1738 2.3117
5 8027 0.2 0.46 0 0 2.7937 0.2686 3.2653
6 5626 0.2 0.69 0 0 3.4877 0.3306 41713
7 4818 0.2 0.87 0 0 4.3640 0.4610 4.8990
8 2720 0.2 0.91 0 0 5.5310 0.4584 5.9127
9 1265 0.2 0.96 0 0 7.5303 0.4091 6.6030
10 923 0.2 1 0 0 10.4027  0.4091 8.2993
2011

Age N M Mat PF PM SWt Sel CWt

2 21500 0.2 0 0 0 0.4867 0.0045 1.1457
3 0.2 0.02 0 0 1.1697 0.0530 1.6987
4 0.2 0.16 0 0 2.0363 0.1738 2.3117
5 0.2 0.46 0 0 2.7937 0.2686 3.2653
6 0.2 0.69 0 0 3.4877 0.3306 41713
7 0.2 0.87 0 0 4.3640 0.4610 4.8990
8 0.2 0.91 0 0 5.5310 0.4584 5.9127
9 0.2 0.96 0 0 7.5303 0.4091 6.6030
10 0.2 1 0 0 10.4027  0.4091 8.2993
2012

Age N M Mat PF PM SWt Sel CWt

2 21500 0.2 0 0 0 0.4867 0.0045 1.1457
3 0.2 0.02 0 0 1.1697 0.0530 1.6987
4 0.2 0.16 0 0 2.0363 0.1738 2.3117
5 0.2 0.46 0 0 2.7937 0.2686 3.2653
6 0.2 0.69 0 0 3.4877 0.3306 41713
7 0.2 0.87 0 0 4.3640 0.4610 4.8990
8 0.2 0.91 0 0 5.5310 0.4584 5.9127
9 0.2 0.96 0 0 7.5303 0.4091 6.6030
10 0.2 1 0 0 10.4027  0.4091 8.2993
2013

Age N M Mat PF PM SWt Sel CWt

2 21500 0.2 0 0 0 0.4867 0.0045 1.1457
3 0.2 0.02 0 0 1.1697 0.0530 1.6987
4 0.2 0.16 0 0 2.0363 0.1738 2.3117
5 0.2 0.46 0 0 2.7937 0.2686 3.2653
6 0.2 0.69 0 0 3.4877 0.3306 41713
7 0.2 0.87 0 0 4.3640 0.4610 4.8990
8 0.2 0.91 0 0 5.5310 0.4584 5.9127
9 0.2 0.96 0 0 7.5303 0.4091 6.6030
10 0.2 1 0 0 10.4027  0.4091 8.2993
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Table 2.24. Norwegian Coastal Cod. Input to the predictions using variable fishing pattern.

MFDP version la

Run: Pred4

Time and date: 20:37 26.04.2010
Fbar age range: 4-7

2010

Age N M Mat PF PM SWt Sel CWt

2 21500 0.2 0 0 0 0.4867 0.0045 1.1457
3 18065 0.2 0.02 0 0 1.1697 0.0530 1.6987
4 16010 0.2 0.16 0 0 2.0363 0.1738 2.3117
5 8027 0.2 0.46 0 0 2.7937 0.2686 3.2653
6 5626 0.2 0.69 0 0 3.4877 0.3306 4.1713
7 4818 0.2 0.87 0 0 4.3640 0.4610 4.8990
8 2720 0.2 0.91 0 0 5.5310 0.4584 5.9127
9 1265 0.2 0.96 0 0 7.5303 0.4091 6.6030
10 923 0.2 1 0 0 10.4027  0.4091 8.2993
2011

Age N M Mat PF PM SWt Sel CWt

2 21500 0.2 0 0 0 0.4867 0.0009 1.1457
3 0.2 0.02 0 0 1.1697 0.0158 1.6987
4 0.2 0.16 0 0 2.0363 0.0782 2.3117
5 0.2 0.46 0 0 2.7937 0.1868 3.2653
6 0.2 0.69 0 0 3.4877 0.3029 4.1713
7 0.2 0.87 0 0 4.3640 0.4581 4.8990
8 0.2 0.91 0 0 5.5310 0.4602 5.9127
9 0.2 0.96 0 0 7.5303 0.4102 6.6030
10 0.2 1 0 0 10.4027  0.4102 8.2993
2012

Age N M Mat PF PM SWt Sel CWt

2 21500 0.2 0 0 0 0.4867 0.0009 1.1457
3 0.2 0.02 0 0 1.1697 0.0158 1.6987
4 0.2 0.16 0 0 2.0363 0.0782 2.3117
5 0.2 0.46 0 0 2.7937 0.1868 3.2653
6 0.2 0.69 0 0 3.4877 0.3029 4.1713
7 0.2 0.87 0 0 4.3640 0.4581 4.8990
8 0.2 0.91 0 0 5.5310 0.4602 5.9127
9 0.2 0.96 0 0 7.5303 0.4102 6.6030
10 0.2 1 0 0 10.4027  0.4102 8.2993
2013

Age N M Mat PF PM SWt Sel CWt

2 21500 0.2 0 0 0 0.4867 0.0009 1.1457
3 0.2 0.02 0 0 1.1697 0.0158 1.6987
4 0.2 0.16 0 0 2.0363 0.0782 2.3117
5 0.2 0.46 0 0 2.7937 0.1868 3.2653
6 0.2 0.69 0 0 3.4877 0.3029 4.1713
7 0.2 0.87 0 0 4.3640 0.4581 4.8990
8 0.2 0.91 0 0 5.5310 0.4602 5.9127
9 0.2 0.96 0 0 7.5303 0.4102 6.6030
10 0.2 1 0 0 10.4027  0.4102 8.2993
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Table 2.25. Norwegian Coastal Cod. Predictions using fixed fishing pattern.

MEFDP version la

Run: Pred1

Norwegian Coastal Cod

Time and date: 20:10 26.04.2010
Fbar age range: 4-7

2010

Biomass SSB

161439 80222

2011

Biomass SSB

159005 78871
78871
78871
78871
78871
78871
78871

MFDP version 1a

Run: Pred2

Pred2MFDP Index file 26.04.2010

FMult

FMult
0.4
0.55
0.7
0.85

1.15
1.3

Time and date: 20:23 26.04.2010
Fbar age range: 4-7

2010
Biomass
161439

2011
Biomass
159005

2012
Biomass
161311

SSB
80222

SSB
78871

SSB

81492
81492
81492
81492
81492
81492
81492

FMult

FMult
0.85

FMult
0.4
0.55
0.7
0.85

1

1.15
1.3

FBar
0.3085

FBar

0.1234
0.1697
0.216

0.2622
0.3085
0.3548
0.4011

FBar
0.3085

FBar
0.2622

FBar

0.1234
0.1697
0.216

0.2622
0.3085
0.3548
0.4011

Landings
36815
2012
Landings Biomass
15621 177543
20973 171856
26074 166451
30935 161311
35570 156422
39991 151771
44209 147344
Landings
36815
Landings
30935
2013
Landings Biomass
15839 178711
21270 172980
26447 167531
31383 162347
36091 157415
40582 152720
44869 148250

Input units are thousands and kg - output in tonnes

SSB

94316
89803
85533
81492
77667
74047
70618

SSB

96035
91463
87135
83036
79154
75477
71992

133
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Table 2.26. Norwegian Coastal Cod. Predictions using variable fishing pattern.

MFDP version 1a

Run: Pred3

Pred1MFDP Index file 26.04.2010
Time and date: 20:34 26.04.2010
Fbar age range: 4-7

2010

Biomass SSB FMult

161439 80222 1

2011

Biomass SSB FMult

159005 78871 04
78871 0.55
78871 0.7
78871 0.85
78871 1
78871 1.15
78871 1.3

MFDP version 1la

Run: Pred4

Pred3MFDP Index file 26.04.2010
Time and date: 20:37 26.04.2010
Fbar age range: 4-7

2010

Biomass SSB FMult

161439 80222 1

2011

Biomass SSB FMult

159005 78871 1

2012

Biomass SSB FMult

162658 80804 0.4
80804 0.55
80804 0.7
80804 0.85
80804 1
80804 1.15
80804 1.3

FBar
0.3085

FBar
0.1026
0.1411
0.1796
0.218
0.2565
0.295
0.3335

FBar
0.3085

FBar
0.2565

FBar
0.1026
0.1411
0.1796
0.218
0.2565
0.295
0.3335

Landings
36815

Landings
12958
17397
21627
25658
29501
33168
36668

Landings
36815

Landings
29501

Landings
13183
17711
22030
26152
30088
33846
37438

Input units are thousands and kg - output in tonnes

2012
Biomass
180280
175533
171023
166735
162658
158780
155090

2013
Biomass
183053
178276
173731
169405
165285
161361
157622

SSB

95719
91678
87854
84233
80804
77555
74476

SSB

97853
93804
89965
86325
82872
79596
76486
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Figure 2.2. Norwegian statistical rectangles in the Norwegian Sea. Coastal cod catches are esti-
mated from the total cod catch taken inside 12 n.mile in areas 05, 00, 06 and 07. The same areas are
also referred to in the survey results (sec. 2.3).
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Figure 2.3. Map showing Vestfjorden, the Norwegian statistical area 00 (“OMRADE 00”) with the
south-western location 03 and 04 and the north-eastern locations 46 and 48.
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Figure 2.4. Estimated landings of Norwegian coastal cod. Commercial landings in blue and recrea-
tional catches in red.
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Figure 2.5. An image of a coastal cod otolith (top) and a north-east Arctic cod otolith (bottom). The
two first translucent zones are highlighted. (from Berg et al. 2005)
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Figure 2.6 Coastal cod. Abundance at age in the to