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TECHNICAL MINUTES
Arctic Fisheries Working Group (AFWG)
ACFM May 2003

ACFM Sub-group Chair: Carl O’Brien, RMC
WG Chair and Presenter to ACFM Sub-group: Sigbjorn Mehl, Norway
ACFM Rapporteur and Reviewer: Gary Shepherd, USA
ACFM Reviewer: Phil Kunzlik, UK

General Comments:

The AFWG was commended for addressing the comments provided in the Technical Minutes of the 2002 reviews by
ACFM. However, if conclusions were made by the WG about a particular issue, there should be more documented
information in the stock assessment report, including figures and tables if appropriate to justify a conclusion rather than
the WG simply referring to WDs. References to the quality handbook would be helpful.

A recommendation of the ACFM review panel that pertains to all stocks is that it would be timely to review the age
groups used in calculating the average F by stock. Inclusion of age groups experiencing only partial fishing mortality
whilst excluding older, mature fish, may increase the risk of a reduction in SSB.

Norwegian Coastal cod:

Following the recommendations of the 2002 ACFM review, age 9 tuning indices were removed and the status quo
forecast was provided.

In general, the values in tables of input data should be checked for errors. The maturity-at-age summary table needs to
be reviewed to evaluate the 0 % maturity at older age groups. Also, sums in the table of survey spawning biomass
weights should be checked.

Overall, more detailed explanations should be provided regarding diagnostics (e.g. for XSA), the model inputs (e.g.
RCT3 and XSA) and associated justifications for input values (e.g. use of 2002 recruit values in predicting 2003). The
XSA model shows a strong year effect in 2003 F estimates which should be further examined. A retrospective analysis
should be included as part of future analyses. It is also recommended that the WG provide more details on the sources
of uncertainty in the assessment. A case in point is a justification for the heavy reliance on the survey data for tuning the
XSA model.

The reviewers concluded that there was no technical basis for the rejection of this assessment.
Northeast Arctic Cod:

Values used in catch tables should be in agreement with input values in VPA (e.g. 1965 catch weight). It was
recommended that the AFWG provide more information/justification for new methods of calculating weights used in
predictions as compared to last years methods. Also recommended that the age groups included in tables are consistent
with the ages in the analysis. Questions arose concerning the consistency within each survey data series and whether
the results represent population trends. After evaluation of survey trends by cohort and correlation within cohorts,
inconsistencies were identified in results of the Russian trawl survey (fleet 17). A re-run of the XSA model without
fleet 17 did not result in any significant changes in residual patterns, estimates of F or stock size. It is recommended that
the WG evaluate the surveys included in the analysis and the influence on the results. In addition, the WG report would
benefit from additional figures of the survey indices by cohort.

The following figures are NE Arctic cod tuning indices by cohort and fleet (presented on a log scale):



Cpue

NE Arctic Cod - FIt 9

1000
100
10+ -
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
Year
NE Arctic Cod - FLT 15
00 - — — — — — — — o — o

1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Year

NE Arctic Cod - FLT16

00 7

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

Year



NE Arctic Cod - FLT 17

%
Z

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

Year

Correlation between successive ages along cohorts in the NE Arctic
Cod tuning series

1.2
1.0
£ 0.8
©
&
§ 0.6 -
c —e—F1 15
L 04
& —a—FIl 16
©
£ —e—F1 17
o 0.2
(&) —+—FI1 09
OIO T T —r
34 4-5 5-6 6-7 7-8 89 910 1011 1112 | 1213
-0.2

Age

It was noted that the use of SOP corrected biomass estimates would be inappropriate for this stock since such values
account for cannibalism effects rather than weight differences.



Biological Reference Points for NE Arctic Cod:

The ACFM reviewers recommended adoption of the proposed revised BRPs for annual management advice, although
with reservation about the advantages of the alternative approach. However, this approach may be inappropriate for
management plans that apply to multiple years. Given the uncertainty, multi-year management would require re-
estimating the BRPs to determine appropriate precautionary reference values within any proposed (new) harvesting
strategy.

Northeast Arctic Saithe:
The WG addressed the issues identified in last year’s review.

The review committee recommended that the commercial CPUE series be examined using generalized linear models to
remove possible seasonal and vessel effects.

Use of RCTS3 for recruitment predictions may be no better then a geometric mean since RCT3 uses VPA estimates that
have not converged. The reviewers suggested that the working group should justify use of the RCT3 model for
projections. Also recommended that the number of years used in GM estimate should be consistent.

Greenland Halibut:
See general comments regarding justification of conclusions in the General Comments section above.

The assessment was rejected for the same reasons as last year (aging error, incomplete survey coverage, and unreported
landings). Therefore, the assessment results are only appropriate as an indication of trends rather than absolute estimates
of fishing mortality and population abundance.

Sebastes mentella (deep-sea redfish):

The WG has provided XSA results but this approach was hampered by methodological difficulties in dealing with the
plus group. It is recommended that use of this model for redfish should be discontinued and other analytical methods
involving survey and/or length data explored. The WG recommended a re-evaluation of the algorithm used in the XSA
model for handling plus groups and the ACFM reviewers agreed with this proposal.

Sebastes marinus (golden redfish):

The ACFM review group recommends that the WG consider analytical models other than XSA. Alternative methods
may be found in assessments of Sebastes stocks in the eastern North Pacific (e.g Methot). Additional effort should be
made to consider survey and length-based models, and explore alternative methods for estimating uncertainty around
CPUE and survey time-series (e.g. jack-knife or bootstrap methods).

Shrimp (Pandalus borealis):

No comments.

Arctic Haddock:

The ACFM review group appreciated that the WG addressed the issues raised in the technical minutes from last year.

Catch weights and stock weights-at-age should be re-examined to account for the abrupt change in ages 9 and 10 during
the 1980s. The WG should consider modelling natural mortality related to cannibalism to determine a method of
predicting an alternative to M=0.2 for years prior to 1984. The report should clearly identify which recruitment
estimates are results of XSA versus those from the RCT3 model.

Medium-term projections for 2006-2010 were made using the same input parameters (F, M, maturity, and weights-at-
age) as 2005 (see Table 4.19 in ICES CM 2003/ACFM:22). A constant recruitment input of 185629 (thousands) was the
average of VPA age 3 values from 1950-2002.



Table 1. Northeast Arctic haddock. Inputs to short-term catch forecast, assuming status quo fishing mortality in 2003,
and fishing at F,,, during 2004-2006.

MFDP version la

Run: afwg03

Time and date: 15:11 31.05.2003
Fbar age range: 4-7
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3 0.432
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Stock
Weight
0.241
0.475
1.074
1.44
1.953
2.484
2.784
2.962
4.655

Stock
Weight
0.228
0.455
0.941
1.371
1.877
2.529
2.81
3.02
4.134

Stock

Weight
0.216
0.435
0.808
1.302
1.801
2.574
2.835
3.078
3.613

Stock

Weight
0.216
0.435
0.808
1.302
1.801
2.574
2.835
3.078
3.613

Catch
Selectivity Weight
2.65E-02 0.573
0.202867 0.979
0.4497 1.379
0.651033 1.62
0.622567 2.114
0.7667 2.208
0.601467 2.643
0.6831 2.436
0.6831 2.695
Catch
Selectivity Weight
2.65E-02 0.595
0.202867 0.905
0.4497 1.255
0.651033 1.558
0.622567 1.99
0.7667 2.207
0.601467 2.539
0.6831 2.584
0.6831 2.786
Catch

Selectivity Weight

2.65E-02 0.618
0.202867 0.83
0.4497 1.13
0.651033 1.495
0.622567 1.865
0.7667 2.205
0.601467 2.435
0.6831 2.733
0.6831 2.878
Catch

Selectivity Weight

2.65E-02 0.618
0.202867 0.83
0.4497 1.13
0.651033 1.495
0.622567 1.865
0.7667 2.205
0.601467 2.435
0.6831 2.733
0.6831 2.878




Table 2. Northeast Arctic haddock. Forecast results, assuming status quo fishing mortality in 2003, and fishing at Fy,
during 2004-2006.

MFDP version la

Run: afwg03

Time and date: 15:11 31.05.2003
Fbar age range: 4-7

Year: 2003 F 1 Fbar: 0.4815
multiplier:
Age F CatchNos Yield StockNos Biomass  SSNos(Jan) SSB(Jan) SSNos(ST)  SSB(ST)
3 0.0265 5298 3036 250000 60250 750 181 750 181
4 0.2029 34686 33957 208676 99121 9808 4659 9808 4659
5 0.4497 53126 73261 161085 173005 59601 64012 59601 64012
6 0.651 9323 15103 21279 30642 13384 19274 13384 19274
7 0.6226 5023 10619 11837 23118 10428 20367 10428 20367
8 0.7667 1105 2440 2249 5587 2249 5587 2249 5587
9 0.6015 309 816 746 2077 689 1917 689 1917
10 0.6831 124 303 274 812 274 812 274 812
11 0.6831 312 841 688 3203 688 3203 688 3203
Total 109306 140376 656834 397813 97872 120009 97872 120009
Year: 2004 F 0.7269 Fbar: 0.35
multiplier:
Age F CatchNos Yield StockNos Biomass  SSNos(Jan) SSB(Jan) SSNos(ST)  SSB(ST)
3 0.0193 4300 2558 277000 63156 554 126 554 126
4 0.1475 19206 17382 156589 71248 5324 2422 5324 2422
5 0.3269 34825 43705 138119 129970 38259 36002 38259 36002
6 0.4732 28740 44777 83599 114614 45143 61892 45143 61892
7 0.4525 3016 6002 9074 17031 7831 14698 7831 14698
8 0.5573 2032 4485 5200 13151 4992 12625 4992 12625
9 0.4372 277 702 855 2404 823 2312 823 2312
10 0.4965 120 309 335 1011 335 1011 335 1011
11 0.4965 142 396 398 1644 398 1644 398 1644
Total 92658 120317 671169 414230 103659 132733 103659 132733
Year: 2005 F 0.7269 Fbar: 0.35
multiplier:
Age F CatchNos Yield StockNos Biomass  SSNos(Jan) SSB(Jan) SSNos(ST)  SSB(ST)
3 0.0193 6578 4065 422000 91152 0 0 0 0
4 0.1475 21414 17774 176396 76732 3704 1611 3704 1611
5 0.3269 26865 30358 107036 86485 19695 15913 19695 15913
6 0.4732 27527 41152 80176 104390 36079 46975 36079 46975
7 0.4525 14116 26327 42470 76488 35845 64556 35845 64556
8 0.5573 1847 4072 4725 12162 4347 11189 4347 11189
9 0.4372 788 1920 2438 6913 2438 6913 2438 6913
10 0.4965 162 442 452 1392 452 1392 452 1392
11 0.4965 131 376 365 1319 365 1319 365 1319
Total 99428 126485 836059 457033 102926 149869 102926 149869
Year: 2006 F 0.7269 Fbar: 0.35
multiplier:
Age F CatchNos Yield StockNos Biomass  SSNos(Jan) SSB(Jan) SSNos(ST)  SSB(ST)
3 0.0193 2884 1782 185000 39960 0 0 0 0
4 0.1475 32919 27323 271162 117956 5694 2477 5694 2477
5 0.3269 29605 33453 117951 95304 21703 17536 21703 17536
6 0.4732 21120 31574 61515 80092 27682 36041 27682 36041
7 0.4525 13498 25173 40609 73137 34274 61728 34274 61728
8 0.5573 8643 19058 22115 56924 20346 52370 20346 52370
9 0.4372 716 1744 2216 6281 2216 6281 2216 6281
10 0.4965 461 1260 1289 3969 1289 3969 1289 3969
11 0.4965 146 419 407 1471 407 1471 407 1471

Total 109991 141787 702264 475094 113611 181873 113611 181873




Table 3. Northeast Arctic haddock catch options for 2004 based on two interpretations of the Joint Norwegian-

Catch forecast for 2004:

Basis: F(2003)=F,, = F(00-02) =0.48 ; landings =140 000 t ; SSB(2004) =133 000 t.

Russian Fisheries Commission harvest law.

F (2004) Basis Catch Landings SSB (2005)
(2004) (2004)
0.37 Catch rule2 (=0.77*Fsq): 1.25*2003 TAC 126 146
0.38 Catch rulel (=0.795*Fsq) 130 144

Weights in ‘000 t.

Shaded scenarios considered inconsistent with the precautionary approach.

Catch rule 1 corresponds to ICES’s interpretation of the new harvesting strategy in the first year of its operation.
Catch rule 2 corresponds to an application of the £25 % constraint in the first year of the new harvesting strategy.




TABLE OF CONTENTS

Section Page
PART 1

INTRODUGCTION ...ttt ettt ettt ettt b e s bt bt e st e s et e et e bt s bt eb e e st es s e b et e abesbeebeebeentent et enbenaeebeabesaeentens i

1  ECOSYSTEM INFLUENCES ON BARENTS SEA FISH STOCKS.......cooiiieieieee ettt 1

1.1 Climate considerations in the Barents S€a..........ccccciioiiiiiiiiiieiieeeeseee et |

1.1.1 Hydrography and iC€ CONAITIONS ........ceoueeiuiriieiietieitierte ettt stee sttt ettt et et e bt e e eteeneesneesseeeeeneas 1

1.1.2  InFlgy OF ALANTIC WaALET ....ciiiiiiiiiiieiiee ettt ettt e e e e e e e e e s e et eeeeeeseenaaaeeeeessennaneeneas 1

1.1.3 Predicting Barents Sea teMPEIature ...........ccoieirieuieieieierieete sttt ettt ae st see s e eneeneeseeseeseeenes 2

1.2 ZOOPIANKLON ...ttt ettt ettt ettt et e s te e s te e beesbeesseetsaeseesbeesbeesbeessesssesseesbeesseesseersesseeseenseesseessenreans 2

1.3 TTOPNIC INEETACTIONS ...c.vvevieerieerieeieetieeteesteeteeseesteseeeseeesseesseesseesseassesseesseessesssesssesssesseesseensesssesseesseensenssenssenseens 3

1.3.1 Predicting Capelin DIOMASS .........ccveriieiiiieiieitieieetestestte e et esseeesesteesteebeessesssessaesseesseessesssessesnsesnees 3

1.3.2 Predation DY COQ ....iiiiiiiiieiieeieie ettt ettt sttt et e e e st e e st e st e et e enteenseensessaenseenseensennnes 3

1.3.3 Predation by other fiSh SPECIES .......ccuieriieciieiieieieie ettt ettt eeseeseennes 4

1.3.4 Predation DY MammalS..........c.cccieriieiiieiiieienienieie ettt sttt et e e seeseeesseesteenteensessaessaesseenseenseennas 4

1.4 Applications to population MOELS..........c.eiiiiiiriirii ettt sttt ettt s e st et eneens 5

L B 2 =Tva 130013 L OSSPSR 5

1.4.1.1 Recruitment MOAEIS ........cueiiiiieiieie ettt ettt et e 5

1.4.1.2 UV-radiation and other climatic effects on cod and Calanus ............cccceceeeeeieiienencncienene. 5

Li4.2 GIOWEN ettt st h e bt a e st et et e et e e bt ee e eb e ea e easen s et e beseeebeeneens et e seaneneeenes 6

1.4.2.1 Prediction of NEA c0od rowth Tate .......cceeieuiriiiieieiiesieeie et 6

1.4.2.2 Predicting condition Of NEA CO.......ccooviiiiiriiiiieieciesieie ettt 7

1.4.3  CannibaliSm MOTLALILY ......c.eecviiiiiieriieite et eie et e et eetesee e e steesteesaeesaesseesseesseesseessesssesssesseessesssesneas 7

TADIES 1.1 = 1.8 ittt ettt et ettt h e bbbt e a e st et e b bt e bbbt e bt e st et e b b e b bt ebe e bt e st et et b nae e 8

FAGUIES 1.1 = 1.9 oottt ettt ettt ettt et e st et e e s be e st e sstess e e s e enseenseessa s e anseenseesbensae st enseenseenseeneenneenseenes 14

2 NORWEGIAN COASTAL COD IN SUBAREAS T AND IL....oouiiiiiiieiieie ettt 21

2.1 Status OF the FISHETIES ...c..eeitiiiiiiiiieie ettt ettt st st sa et ettt e ate s b e nbeenbeeneas 21

2.1.1 Landings prior to 2002 (Table 2.9, FIZUIe 2.2)......cccecviirieriieiieieeiesieereereeee e sre e ere e seee e ae e 21

2.1.2 Expected [andings in 2003 ..........cccveriieiiieiieieiierieeie e seesee st esteeaeesaesteesseebeebeesbessaesseesseeseesaesrnens 21

2.2 Status OF RESEATCH....c.eiiiiiiiiic ettt ettt sttt et bt et bbb bbbt 21

2.2.1 Survey results (Tables 2.1.B, 2.2, 2.3, 2.4, 2.7) cccueeoeeeeeeeeieeeeete ettt esaeeae e e 21

2.2.2 Age reading and StOCK SEPATAtION ........c.eecvirieruieriierieeiestestesterte et eeseeseesseesseesesssessaesseesseenseensesneenns 22

2.2.3 Weight-at-age (Table 2.11).....ciiiiieii ettt ettt ettt sb e b e aeeeesneesneeae 22

2.2.4 Maturity-at-age (Table 2.12)....cuiiiiieiee ettt ettt ae et e ae 22

2.3 Data Used in the ASSESSIMENL .........eeiiitieitieieeie ettt ettt te et e st e et e bt enteeseessee bt eteenseesaesseesseeseeseennesneenns 22

2.3.1 Catch-at-age (Table 2.9) ..ottt ettt b et e st e be e ebeebesaeeneenean 22

2.3.2 Weight-at-age (Table 2.10, 2.11) . ittt s be e eaeebe e 22

2.3.3 NAUIAL MOTEALIEY ....e.eitiit ittt ettt sttt s e st et et e et e b e ebeeaeeseeneenbenteeeabeseeeneenean 22

2.3.4 Maturity-at-age (Table 2.12)....ccuiiiiiieiieiieieeiectese ettt sttt teebe e b e esbessaesbaesseessessnessnenns 23

2.3.5 Tuning data (Table 2.7) ...ccecieiierieiteee ettt ettt sttt et ste et e e b e esbeessessaesseensesssessaesseanns 23

2.3.6 Prediction data (Tables 2.20, 2.21, 2.22) ...ccvoiieiieieeieiie ettt ettt reesteebeessessaessaesseesseessessnens 23

24 Methods Used in the ASSESSIMENL......c.ccuirtiriririiriirieeitetetete ettt ettt ettt et et sbesbe bt et es e naestesbesbeeaeeaees 23

2.4.1 VPA and tuning (Table 2.8).......cccieriieiieiieieiee ettt ettt ettt essaesseeseensesnnesnnens 23

2.5 ReSults 0f the ASSESSIMENE. ......cc.eiiiiriiiiieieere ettt sttt et ettt st sa et e et e e et e sbesbeebeenees 23

2.5.1 Fishing mortality and VPA (Tables 2.13-2.19, Figure 2.2) .....cccvevieiieiieieeieseee e 23

2.5.2 Recruitment (Tables 2.7, 2.15, 2.19, 2.20).....cccuieeiieiiieeieecteeeie et et ste e e sveesaeesveesaseesesaessaeens 24

2.6 Reference Points and Safe Biological LIMits........cceeruirriiriiiieiieie ettt 24

2.7  Catch Options for 2004 and Management Scenarios (Tables 2.22-2.23, Figure 2.2) ......cccccevevenenencneencn. 24

2.8 Comments tO the ASSESSIMENE ........c.eeuiiieiiriiete ittt e et e e s te et e bttt eseeseenee st e tesbeeteebeeeeeseeneansensenseabesseeneanean 24

2.8.1  GENETAL COMIMEINLS ....utiuteeietietietienieniete sttt steeteeseesteneeeeeesbeeteeseeseeneeneanseaseeseabeeseeseeneensensensenbeseeeneanean 24

2.8.2 A comparison of the assessment results and the survey results (Figure 2.1) .....cccocvevvveievcieneerieenenne 24

2.8.3 Comparison of this years assessment with last years assesSment. .........c.ccccvevverveerierciereeseeneernennenns 24

TADIES 2.18 = 2.23 .ttt bbb h et et h e bbbt bt et e et nh e bt bt eb e et et et st e bt saeeieene 25

FAGUIES 2.1 = 2.2 oottt ettt ettt ettt st e et e et e st e eat e e st e e sae s see e s e e st ans e e at e eRe e e Rt e teeR e e st e st e enseenteenteeneeeseeseeseenneennen 40

3 NORTHEAST ARCTIC COD (SUBAREAS TAND IT) ...cuoitiiiiiieieiiieieieietetee ettt 42

3.1 Status OF the fISREIIES .....ouiiiiitiit ittt ettt ettt a e s bbb 42

3.1.1 Historical development of the fisheries (Table 3.1)......cccvcciiriirieriieiieieeieeereee e 42

il

O \ACFM\WGREPS\AFWG\REPORTS\2003\Introduction.Doc



Section Page
3.1.2 Landings prior to 2003 (Tables 3.1-3.3, Figure 3.1) ...ccoiiiviieiieieieieeeee et 42

3.1.3 Expected 1andings in 2003 .........cccoerieiiiiiiiiieiieieere et e eeesreeteeresaesee e esaeeaesesesseessaesseebeessessaenseennes 42

3.2 StALUS OF TESEAICH ...ttt ettt b e bbbt st eb et e e e et e bbbt enean 42
3.2.1 Fishing effort and CPUE (Table A1) ......ccoooiirieriieiieieeieeieeeie ettt eae e sneennes 42

3.2.2 Survey results (Tables A2-AS5, ATO-ATL, AT4-ALS) oottt 42

TN N (T T LTSRS 43

3.2.4 Length and Weight-at-age (Tables A6-A9, A12-A13) e 43

3.2.5 Maturity-at-age (Table 3.5, FIZUIE 3.2-3.7) ..cc.iiiieieeeeeeee ettt 44
3.2.5.1 Timing of Russian surveys in relation to gonadal development.............cccecceveirieniennnenne 44

3.2.5.2 Combination of Norwegian winter and Lofoten Surveys.........coceceeevererenenenenencnceieene 45

3.2.5.3 Gender-dependent MAtULILY OZIVES ......c.cvuerueriruieuieieiieieiereesteete et eteeneeeeteseesaeseeseesneeneeneens 45

3.2.5.3.1 Norwegian female-only Maturity...........ccocevervierieriiirienienieie e 45

3.2.5.3.2 Russian female-only Maturity .........ccccceereeriiiciiiienienitere et 45

3.2.5.3.3 Female-only SSB.......ooioiiieiieiiceecteteee ettt 46

3.2.5.3.4 Temporal trends in female-only SSB.........ccocirvierieiieiieeeeee e 46

3.2.5.3.5 Status of research on reproductive potential of NA cod .........ccceevvvrcvercienvennenne. 46

3.2.5.4 Potential causes of interannual variation in Mmaturity OZIVES .......cceccvereerrerreererereeneereeeeenns 47

3.3 Data used in the @SSESSIMENL .........eeiuiiiiiiiieieetiett ettt et et e teseee s et e see e bt e et eneeeseessee st eneeenseeneesseenneennes 47
3.3.1 Catch-at-age (Tables 3.8, 3.9 and 3.10) .....cooiiiiieiieeeeee et 47

3.3.2 Weight-at-age (Tables 3.4 and 3.11-3.12) ..ot e 47

3.3.3  Natural MOTTAIIEY . ..c.eitiieieteee ettt sttt ettt e st et e et et e s beebe e bt enee st e e et e sesaeebesseeneens 48

3.3.4 Maturity-at-age (Tables 3.5 and 3.13) ..c.ooi it 48

3.3.5 Tuning data (Tables 3.14 and 3.15) .ocuioiiiiieeeee ettt s enene 48

3.3.6 Recruitment indices (Tables 3.6 and 3.7) ...c.ooieoiieiieiicieieeee ettt 49

3.3.7  CaANIDAIISIN ...ttt sttt b e e bt b e a e st ettt ebe bt ebeene 49

3.3.8 Prediction data (Tables 3.23 and 3.28, Figure 3.9) ....ccccoieiieiieieieieeieee et 49

3.4 Methods used in the ASSESSIMENL. ....ccuertirtirirtirieeiietetee sttt ettt sttt et et ettt see e e sbesaeeaeenees 50
341 VPA aNA TUNING ..ottt sttt et et e e st e s st e s eesseessessaesseesseenseensesnsesseesssenseenseenses 50

3.4.2 Including cannibalism in the VPA (Tables 3.16-3.20, 3.22).....cccoecirierieiieieeieneeieeee e 50

3.5 Results Of the @SSESSIMENL . .....cc.iiiuiiiiiie ettt st ettt e te ettt esae e et et e enteeneeeneesseesneennes 51
3.5.1 Fishing mortalities and VPA (Tables 3.21-3.26, Figures 3.1) ....cccooiriinienieieieceeeeee e 51

3.5.2 Recruitment (Table 3.6- 3.7)..cc.uiiieiieiecee ettt sttt esbeesbeesseste e aeennas 51

3.0 RETETENCE POINLS...eeiiiiiiieeiieetieeite ettt ee et e et e st e et e st e e sttt e s beesabeessbe e sseessseesseesssaensseenseaenseesnsseenseesnseeenses 51
3.6.1 Biomass reference points (FIZUIE 3.1) ..ccc.iiiiiiiiiiieiiiieiie et 51

3.6.2 Fishing mortality reference POINLS .........ccvieciieiirieriieiieieeiereeteeee st seesae e eeeesteesseesbeesseessessaesseennas 51

3.7 Catch options (Tables 3.29-3.30) ......cccieiiieiiiieiieieeie e ete st steeste et et esteesseeseessessaesseeseessaesseesseessesssesseenns 51
3.8  Medium-term forecasts and ManagemMENt SCENATIOS .......cccvereerrrerreerieerreeterreesreesseesseesesssesseesseesseessesssesseenns 52
3.8.1 Input data (Table 3.28).....cccieoiieiieieeieeee ettt ettt e et e s ae st e st et e enteenseesaensaenseennes 52

382 IMELROMS .ttt bbbt et ettt st be b b ene 52

3.8.3 New harvesting Strategy adOPted ........ccvervieeiiriirierieieie ettt e st sesreseaesseennes 52

3.8.4 Comments to the new harvesting Stratey .........cccverieriiriirieiieiee ettt 52

3.8.5 ReSUIS (FIGUIE 3.11) ettt ettt sttt e et ettt e e st e bt ete e e eseesneenseennes 53

3.8.6 Management CONSIACTALIONS ......cc.eeiuieruereertiertiete et eiee et te st e et et e eetesaee s st esteeeeeneeeseesseeneeenteeneesseenseennes 54

3.9  Comments to the assessment (Figures 3.10-3.16, Table 3.31). ...ccoooiviiiiiiiiiee e 54
3.9.1 Comparison of this year’s assessment with last year’s assesSment. .........c.cceceeeeerieriererenenieneeeeene 54

3.10 Alternative assessment methods (FIEKSIDESt)........couiiriiiiiiiiiiiiiieeie ettt e 55
3101 INEEOAUCLION ..ottt ettt ettt st b e bt e a e bt et e et et e s bt s bt ebeebees b et et e aesaeabesbeeneens 55

3.10.2 Stock assessment USING FIECKSIDEST.........ccuiiiiiiiriieiieiieieceeee et 55
3.10.2.1 MOAE] STIUCLUTE ....c.euveveetieiieiieiie ettt sttt ettt st be bt ebe et es et e nbenbesaeebeene 55

3.10.2.2 DAta USEA ...eeeuieiiiiiieriieieeiteitet ettt b ettt st sttt ettt st eaeeae 55

3.10.2.3 MOde]l aSSUMPLIONS .....veevvieerieiieeiientietieieetestesetesseesseeseesseessesseesseesseensesssesssesssesseesseensesnsenns 56

3.10.2.4 Optimization algOrithim............cccieiiiiiiiiie e 57

3.10.2.5 Estimates of parameters outside the model............cocceeiiiiiiiininieeeee e 57

3.10.3 Results from the assessment (Tables 3.32-3.33, Figures 3.17-3.18) ..ccceivriireiieniee e 58

3.10.4 Retrospective analysis (FIZUIE 3.19).....c.ooiiiiiiiiieee ettt 59

3.10.5 Use of Fleksibest for predictions (Tables 3.34-3.35, Figure 3.20a-).......cccccceieienininiieiceceee 59
3.10.5.1 ComMMENtS tO the PIOZNOSIS ...c.veveruireieuienieieriesteeteeteeteete et ente e e steetesbeebeeseeneenseeeseasesaeeeeee 59

3.10.6 Reference points related to FISKSIDESE ........c.ccveriiiriieiieieiiecieie ettt see e 59

3.11 Comparison of results from XSA and FIEKSIDESt.......c..cceiviiiiiiiiriieiieieeieeeeeee et 59
3.11.1 Comparison Of the aSSESSIMENLS ........cccviicvirierieiiietieteeiesreeteetesaeseesteeaeeaesesesseeseessesssesssenseesseesses 59

3.11.2 Comparison of the predictions (Figure 3.21) .....ccovieiieiieiieieeieeeeee et 60

O:\ACFM\WGREPS\AFWG\REPORTS\2003\Introduction.Doc 11l



Section Page
B2 o) (TS T B G 1 OO OO OO O OO OO OSSP OPRRUOUSROPOPPRN 61
FRGUIES 3.1 = 3.2 ittt ettt et e e e bt et e e te e s st e b e esbeesbaessessbessee st enbeesseeeeeese e st e st e enbeesbe et be et eeteenneenseeneas 132
TADIES AT = ATO oottt h ettt b e bt bt e bt eh e st et b e bt ekt b e eh e eh e e a e et bbbt eheeb e et e s et et b e 161
4  NORTHEAST ARCTIC HADDOCK (SUBAREAS T AND II)...ccutiiiiiiieie ettt e 173
4.1 Status Of the FISRETIES .....ceoiiiiiici ettt ettt ettt sttt e ee e bt et e ntenaesbeaaesaeas 173
4.1.1 Historical development 0f the fISNETIES .......c.cccviviiiiiiiieiicc e 173

4.1.2 Landings prior to 2003 (Tables 4.1-4.3, Figure 4.1A) ...ccoooieieiieeeeeeeeeeeeee e 174

4.1.3 Expected [andings i 2003 ..........cccoerieriieiiieiieeesiesie e ete e see e esteesaeeseesseessaebeessaessessaesraesseensennnas 174

4.2 Status Of RESEATCH. ...cc.eiuiiiiiieie ettt ettt s b et b e bt bt et ettt be e 174
4.2.1 Fishing effort and CPUE...........c.coiiriiii ettt et e essa e seenseennes 174

4.2.2 Survey results (Tables B1-BO)........cccooiiiiiiiiieieieee ettt enne e 174

4.2.3 Weight-at-age (Table BO) .......cceeiiiiieiieieeeeeeeee ettt ettt et seeseenneennes 174

4.3 Data Used in the ASSESSIMENL ......c..eeiuiiriieiieieetieetieste et ete et st e et et eesaeeste e et eneeeseeeseesseenseenseeseenseenseenneeneas 175
4.3.1 Catch-at-age (T 4.7) ..coueeiieeeeeeeeee ettt ettt e s e sb et e teeneeseeenaeeneas 175

4.3.2 Weight-at-age (Tables 4.8—4.9) .....oo oottt st 175

4.3.3 Natural mortality (Table 4.10) .....ccooiiiiiieie ettt e e be e 175

4.3.4 Maturity-at-age (Table 4.4 and 4.11) .c..ooe ittt 175

4.3.5 Data for tuning (Table 4.12) .....cuoiiiiie ettt sttt ae et et et e e aesee b 175

4.3.6 Recruitment indices (Table 4.5)......ccuiiviiiiiiiieieieeie ettt ssaesseesseennas 175

4.3.7 Prediction data (Table 4.19).....cc.iciiiiiiiiiieieeieetest ettt ettt eessestaesba e seenseennas 175

4.4 Methods Used in the ASSESSIMENL.........cctiiiiiriirieriietieiteitetet ettt ettt ettt sttt sb e s bt bt et e testestesbesaeas 176
4.4.1 VPA QN TUNINE ..oovviiiieiieciieciiecie ettt et ettt e st e bt e e estesseesseesseenseenseasseesaeseenseensaensennsennnes 176

4.4.2 Recruitment (TabIes 4.6) ....cccveiieiieieeie ettt ettt ettt e e te st e e e e teaseesseensesnsesneesseensesnnes 177

4.5 Results Of the ASSESSIMENL. ....c..couiriiiriiriiiietitetese ettt ettt ettt ettt ettt besbe bt et esaentenaenbenae 177
4.5.1 Fishing mortality and VPA (Tables 4.13—4.18 and Figures 4.1A-B, 4.1D, 4.5-4.7) .cccvevvevvenennee. 177

4.5.2 Recruitment (Tables 4.6A, 4.6B, 4.15 and Figure 4.1C) .....oooiiiieiiiiieeeeeeeeeeee e 177

4.5.3 Yield-per-recruit (Table 4.20, FIGUIE 4.3) ..c.uooiiiieiieiee ettt 178

4.5.4 Catch options for 2004 (TabIe 4.21) c..ccuiiiieiicieerieieeee ettt re et veebe b anesanas 178

4.6 Biological referenCe POINES. .....co.iiiiuieeiiieieieet ettt ettt ettt sttt e s et et e st e tesbeebeebeeseeseeneensentesseneesaeas 178
4.6.1 Biomass reference points (Figures 4.2 and 4.4).......cccccvevieirieeiiiieiieeieie ettt san e 178

4.6.2 Fishing mortality reference points (FIGUIE 4.4) .....cccoevieiiiiiiiieciere ettt 178

4.7  Comments to the assessment and fOTECASTS .......ccueruirtiruirieieieie ettt ettt ettt sae e 178
4.7.1 Changes from 1St YEAT .....c.cccueiierieriieit e eieeeee ettt et e et esee st e st e st enseessessaesseeseenseensesnnes 178

4.8  Technical minutes from ACEFM .....c..cocoioiiiiiiiiiee ettt ettt ettt ae e e 179
B2 o) (S N B 0 USSR 180
FAGUIES 4.18 = 4,10 ..ottt ettt ettt et e et e bt et e et e e et e e a e e ea e e Rt e bt enteeheeeae e st et e en et eneeenee bt eneenteennas 220
21 o) (oS S B = T OSSPSR 227

PART 2

5 NORTHEAST ARCTIC SAITHE (SUBAREAS T AND II) ...uooiiiiiiieeeeeeeeee et 233
5.1 Status OF the FISNETY...co.oouiiiiieee ettt ettt a et be et e st et e e s e eee e e 233

5.1.1 Landings prior to 2003 (Tables 5.1-5.2, FIZUIE 5.6) .....cceriiiririeieieieerie ettt 233

5.1.2 Expected [andings in 2003 ..........oouiiiiiiiiieieee ettt ettt et sttt a ettt n et e e e enes 233

5.2 Status OF RESEATCH...c..eiuiitiiiiiiieiee ettt e et bbbt st eb ettt ne b e 233

5.2.1 Fishing Effort and Catch-per-unit-effort (Tables C1-C2).....c..ccoieviirieiieriieiieie e 233

5.2.2 Survey results (Tables C3-C4)....cooiiiriieiiiieiiecieeie ettt ettt et ae e e beebeesaesseesseesseesseessessaenseens 234

5.3  Data used in the ASSESSIMENL ......cc.ceeruiiiiiiiirtirterie ettt ettt sttt ettt ae et et et st be et ebesbeest et et essesentenbenee 234

5.3.1 Catch numbers-at-age (Table 5.3)....c.ccciiiiiiieii ettt e enaens 234

5.3.2 Weight-at-age (TADIE 5.4)...ceiiieieieee ettt st s e seessesaeesseeseenseensenssenseens 234

5.3.3 NatUIal MOTTALIEY ... cetieiieiieieeet ettt ettt ettt e e s st e s bt e sbeeteentesneeeseesseenseenseeneenneens 234

5.3.4 Maturity-at-age (TabIe 5.14) ..ottt ettt et e eeneeeneens 234

5.3.5 Tuning data (TaDIE 5.5) ..ot ouiiieieeee ettt ettt ettt et e ee ettt ens e e e b e eaeeeeenes 234

5.3.6  RECTUITMENT INAICES ....euviteeiitietieeieiieiete ettt ettt et et et sttt et eaeese e st et et e beseeebeeseeseeneeseaaeseeenes 234

5.3.7 Prediction data (Table 5.14)......cciiiiiiieiieiieeeeeete ettt ettt sve e e e reesreebeesseessessnens 234

54 Methods uSed in the ASSESSIMENL.........ccueiieiiiiietertietert ettt ettt ettt et e et et bttt e bt e st et et en s e eeneeebe e 235
5.4.1 XSA and tuning (Table 5.6, Figures 5.2A-C, 5.3) .iooiiviieiiiieieieeieete et 235

5.4.2 Recruitment (Tables 5.12-5.13, C.3 and 5.3, Figures 5.2A-C) ...ocovvvieiienieiicie et 235

5.5  ReSUlts OF the ASSESSIMENL......cc.eiiiiiriiitiitirtieiteitetet ettt ettt ettt sttt eb et et st besbe bt et e s e e ente b e 235

5.5.1 Fishing mortalities and VPA (Tables 5.7-5.11, Figures 5.1, 5.5,5.6) .ceovveeirineinierceceenes 235

v

O \ACFM\WGREPS\AFWG\REPORTS\2003\Introduction.Doc



Section Page

5.5.2 Recruitment (Tables 5.12-5.13) .iciiiiiiiiieiieiectesieee ettt ae e s esreese e s e essensaens 235

5.6 REIEIEICE POINLS.....couiiiieiieiiiieitieittete et et e st e st e st ete et e et estaesseesseesseessesssesseesseesseasseassesssesseenseessenssenssensenns 235

5.6.1 Biomass TEfEIENCE POINLS ....cvieiiruieriieriietieieetesttesteebeeteeseesseesseessesssesseesseesseesseessesssesssesseessenssesseens 235

5.6.2 Fishing mortality reference points (Tables 5.14, 5.15, Figures 5.1A, 5.4) ..ccooveviecenienieeeieenne 236

5.7  Catch options for 2004 (short-term predictions) (Table 5.16) ......cccccvevievieriiiiieierereeeee e 236

5.8  Medium-term forecasts and management scenarios (Table 5.17A,B, Figures 5.1B, 5.4A,B) ......cccccoo..... 236

5.9  Comparison of this year’s assessment with last year’s asSeSSMENL. ........c.eeeverierieriereeieniereereesee e 236

5.10 Comments on the assessment and the fOreCast..........ccooriiiiiiiiieiieeee e 236
1 0) (TS T B T o TSRS 237
FIGUIES 518D = 5.6 .ottt ettt ettt ettt e ea e ea e a e et et e eh e ehees e es e es e en s an b e be ekt e bt eneene et enteteeaeeneene 264
TADIES C1 = CA ettt ettt ettt h e e bt eh e bt e a e e st et et e e bt eh e bt e bt eh e em b en b e b e e bt e bt ehtebeent e st et e nte b e 272
6  SEBASTES MENTELLA (DEEP-SEA REDFISH) IN SUBAREAS T AND IT.....ccoooiiiiiiiiiieeeeeeeee e 275
6.1  Status 0F the FISHETIES ......eoiuiiiiiiieiiee ettt ettt et st e st esae e te et e eneeeneesreens 275

6.1.1 Historical development of the fIShery.........ccoooiiiiiiiiii e 275

6.1.2 Landings prior to 2003 (Tables 6.1-6.4, D1-D2) ......cccoiiiiiiiieieieieiee ettt 275

6.1.3 Expected [andings in 2003 ..........oouiiiiiiiiie ettt sttt ettt st eae e enes 275

6.2 Data uSed in the ASSESSIMENL....cuirtiitiriiitieieieie ettt ettt ettt sb e bt e st eut et et e be st e ebesbeebeesteneensetensenbenaeas 275

6.2.1 Fishing effort and catch-per-unit-effort (Table D3, Figure 6.8) .......cccoovvevvieieiienieiicieeeeeeeieenne 275

6.2.2  Catch-at-age (TabIE 6.5) ....eocuieiiiieiieciet ettt et e e s eeereesseesseesbesssessaeseessenseens 276

6.2.3 Weight-at-age (TADIE 6.6)......ccieieieiieieeie ettt ettt ettt s e st eseessesaeeeseesseenseensenssensnens 276

6.2.4 Maturity-at-age (Tables 6.7 and DO) ........cccoevieiieiieiieieeeeee et 276

6.2.5 Survey results (Tables Al14, D4-D8, Figures 6.1—60.7).....ccceeierieiierieeieniienieeie e seeseeeie e senennens 276

6.3  Results of the Assessment (Tables 6.8-6.14 , Figures 6.9-6.11) ......ccooiiiiriiriinieiieeeeee e 277

6.4  Comments t0 the ASSESSIMENL. ... ....ciuiiiuiiie ittt ettt et et et et e eete s st e seeeseeebeeneeeneesaeesseenteenseensesneenseens 278

6.5  Biological TETEIENCE POINLS ...cc.eeitietieiiiie ittt ettt ettt ettt et te st e s st e st e e beeee et e eaeesseenteenseeneeeneenseens 278

6.6 MAaNQZEMENTt AAVICE ....eoueeuieuieiieiieiteeteeie ettt et et e st e bttt e st eatee e sebesbeebeeseeaeeneensensesseebeeseeseeneeneensentensenseaaeas 278
TADIES 6.1 = 0. 14 ..ttt h e b bt h e a et h e ke h bt bt e a et e bt beeheeb e et et e b et b e 279
FAGUIES 0.1 = 6. 11 oottt ettt ettt e e et este et e esbeesbeesseesbessaesseesseessesssesseasseenseenseassenssenssesaenseensennsas 294
TADIES DT = DO .ttt ettt h e bbbt h st h ekt b e bt bt e a e e e bbbt bt eb e et et e b e nte b e 307
7  SEBASTES MARINUS (GOLDEN REDFISH) IN SUBAREAS TAND I@....coiiiiiiiiieeceeeceeeee e 314
7.1 Status Of the FISHEIIES .....eiuiiuiiieee ettt b e et b e eee bt e e e e e eee e e 314

7.1.1 Historical development of the fiShery.........ccoooiiiiiiiiii e 314

7.1.2 Landings prior to 2003 (Tables 7.1=7.5, D1 and D2) ......cccccciiiriiieieieeeese e 314

7.1.3  Expected 1andings in 2003 .........cccoeiieriieiieiieiieseesie et eteetee st ebeesesaeseesreesseesseesaesseesseeseesseesaessaens 314

7.2 Data Used iN the ASSESSINEIE .....ccueiuiitieiieiieietenterte et eettettettet et ettt e sbeete et et e teste bt saeebeebeeseenteneensensensensenee 314

7.2.1 Fishing effort and catch-per-unit-effort (Tables D10, Figure 7.1).....cccccevevevieneenieieeieeieeeveeenne 314

7.2.2  Catch-at-age (Table 7.8). ...eecieieeieiiesiet ettt ettt ettt s e s tesse e st enseensesnsessaeseessenseens 315

7.2.3 Weight-at-age (TaDIe 7.9)...cueecieiieieee ettt sttt e b e s saeesseeseenseenseensensnens 315

724 MALUTIEY=E-QZC ..eveenvienrreeieeieeetiettesteeteseesetesseeseenseeseesseesseenseenseassessseaseenseansesnsesseesseanseenseansenssenseens 315

7.2.5 Survey results (Tables 7.6, 7.7, D11a,b-D12a,b, Figures 7.2a,b—7.3a,b)....cccccccvriiriiniiieiniene 315

7.3 ReSults Of the ASSESSIMENL. .....ccuiiiieeiitieiete ettt ettt et e ettt et e st eesee st e e teetesaeesueesaeesaeenteenseeneesneens 315

7.4  BiologiCal TETEIENCE POINLS ....c.iiiieeiieeieetiettete ettt ettt et et e e e et e eseesseesbeeseeeeeneeeneenaeeneeenseeneenseens 316

7.5 MaNAZEMENTE AAVICE ..eveeuieuieiieiiieite ettt et ettt et e eae st e te e et e st e ebesaeebeeaeentensesseabeeaeebeeneeneeneeneensensenseesees 316

B o) (S B R OO RSOOSR 317
FAGUIES 7.1 = 73D ettt ettt ettt et et eae e s st e b e e s seesseessessbessaesaeenseenseeseeese e st enseenseesseesbeaseetaenseensenneas 324
TaBIES DITO = DII2D ittt ettt b e bbbt e st e st e et b e e bt eh e ea b e e b e nb e b e e heebe et et et et b e 329
8  GREENLAND HALIBUT IN SUBAREAS T AND IL....couiiiiiiieeee ettt 332
8.1 Status OF the fISHETIES .. .eouiiuieeieieee ettt sttt et ae e e e eesee e e 332

8.1.1 Landings prior to 2002 (Tables 8.1 = 8.5, E10)...cc.coiiiiiiieieiiere e 332

8.1.2 Expected [andings N 2003 .........ooiiieieieieie ettt ettt ettt s e sttt et e e eeeenes 332

8.2 StAtUS OF TESEATCH ..ottt bttt b e e bbbt ettt b e 333

8.2.1 Survey results (Tables Al4, E1I-E8) .....cccoiiiiiiiiiiieiieieeie ettt ae e ne s 333

8.2.2 Commercial catch-per-unit-effort (Table 8.6 and E9) ........cccoeovvviiiiiniieiieiicieeeeeee e 334

8.2.3 A TCAGINGS ..ottt ettt ettt et e st e et ettt e et e st et e et e et e e raesseeeree st enseenneente st enseenseennenseens 334

8.3 Data used in the @SSESSIMENL .......cc.ciiriririieieietete sttt ettt ettt ettt et sa sttt sbeeat et e b e aente b e 334

ON\ACFM\WGREPS\AFWG\REPORTS\2003\Introduction.Doc v



Section Page

8.3.1 Catch-at-age (Table 8.7 — 8.8) ..cciicieiieiieiecieseee ettt eae s sbeeseesaeeseessaeseenns 334

8.3.2 Weight-at-age (Table 8.7, 8.8)..cciccieiieiieieieieee ettt ettt este e beesaeenaessaeseenns 334

8.3.3  NALUIAl MOTTALILY .. .cvietiiiiiiecieste ettt ettt et e e e te e bt e e e etaesteesseesseessessaessaesseesseessesseesseensennes 334

8.3.4 Maturity-at-age (TabIes 8.9) ....iciiiiieieiie ettt st e e s e se et eensenneens 334

8.3.5  TUNING AALA ....coiiiiieie ettt ettt et e st et et e et e esseesee s e enseensesnsessaesseeseenseenseenseennenseens 334

8.3.6 Recruitment indices (Tables A14, ELI-EQ) .....cccoiiiiiiiieieieeee ettt 335

8.4  Methods used in the aSSESSIMENLT........cc.eiiiiiieieie ettt ettt ee st e s te e et et e et e eseesteeneeeneeeneenseens 335
841 VPA ANd TUNING ...eeiieeiieeee ettt ettt ettt et e et e bt e bt et e eseesseesseesseenneeneeenseeneenneans 335

8.5 ReSUlS Of the ASSESSIMEIL.....cuieitietieieiiieiie ittt ettt ettt et et e e st e bt e bt e teetesneesaeesaeeneeenteenseenseeneenseens 335

8.5.1 Results of the VPA (Figures 8.3-8.4, Tables 8.11-8.15)....cciiiriiiiieieieeee e 335

8.5.2 Biological TefereNnCe POINLS ........eeuiiuieeieieieite ettt ettt ettt be bt seenee e e beeaeseeenes 336

8.5.3 Catch options fOr 2004..........ccuiiiiieiieieetieeieeie ettt te et e e e s teebe e b e essessaessaesseessessaesseesseenseenns 336

8.6  Comparison of this years assessment with 1ast years asseSSMENLt ..........cc.eeeveecveriereerreerieeerenieeseesseessesnenns 336

8.7 Comments t0 the aSSESSIMENL......c..cc.iiuiriiiieiieieiee sttt ettt sb e st sbe bt et e e nbe st e b e 336
TADIES 8.1 = 8. 17 ettt ettt h e bt bt a ettt h e bbbt e ae e h et b e nh e bbbt ettt e enes 337
FAGUIES 8.1 = 8.4 ..ottt ettt st et ettt et e e st et e et e en s e eateenaeeReeeR e e st enteeaee Rt e st enteenteenteesaeeneeseenneensennnes 358
21 o) (oS 2 B 2 OSSPSR 362
9  SHRIMP (PANDALUS BOREALIS) (SUBAREAS T AND II) ...cciiiiiiieiiieiieieecsieete ettt 369
9.1 Status OF the FISHETIES ....euiiuiiiiiiieieeie ettt ettt b e bbbttt e st b e 369
9.1.1 Historical development of the fisheries (Table 9.1, Figure 9.1) ....cccceevieviiiiiiienieiiceeeieeeeieennn 369

0.1.2  REGUIATION . ....ueiiiieeieiieie ettt ettt et e e et e et e et e st e seenbeessesssesseeseenseensessnesseanseenseansenssenseens 369

9.1.3 Landings (Table 9.1, FIGUIE 9.1) ...ccceiiiieie ettt ettt enseeneens 369

9.2 Status OF RESEAICH ....c..iiiiitiiiiiicii ettt et bbbt a e e 369
0.2.1 Surveys (Tables 9.3, 9.4) ... ettt ettt et sttt ettt 369

9.2.2 Samples from commercial CatChes.........cceiiiiiiiiieiee e 370

9.2.3 Fishing effort and CPUE (Table 9.2, Figure 9.3)......cccoeiiiiiiieiieeee et 370

9.2.4 Survey results (Tables 9.3-9.5, Figures 9.2—9.5)....ccoiiiieiiieeeee et 370

0.2.5 POPULALION SEIUCTUIE ....vvieviietietieieeteeieette st et e e et e et e et este e beesbeesbesssesteesseesseesseessesssesseesseessenssenseans 370

0.2.6  Ae ACteIMINALION ....vecvvieeiieiieiieiieteeteeee st esteete et e eteesseeteesseesseesaessaeseessesssesssesseesseesseesseessenssessenns 370

0.2.7  MALUTIEY=AE-QZC ..eveevrenrieereetiesitesteeteetesteseesseesseesseesaesseesseesseessaessasssesseesseesseassesseesssesseesseessenssessenns 371

9.2.8 Recruitment (Table 9.5) .....cccuiiiiiieiieiece ettt e e ebe e saeesseebeesseesseessenseens 371

9.2.9 Natural mortality and predation (FigUre 9.5) ........ccieviirierieiieieeiecie et 371

9.3 Evaluation of the Stock (Table 9.6) ......cceeouieiiiieiieciee ettt seeaeseseensesnaenseens 371

9.3.1 Assessment MethodS UNAET PrOZIESS. .....cveveeruieriieriieiieiertiesieeteeiestestesseesseesesseesseesseenseensesssenseens 371

9.4  Status of the Stock (Table 9.2-9.4, Figures 9.3, 9.5) ..oo oottt 372

9.5  Recommendations for fUrther WOork ............coooiiiiiiiiiii e 373

9.6  Organising the assessment work of shrimp in ICES Subareas Tand I. .........c.ccoooiiiiiiniiiiiiiiieeee 373
1 0) (S5 B N OO OSSOSO 374
FIgUIES 9.1 0.5 ettt ettt ettt e st e et et et ekt eheeh e ea e ea e em s e b e ke ee e eh e e et es e es e entan b e be ekt ebeeaeeneeneenseteeteene e 382
10 WORKING DOCUMENTS ...ttt ettt ettt e et e testeste st eseeseesaessessessesseeseeseaseensansensessessesseansensansensessenns 386
11 REFERENCES. ... .ottt st h e h ettt b e s bt bt e bt eat e st et et et e et e e bt sbeeb e e st esse e entenbeee 388
ANNEX 1 — PartiCIPAnts LISt .....cccvieiiiieiieiieiiieieeteeteetesteesteeteeaesteesteeseessessaesseesseesseesseesseeseesseessenssesssesssesseesseessesnes 394
ANNEX 2 — Quality Handbook — Cod COaStAL .........cceevuieriieiieieeiieieeieeie e seesieesaeeaesseesseesseesseesseessesssesssesseesseessennnas 397
ANNEX 3 — Quality Handbook — Northeast Arctic Cod........coiririririiiiierierieseniteieeteee ettt e 409
ANNEX 5 — Quality Handbook — Northeast Arctic Saithe...........cccveoiiiieiiiiieiie e 422
ANNEX 6 — Quality Handbook — Sebastes Mentella................c.ccccucoeriiiiiiiiiiiiieiiieeee sttt 430
ANNEX 7 — Quality Handbook — SeDastes MarinUs..............cccccecuiiiiiriiiiiiiitit ettt e 437
ANNEX 8 — Quality Handbook — Northeast Arctic Greenland Halibut ............ccooccoiiiiiiiiiiiiieeeeeee e, 442

Vi ON\ACFM\WGREPS\AFWG\REPORTS\2003\Introduction.Doc



INTRODUCTION

Participants

Asgeir Aglen Norway
Ole Thomas Albert Norway
Carolina Alonso Spain
Boris Berenboim Russia
Erik Berg Norway
Bjarte Bogstad Norway
Vladimir Borisov Russia
Ray Bowering Canada
Tatiana Bulgakova Russia
Jose Miguel Casas Spain
Konstantin V. Drevetnyak Russia
Anatoly Filin Russia
Age Fotland Norway
Age Hoines Norway
Knut Korsbrekke Norway
Yuri Kovalev Russia
Yu. M. Lepesevich Russia
Tara Marshall Norway
Sigbjern Mehl (Chair) Norway
Lorenzo Motos Spain
Hilario Murua Spain
Kjell H. Nedreaas Norway
Riidiger Schone Germany
Mikhail Shevelev Russia
Oleg Smirnov Russia
Jan Erik Stiansen Norway
Knut Sunnana Norway
Ekaterina Volkovinskaya (translater) Russia
Natalia Yaragina Russia
Morten Asnes Norway

Terms of Reference

At its October 2002 meeting ACFM decided the following:

The Arctic Fisheries Working Group [AFWG] (Chair: S. Mehl, Norway) will meet in Pasaia, Spain from 23 April-2

May 2003 to:

a) assess the status of and provide catch options for the year 2004 for the stocks of cod, haddock, saithe, Greenland
halibut, and redfish in Subareas I and II, taking into account interactions with other species and attempting
alternative assessment methods where applicable;

b) evaluate the agreed management strategy for cod, with special attention to the reference points for spawning
stock biomass and fishing mortality;

c) assess the status of the shrimp stock in the Barents Sea, taking predation by cod into account;

d) provide specific information on possible deficiencies in the assessments including at least: Major inadequacies in
the data on catches, effort or discards; major inadequacies if any in research vessel surveys data and major
difficulties if any in model formulation; including inadequacies in available software. The Group should clarify
the consequences from these deficiencies for a) assessment of the status of the stocks and b) for the projection;

e) for stocks for which a full analytical assessment is presented, comment on this meeting’s assessments compared
to the last assessment of the same stock;

f) comment on the PA reference points proposed by the Study Group on Precautionary Reference Points for Advice
on Fishery Management;

g) structure the assessment report following the guidelines as adopted by ACFM in October 2002 with special

attention to the quality issues.

AFWG will report by 5 May 2003 for the attention of ACFM.
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General Comments

The host (AZTI, Pasaia, Spain) provided excellent facilities, assistance and transportation, which allowed the meeting to
proceed effectively and efficiently. An excursion to Rioja with an unforgettable visit and lunch at a bodega, stimulated
people to work hard for long hours, 1 of May included.

Management strategy for NEA cod and haddock

At the 31 session of The Joint Norwegian-Russian Fishery Commission the Parties agreed on a new harvesting strategy
for Northeast Arctic cod and haddock. At the present meeting there was neither software nor time available to do an
evaluation of the new harvesting strategy, but some comments and projections for NEA cod based on the rule are given
in Section 3.8.

Comments on the PA reference points proposed by SGPRP

The Study Group on Biological Reference Points for Northeast Arctic Cod (SGBRP) met at Svanhovd, Norway, 13-17
January 2003 to determine the most appropriate time period for estimating biomass and fishing mortality reference
points, specify the technical basis for the reference point calculations and establish reference points based on this. The
study group agreed on the use of the full time-series and the numbers-at-age 5 as the recruitment index until more
accurate estimates of the number-at-age 3 may become available. The framework implemented for establishing new
reference points was mainly the one proposed by SGPA at its December 2002 meeting (ICES CM 2003/ACFM:??).
Further details and the calculation of new reference points are given in the SGBRP report (ICES CM 2003/ACFM:11).
SGBRP considered the estimated reference points to be provisional since the group expected AFWG to revise them on
the basis of the latest assessment with possible incorporation of discarding mortalities.

The Study Group on Precautionary Reference Points for Advice on Fishery Management (SGPRP) met at ICES
Headquarters 24-26 February 2003 to review a proposal prepared by the ICES Secretariat on reference points for the
stocks dealt with by HAWG, WGBFAS, AFWG, NWWG, WGNPBW WGNSSK, WGHMM, WGNSDS, WGSSDS,
WGMHSA. The proposal was built on the framework developed and agreed by SGPA in December 2002 and the
outcome of SGBRP. SGPRP should further propose revisions of the reference points used by ACFM in formulating
advice on fishery management for consideration by the assessment working groups and with a view for adoption and
use by ACFM in its May and October 2003 meetings. SGPRP (ICES CM 2003/ACFM:15) recommended that the
revised LIMIT reference points proposed by SGBRP be adopted for NEA cod, while the appropriate PA-reference
points be adopted upon clarification of the acceptable method for calculation.

However, AFWG did not have the data available to revise the proposed reference points. The proposed new values were
recommended to be adopted by ACFM, with the PA-reference points based on status quo F in the intermediate year.

For most other species, included those dealt with by AFWG, SGPRP did not propose any revisions of the existing
reference points, but just gave some comments and recommendations to be followed up by the different Working
Groups, e.g. to look more carefully at the need for any revision and the best methods to be applied for the different
stocks. A new SGPRP meeting will than look at the result of this work with a view for adoption and use by ACFM in its
May and October 2004 meetings. Some of the comments and recommendations given by SGPRP are contained in the
respective stock sections of the present report.

Inadequacies in the data and possible deficiencies in the assessments

The working group also this year met quite early, with Easter just prior to the meeting. This continues to cause some
problems and concerns. The work on compiling national and international catch data were not ready before the meeting
and the Norwegian survey covering spawning Northeast Arctic cod ended just before Easter. This affects the quality
checking of important input data, the possibility to make exploratory runs ready prior to the meeting and the time
available during the meeting to discuss e.g. inadequacies in the data and available software, resulting deficiencies in the
assessments and how to improve these shortcomings.

While the area coverage of the winter surveys was incomplete in 1997 and 1998, the coverage was normal for these
surveys in 1999-2002. In the autumn 2002 and winter 2003, however, surveys have again been incomplete due to lack
of access to both the Norwegian and Russian Economic Zones. This affects the reliability of some of the most important
survey time-series for cod and haddock and consequently also the quality of the assessments. There is no acceptable
way around this problem except asking the Norwegian and Russian authorities to give each other's research vessels full
access to the respective economical zones when assessing the joint resources.
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At recent AFWG meetings it has been recognized that there is growing evidence of both substantial discarding and mis-
/un-reporting of catches throughout the Barents Sea for most groundfish stocks in recent years (ICES CM
2002/ACFM:18, ICES CM 2001/ACFM.:02, ICES CM 2001/ACFM:19, Dingser WD 13 2002 WG, Hareide and Garnes
WD 14 2002 WG, Nakken WD 10 2001 WG, Nakken WDS8 2000 WG, Schone WD4 1999 WG). During the present
meeting a working document (Sokolov, WD 9) comparing results obtained using two methods to estimate cod discard
in the Barents Sea in 1993-2002 was presented. The discard was found to be highly variable over time and affected
mainly age groups 3 and 4. There were some differences in the results obtained by the two methods. Ajiad and
Nedreaas (WD 10) presents preliminary results on the total cod by-catch in the Norwegian shrimp fishery during a trial
year (2000) based on data from the Norwegian commercial shrimp landing statistics, data from the Norwegian fishery
surveillance agency and the scientific shrimp surveys. The results show clear evidence that the shrimp fishery encounter
a different composition of by-catch of cod depending on season. During the fourth quarter, the shrimp fishery caught
mainly 0-group cod while in the rest of the year the cod by-catch was one year olds.

The total effect of the discarding is still very unclear and requires a lot more work before it can be included in the
assessments. This and other inaccuracies in the catch statistics continue to represent one of the most serious errors in
stock assessments and generally results in underestimating fishing mortality and overestimating stock size. Therefore,
additional precaution is advised when considering total allowable catches (TACs).

In 1992 PINRO, Murmansk and IMR, Bergen began a routine exchange program of cod otoliths in order to validate age
readings and ensure consistency in age interpretations (Nedreaas and Yaragina, WD 11). Later, a similar exchange
program was established for haddock otoliths. Once a year the age readers come together and evaluate discrepancies
which are seldom more than 1 year, and the results show an improvement over the time period from 30% to 15%
discrepancies for cod. The discrepancies are discussed and a final agreement is at present achieved for all otoliths
except ca. 2%. A similar positive development is also seen for haddock age readings.

Use of age- and length structured models in assessment (Fleksibest)

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

For NEA cod, Fleksibest has been used as a supplementary model to XSA for some years. Fleksibest is now a complete
assessment model which provides the same kind of output (assessment, retrospective analysis, prognosis, diagnostics)
as e.g. XSA. Earlier problems with finding the optimum solution now seem to be solved, as seen from the sensitivity
analysis given in Section 3. Although questions concerning choice of likelihood functions and appropriate aggregation
level for model/data comparisons need further study, it may be time to give the results from Fleksibest more weight.

Fleksibest has not been approved by ACFM, but there are other ICES assessment WGs, e.g. WGNPBW, which use
models (e.g. SeaStar, ISVPA) which have not been approved by ACFM. Use of several assessment models for the same
stock is also common in several assessment working groups.

Adding length structure makes it easier to include biological realism by modelling growth, maturity, fecundity,
recruitment, fishing mortality and natural mortality (e.g. cannibalism) as processes depending on fish length/weight,
temperature, prey abundance and other factors. For Northeast Arctic cod, there is ongoing work on modelling these
processes in a way that could be utilised in Fleksibest as well as in the StockAn/RecAn/MedAn suite (Needle and
Marshall, WD2; Marshall and Needle, WD3). The advantage of Fleksibest vs. the StockAn/RecAn/MedAn suite is that
Fleksibest models the stock abundance by length and age directly without involving transformations from numbers-at-
age to numbers-at-length and vice versa using age-length keys.

For NEA cod, it is planned to extend Fleksibest to include six sub-stocks (0-group, ages 1-2, immature females,
immature males, mature females, mature males) in order to model the stock abundance from age 0 upwards as well as
taking sex differences in maturity into account. This will also make it easier to include fecundity/length/weight
relationships.

It has been found that a precise mathematical formulation of population dynamics models with age-length-area-
multispecies-multifleet-structure (e.g. BORMICON; Stefansson and Palsson 1997, 1998) is needed. Such a description
is provided by Froysa et al. (2002) for Fleksibest, which is a single-species, single-area, age-length structured multi-
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fleet model where the catches are modelled. A description in detailed mathematical terms of models with age-length-
area-multispecies-multifleet-structure will be available as a WD to SGASAM in June 2003. This WD will also describe
the difference between the mortality formulation used in Fleksibest and in Gadget.

There are also other applications of Fleksibest/ BORMICON/Gadget. At present this includes the assessment of Sebastes
marinus in Icelandic waters (Bjornsson and Sigurdsson, 2003) and West of Scotland anglerfish (cooperation with Helen
Dobby, FRS, Aberdeen). In the future such models may be applied to all species assessed by AFWG, but it would be of
greatest interest to apply it to stocks where the age data are less reliable or non-existent, such as Sebastes mentella and
shrimp. A model for shrimp should include predation by cod.

It is planned to use set up a multispecies (cod, capelin, herring, minke whale, harp seal) and multi-area model for the
Barents Sea using the Gadget modelling framework. This model will be similar to the MULTSPEC model (Bogstad et
al., 1997). This work is dependent on the funding of a new EU project.

Kvamme and Froysa (2003) used Fleksibest to study the effect of using different selectivity curves in the fishery for
NEA cod. Age-length structured models are particularly well suited for such studies.

Age-length structured models such as Fleksibest will be studied at the ICES Study Group on Age-Length Structured
Assessment Models (SGASAM) in Bergen in June 2003. The ToRs of that meeting are as follows:

a) investigate process model formulations, goodness of fit and model sensitivity in age-length based models;
b) evaluate the usefulness of such tools in specific case studies on stocks with differing life-histories, data availability
and quality, such as sprat, anglerfish, blue whiting, Nephrops, Greenland halibut and deepwater species

ICES Quality Handbook

Following the guidelines as adopted by ACFM in October 2002, a stock specific template was filled out for most
AFWG stocks, describing how the annual assessment calculations and projections are performed, as well as the
biological stock dynamic, ecosystem aspect, and the fisheries relevant for fisheries management. These templates are
presented as appendices to the working group report, and the report has been re-structured accordingly.

Since shrimp most probably will be dealt with by a joint NAFO-ICES pandalus working group in the future, no
appendix was filled out for this stock. For NEA haddock a lot of time was spent on improving the input data and the
stock assessment, and the time available did not permit the preparation of a quality handbook appendix.

Scientific Presentations

WD 1 (presented by J.E. Stiansen) describes the present oceanographic conditions, the role of zooplankton and some
relations between climate and fish population parameters. A forecast for sea temperature in the Barents Sea is given.

WD 2 and 3 (presented by C.T. Marshall) presents software being developed for ICES use. The software is divided into
three different modules: StockAN, RecAN, and MedAN. StockAN uses the output of the assessment to estimate
alternative indices of stock reproductive potential. RecAN fits a wide variety of stock/recruitment relationships to either
the conventional stock/recruit relationship which uses SSB as the index of reproductive potential or alternative
parameterisations (e.g., using total egg production). MedAN is an updated version of the medium-term stock projection
software. When completed, these modules will produce medium-term stock projections that incorporate a higher degree
of biological realism than is presently the case. As part of this initiative, growth models are being developed for
Northeast Arctic cod. For each cohort a robust parameterization of the von Bertalanffy model was used to describe
length-at-age and the model coefficients were determined using non-linear regression. In general the growth of
Northeast Arctic cod is quite linear up to age 8 or 9 when a reduction in growth in length occurs.

WD4 (presented by A. Filin) describes results of monitoring of abundance and distribution of krill (euphausiids) in the
Barents Sea, conducted by PINRO since 1952. By the data from monitoring, the abundance of euphausiids, as well as
the peculiarities of their distribution and specific composition are characterized by significant year-to-year dynamics,
that influence the conditions of fish feeding. Therefore, the data on euphausiids stock and distribution of concentrations
may serve as a predictor of fishing forecasting. According to the data from the survey conducted in October-December
2002, mean indices of krill abundance in the Barents Sea exceeded the mean long-term index in two times. The
decrease in the percentage of warm-water species M.norvegica in euphausiid concentrations as compared to the
previous years and the increase in abundance of euphausiid arctic boreal species Th.inermis and Th.raschii were
recorded.
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WD7 (presented by T. Bulgakova) proposed a simulation model of NEA cod stock dynamics since 1980 up to 2005
with the same input parameters as used in the recent AFWG-2002 run with cannibalism. This model incorporates the
algorithm of PA management scheme proposed at SGBPA-2003 and simultaneously two additional indices for the
stock-recruitment relationship: index equal to population fecundity divided by SSB and index of steady Atlantic water
inflow which is equal to number of months in the year of a year class birth with positive temperature anomalies. The
model simulates and then compares various scenarios of management scheme and as result arrives at different
population dynamics. The performed simulations using various F,, values sent a challenge in a practicability of the
choice so low value for F,, as 0.4.

WD 8 (presented by J.E. Stiansen) presents an alternative recruitment model for three-year-old NEA cod, with the
possibility of a three-year prediction. The multiple regression model is a result of the wish to include climatic effects
into the assessment. The variables used are the Kola temperature, the one-year-old bottom survey index and the capelin
biomass. The model explains 83 % of the variation in the recruitment data (number of 3 year olds) from the 2002
assessment. Retrospective analysis of the errors in both this model and the error given by earlier assessments show that
the errors of the regression model are within the same range as those from earlier assessments.

WD 9 (presented by K.V. Drevetnyak) presents a method aimed at estimation of the Northeast cod discards during
bottom trawl fishery. The method based on a logistic curve is proposed to describe the discarding process. An attempt is
made to estimate discards during Russian bottom traw] fishery for cod in 1993-2002. General results of the calculations
suggest that the cod discards depend on abundance of fish at age 3 and 4 and proportion of total catch taken in different
areas of the Barents Sea. This method can be a useful tool for retrospective estimation of discards. Some differences
between the existing methods to calculate discards are also discussed.

WD 10 (presented by K. Nedreaas) provides preliminary results of the total cod by-catch in the Norwegian shrimp
fishery during the example year 2000 based on data from the Norwegian commercial shrimp landing statistics, data
from the Norwegian fishery surveillance agency and the scientific shrimp surveys. During the fourth quarter of the
year, the shrimp fishery had impact on 0-group cod while in the rest of the year the main impact was on one year old
cod. Before the sorting grid was introduced in the shrimp trawl, the by-catch of cod was much larger, also incl. bigger
fish. The plan is to use this method, incl. by-catch data from other countries, to make a database of by-catch of
different species in the shrimp fishery for every year back to the mid-1980s. The data should be presented on length-
and age-groups.

WD 11 (presented by K. Nedreaas) gives a status report of the PINRO-IMR otolith exchange program for NEA cod that
started in 1992. Later, a similar exchange program was established for haddock otoliths. Once a year the age readers
themselves come together and discuss the discrepancies within the previous two most recent exchanged samples. The
discrepancies are seldom more than 1 year. Most often PINRO reads one year more than IMR, and this seems to be
area/season related. The results show an improvement over the time period, i.e., the number of age readings showing
different result has decreased from about 30% in 1992 to about 15% today. During an annual exchange of age readers
the discrepancies are discussed and a final agreement is at present achieved for all otoliths except ca. 2%. A similar
positive development is also seen for haddock age readings where about 10% of the fish are aged different. Differences
in age reading may also cause different mean-weight-at-age. Based on the comparative age readings in 2002,
consequences for mean-weight-at-age are shown.

WD12 (presented by A. Filin) describes a results of cod growth rate in the Barents Sea, performed by the STOCOBAR
model. Model parameters were estimated by historical data for 1984-2000. The prognosis of cod growth rate is done for
a five-year period, from 2001 to 2005. In the prognosis the forecasts of mean annual temperature in the Kola Section for
2002-2004 was used as input data, together with the prognosis of capelin biomass. According to the prognosis mean
weight of 3-4 year old cod in the beginning of 2004-2005 is expected to be below the long-term mean. For the 6-7 year
old cod the mean weight s expected to exceed the long-term mean, while age 5 and age 8 years and older are expected
to be close to the long-term mean.

WD 14 (presented by S. Mehl) presents results of retrospective XSA-analysis for NEA saithe with all and one and one
tuning fleet. All runs show similar retrospective trends, i.e. a tendency to overestimate fishing mortality and
underestimate stock size in the assessment year. Analysis was also done without age group 2 in the acoustic survey fleet
due to the high value of the S.E. (log q). The estimates of survivors from age 2 and 3 in the terminal year were reduced,
but the numbers-at-age 2 and 3 in the last assessment year are normally estimated by the RCT3 routine. The numbers-
at-age 2 and older in the more converged part of the XSA are not influenced to any extent by the 2-group in the acoustic
survey fleet. A new survey where younger age groups of saithe may be better covered is planed. Until we have at least
five measurements from this survey it is probably best to exclude age group two from the tuning.
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WD 19 (presented by A. Aglen) reports the joint Norwegian Russian demersal fish survey in the Barents Sea, February
2003. Compared to the previous couple of years the area distribution of cod and haddock appeared more patchy in the
2003-survey, both in the acoustic observations and in the bottom trawl catches. It is observed that the CVs in the swept
area estimates are higher in this year’s survey. For several cohorts the survey results of cod are high compared to the
results in the 2002 survey. This is in particular the case for the year classes 1997-2001 in the acoustic estimates. Some
dense acoustic recordings close to the cost of Finnmark might have lead to over-estimation due to lack of acoustic
transects perpendicular to the coast.

Oral presentation (by Carolina Alonso):

The eggs and larvae of NEA cod and Calanus finmarchicus are sensitive to solar ultraviolet (280-400 nm) doses in the
Lofoten Islands (Norway). When they were incubated at a fixed depth of 15 cm during their embryonic period,
mortality and failure to hatch increased in eggs and larvae exposed to full sunlight compared to those that were
protected from UVB and/or UVA. Similarly, buoyancy of developing eggs and viability of hatched larvae decreased.
However, this impact was dramatically reduced when incubations were performed at 50 cm, suggesting that the vertical
circulation due to turbulent forces that are typical in the upper layer might diminish the impact of UVR upon these
organisms. In addition, the strongest effects were observed late in the season (late May), when solar irradiance is higher,
at a time when most spawning events have already taken place for both cod and Calanus finmarchicus.

Oral presentation:

Some environmental variables influencing cod recruitment and Calanus spp. abundance in the Lofoten area (Norway)
Angel Borja

AZTI Foundation, Pasaia (Spain)The impact of climate phenomena (North Atlantic Oscillation (NAO)/Arctic
Oscillation (AO)) on oceanographic factors (Gulf Stream Index (GSI), Ekman transport, turbulence, etc.) is
investigated; these, in turn, might govern recruitment success of Northeast Arctic cod, one of the world’s commercially
most important fish stocks, and the abundance of Calanus finmarchicus and C. hyperboreus. The study is based on a
32-year record (1967-1998) of data, from 10 locations off the Norwegian coasts. NAO and AO show a significant
correlation with 0-group index for cod 2 years later (explaining 33.5% of the variability), while GSI has a significant
correlation with the recruitment in the same year (explaining 30.8% of the variability). There is a significant
relationship between recruitment and Ekman transport eastwards, explaining 25% of the variability. The correlation
between recruitment and the summation of the turbulence, on each of the locations studied, is highly significant;
explaining 40.1% of the variability in the recruitment. Applying a multiple linear regression model with two
independent variables, GSI (or NAO) and turbulence, on cod recruitment explains about 53% of the variability. In years
with a large positive NAO index a strong GSI transport northwards with a two year-lag is induced, increasing the heat
transport by the North Atlantic current, up to the Barents Sea. In the case of Calanus we have demonstrated that several
local and global factors affect the abundance in the Lofoten area. These factors are favourable for the zooplankton
production and the survival of cod larvae, being advected from the spawning areas (in the Lofoten area) to the
recruitment areas (in the Barents Sea); while the turbulence generated by moderate to strong winds increases the
encounter rate between cod larvae and its prey, increasing the survival of cod.

Nomination for New Chair

The Working Group was pleased to unanimously endorse the nomination of Yuri Kovalev, Russia as the new chairman
of the Arctic Fisheries Working Group.

Time of Next Meeting

The Working Group proposes the dates of April 20 — 29, 2004 for it’s next meeting.
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1 ECOSYSTEM INFLUENCES ON BARENTS SEA FISH STOCKS

The population dynamics of all commercial fish stocks are determined by fisheries effects and by environmental effects
on growth, recruitment and natural mortality. The goal of this chapter is to describe the implications of interannual
variation in the climate and trophic interactions for fish stocks in the Barents Sea ecosystem. Forecasts for the upcoming
year are made for several variables. The consequences for growth, recruitment and natural mortality are also discussed.

1.1 Climate considerations in the Barents Sea
1.11 Hydrography and ice conditions

The Barents Sea is characterised by large year-to-year fluctuations in heat content and ice coverage caused by variations
in the influx of Atlantic water from the Norwegian Sea. Temperatures in the Barents Sea have been relatively high
during most of the 1990s, and with a continuous warm period from 1989-1995. During 1996-1997, the temperature was
just below the long-term average before it turned warm again at the end of the decade. Even though the whole decade
was warm; it was only the third warmest decade in the 20" century (Ingvaldsen et al. 2002).

In January 2002 the temperature was just above the long-term average in the whole Barents Sea (Figure 1.1), but from
April the temperature increased rapidly. In the Fugleya-Bjerneya section the temperature in June was 1°C above
average, which is the highest observed value since the start of the measurements in 1977. In the Kola section the
maximum temperature was in August/September with 0.8°C above average, which was 0.1-0.2°C below the maximum
for the period 1921-1999. The temperature decreased slightly until October, followed by a rapid decrease towards the
average in December. In January 2003, the temperature was exactly at the long-term average (Asplin and Dahl, 2003,
Stiansen et al., WD1). The situation was similar in the whole Barents Sea.

The variability in the ice coverage is closely linked to the temperature of the inflowing Atlantic water. The ice has a
relatively short response time on temperature changes in the ocean, but usually the sea ice distribution in the eastern
Barents Sea responds a bit later than in the western part. 2001 had the highest ice index recorded since 1970, which
means very little ice. 2002 had the second highest ice index. During the winter of 2002 there was about the same ice
conditions as the year before, but the ice melt during summer was quite high. The winter of 2003 will have more ice
than 2002, but the ice index is still expected to be higher than average for the whole year.

1.1.2 Inflow of Atlantic water

Transport of Atlantic water to the Barents Sea has been measured since August 1997. The flow of Atlantic water is very
variable. Most of the time there is a net inflow of Atlantic water to the Barents Sea, but in some periods large outflows
are observed. Large outflows occurred in April both in 1998 and 1999, and in 2000 there were two periods with strong
outflow, one in January and a second one in June. In January and March 2002 there were two peaks of high inflow into
the Barents Sea. The intensity of the flow was reduced during spring and summer. In October 2002 there was a peak of
weak outflow. Results from a wind driven model shows similar results. The inflow from the model during the first two
months were stronger than average. The rest of the year the model showed average inflow, except for the last two
months when the flow was reduced.

1.1.3 Predicting Barents Sea temperature

Prediction of Barents Sea temperature is complicated since the variation is governed by processes of both external and
local origin that operate on different time scales (Stiansen et a/, WD1). The volume flux and temperature of inflowing
Atlantic water masses, as well as heat exchange with the atmosphere, is important in determining the temperature of the
Barents Sea. Thus, both slowly moving advective propagation and rapid barotropic responses due to large-scale changes
in air pressure must be considered. The major changes in Barents Sea climate take place during the winter months. The
variability in the amount of heat flowing in with Atlantic water masses from the south is particularly high during this
season. Furthermore, variability in low-pressure passages and cloud cover has a strong influence on the winter
atmosphere-ocean heat exchange.

This seasonal difference is reflected in the merit of simple six-month forecasts of Kola-section temperature based on
linear regression models. The tendency is that persistence across the spring and summer months is higher than for other
seasons, allowing for reasonably reliable forecasts from spring until autumn. Data available until February 2003 allow
for a six-month forecast for August 2003. The value for February 2003 of 3.3 °C is inserted into the equation Taygust =
2.37 4+ 0.67* Trepruary, Statistically derived from data for the years 1921-1997 (Stiansen et al, WD1). This gives an
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objective temperature forecast for August 2003 of 4.58 °C. This will be slightly below the 1921-1999 mean of 4.67 °C.
We conclude that summer sea temperatures in the southern Barents Sea are expected to lie around the long-term mean.

Assuming that temperatures in the Barents Sea fluctuate periodically, it is possible to forecast by means of statistical
methods. The results of Asplin and Dahl (2003, Stiansen ef al., WD1) indicate a decrease in Barents Sea temperatures
towards a minimum in 2003, followed by a local maximum above average in 2005 (Figure 1.2). However, for the last
four years this model has persistently been below the observed values. A Russian prognosis (Figure 1.3, Filin, WD12)
to 2006 shows much the same development, but with a minimum in 2004, a year later than that of Asplin and Dahl
(2003). However, the statistical precision of such forecasts is low. Ottersen ez al. (2000) showed that historically only
about 25% of the variability in the time-series was explained by forecasts as those given by Asplin and Dahl (2003).
With this in mind these predictions should be treated with caution.

Conclusions section 1.1:

. 2002 was warmer than average. The temperature in the beginning of the year was just above average, followed
by an extremely hot summer, while the temperature decreased against the average at the end of the year.

. The inflow of Atlantic water was normal for most of 2002, except for a higher inflow in the beginning of the
year.
. The temperature in 2003 is expected to be lower than in 2002, and will be close to the long-term mean in most of

the Barents Sea.

. A Norwegian long-term prediction indicates that the temperature will decrease to a local minimum in 2003
before reaching a local maximum in 2005. A similar Russian model shows that the same minimum will appear
one year later.

1.2 Zooplankton

The standing stock of zooplankton has been monitored by IMR in the Barents Sea from the early 1980s in connection
with the joint Norwegian/Russian 0-group and capelin surveys during August-October. At this time of the year most of
the production has taken place and the zooplankton biomass can be expressed as the overwintering population of
zooplankton. Plankton samples were obtained by using WP2 and the MOCNESS (Multiple Opening Closing Net and
Environmental Sensing System) plankton net. In 2002 PINRO also joined to the collection of sample of zooplankton
during August/October. Plankton samples in Russian surveys are collected using the Juday net.

The mean biomass (gm™) values from 1988 to present are estimated for the 7 different areas in the Barents Sea. There
was a marked increase in zooplankton biomass during the period 1991-1994. The highest biomass values were
observed in 1994 when the capelin stock was at an extremely low level. Though the biomass has decreased from 1994
to present, the average biomass values during 1995 to 2002 are still higher than in the 1988-1992 period. In 2002 the
zooplankton biomass was at an average level, with a slight increase from 2001 to 2002.

Figure 1.4 shows the total biomass of zooplankton together with capelin stock size (million tonnes). A commonly
observed inverse relationship between capelin stock size and zooplankton biomass can be seen from Figure 1.4
indicating capelin to exercise strong feedback control on the system through its predation pressure on zooplankton.

Since 1952, PINRO have conducted annual monitoring of distribution and abundance of krill (euphausiids) in the
Barents Sea (Drobysheva et al., WD4). Collection of macrozooplankton samples were carried out during a Russian
trawl-acoustic survey for demersal fishes in autumn-winter. Net attached on top of the trawl collected
macrozooplankton in a layer 6-10 m from the ground. The number of individuals caught by the net during an hour of
research hauls serves as the index of euphausiids abundance. Annually, 200-300 samples of macrozooplankton are
collected during these surveys.

The abundance of krill, as well as the distribution and specific composition, is characterized by significant year-to-year
dynamics (Figurel.5), which influences the conditions of feeding fish. Therefore, it may serve as a predictor of fish
stock condition and recruitment. It was shown that winter feeding of cod juveniles on euphausiids influenced their
survival rate.
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In 2002 the abundance index of euphausiid was twice as high as the long-term average (Drobysheva et al, WD4), with a
smaller percentage of warm water species Meganyctiphanes norvegica compared to previous years. In 2003 the
abundance of euphausiid is expected to be moderately high in the Barents Sea.

Conclusion section 1.2:

. An overwintering zooplankton biomass in 2002 moderately above the average will create the basis for average
zooplankton production in 2003 and feeding conditions for capelin, as well as for other pelagic fish and juvenile
demersal species in the Barents Sea.

1.3 Trophic interactions
1.3.1 Predicting capelin biomass

Capelin is the most important prey species for Northeast Arctic cod, and the development of the capelin stock may have
a strong effect on growth and maturation of cod, as well as cod cannibalism.

The biomass of capelin (1+) decreased from 3.6 million tonnes in 2001 to 2.2 million tonnes in 2002 (Anon., 2002b).
This is lower than the prediction for 2002 made by AFWG last year (3.4 million tonnes). The prediction method used in
Anon. (2002b), which is essentially the same as previously used, predicts the biomass of 2+ capelin in October 2003 to
be 1.40 million tonnes and the biomass of 1 year old capelin at the same time to be 0.59 million tonnes, giving a total of
1.99 million tonnes. Of this 1.17 million tonnes are predicted to be mature capelin. The stock history for capelin from
1984 onwards is given in Table 1.1 together with the estimated biomass of capelin removed from the stock by natural
mortality.

A 1-year prognosis has been presented to AFWG since 1999. A review of the prognoses made during this period is
given in Table 1.2. The prognoses seem to be overestimates in most cases. The prediction methodology is still under
development. AFWG requests WGNPBW to provide a review of how the present prognosis method would have
performed when run on historical data. Also, the prediction should be given with uncertainty.

1.3.2 Predation by cod

The consumption by cod of various prey species for the period 1984-2002 is given in Table 1.3, using the same method
as described by Bogstad and Mehl (1997).

As usual, capelin was the most important prey for cod. However, the consumption of capelin by cod decreased
markedly from 2001 to 2002. This may be related to the decrease in the capelin stock. The consumption by cod of other
fish species (herring, polar cod, cod, haddock and blue whiting) increased from 2001 to 2002. The consumption of blue
whiting increased to 277 000 tonnes, the highest value in the 19-year time-series. The consumption of shrimp, krill and
amphipods decreased from 2001 to 2002. The calculation of consumption of cod and haddock by cod using this method
are used in the assessment of cod and haddock (Sections 3 and 4).

Dolgov (WD 6, Table 1.4) also calculated the consumption by cod based on the same data, using a somewhat different
methodology. The consumption by prey species from the two calculation methods for 2002 is similar. The main
difference is that the calculations in Table 1.3 give a decrease in the consumption of capelin from 2001 to 2002, while
the calculations in Table 1.4 show an increase. Also, there are notable differences in the number-at-age of cod and
haddock consumed by cod. It should be noted that the calculations in Table 1.3 are based on the number-at-age of cod
from the VPA given in this year’s report, while the calculations in Table 1.4 are based on the VPA from the 2002
AFWG meeting.

The annual consumption for each age group of cod (kg/year), based on the consumption calculations shown in Tables
1.3 and 1.4 are given in Tables 1.5 and 1.6, respectively. Table 1.5 shows that the consumption per cod decreased from
2001 to 2002 for age 3 and older fish. The consumption per cod in 2002 was close to the 1998 level, but lower than in
the period 1999-2001. Such a trend in the consumption per cod is not found in Table 1.6. The calculations by Dolgov
generally give a lower consumption per cod for age 1-4 and a higher consumption per cod for age 6+ compared to the
calculations using the method described by Bogstad and Mehl. The discrepancies in consumption per cod by age group
are much larger than the discrepancies in total consumption by the cod stock.

O:\ACFM\WGREPS\AFWG\REPORTS\2003\1-Ecosystem Influences On Barents Sea Fish Stocks.Doc 3



The consumption estimates in Tables 1.3 and 1.4 do not include the consumption by mature cod in the period when it is
outside the Barents Sea (assumed to be 3 months during the first half of the year). During this period it may consume
significant amounts of adult herring (Bogstad and Mehl 1997).

Johansen et al. (2002) describe a new method for calculating the consumption by cod, and applies this to calculate the
consumption of herring by cod in the period 1992-1997. Their consumption estimates are comparable to the estimates
given in Table 1.3, except for 1994, when they obtained a much higher estimate (494 vs. 147 thousand tonnes).

As in previous years, the consumption of cod and haddock by cod (Section 3 and 4), which is taken into account in the
assessment of these species, was calculated using the method described by Bogstad and Mehl (1997). It is important to
agree on a joint methodology for consumption calculations.

133 Predation by other fish species

Dolgov et al. (WD 11, AFWG 2002) investigated the diet of blue whiting in the Barents Sea in the period 1998-2001.
They concluded that predation by blue whiting will not have a significant impact on the recruitment of cod, haddock
and redfish. However, food competition between blue whiting and juveniles of other commercial fish stocks due to blue
whiting grazing zooplankton in the areas of larval drift may occur. The diet of saithe in the period 1998-2001 was
investigated by Dolgov (WD12, AFWG 2002). The diet of saithe > 40 cm is dominated by capelin, with herring and
euphausiids being next in order of importance. In some areas there are significant amounts of blue whiting and haddock
juveniles. For saithe < 40cm, the diet is dominated by euphausiids.

1.34 Predation by mammals

The consumption by minke whale (Folkow et al. 2000) and by harp seal (Nilssen et al. 2000) is given in Table 1.7.
These consumption estimates are based on stock size estimates of 85 000 minke whales in the Barents Sea and
Norwegian coastal waters (Schweder et al., 1997) and of 2 223 000 harp seals in the Barents Sea (ICES 1999/ACFM:7).
The consumption by harp seal is calculated both for situations with high and low capelin stock, while the consumption
by minke whale is calculated for a situation with a high herring stock and a low capelin stock. It is worth noting that the
abundance estimate of harp seals was revised considerably upwards in 1998 (ICES 1999/ACFM:7), which also
increased estimates of the consumption by harp seals correspondingly. Food consumption by harp seals and minke
whales combined is at about the same level as the food consumption by cod, and the predation by these two species
needs to be considered when calculating the mortality of capelin and young herring in the Barents Sea.

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

Conclusions section 1.3:

. The capelin biomass in 2003 is expected to be approximately at the same level as in 2002, which suggests that
the decline observed in recent years has been halted.

. The consumption of capelin by cod decreased from 2001 and 2002, according to Norwegian consumption
calculations, but increased according to the Russian calculations.

. The consumption of other fish species by cod increased from 2001 to 2002, while the consumption of shrimp,
amphipods and krill decreased from 2001 to 2002

. The consumption per cod decreased from 2001 to 2002 according to Norwegian calculations, while Russian
calculations showed a stable consumption by cod
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14 Applications to population models
1.4.1 Recruitment
14.1.1 Recruitment models

Predictions of the recruitment in fish stocks are essential for future harvesting of the fish stocks. Traditionally prediction
methods have not included effects of climate variability. Multiple linear regression models can be used to incorporate
both climate and fish parameters. Especially interesting are the cases where there exists a time lag between the predictor
and response variables since this gives the opportunity to make a prediction.

Models (Stiansen et al., WD1 and WDS), based on climate and fish parameters, for prediction of recruitment have been
given for the 0-group index (with 2-year prognoses) and the number of three-year-old fish for North East Arctic Cod
(with 3-year prognoses), for the number of one-year-old fish for Barents Sea capelin (with 1-year prognoses) and for the
number of three-year old fish for Norwegian spring spawning herring (with 3-year prognoses) (Table 1.8).

The models are novice, and are still under evaluation in search for better fit and input variables. However, the fit of the
models are encouraging, and the models might at present prove useful as background information for stock assessment,
and may in the future be incorporated as recruitment models in the assessments.

Borisov and Bulgakova (WD7) give another approach. A new stock-recruitment model are developed, which includes
an index of Atlantic inflow. This model together with a new management scheme, are incorporated in a simulation
model for NEA cod. This simulation model allows for a three-year prediction of recruits of age 3 (Table 1.8).

The recruitment estimates from XSA/RCT3 and from Fleksibest are also given in Table 1.8. There is good agreement
between the different methods concerning the cod recruitment at age 3 in 2003 and 2005, while for 2004; RCT3 gives a
much lower value than two other methods. It was decided to use the ‘traditional’ RCT3 estimates in the predictions of
cod recruitment.

1.4.1.2 UV-radiation and other climatic effects on cod and Calanus

During the springtime of 2000 and 2001, a series of in situ experiments were performed in order to study whether solar
ultraviolet (UV) radiation (280-400 nm) can affect early life stages of NEA cod and Calanus finmarchicus, and
therefore their recruitment (see http://phacocystis.nth.uit.no/uvac/ for annual reports and additional information). The
experiments took place in the Vestfjord area (Lofoten Islands, Norway), one of the main spawning sites of northeast
arctic cod.

It was found that, when incubated at fixed depths of 15 and 50 cm, up to 40% of eggs died or did not hatch after 7-10
days as a result of the negative influence of UV for both cod and Calanus finmarchicus. Buoyancy of cod eggs and
fitness of yolk-sac larvae was also affected. However, this deleterious impact was mainly observed when incubations
were run late in the springtime or in experimental conditions of extremely transparent waters. Since the peak of
spawning lies around late March for Calanus finmarchicus and mid April for cod, it seems reasonable to think that most
of the egg population is not therefore exposed to lethal UV doses. Additionally, seawater in the fjords is typically
loaded with organic matter from snow melting, a process most remarkable late in the springtime, which partially blocks
the penetration of UV light into surface waters. Finally, planktonic organisms with low mobility such as eggs and larvae
are subject to the turbulent forces operating in the mixed layer and consequently they do not stay at fixed depths for
prolonged periods. This can provide them with extra protection regarding UV exposure.

However, given the predictions of further ozone depletion and presumably higher UVB values, we can not rule out the
possibility that episodes of low stratospheric ozone thickness, clear skies and low wind speed might provoke high
mortalities in the egg and larval population.

The statistical analysis of long-term data series of UVB doses and Calanus finmarchicus recruitment indicates a
negative correlation between these two variables, whereas the correlation is positive for cod recruitment. This implies a
contradiction between short and long-term effects so that the impact of solar UV light on cod is not a straightforward
one, but rather acting indirectly. The mechanisms involved in this process are yet a matter of speculation.

Regarding the influences of other physical parameters on Calanus abundance, Principal Component Analysis (PCA) of
the historical data shows that C. hyperboreus seems to be related more closely to variables acting “locally” such as
temperature and turbulence while C. finmarchicus is more influenced by “global” processes such as NAO and AO
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index. This trend was consistent both for two different periods (abundance in February and October) and for two fjords
(Mistfjord and Saltfjord).

In the case of cod, oceanographic-meteorological factors appear to influence recruitment (considered as 0-group
abundance) strongly, with 50-73% of the variability being explained by Gulf Stream Index (GSI), turbulence and the
NAO index (two years earlier).

As a conclusion, this indicates a connection between environmental forcing and zooplankton response acting at
different levels of the biological production process and which can determine the success of cod recruitment.

Conclusions sections 1.4.1:

. The 0-group index of NEA cod is expected to decrease in 2003, before increasing in 2004 to approximately the
same medium level as in 2002.
. All recruitment models show that the number of recruits (age 3) of NEA cod in 2003 and 2005 is expected to be

above average. The models that include climatic variables indicate the recruitment at age 3 in 2004 to be slightly
above average, while the RCT3 method, which is based only on survey indices indicate a recruitment of about
50% of the average level in this year. The assessment used the ‘traditional’ RCT3 method to predict recruitment
also in this year’s assessment.

. The number of recruits (age 1) of Barents Sea capelin is expected to be at a medium level in 2003.

. The number of recruits (age 3) of Norwegian spring spawning herring is expected to be at a medium level in
2003 and 2004, and increase moderately in 2005.

. Exposure to solar UV radiation significantly affects the survival of Calanus finmarchicus and NEA cod eggs (up

to 40% mortality) when incubated at fixed depths. However, only periods of 7-10 days of low wind speed, clear
skies and low ozone thickness would provoke such high mortalities.

. Investigations on historical climatic and oceanic data series indicate that their fluctuations account for 53-73% of
the observed variability of 0-group abundance of NEA cod.

14.2 Growth
14.2.1 Prediction of NEA cod growth rate

The prognosis of cod growth in the Barents Sea was performed by the STOCOBAR model. The model is used to
calculate mean weight of fish at age 2-10 years in the beginning of the year on the basis of feeding conditions in the
previous year (Filin, AFWG 2002, WD6). Model parameters were estimated by historical data for 1984-2000 using
stomach data from the Russian-Norwegian database, mean annual temperature data in the Kola Section, estimated
biomass of capelin and data on abundance and mean weight-at-age from the AFWG 2002 assessment.

The prognosis of cod growth rate is done for a five-year period, from 2001 to 2005 (Filin, WD12). In the prognosis the
forecasts of mean annual temperature in the Kola Section for 2002-2004 was used as input data (Figurel.3), together
with the prognosis of capelin biomass (Table 1.2) and mean weight-at-age of cod of age one in 2003 and 2004. The
simulated growth rates for cod at age 3-8 years are presented in Figure 1.6.

According to the prognosis, cod growth rate in 2002 will not differ notably from that observed in 2001. Consequently,
mean weight of cod at the beginning of 2003 is expected to be close to the corresponding data for 2002. This is in
agreement with the observations of weight-at-age in late 2002/early 2003 (Table A7 and A13). Simulations showed that
in the beginning of 2004-2005, mean weight of cod at age 3-5 is expected to decrease, which can be explained by the
forecasted colder water and capelin stock decline in the Barents Sea. In older fish, no significant reduction in growth
rates is expected in 2003-2004 as compared to 2002. This appears to be the result of a rather high growth rate in the
preceding years. The predictions used in the assessment, which assume growth increments for each cohort to be equal to
the mean for the recent 8 years (Section 3.3.8), give stable values for weight-at-age for all age groups.

1.4.2.2 Predicting condition of NEA cod

For many ICES stocks weight-at-age (W,) is the only metric of body size that is routinely reported. However, W,
combines two distinct components of body size, namely length-at-age (L,) and condition (i.e., W)), into a single value.
Thus, it is not possible to assess the degree of interannual variation in condition from a time-series of W,. Provided that
the W, values are based on observed values (and not derived using a fixed weight/length relationship) then it is possible
to disaggregate the W, time-series into its two constituent parts as described below for Northeast Arctic cod.
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Estimates of L, were obtained from both Norwegian and Russian age/length keys compiled for each year (see Marshall
and Needle, WD3). These were then paired with the corresponding Norwegian and Russian estimates of W, (ICES
2001/ACFM:19) to construct the bivariate weight/length relationship for each year (Figure 1.7). The fitted
weight/length relationships were used to generate a time-series of W, for standard lengths of 30 to 120 cm (Figure 1.8).
These show that there are differences in the long-term trends exhibited by small cod (< 60 cm) compared to larger cod
(> 70 cm). For the smaller length-classes, current values of W, are not significantly different from the post-war values,
suggesting that there has been no long-term change in condition (Figure 1.8). However, for cod 70 cm and larger the
current values of W, are significantly higher than the post-war values (Figure 1.8). The magnitude of the differences in
Wi is considerable (i.e, current values of W, are approximately 25% higher than post-war values). In addition to the
obvious implications for higher yields, fish that are heavier for their length will mature earlier and be more fecund.

The time-series for W, for a 70 cm cod (Figure 1.8) and the annual mean liver condition index for cod in the 61-70 cm

length class (LCl¢;.70; see Yaragina and Marshall 2000) were multiplied to derive estimates of the liver weight at 70cm.
A bivariate plot of the Wy, versus capelin stock biomass shows that there is no significant correlation (n = 50, p = 0.66,
1> < 0.01) between these two variables (Figure 1.9a). However, there is a significant, positive correlation between
LCl1.70 and capelin stock biomass (n = 54, p < 0.001, = 0.44; Figure 1.9b). Because of this correlation, there is also
a significant, positive correlation between liver weight of a 70 cm cod and capelin stock biomass (n = 50, p < 0.001, r* =
0.24; Figure 1.9¢). This implies that W, may be an insensitive index of condition compared to liver weight observations.

In principle, the empirical relationships shown in Figures 1.9b and 1.9¢ could be used to forecast liver condition (on
either absolute or relative scales) in the upcoming year using projected values of capelin stock biomass that are
currently being provided to the AFWG (see Section 1.3.1). The lack of a significant correlation between W, and capelin
stock biomass suggests that it may not be possible to forecast W; from capelin stock biomass alone.

Conclusions section 1.4.2:

. Mean weight of 3-4-year-old cod in the beginning of 2004-2005 is expected to be below the long-term mean. For
the 6-7-year-old cod the mean weight is expected to exceed the long-term mean, while age 8 years and older are
expected to be close to the long-term mean. The predictions used in the assessment assume stable weights-at-age
for this period.

. Large cod (> 70 cm) show a long-term increase in weight-at-length, whereas, smaller cod have shown no overall
long-term trend.

. Weight-at-length is uncorrelated with capelin stock biomass, whereas, liver weights show a positive correlation.
Thus, assessing the degree of interannual variation in condition requires routine monitoring of liver weights,
such as has been done by Russia since 1927.

143 Cannibalism mortality

The estimates of consumption by cod provided in Section 1.3.2, together with the prediction of capelin biomass given in
Section 1.3.1, provide the necessary background for predicting the mortality of young cod and haddock resulting from
predation by cod. The mortality due to cod cannibalism seems to be inversely related to capelin abundance (Figure
3.2a), and attempts have been made to model this relationship (ICES 2001/ACFM:19). Such modeling work should be
continued. Since the capelin stock in 2003 is predicted to be at approximately the same level as in 2002, the mortality
due to cod cannibalism is assumed to be the same in 2003 and later years as in 2002 (Section 3.3.8).
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Table 1.1 Capelin stock history from 1984, and prognosis for capelin biomass in 2003. M output biomass is
the estimated biomass of the capelin removed from the stock by natural mortality.

Year Total stock number, Total stock biomass in M output biomass (MOB)

billions (Oct. 1) 1000 tonnes (Oct. 1) during year
(1000 tonnes)
1984 393 2964 3151
1985 109 860 1975
1986 14 120 681
1987 39 101 200
1988 50 428 80
1989 209 864 537
1990 894 5831 415
1991 1016 7287 3307
1992 678 5150 7745
1993 75 796 4631
1994 28 199 982
1995 17 194 163
1996 96 503 261
1997 140 909 828
1998 263 2056 915
1999 285 2775 2070
2000 595 4373 2464
2001 364 3630 3906
2002 201 2210 2666
2003* 240 1990

* Estimate, includes the 2002 year class, which size is estimated from a regression on an 0-group index

Table 1.2 Capelin one-year prognoses compared with survey estimates (in million tonnes).
Year Prognosis (1+ capelin Survey estimate (1+ capelin
biomass) biomass)
Available at AFWG in this
year
1999 4.0 2.8
2000 3.8 4.3
2001 4.1 3.6
2002 34 2.2

8 O:\ACFM\WGREPS\AFWG\REPORTS\2003\1-Ecosystem Influences On Barents Sea Fish Stocks.Doc



Table 1.3 The Northeast arctic COD stock's consumption of various prey species in 1984-2002 (1000 tonnes), based on
Norwegian consumption calculations.
Blue
Year Other Amphipods Krill Shrimp  Capelin  Herring Polar cod Cod Haddock  Redfish G. halibut whiting Total
1984 506 27 112 436 722 78 15 22 50 364 0 0 2332
1985 1157 169 57 155 1619 183 3 32 47 225 0 1 3649
1986 665 1223 108 142 835 133 141 83 110 313 0 0 3754
1987 680 1084 67 191 229 32 205 25 4 324 1 0 2843
1988 407 1236 317 129 339 8 92 9 3 223 0 4 2767
1989 725 800 241 132 580 3 32 8 10 232 0 0 2765
1990 1447 136 83 194 1593 7 6 19 15 243 0 85 3829
1991 1076 65 75 188 2902 8 12 26 20 312 7 10 4702
1992 1014 102 157 373 2455 331 97 54 106 189 20 2 4900
1993 782 252 713 315 3041 164 278 285 71 100 2 2 6004
1994 668 561 702 516 1084 147 581 225 49 79 0 1 4613
1995 854 980 514 362 627 115 253 392 116 194 1 0 4408
1996 640 633 1160 341 536 47 104 534 68 96 0 10 4171
1997 438 391 529 311 906 5 112 340 41 36 0 55 3164
1998 428 365 466 325 714 88 151 153 32 9 0 13 2743
1999 387 148 275 256 1747 133 226 62 26 16 1 31 3308
2000 409 170 463 459 1767 54 198 76 52 7 0 38 3693
2001 733 178 377 283 1744 71 256 63 50 6 1 154 3916
2002 452 101 367 186 1184 141 323 106 183 0 0 277 3322
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Table 1.4 The Northeast arctic COD stock's consumption of various prey species in 1984-2002 (1000 tonnes), based on Russian consumption
calculations.

Year Other Amphipods  Krill Shrimp Capelin Herring Polar cod  Cod Haddock Redfish G. halibut Blue whiting Total
1984 536 14 44 277 546 22 8 13 45 130 0 4 1639
1985 701 238 18 172 922 22 0 103 25 69 0 17 2287
1986 602 489 40 114 760 39 88 32 109 115 1 5 2393
1987 539 295 44 179 160 7 67 33 2 95 0 12 1433
1988 585 99 137 100 251 14 0 16 100 96 0 0 1397
1989 518 188 118 84 663 3 21 21 2 117 0 0 1735
1990 412 17 53 194 1150 52 5 20 15 162 0 36 2117
1991 370 52 33 210 3475 30 33 53 23 112 4 7 4401
1992 940 19 146 206 1698 428 89 66 42 100 1 0 3734
1993 807 100 83 162 2496 190 104 139 165 32 6 4 4288
1994 604 145 291 309 1265 96 247 305 74 47 0 2 3384
1995 875 271 301 371 611 212 111 436 132 98 3 0 3421
1996 656 235 734 163 499 99 53 447 71 66 0 7 3030
1997 515 85 386 207 527 56 83 409 33 37 3 3 2343
1998 493 115 379 206 657 67 80 148 23 18 0 25 2211
1999 275 43 263 192 1264 64 82 56 13 13 1 26 2291
2000 334 69 248 269 1437 46 85 60 24 4 0 22 2600
2001 486 47 246 246 1393 85 89 60 46 3 3 120 2822
2002 356 12 233 157 1687 39 167 114 146 4 0 122 3037
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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 1.686 2.527 3.953 5.213 8.037 8.554 9.213 9.947 10.019
1985 0.304 0.761 1.833 3.111 4.678 7.364 11.305 12.033 12.562 13.822 13.936
1986 0.161 0.489 1.349 3.168 5.628 6.834 11.062 11.978 12.787 13.553 13.785
1987 0.219 0.601 1.275 2.055 3.538 5.466 7.044 8.112 8.923 9.344 9.296
1988 0.164 0.703 1.149 2.149 3.745 5.880 10.103 11.226 12.579 13.131 13.355
1989 0.223 0.716 1.611 2.720 3.987 5.621 7.706 8.527 9.630 10.231 10.678
1990 0.397 1.058 2.072 3.697 4.954 5.837 8.572 9.516 10.538 10.802 11.399
1991 0.293 0.974 2.185 3.565 5.346 7.113 9.531 10.303 11.364 12.417 12.059
1992 0.216 0.662 2.103 3.137 4.142 5.094 7.898 9.071 9.440 9.943 10.212
1993 0.112 0.526 1.544 3.045 4.810 6.289 9.424 11.287 11.814 12.303 11.957
1994 0.130 0.407 0.922 2.520 3.512 4.540 6.412 8.923 9.731 10.038 10.236
1995 0.103 0.297 0.922 1.802 3.362 5.272 7.734 10.459 12.411 12.816 13.260
1996 0.108 0.355 0.931 1.849 3.055 4437 7.426 11.255 15.010 15.207 15.590
1997 0.138 0.311 0.935 1.768 2.694 3.539 5.242 8.222 12.757 13.667 13.282
1998 0.117 0.398 0.985 1.940 2.924 4.189 5.749 8.078 11.573 12.099 12.157
1999 0.163 0.505 1.093 2.717 3.721 5.162 6.987 9.125 11.234 12.079 12.135
2000 0.157 0.501 1.238 2.467 4.262 5.651 7.711 9.391 12.695 13.683 13.839
2001 0.171 0.460 1.230 2.426 3.722 5.227 7.298 10.910 13.480 14.531 14.700
2002 0.176 0.549 1.032 2.027 3.012 4219 5.528 7.916 9.923 10.660 10.747
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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 0.143 0.631 1.111 2.666 3.863 6.056 8.070 10.449 14.301 17.847 21.440 25.148 30.208
1985 0.127 0.573 1.192 2.336 4.036 7.181 9.895 13.839 18.254 24.072 33991 25.809 31.905
1986 0.084 0.393 0.938 2.710 4.445 6.490 7.982 11.816 13.445 13.956 22323  22.019 27.573
1987 0.065 0.246 0.469 1.182 2.890 4.467 8.730 12.496 15.760 22.749 31.785  26.061 33.419
1988 0.108 0.454 0.676 1.222 2.125 4.946 9.113 12.933 17.699 31.666 29.716  28.873 22.496
1989 0.100 0.621 0.971 1.672 2.767 4.734 7.570 12.092 18.200 29.092 27.509 31944 24.690
1990 0.158 0.639 1.223 2.077 2.931 3.915 6.320 8.751 11.536 19.307 22.170  26.846 33.213
1991 0.117 0.641 2.084 4.363 6.510 9.194 12.131 15.742 21.272 33.258 29.318  33.661 43.774
1992 0.096 0.615 1.591 2.829 4.147 6.326 8.979 11.379 13.063 20.539 26.593  23.213 29.229
1993 0.061 0.292 1.077 2.921 4.249 6.169 9.823 12.664 15.049 19.050 20.561 24.118 28.646
1994 0.083 0.315 0.675 1.903 3.403 6.115 9.786 13.058 15.973 18.383 19.539  26.140 30.728
1995 0.089 0.306 0.588 1.475 3.598 6.895 11.199 15.596 20.948 26.682 29.550  31.744 37.235
1996 0.087 0.326 0.663 1.517 2.965 5.326 9.318 15.851 20.723 26.787 28.132  28.606 33.310
1997 0.066 0.266 0.737 1.728 2.873 4.383 7.567 13.674 26.353 40.331 36.182  36.016 44.404
1998 0.107 0.404 0.735 1.805 3.213 5.219 7.837 11.560 17.608 26.501 30.002 27.728 35.512
1999 0.111 0.335 0.702 2.080 4.183 7.058 9.923 13.588 17.179 29.047 30.772  30.687 38.739
2000 0.083 0.406 0.806 2.016 4.678 7.809 11.889 16.042 18.698 26.431 31.089  34.377 44.041
2001 0.080 0.360 0.917 1.872 3.897 7.820 10.508 18.214 20.210 29.856 36.909  35.597 47.083
2002 0.112 0.397 0911 1.791 3.650 6.981 11.114 17.672 19.670 29.058 35923  34.646 45.825
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Table 1.7. 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 consumption Harp seal consumption Harp seal consumption
(low capelin stock) (high capelin stock)
Capelin 142 23 812
Herring 633 394 213
Cod 256 298 101
Haddock 128 47 !
Krill 602 550 605
Amphipods 0 304 313
Shrimp 0 ! !
Polar cod : 880 608
Other fish 55 622 406
Other crustaceans 0 356 312
Total 1817 3491 3371

" the prey species is included in the relevant ‘other’ group for this predator.
* only Parathemisto

Table 1.8 Overview of recruitment models prognoses together with the 2003 assessment estimates. Models
A-C is from WD1, model D from WDS8 and model E from WD7. The model F is similar to model
D, with the exception that for the survey index two year olds are used instead of one year olds. The
two last rows are the NEA cod recruitment estimates from the 2003 assessments by XSA and
Fleksibest (Section 3.5.2 and 3.10.4). The given month in the fifth column indicate when the
prognoses can be extended for another year.
Species Variable  Prognoses Prognoses 2003 2004 2005
year available Prognoses  Prognoses  Prognoses
A NEA cod 0-group, 2 November  0.57 1.32 X
log (age 0)
B Barents Sea Recruits 1 November 1.7%10" X X
capelin (age 1)
C Norwegian  Recruits 3 November  3.5%10° 3.3*10° 9.2%10°
spring (age 3)
spawning
herring
D NEA cod Recruits 2 (3 ) November  789%10° 678*10° 827*10° !
(age 3) (March ")
E NEA cod Recruits 3 Before 774%10° 784*10° 811*10°
(age 3) assessment
F NEA cod Recruits 816*10° 595*10° X
(age 3)
XSA/RCT3  NEA cod Recruits 3 At 681%10° 308*10° 664*10°
Assessment (age 3) assessment
2003
Fleksibest ~NEA cod Recruits 1 At 908*10° X X
Assessment (age 3) assessment
2003

" For the prognosis of NEA cod recruitment (model D) in 2005 a prognosis of mature capelin biomass (1.17 mill tonnes)
is used (Section 1.3.1), thereby allowing for a three-year prognosis.
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Figure 1.1 Temperature anomalies (upper panel) and salinity anomalies (lower panel) in the section Fugloya —
Bear Island (Asplin and Dahl, 2003).
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Figure 1.2. Observed (thin blue line) and modeled (thick red line) development of the temperature in the Kola-
section and temperature prognosis to 2010 (Asplin and Dahl, 2003)
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Figure 1.3 Forecast of water temperature in the 0-200 m layer of the Kola Section for 2001-2006 made by

A Korsakov (PINRO) on the basis of analyses of frequency structure of the time-series.
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data for 2001-2002).
2500
2000 + I
1500 -
1000 -
500 -
0
\q@fb \(gob‘ ,\c?b @gb \q@ '\QQ;L '9@“ @Qg: \gb‘b \6\0 é\“v \cg\v ,\6\6 ,\6\% @@ @Q;L \(gbb‘ \g‘bQ’ @Q;b @gb \q& \ng‘ \ngy @qu ‘19& (1961«
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combined) for Norwegian (N) and Russian (R) data for the years 1946 to 2001.
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Figure 1.9. Bivariate relationships between capelin stock biomass (thousand t) and a) predicted weight of cod
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2 NORWEGIAN COASTAL COD IN SUBAREAS I AND II
2.1 Status of the Fisheries
2.1.1 Landings prior to 2003 (Table 2.9, Figure 2.2)

The catches of Norwegian Coastal cod (NCC) have been calculated back to 1984. During this period the catches have
been between 25,000 and 75,000 t. The estimated landings of NCC in 2001 reported to the Working Group is 29,699 t
and the provisional figure for 2002 is 40,994 t (Table 2.9, Figure 2.2).

The landings in 2002 increased compared with 2001 despite a reduction in the stock. Vessels smaller than 15 meters
over fished their total cod quotas by approximately 18,000 tonnes. This fleet therefore had a substantial increase in the
fishing effort in 2002. Since these vessels take a major part of their cod quotas in fjords and near the coast, the increased
landings in 2002 were therefore located to the fjords. In this area the proportion of NCC is high and might explain the
increased landings of coastal cod. The cod catches inside the 12 n.mile zone was separated to type of cod by the
structure of the otoliths. A total of 12,204 otoliths were collected from the commercial catches (Table 2.1.A) and
separated into quarter of catch and fishing gear. Approximately 21 % of the otoliths were classified as coastal cod.

2.1.2 Expected landings in 2003

During winter/spring the amount of Northeast Arctic cod at spawning migration at the Norwegian coast was large (Mehl
et al., WD 21 ) and hence the accessibility for the fishermen, and most of the vessels quotas were therefore taken.
However, new regulations in 2003 in Norway instructs the vessels to fish at least 25% of their quotas in the autumn.
Most of the cod caught in the autumn is supposed to be Norwegian coastal cod. This makes it difficult to estimate the
landings in 2003. The working group therefore assume a status quo fishing mortality in 2003, which will result in
landings of 27,269 tonnes using the same exploitation pattern as in the period 2000-2002, scaled to the 2002 level.

2.2 Status of Research
2.2.1 Survey results (Tables 2.1.B, 2.2, 2.3, 2.4, 2.7)

A Norwegian trawl-acoustic survey was conducted along the coast from Varanger to Stad in October-November 2002
using RV Jan Mayen. In 2002 the survey covered the same areas as the coastal surveys in 1995-2001.

The trawl-acoustic coastal survey in 2002 estimated a total survey biomass of NCC of about 41,000 t (26 million fish)
for the coastal area from Varanger to Stad at 62° N (Tables 2.1.B, 2.2, 2.7). The spawning biomass accounted for
26,000 t (9 million fish) of the total (Tables 2.3, 2.4). More than seventy percent of the total coastal biomass was
distributed from the Russian border to 67° N and 25% south of 67° N (Norwegian statistical areas 06 and 07). The bulk
of the biomass was comprised of ages 3-7 (Table 2.2).

The data indicated a higher proportion of NCC in the fjords and to the south compared with the northern and outer
areas. In the Norwegian statistical areas 06 and 07 (south of 67° N) nearly all otoliths collected were of the NCC type,
which is similar to the results of the 1995-2001 surveys.

The numbers of NCC per age groups from all the coastal surveys is given in Table 2.7. The total numbers decreased in
2002 compared with the 2001 survey. For age groups below 6 year the biomass and numbers decreased considerably
from 2001 to 2002.

The Norwegian 2003 coastal survey (October-November) will be conducted in a similar way as the previous ones to
further extend the time-series for NCC over its distribution area.

222 Age reading and stock separation

Age readings of the cod both from the surveys and from the catches, are done the same way as for the NEAC. A total of
2086 cod otoliths were sampled during the 2002 survey. These were separated into NCC type (1175) and NEAC (911).
As in previous years, NCC was found throughout the survey area. The 2002 survey data shows the same pattern as the
1995-2001 surveys. The proportion of the NCC increases going from north to south along the Norwegian coast. The
NCC type otoliths dominate south of 67° N (Norwegian statistical areas 06 and 07). Although the proportion is lower,
there is significant biomass of NCC north of 67° N. It must be emphasised that the Norwegian coastal surveys have
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been conducted in August-November, and therefore there may be more NEAC in the southern area at other times of the
year, especially during the spawning season in the winter time.

223 Weight-at-age (Table 2.11)

The weight-at-age (weighted average) from the trawl-acoustic survey in 2002 was at the same level as in 2001 for ages
younger than 5 years. The difference in weight-at-age between 2001 and 2002 are mixed for cod older than 5 years.
However, these weights are uncertain due to limited number of age samples. Weight-at-age for NCC is well above the
present level for NEAC. There is a general tendency for cod to be heavier when caught further south along the coast
(Table 2.11). The same tendency was found for the surveys in 1995-2001.

224 Maturity-at-age (Table 2.12)

The maturity-at-age is estimated from the data collected at the Norwegian coastal survey. The age at 50% maturity
(M) for the NCC was estimated to be between 5 and 6 year on average for the surveyed area in 2002 (Table 2.12).
There are some variations between the different areas. The 2002 data show that the average My is at the same level as
that found in the 2001 survey. In addition, the average Ms, for the NEAC in 2001 is close to 7 years.

2.3 Data Used in the Assessment
2.3.1 Catch-at-age (Table 2.9)

The catch-at-age (0-10+) for the period 1984-2002 is given in Table 2.9. The exploitation pattern in 2002 shifted
towards older cod.

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

The weight-at-age in the stock, used in the assessment, is obtained from the Norwegian coastal survey (Table 2.11). The
weight-at-age in 2002 was slightly higher for cod at age 5 and younger and slightly lower for age 6 and older compared
with 2001. The weight-at-age in the catch is given in Table 2.10.

233 Natural mortality
A fixed natural mortality of 0.2 was used.
234 Maturity-at-age (Table 2.12)

The maturity ogive data in 2002 is obtained from the Norwegian coastal survey and the values are at the same level as
in 2001. The proportion mature-at-age is given in Table 2.12.

2.3.5 Tuning data (Table 2.7)

In previous assessments the acoustic indices (age 2-10+) from the Norwegian coastal survey conducted late autumn
(1995-2001) have been used in the tuning (Table 2.7). ACFM proposed to exclude age group 9 from the tuning fleet due
to high S.E. (log q) for this age group. The S.E. (log q) was slightly lower for several ages when excluding age 9, and
the WG therefore decided to exclude it in the tuning in this years assessment.

2.3.6 Prediction data (Tables 2.20, 2.21, 2.22)

The input data to the short-term prediction with management option table (2003-2005) are given in Table 2.21. For
2003-2005 the weight in stock, weight in catch and maturity-at-age were set to an average of 2000-2002. The
recruitment in 2003 was estimated using RCT3 and set to the same level in 2004 and 2005 (6.1 million, Table 2.20).
This might be an overestimation since the SSB has steadily decreased in this period and is presently at a lower level.
The exploitation pattern is calculated using the average fishing mortality (age 4-7) from 2000 to 2002 scaled to the
fishing mortality (age 4-7) in 2002. The scaling was used since there has been a trend towards fishing at older ages in
recent years.
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24 Methods Used in the Assessment
24.1 VPA and tuning (Table 2.8)

Tuning of the VPA was carried out using Extended Survival Analysis (XSA), using the default settings for the XSA
with the following exceptions: (1) catchability was set to be stock size independent for all ages, and age independent for
ages 8 and older. (2) The survivors estimate was shrunk towards the mean F of the final 2 years or the 4 oldest ages. (3)
The standard error of the mean to which the survivor estimates are shrunk was set to 1.0 (Table 2.8). The standard error
of the mean to which the survivor estimates are shrunk was set above the default level because the coastal survey has
shown a steadily decline in the latest years. The WG assumes the survey is reflecting the development of the stock and
more weight is therefore assigned to the survey. The value is set to the same level as for NEAC (1.0).

2.5 Results of the Assessment
2.5.1 Fishing mortality and VPA (Tables 2.13-2.19, Figure 2.2)

As a result of excluding age 9 in the tuning the historical F,_; values decreased and the historical SSB increased. The F,.
71n 2002 decreased and the SSB in 2002 increased using this new setting (see below).

Ages in the tuning F,;in 2002 SSBin 2002 Stock biomass in 2002 Historical F4; Recruits (age 2) in 2002

2-9 0.65 63,470 107,083 0.40 5,883
2-8 0.60 76,443 121,818 0.38 6,055

The average ages 4-7 fishing mortality in 2002 were estimated to be 0.60 (Table 2.13). This is the highest observed
level and well above the level in 2001 (0.37). In 1990 and 1991 the lowest F-values was estimated (0.18 and 0.16). The
fishing mortality was stable in the period 1996-2001 at a level of about 0.35. The total biomass of the stock in the
period from 1984-2002 has been between 122,000 t and 328,000 t (Tables 2.17, 2.19). In 2002 the biomass was
estimated to be the lowest observed and about half the biomass estimated five years ago in 1997. The spawning stock
biomass has been between 76,000 t and 207,000 t (Tables 2.18, 2.19, Figure 2.2). As for the total stock biomass, the
lowest observed SSB was estimated in 2002. The SSB has declined steadily from 1994 to present. The SSB in 2002 was
only about half of the average in the period 1984-2002.

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

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

Both the survey estimates of abundance in 2002 (age 1-4, Table 2.7), the XSA-estimate (age 2 and 3, Tables 2.15, 2.19)
and result from the RCT3 (Table 2.20) indicate lower than average year classes from 1996-2000. The 2000 year class is
the lowest observed in the time-series. Since 2000 the SSB has decreased further and the probability of weak year
classes after 2000 is assumed to be high.

2.6 Reference Points and Safe Biological Limits

Candidates for reference points for Norwegian coastal cod were calculated by the WG last year. However, they were
not adopted by ACFM.

The SSB is present the lowest observed in the time-series extending back to 1984. The year classes 1997-2000 are well
below average. The XSA estimates of the recruiting year classes (age 2) are stable from one assessment to the next, and
the recruitment from SSB below 100.000 t is clearly impaired. The SSB is at present well below this level and will at
the beginning of 2004 be 50,000 t assuming F status quo in 2003. In that sense, SSB will in 2004 be below any By,
candidate, and the probability of further recruitment failure is assumed to be high. A rebuilding plan for this stock is
therefore required.

2.7 Catch Options for 2004 and Management Scenarios (Tables 2.22-2.23, Figure 2.2)

The total stock biomass and the SSB were further reduced during 2002 (respectively 25% and close to 15%). The
management option table (2.22) shows that the expected catch of 27,269 t in 2003 (assuming F status quo) will give an
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unchanged fishing mortality (F,003=0.60). The total stock biomass and the SSB will however be further reduced (more
than 20 %). The status quo catch in 2004 is 18,832 t, and leads to a further decrease of the total stock biomass. In 2005
the total stock biomass and the SSB will be 53,000 t and the 37,000 t., which is less than half of the level in 2002. The
SSB will not be rebuilt to the 2003 level even if the fishing mortality in 2004 is set to zero (Table 2.22). A catch of
6,500 t (F=0.18) brings the SSB up to the level in 2004 (Table 2.22, Figure 2.2).

2.8 Comments to the Assessment
2.8.1 General comments

There is no explicit management of this stock. In accordance with the precautionary approach and the state of the stock,
management objectives should be defined.

2.8.2 A comparison of the assessment results and the survey results (Figure 2.1)

Both the assessment and the surveys from 1995-2002 show a steeply declining stock. For ages 2-8 the survey indices
and the XSA estimates are well correlated (Figure 2.1). It therefore seems like the survey and the XSA assessment
reflect the changes in the stock number quite well. There is a general trend towards decreasing catchability with
increasing age, except for cod older than 8 years.

2.8.3 Comparison of this years assessment with last years assessment.

The calculated fishing mortality F4.; and SSB in 2001 is lower (23%) and SSB higher (40%) in this years assessment
compared with last years assessment (see below). The recruitment in 2001 (1999 year class) is exactly the same in this
year’s assessment. Excluding age 9 in the tuning causes most of the observed reduction in F and increase in SSB and
total stock biomass.

Assessment year | Fy; year 2001 | SSB year 2001 | Total stock biomass 2001 Recruits age 2 year 2000

2001 0.48 56,584 102,214 9,536

2002 0.37 78,957 130,557 9,769
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Table 2.1.a Number of otoliths sampled from commercial catches inside the 12 n.mile zone in the period
1985-2002. CC=coastal cod, NEAC=Northeast Arctic cod.
Year Quarter 1 Quarter 2 Quarter 3 Quarter 4 Total
CC NEAC CC NEAC CC NEAC CC NEAC CC NEAC %CC
1985 1451 3852 777 1 540 1277 1767 1 966 730 5471 7 889 41
1986 940 1594 1 656 2579 0 0 669 966 3265 5139 39
1987 1195 2322 937 3051 638 1108 1122 1137 3892 7618 34
1988 257 546 160 619 87 135 55 44 559 1 344 29
1989 556 1387 72 374 65 501 97 663 790 2925 21
1990 731 2974 61 689 252 97 265 674 1309 4434 23
1991 285 1168 92 561 77 96 279 718 733 2 543 22
1992 152 619 281 788 79 82 272 672 784 2161 27
1993 314 1098 172 1 046 0 0 310 541 796 2685 23
1994 317 1 605 179 923 21 31 126 674 643 3233 17
1995 188 1591 232 1682 2095 1057 752 1330 3267 5660 37
1996 861 5486 591 1958 1784 1076 958 2256 4194 10776 28
1997 1106 5429 367 2494 1 940 894 1 690 1755 5103 10572 33
1998 608 4930 552 1342 489 1094 2999 2217 4648 9 583 33
1999 1277 4702 493 2379 202 717 961 1987 2933 9785 23
2000 1283 4918 365 2112 386 1295 472 1 668 2 506 9993 20
2001 1102 5091 352 2295 126 786 432 983 2012 9155 18
2002 823 5818 321 1 656 503 831 897 1355 2 544 9 660 21
Table 2.1.b Estimated survey number (x1000) of Norwegian Coastal cod at age from the
Norwegian coastal survey during the autumn 2002.
Age
Area 0 1 2 3 4 5 6 7 8 9 10+ Total
03 East Finnmark 1206 125 212 490 462 303 177 69 28 0 6 3078
04 West Finnmark/Tromse | 3131 565 1046 1480 1568 1618 522 438 151 6 61 10586
05 Lofoten/Vesterilen 261 358 1309 1155 1702 949 1456 650 149 0 3 7992
00 Vestfjord 0 108 188 118 232 270 93 93 0 23 19 1144
06 Nordland 0 155 194 703 729 310 48 148 39 0 39 2365
07 Mere 0 18 41 157 247 167 297 72 41 0 0 1040
Total 4598 1329 2990 4103 4940 3617 2593 1470 408 29  128] 26205
Table 2.2 Estimated survey biomass (tonnes) of Norwegian Coastal cod at age from the Norwegian coastal survey
during the autumn 2002.
Age
Area 0 1 2 3 4 5 6 7 8 9 10+ Total
03 East Finnmark 9 9 60 359 775 736 551 142 97 0 81 2819
04 West Finnmark/Troms 31 53 449 1226 2449 4260 1576 1888 564 39 930 13465
05 Lofoten/Vesteralen 2 32 609 1050 2625 1768 3736 2411 782 0 22 13037
00 Vestfjord 0 21 83 105 455 781 699 690 0 186 306 3326
06 Nordland 0 14 39 715 1617 595 96 646 137 0 324 4183
07 More 0 8 39 217 679 661 1466 505 214 0 0 3789
Total 42 137 1279 3672 8600 8801 8124 6282 1794 225 1663| 40619
Table 2.3 Estimated survey spawning stock number (x1000) of Norwegian Coastal cod at age
from the Norwegian coastal survey during the autumn 2002.
Age
Area 0 1 2 3 4 5 6 7 8 9 10+ Total
03 East Finnmark 0 0 0 10 154 231 177 69 28 0 6 674
04 West Finnmark/Troms 0 0 9 87 344 1405 522 438 140 6 61 3012
05 Lofoten/Vesteralen 0 0 37 0 495 844 1290 650 149 0 3 3468
00 Vestfjord 0 0 0 0 23 240 93 93 0 23 19 491
06 Nordland 0 0 0 0 182 310 48 0 39 0 39 618
07 More 0 0 0 0 88 137 281 72 41 0 0 618
Total 0 0 46 97 1287 3165 2410 1322 397 29 128 8881

O\ACFM\WGREPS\AFWG\REPORTS\2003\2-Norwegian Coastal Cod.Doc

25




Table 2.4 Estimated survey spawning stock biomass (tonnes) of Norwegian Coastal cod at age from the
Norwegian coastal survey during the autumn 2002.

Age
Area 0 2 3 4 5 6 10+| Total
1 7 8 9
03 East Finnmark 0 0 0 7 258 560 551 142 97 0 8l 1696
04 West Finnmark/Troms 0 0 4 72 537 3698 1576 1888 524 39 930 9268
05 Lofoten/Vesterilen 0 0 17 0 764 1572 3309 2411 782 0 22 8877
00 Vestfjord 0 0 0 0 46 694 699 690 0 186 306 2621
06 Nordland 0 0 0 0 404 595 96 0 137 0 324 1556
07 More 0 0 0 0 243 541 1385 505 214 0 0 2887
Total 0 0 20 87 2240 7702 7551 5650 1747 225 1663| 26883
Table 2.5 Weight (gram)-at-age (year) for Norwegian Coastal cod from the
Norwegian coastal survey during the autumn 2002.
Age
Area 0 1 2 3 4 5 6 7 8 9 10+
03 East Finnmark 7 72 283 733 1677 2429 3113 2058 3464 13500
04 West Finnmark/Troms 10 94 429 828 1562 2633 3019 4311 3735 6500 15246
05 Lofoten/Vesterilen 8 89 465 909 1542 1863 2566 3709 5248 7333
00 Vestfjord 194 441 890 1961 2893 7516 7419 8087 16105
06 Nordland 90 201 1017 2218 1919 2000 4365 3513 8308
07 Mgre 444 951 1382 2749 3958 4936 7014 5220
Weighted average 9 103 428 895 1741 2433 3133 4273 4397 7759 12992
Table 2.6 Percent mature at age for Norwegian Coastal cod at age from the Norwegian
coastal survey during the autumn 2002.
Age
Area 0o 1 2 3 4 5 6 7 8 9 10+
03 East Finnmark 0 0 0 2 33 76 100 100 100 100 100
04 West Finnmark/Troms 0 0 1 6 22 87 100 100 93 100 100
05 Lofoten/Vesterilen 0 0 3 0 29 89 89 100 100 100 100
00 Vestfjord 0 0 0 0 10 89 100 100 100 100 100
06 Nordland 0 0 0 0 25 100 100 0 100 100 100
07 Mere 0 0 0 0 36 82 94 100 100 100 100
Weighted average 0 0 2 2 26 88 93 90 97 100 100
Table 2.7 Estimated survey numbers-at-age (x1000) of Norwegian Coastal cod from the coastal surveys
from 1995-2002.
Age
YEAR 0 1 2 3 4 5 6 7 8 9 10+| TOTAL
1995 2157 28707 20191 13633 15636 16219 9550 3174 1158 781 579 111785
1996 - 1756 17378 22815 12382 12514 6817 3180 754 242 5| 77843
1997 5632 30694 18827 28913 17334 12379 10612 3928 1515 26 663| 130523
1998 35098 14455 13659 15003 13239 7415 3137 1578 315 169 128| 104197
1999 34 6850 11309 12171 10123 7197 3052 850 242 112 54| 51994
2000 17620 9587 11528 11612 8974 7984 5451 1365 488 85 97| 74791
2001 9292 8366 6729 7994 7578 4751 2567 1493 487 189 116 49562
2002 4598 1329 2990 4103 4940 3617 2593 1470 408 29 128| 26205
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Table 2.8

Lowestoft VPA Version 3.1

24/04/2003 14:17

Extended Survivors Analysis

Norwegian Coastal Cod,COMBSEX, PLUSGROUP

CPUE data from file c:\VPA\DATA\2003age9\NOR-COAS.TUN

Catch data for 19 years. 1984 to 2002. Ages 2 to 10.

Fleet, First, Last, First, Last, Alpha, Beta
year, year, age , age,
Norw. Coast. survey , 1995, 2002, 0, 8, .750, .850

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 converged after 114 iterations

Regression weights
, .877, .921, .954, .976, .990, .997, 1.000, 1.000

Fishing mortalities
Age, 1995, 1996, 1997, 1998, 1999, 2000, 2001, 2002

.026, .032, .048, .024, .015, .011, .005, .036
.046, .098, .123, .137, .074, .075, .045, .132
.13, .173, .182, .253, .1le6l1, .299, .198, .300
.252, .447, .236, .373, .375, .425, .424, .528
.305, .377, .427, .397, .479, .429, .415, .905
.436, .396, .642, .518, .544, .355, .423, .660
.306, .554, .638, .715, .515, .198, .295, .540
.327, .314, .538, .387, .777, .156, .l167, .289

~ N~ 0~

~

~

~

W o Jo U b W
~

~
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Tabl e 2.8 (continued)

XSA population numbers (Thousands)

YEAR

1995
1996
1997
1998
1999
2000
2001
2002

~
O PN WDdW

2,

.53E+04, 2
.13E+04, 2
.13E+04, 3
.58E+04, 2.
.85E+04, 2
.57E+04, 1
.77E403, 1
.06E+03, 7

AGE

3, 4, 5, 6,
.20E+04, 2.11E+04, 2.57E+04, 2.33E+04,
.82E+04, 1.72E+04, 1.51E+04, 1.63E+04,
.27E+04, 2.09E+04, 1.19E+04, 7.92E+03,
44E+04, 2.37E+04, 1.43E+04, 7.66E+03,
.06E+04, 1.74E+04, 1.51E+04, 8.06E+03,
.49E+04, 1.57E+04, 1.22E+04, 8.47E+03,
.27E+04, 1.13E+04, 9.50E+03, 6.50E+03,
.96E+03, 9.93E+03, 7.60E+03, 5.09E+03,

Estimated population abundance at 1st Jan 2003

78E+03, 5.71E+03, 6.02E+03, 3.67E+03,

I4

0.00E+00, 4.

Taper weighted geometric mean of the VPA populations:

I4

Standard error of the weighted Log (VPA populations)

2.51E+04, 2.

.6747,

38E+04, 2.09E+04,

.5297, .4378,

Log catchability residuals.

Fleet

Norw.

Coas

Age , 1995, 19

2, =-.01, -.
3, -.11,
4, .09,
5, -.07,
6, -.30, -.
7, -.01, -.
8 , .08, -.

t. survey

96, 1997, 1998,

31, .06, -.08,
.20, .31, -.05,
.09, .24, -.10,
.36, .42, -.17,
22, .98, -.23,
36, .48, .24,
03, .38, -.4e¢,

1.60E+04,

.4398,
1999, 2000,

.05, .23,
-.13, .14,
-.13, -.04,
-.25, .11,
-.24, .25,
-.35, .00,
-.23, .24,

1.07E+04,

.46006,

2001,
.16,
-.09,
.04,

.04,
.16,

W DO

7, 8,
.02E+04, 6.11E+03,
.41E+04, 5.41E+03,
.18E+03, 7.76E+03,
.23E+03, 3.95E+03,
.22E+03, 2.06E+03,
.09E+03, 2.00E+03,
.52E+03, 2.35E+03,
.52E+03, 2.42E+03,

1.69E+03, 1.49E+03,

6.65E+03, 3.52E+03,

2

L4743, .5110,

002
.14
.25
.16
.22
.02
.05
.13

Mean log catchability and standard error of ages with catchability

independent of year class strength and constant w.r.t.

Age
Mean

’

Log g,

S.E(Log q),

2,
-.37
.17

3,
22, -.1718,
31, .1920,

Regression statistics

4

-.1202,
.1349,

5

-.0315,

.2641,

time

6,

-.1897,

7,
-.6532,

.4366, .2786,

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

Age

~

~

O ~J oy Ul W
~

28

, Slope ,

1.08,
.78,
.86,
.91,

1.28,

1.02,
.90,

t-value , Intercept, RSquare,

.679, -.35,
.229, 2.27,
.920, 1.42,
.317, .87,
.612, -2.34,
.088, .49,
.563, 2.05,

.93,
.95,
.89,
.69,
.45,
17,
.84,

No Pts,

~ 0~

~

~

~

QO O 00 O O O
~

~

Reg s.e,

.19,
.12,
.12,
.26,
.59,
.31,
.26,

Mean Q

.37,
.17,
.12,
.03,
.19,

-.65,

.34,
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.21E+03,
.68E+03,
.55E+03,
.35E+03,
.58E+03,
.01E+03,
.35E+03,
.43E+03,

PR RPN WN

1.16E+03,

1.79E+03,

.6130,

8
-1.3387,
L2737,



Tabl e 2.8 (continued)

Terminal year survivor and F summaries

Age 2 Catchability constant w.r.t. time and dependent on age
Year class = 2000
Fleet, Estimated, Int, Ext, Var, N,
, Survivors, s.e, s.e, Ratio, ,
Norw. Coast. survey , 4158., .300, .000, .00, 1,
F shrinkage mean , 21523., 1.00,,,,
Weighted prediction
Survivors, Int, Ext, N, var, F
at end of year, s.e, s.e, , Ratio,
4784., .29, .48, 2, 1.671, .036
Age 3 Catchability constant w.r.t. time and dependent on age
Year class = 1999
Fleet, Estimated, Int, Ext, Var, N,
, Survivors, s.e, s.e, Ratio, ,
Norw. Coast. survey , 5469., 212, .205, .97, 2,
F shrinkage mean , 13059., 1.00,,,,
Weighted prediction
Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,
5708., .21, .20, 3, .947, .132
Age 4 Catchability constant w.r.t. time and dependent on age
Year class = 1998
Fleet, Estimated, Int, Ext, Var, N,
, Survivors, s.e, s.e, Ratio, ,
Norw. Coast. survey , 5972., 173, .120, .69, 3,
F shrinkage mean , 7433., 1.00,,,,
Weighted prediction
Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,
6025., .17, .10, 4, .582, .300
Age 5 Catchability constant w.r.t. time and dependent on age
Year class = 1997
Fleet, Estimated, Int, Ext, Var, N,
, Survivors, s.e, s.e, Ratio, ,
Norw. Coast. survey , 3625., .151, .082, .54, 4,
F shrinkage mean , 4783., 1.00,,,,
Weighted prediction
Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,
3669., .15, .08, 5, .497, .528
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Scaled,
Weights,
.915,

.085,

Scaled,
Weights,
.951,

.049,

Scaled,
Weights,
.960,

.040,

Scaled,
Weights,
.956,

.044,

Estimated
F
.041

.008

Estimated
F
.138

.060

Estimated
F
.302

.250

Estimated
F
.533

.428
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Tabl e 2.8 (continued)

Age 6 Catchability constant w.r.t.
Year class = 1996
Fleet, Estimated,
, Survivors,
Norw. Coast. survey , 1536.,
F shrinkage mean , 4689.,
Weighted prediction
Survivors, Int, Ext,
at end of year, s.e, s.e,
1686., .1lo, .15,
Age 7 Catchability constant w.r.t.
Year class = 1995
Fleet, Estimated,
’ Survivors,
Norw. Coast. survey , 1424.,
F shrinkage mean , 2905.,
Weighted prediction
Survivors, Int, Ext,
at end of year, s.e, s.e,
1488., .15, .08,
Age 8 Catchability constant w.
Year class = 1994
Fleet, Estimated,
, Survivors,
Norw. Coast. survey , 1096.,
F shrinkage mean , 2946.,
Weighted prediction
Survivors, Int, Ext,
at end of year, s.e, s.e,
1156., .15, .11,
Age 9 Catchability constant w.r.t.
Year class = 1993
Fleet, Estimated,
, Survivors,
Norw. Coast. survey , 931.,
F shrinkage mean , 312.,
Weighted prediction
Survivors, Int, Ext,
at end of year, s.e, s.e,
877., .15, .11,

time and dependent on age

Int, Ext, Var, N, Scaled, Estimated
s.e, s.e, Ratio, , Weights, F
.150, .028, .19, 5, .916, .961
1.00,,,, .084, .425
N, Var, F
, Ratio,
6, .912, .905
time and dependent on age
Int, Ext, Var, N, Scaled, Estimated
s.e, s.e, Ratio, , Weights, F
.140, .040, .32, 6, .939, .682
1.00,,,, .001, .391
N, Var, F
, Ratio,
7, .551, .660
time and dependent on age
Int, Ext, Var, N, Scaled, Estimated
s.e, s.e, Ratio, , Weights, F
.145, .068, .47, 7, .9%4¢0, .563
1.00,,,, .054, .248
N, Var, F
, Ratio,
8, .723, .540
time and age (fixed at the value for age) 8
Int, Ext, Var, N, Scaled, Estimated
s.e, s.e, Ratio, , Weights, F
.143, .058, .40, 7, .946, .274
1.00,,,, .054, .664
N, Var, F
, Ratio,
8, .750, .289

30 O:\ACFM\WGREPS\AFWG\REPORTS\2003\2-Norwegian Coastal Cod.Doc



Tabl e 2.

Run title
At 24/04/2

Table
YEAR,
AGE

1

~ N~ 0~

~

~

~

W o Jo U b W
~

~

+9p,

TOTALNUM,
TONSLAND,
SOPCOF %,

9

Norwegian Coastal Cod,COMBSEX, PLUSGROUP

003 14:

17

Catch numbers-at-age

1984,

829,
3478,
6954,
7278,
6004,
4964,
2161,

819,

624,

33111,
74824,
100,

1985,

396,
7848,
7367,
8699,
7085,
3066,

705,
433,
264,
35863,
75451,
100,

1986,

4095,
4095,
12662,
8906,
5750,
3868,
1270,
342,
407,
41395,
68905,
100,

Table 2.9 (continued)

Catch numbers-at-age

Table
YEAR,
AGE

1

~ 0~

~

~ N~ 0~

O 0 J o U b Wi
~

~

+ap,

TOTALNUM,
TONSLAND,
SOPCOF %,

Tabl e 2.
Table 2
YEAR,

AGE

2,

r

r

r

W 0 J oy U b W

I4

+gp,
SOPCOFAC,

Tabl e 2.
Table 2
YEAR,

AGE

2,

’

I4

I4

O 0 J oy U W

4

+gp,
SOPCOFAC,

1
1
2
p 3.
4
5
8
1

1
2
3
, 4.
5
6
7
1

1993,

4,
369,
1706,
2343,
2684,
3072,
1871,
627,
690,
13366,
52557,
100,

10

1994,

332,
573,
1693,
4302,
2467,
3337,
1514,
777,
798,
15793,
54562,
100,

1995,

810,
896,
2345,
5188,
5546,
3270,
1455,
557,
433,
20500,
57207,
100,

Catch weights-at-age

1984,

.2480,
.6190,
.1490,
.7340,
.3250,
4860,
.8450,
.6080,

1985,

.2140,
.7120,
.4150,
.0360,
.7370,
.0120,
.1160,
.4600,
.7550,
.0000,

B 30w

1986,

.2270,
.5250,
.0800,
.7060,
.2560,
.3530,
.8380,
.8380,

10 (conti nued)
Catch weights-at-age

1993,

.2410,
.6450,
.7100,
.5910,
.5880,
3660,
.8990,
.4940,
.5090,
.0000,

= 0o J U s Wb

1994,

.2540,
.8050,
.4760,
.0970,
.2870,
.0950,
.5920,
.2170,
.3310,
.0000,

oo U NRE P

1995,

.3020,
.7100,
.3350,
.8420,
.4670,
.1910,
.7780,
.3760,
.9030,
.0001,

(

(

= 0o 0l WN -

Numbers*10**-3

1987,

170,
940,
8236,
12430,
4427,
2649,
1127,
313,
149,
30441,
60972,
100,

1988,

110,
1921,
3343,
6451,
6626,
4687,
1461,

497,
333,
25429,
59294,
100,

Numbers*10**-3

1996,

1193,
2376,
2480,
4930,
4647,
4160,
2082,
898,
543,
23309,
61776,
100,

kg)
1987,

.3310,
.6730,
.1200,
.6930,
.3590,
.7430,
.3260,
.1290,
.6230,
.0001,

kg)
1996,

.2740,
.9210,
.4640,
.9790,
.5160,
.4610,
.8660,
.3910,
.8540,
.0001,

= oo U WD

oo W

1997,

1326,
3438,
3150,
2258,
2490,
3935,
3312,
959,
684,
21552,
63319,
100,

1988,

.2460,
.6340,
.1700,
L7270,
.3280,
.2560,
.7000,
.4500,
.2020,1
.0001,

1997,

.2770,
.9700,
.5540,
.9700,
.8970,
.7160,
.8290,
.3490,
.2670,
.0003,

PP o NN

O o uUwwdNE

1989,

41,
1159,
1434,
2299,
5197,
2720,

949,
236,
86,
14121,
40285,
100,

1998,

554,
2819,
4786,
4023,
2272,
1546,
1826,

975,

343,

19144,
51572,
99,

1989,

.3000,
.6610,
.8360,
.1700,
.4480,
.3910,
.8990,
.6610,
.6080,1
.0000,

1998,

.3760,
.9780,
.5180,
.2810,
.1250,
.9000,
.5200,
.3330,
.3370,
.9919,

P WwWJo0owdNE R~ -

R oo Ol WN -

1990,

349,
1233,
1330,
1129,
3456,
773,
141,
73,
8491,
28127,

100,

1999,

252,
1322,
2346,
4263,
2773,
1602,

751,

774,

320,

14403,
40732,
100,

1990,

.3450,
.1740,
.5150,
.6780,
.7080,
.8980,
.5150,
.2990,
.9240,1
.0002,

1999,

.4670,
.1550,
.6330,
.1710,
.2490,
.0950,
.0130,
.0180,
.2550,
.0002,

PP o wNDN

YO U W NN

1991,

125,
607,
1452,
3114,
1873,
1297,
873,
132,
94,
9567,
24822,
100,

2000,

156,
971,
3664,
3807,
2671,
1104,
326,
132,
152,
12983,
36715,
100,

1991,

.1640,
.9220,
.6080,
.1080,
.5070,
.4690,
.9760,
.7340,
.0590,
.0003,

2000,

.5150,
.3050,
.2720,
.5550,
.2830,
.5040,
.4000,
.3790,
.4200,
.9999,
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P 0w NN

oy J o wN

1992,

40,
665,
3160,
4422,
2992,
1945,
898,
837,
279,
15238,
41690,
100,

2001,

44,
505,
1837,
2974,
1998,
1409,
542,
187,
119,
9615,
29699,
100,

1992,

.1680,
.5560,
.3590,
.2670,
.9570,
.9030,
.3170,
.5580,
.0320,
.0001,

2001,

.1640,
.9520,
.6370,
.8810,
.4240,
.0380,
.3970,
.2080,
.8810,
.0004,

= O oo WwWN R

2002,

192,
893,
2331,
2822,
2742,
1538,
915,
325,
377,
12135,
40994,
102,

2002,

.4910,
.1790,
.8000,
. 4850,
.8600,
.7600,
.1950,
.5070,
.1830,
.0181,
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Table 2.11

Table 3 Stock weights-at-age (kg)
YEAR, 1984, 1985, 1986, 1987,
AGE

2, .3210, .3210, .3210, .3210,
3, .7580, .7580, .7580, .7580,
4, 1.4790, 1.4790, 1.4790, 1.4790,
5, 2.1370, 2.1370, 2.1370, 2.1370,
6, 2.8140, 2.8140, 2.8140, 2.8140,
7, 4.7220, 4.7220, 4.7220, 4.7220,
8, 6.6850, 6.6850, 6.6850, 6.6850,
9, 6.9800, 6.9800, 6.9800, 6.9800,
+gp, 9.7230, 9.7230, 9.7230, 9.7230,

Tabl e 2. 11 (conti nued)

Table 3 Stock weights-at-age (kg)
YEAR, 1993, 1994, 1995, 1996,
AGE

2, .3210, .3210, .3900, .2520,
3, .7580, .7580, .7910, .7240,
4, 1.4790, 1.4790, 1.5250, 1.4330,
5, 2.1370, 2.1370, 2.2220, 2.0530,
6, 2.8140, 2.8140, 2.8810, 2.7480,
7, 4.7220, 4.7220, 4.6650, 4.7220,
8, 6.6850, 6.6850, 6.9790, 6.6850,
9, 6.9800, 6.9800, 6.7590, 6.9320,
+gp, 9.7230, 9.7230, 9.8970, 9.7230,1
Table 2.12

Table 5 Proportion mature at age

YEAR, 1984, 1985, 1986, 1987,
AGE
.0100, .0100, .0100, .0100,
.0600, .0600, .0600, .0600,
.2400, .2400, .2400, .2400,
.4900, .4900, .4900, .4900,
.7200, .7200, .7200, .7200,
.8800, .8800, .8800, .8800,
.9500, .9500, .9500, .9500,
1.0000, 1.0000, 1.0000, 1.0000,
+gp, 1.0000, 1.0000, 1.0000, 1.0000,

~ 0~

~

~ 0~ 0~

W o Jo Ul W
~

~

Tabl e 2. 12 (conti nued)

Table 5 Proportion mature at age

YEAR, 1993, 1994, 1995, 1996,

AGE
.0100, .0100, .0000, .0000,
.0600, .0600, .0100, .0300,
.2400, .2400, .2000, .2400,
.4900, .4900, .4700, .5600,
.7200, .7200, .6700, .8000,
.8800, .8800, .8500, .9200,
.9500, .9500, .8600, .9900,

1.0000, 1.0000, 1.0000, 1.0000,

+gp, 1.0000, 1.0000, 1.0000, 1.0000,

~ 0~

~

~ 0~ 0~

O o J o Ul b Wi
~

~

1988,

.3210,
.7580,
.4790,
.1370,
.8140,
.7220,
.6850,
.9800,
.7230,

W oo NN

1997,

.2400,
.6830,
1.3640,
1.8930,
2.8160,
4.4260,
6.4060,
7.8050,
0

.8270,1

1988,

.0100,
.0600,
.2400,
.4900,
.7200,
.8800,
.9500,
1.0000,
1.0000,

1997,

.0000,
.0600,
.2900,
.4500,
.7600,
.9700,
1.0000,
1.0000,
1.0000,

1989, 1990,
.3210, .3210,
.7580, .7580,

1.4790, 1.4790,
2.1370, 2.1370,
2.8140, 2.8140,
4.7220, 4.7220,
6.6850, 6.6850,
6.9800, 6.9800,
9.7230, 9.7230,

1998, 1999,
.3720, .3230,
.8830, .8410,

1.4560, 1.6750,
2.1070, 2.1920,
2.9500, 2.8570,
4.3190, 4.5400,
5.6250, 6.5790,
8.3230, 9.4540,
2.4680, 12.9020,

1989, 1990,
.0100, .0100,
.0600, .0600,
.2400, .2400,
.4900, .4900,
.7200, .7200,
.8800, .8800,
.9500, .9500,

1.0000, 1.0000,

1.0000, 1.0000,

1998, 1999,

.0000, .0100,
.0600, .0300,
.2500, .2100,
.5300, .4400,
.7400, .6500,
.8700, .7700,
.8900, 1.0000,
1.0000, 1.0000,
1.0000, 1.0000,

1991, 1992,
.3210, .3210,
.7580, .7580,

1.4790, 1.4790,

2.1370, 2.1370,

2.8140, 2.8140,

4.7220, 4.7220,

6.6850, 6.6850,

6.9800, 6.9800,

9.7230, 9.7230,

2000, 2001, 2002,
.3650, .3960, .4280,
.8090, .9660, .8950,

1.5540, 1.5240, 1.7410,

2.5390, 2.3140, 2.4330,

3.0490, 3.3200, 3.1330,

4.3520, 3.6950, 4.2730,

6.2030, 6.1440, 4.3970,

8.5270, 8.7680, 7.7590,
12.0660, 12.4680,12.9920,

1991, 1992,

.0100, .0100,

.0600, .0600,

.2400, .2400,

.4900, .4900,

.7200, .7200,

.8800, .8800,

.9500, .9500,

1.0000, 1.0000,
1.0000, 1.0000,

2000, 2001, 2002,
.0100, .0000, .0000,
.0600, .0000, .0200,
.2400, .0700, .0200,
.4900, .3700, .2600,
.7200, .7900, .8800,
.8800, .9700, .9300,
.9500, .9800, .9000,
1.0000, .9800, .9700,
1.0000,1.0000, 1.0000,
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Tabl e 2.
Table 8
YEAR,

AGE

~ 0~

~

~ 0~ 0~

W o Jo Ul b Wi
~

~

+
Q
o

FBAR 4- 7,

Tabl e 2.
Table 8
YEAR,

AGE

~ N~ 0~

~

~

~

W o Jo U W
~

Tabl e 2.
Table 9
YEAR,

AGE

~ 0~

~

~

~

©®JUsWN
<S <
N S

+
O
o

REFMEAN,

Tabl e 2.
Table 9
YEAR,
AGE

2,

r

~ ~

O 0 J oy U W
~

\
BN

+9p,
REFMEAN,

13

Fishing mortality (F) at age
1984, 1985, 1986, 1987, 1988, 1989, 1990, 1991, 1992,

.0105, .0058, .1329, .0049, .0030, .0009, .0002, .0021, .0009,
.0743, .1296, .0765, .o0407, .0707, .0389, .0097, .0185, .0141,
.2167, .2226, .3184, .2172, .1988, .0691, .0530, .0509, .1267,
.3335, .4617, .4592, .5969, .2640, .2042, .0846, .1837, .2162,
.6281, .6361, .6420, .4368, .7585, .3528, .1460, .1646, .2700,
1.3091, .7878, .8988, .7063, 1.2318, .8420, .4210, .2493, .2575,
1.0720, .6327, .9324, .7305, 1.1761, .9169, .6134, .1762, .2737,
.8444, .6352, .7402, .6231, .8667, .5839, .3182, .1943, .2557,
.8444, .6352, .7402, .6231, .8667, .5839, .3182, .1943, .2557,
.6219, .5271, .5796, .4893, .6133, .3670, .1762, .1621, .2176,

13 (conti nued)

Fishing mortality (F) at age

1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000, 2001, 2002, FBAR 84-02

14

Relative F at age
1984, 1985, 1986, 1987, 1988, 1989, 1990, 1991, 1992,

.0le8, .0110, .2293, .0101, .0048, .0025, .0010, .0132, .0041,
.1195, .2459, .1319, .0831, .1153, .1061, .0552, .1143, .064¢,
.3486, .4224, .5493, .4438, .3241, .1884, .3007, .3142, .5821,
.5363, .8760, .7923,1.2200, .4305, .5564, .4801,1.1329, .993¢,

.0100,1.2069,1.1076, .8926,1.2369, .9613, .8291,1.0154, 1.2410,
.1051,1.4946,1.5507,1.4436,2.0085,2.2940,2.3901,1.5375, 1.1833,
.7239,1.2004,1.6087,1.4930,1.9178,2.4983,3.4821,1.0866, 1.2577,
.3579,1.2052,1.2772,1.2735,1.4132,1.5910,1.8060,1.1984, 1.1750,
.3579,1.2052,1.2772,1.2735,1.4132,1.5910,1.8060,1.1984, 1.1750,

.6219, .5271, .5796, .4893, .6133, .3670, .1762, .1621, .217¢,

14 (conti nued)

Relative F at age
1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000, 2001, 2002,

.0006, .0668, .0913, .0932, .1290, .0625, .0390, .0293, .0137, .0596,
.0462, .1199, .1e636, 2808, .3319, .3546, .1889, .1984, .1232, .2213,
.2099, .2854, .4671, .4977, .4891, .6565, .4131, .7940, .5420, .5016,
.6030, .7609, .8978,1.2834, .6354, .9682, .9630,1.1278, 1.1629, .8828, 1.
.9113, .9732,1.0845,1.0831,1.1485,1.0307,1.2282,1.1372,
.2757,1.9805,1.5507,1.1358,1.7270,1.3445,1.3958, .9410, 1.1585, 1.1036, 1.
.9563,2.3788,1.0869,1.5895,1.7163,1.8556,1.3209, .5256, .8076, .9029,
.4451,1.5323,1.1620, .9018,1.4461,1.0062,1.9930, .4143, .4566, .4831,
.4451,1.5323,1.1620, .9018,1.4461,1.0062,1.9930, .4143, .4566, .4831,
.2163, .2029, .2812, .3483, .3719, .3851, .3898, .3769, .3650, .5984,

=

.1366, 1.5120,

=
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.0001, .0135, .0257, .0325, .0480, .0241, .0152, .0111, .0050, .0357, .0172,
.0100, .0243, .0460, .0978, .1234, .1366, .0736, .0748, .0450, .1324, .0841,
.0454, .0579, .1313, .1733, .1819, .2528, .1610, .2992, .1978, .3002, .2657,
.1304, .1544, .2525, .4470, .2363, .3729, .3754, .4251, .4244, .5282, .4592,
.1971, .1975, .3050, .3772, .4272, .3969, .4787, .4286, .4148, .9048, .5827,
.4923, .4018, .4361, .3956, .6423, .5178, .5441, .3547, .4228, .6604, .4793,
.4232, .4826, .3057, .5536, .6384, .7146, .5149, .1981, .2947, .5403, .3444,
.3126, .3109, .3268, .3141, .5379, .3875, .7769, .1562, .l666, .2891, .2039,
.3126, .3109, .3268, .3141, .5379, .3875, .7769, .1562, .l666, .2891,
.2163, .2029, .2812, .3483, .3719, .3851, .3898, .3769, .3650, .5984,

MEAN

.0342,
.1810,
.6125,

0578,

.2619,

06717,

.7453,
.4513,
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Tabl e 2. 15

Table 10 Stock number-at-age (start of year)

YEAR, 1984, 1985, 1986, 1987, 1988, 1989,
AGE

2, 88072, 75530, 36372, 38171, 41088, 48712,
3, 53664, 71357, 61481, 26073, 31098, 33541,
4, 39439, 40790, 51321, 46631, 20497, 23722,
5, 28363, 25998, 26730, 30561, 30726, 13756,
6, 14227, 16636, 13414, 13826, 13774, 19319,
7, 7516, 6216, 7210, 5779, 7314, 5282,
8, 3631, 1662, 2315, 2403, 2335, 1747,
9, 1587, 1018, 723, 746, 948, 590,
+gp, 1191, 613, 848, 351, 625, 212,
TOTAL, 237690, 239819, 200412, 104541, 148404, 146882,
Tabl e 2. 15 (conti nued)

Table 10 Stock number-at-age (start of year)

YEAR, 1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000,
AGE

2, 32188, 27269, 35325, 41281, 31278, 25755, 18466, 15675,
3, 41027, 26350, 22026, 28189, 32718, 24409, 20585, 14891,
4, 42478, 33256, 21055, 17223, 20929, 23677, 17433, 15657,
5, 21173, 33235, 25696, 15117, 11857, 14285, 15054, 12151,
6, 16579, 15215, 23318, 16344, 7916, 7664, 8056, 8468,
7, 8733, 11145, 10225, 14073, 9176, 4228, 4219, 4086,
8, 5993, 4370, 6105, 5413, 7758, 3952, 2062, 2005,
9, 2581, 3214, 2208, 3682, 2548, 3354, 1584, 1009,
+ap, 2821, 3278, 1705, 2211, 1798, 1171, 645, 1157,
TOTN 173574,157332,147663,143531,125978, 108495, 88105, 75099,

1990,

4406,
2391,
6339,
8881,
6611,
9781,
1770,

572,

Table 2.16

Table 11 Spawning stock number-at-age (spawning time)
YEAR, 1984, 1985, 1986, 1987, 1988, 1989,
AGE

2, 881, 755, 364, 382, 411, 487,
3, 3220, 4281, 3689, 1564, 1866, 2012,
4, 9465, 9789, 12317, 11191, 4919, 5693,
5, 13898, 12739, 13098, 14975, 15056, 6741,
6, 10244, 11978, 9658, 9955, 9917, 13910,
7, 6614, 5470, 6345, 5086, 6436, 4648,
8, 3450, 1579, 2199, 2283, 2218, 1660,
9, 1587, 1018, 723, 746, 948, 590,
+9p, 1191, 613, 848, 351, 625, 212,

Tabl e 2. 16 (conti nued)

Table
YEAR,
AGE

~ 0~

~

~ 0~ 0~

O 0 J o U b Wi
~

~

+
O
O

34

11 Spawning stock number-at-age

1993, 1994, 1995, 1996,

322, 273, 0, 0,
2462, 1581, 220, 846,
10195, 7981, 4211, 4133,
10375, 16285, 12077, 8465,
11937, 10955, 15623, 13075,
7685, 9808, 8691, 12947,
5693, 4152, 5251, 5359,
2581, 3214, 2208, 3682,
2821, 3278, 1705, 2211,

294,

(spawning time)

1997,

0,
1963,
6070,
5336,
6016,
8901,
7758,
2548,
1798,

1998,

0,
1465,
5919,
7571,
5672,
3678,
3518,
3354,
1171,

1999,

185,
618,
3661,
6624,
5236,
3249,
2062,
1584,
645,

Numbers*10**-3
1991,

1990,

44618,
39845,
26412,
18125,
9182,
11115,
1863,
572,
294,
152026,

64406,
36523,
32307,
20509,
13636,

6496,

5973,

826,
585,

181261,

Numbers*10**-3

2001,

9769,
12692,
11313,
9504,
6503,
4516,
2347,
1346,
853,

2002,

6055,
7958,
9935,
7600,
5090,
3517,
2423,
1431,
1649,

2003,

0,
4784,
5708,
6025,
3669,
1686,
1488,
1156,
1889,

58843,45657,26403,

Numbers*10**-3

1991, 1992,

644, 502,
2191, 3157,
7754, 7045,
10049, 12317,
9818, 10061,
5717, 8333,
5674, 3938,

826, 4100,

585, 1359,

Numbers*10**-3
2000,

157,

893,
3758,
5954,
6097,
3596,
1905,
1009,
1157,
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2001,

0,

0,
792,
3516,
5138,
4381,
2300,
1320,
853,

1992,

50154,
52618,
29354,
25137,
13973,
9469,
4145,
4100,
1359,
1903009,

GMST,

38228,
33411,
27661,
20512,
12953,
7306,
3312,
1489,

2002,

159,

199,
1976,
4479,
3270,
2180,
1388,
1649,



Table 2.17

Table 14 Stock biomass at age with SOP (start of year) Tonnes
YEAR, 1984, 1985, 1986, 1987, 1988, 1989, 1990, 1991,
AGE

2, 28276, 24246, 11676, 12254, 13190, 15637, 14325, 20680,
3, 40684, 54090, 46605, 19765, 23574, 25424, 30208, 27693,
4, 58340, 60330, 75908, 68971, 30316, 35085, 39070, 47796,
5, 60621, 55558, 57125, 65313, 65666, 29397, 38739, 43840,
6, 40042, 46815, 37749, 38909, 38763, 54364, 25844, 38383,
7, 35496, 29351, 340406, 27292, 34539, 24941, 52492, 30685,
8, 24280, 11110, 15474, 16064, 15610, 11680, 12458, 39940,
9, 11082, 7104, 5045, 5207, 6615, 4116, 3992, 5768,
+9p, 11581, 5961, 8248, 3412, 6076, 2066, 2859, 5693,
TOTALBIO, 310401, 294565, 291876, 257187, 234349, 202709, 219986, 260478,
Tabl e 2. 17 (conti nued)

Table 14 Stock biomass at age with SOP (start of year) Tonnes
YEAR, 1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000,
AGE

2, 10332, 8754, 13778, 10403, 7509, 9503, 5966, 5721,
3, 31097, 19973, 17424, 20410, 22352, 21378, 17315, 12046,
4, 62822, 49185, 32113, 24682, 28555, 34194, 29206, 24329,
5, 45246, 71022, 57102, 31036, 22451, 29855, 33005, 30847,
6, 46651, 42816, 67185, 44915, 22296, 22427, 23019, 25817,
7, 41236, 52627, 47705, 66455, 40624, 18111, 19159, 17782,
8, 40061, 29217, 42614, 36186, 49708, 22051, 13571, 12435,
9, 18017, 22431, 14928, 25526, 19890, 27693, 14974, 8603,
+gp, 27430, 31872, 16872, 21501, 19472, 14477, 8328, 13959,
TOTALBIO, 322891, 327898, 309722, 281116, 232857, 199690, 164543, 151538,
Table 2.18

Table 15 Spawning stock biomass with SOP (spawning time) Tonnes
YEAR, 1984, 1985, 1986, 1987, 1988, 1989, 1990, 1991,
AGE

2, 283, 242, 117, 123, 132, 156, 143, 207,
3, 2441, 3245, 2796, 1186, 1414, 1525, 1812, 1662,
4, 14002, 14479, 18218, 16553, 7276, 8420, 9377, 11471,
5, 29704, 27224, 27991, 32003, 32176, 14405, 18982, 21482,
6, 28830, 33707, 27179, 28014, 27909, 39142, 18607, 27635,
7, 31236, 25829, 29961, 24017, 30394, 21948, 46193, 27003,
8, 23066, 10554, 14701, 15261, 14829, 11096, 11835, 37943,
9, 11082, 7104, 5045, 5207, 6615, 4116, 3992, 5768,
+ap, 11581, 5961, 8248, 3412, 6076, 2066, 2859, 5693,
TOTSPBIO, 152225, 128346, 134255, 125776, 126823, 102875, 113801, 138864,
Tabl e 2. 18 (conti nued)

Table 15 Spawning stock biomass with SOP (spawning time) Tonnes
YEAR, 1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000,
AGE

2, 103, 88, 0, 0, 0, 0, 60, 57,
3, 1866, 1198, 174, 612, 1341, 1283, 519, 723,
4, 15077, 11805, 6423, 5924, 8281, 8549, 6133, 5839,
5, 22170, 34801, 26838 17380, 10103, 15823, 14522, 15115,
6, 33589, 30828, 45014, 35932, 16945, 16596, 14962, 18588,
7, 36288, 46312, 40549, 61139, 39406, 15757, 14752, 15648,
8, 38058, 27756, 36648, 35825, 49708, 19626, 13571, 11813,
9, 18017, 22431, 14928, 25526, 19890, 27693, 14974, 8603,
+gp, 27430, 31872, 16872 21501, 19472, 14477, 8328, 13959,
TOTSPB 192597, 207090, 187446, 203840, 165145, 119803, 87823, 90345,
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1992,

16101,
39888,
43418,
53722,
39325,
44718,
27714,
28622,
13212,
306721,

2001,

3870,
12266,
17249,
22001,
21601,
16695,
14424,
11811,
10640,

130557,

1992,

161,
2393,
10420,
26324,
28314,
39352,
26328,
28622,
13212,
175127,

2001,

0,

0,
1207,
8141,
17065,
16194,
14136,
11575,
10640,
78957,

2002,

2638,
7251,
17609,
18826,
16235,
15298,
10845,
11303,
21812,
121818,

2002,

0,
145,
352,

4895,
14287,
14227,

9761,
10963,
21812,
76443,
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Table 2.19

Run title : Norwegian Coastal Cod, COMBSEX, PLUSGROUP
At 24/04/2003 14:17

Table 17 Summary (with SOP correction)

Terminal Fs derived using XSA (With F shrinkage)

RECRUITS, TOTALBIO, TOTSPBIO, LANDINGS, YIELD/SSB, SOPCOFAC, FBAR 4-7,

AGE 2

1984, 88072, 310401, 152225, 74824, L4915, 1.0002, .6219,
1985, 75530, 294565, 128340, 75451, .5879, 1.0000, .5271,
1986, 36372, 291876, 134255, 68905, .5132, 1.0001, .579%¢6,
1987, 38171, 257187, 125776, 60972, .4848, 1.0001, .4893,
1988, 41088, 234349, 126823, 59294, L4675, 1.0001, .6133,
1989, 48712, 202709, 102875, 40285, .3916, 1.0000, .3670,
1990, 44618, 219986, 113801, 28127, .2472, 1.0002, .1762,
1991, 64406, 260478, 138864, 24822, .1788, 1.0003, .1621,
1992, 50154, 306721, 175127, 41690, .2381, 1.0001, .2176,
1993, 32188, 322891, 192597, 52557, .2729, 1.0000, .2163,
1994, 27269, 327898, 207090, 54562, .2635, 1.0000, .2029,
1995, 35325, 309722, 1874460, 57207, .3052, 1.0001, .2812,
1996, 41281, 281116, 203840, 61776, .3031, 1.0001, .3483,
1997, 31278, 232857, 165145, 63319, .3834, 1.0003, .3719,
1998, 25755, 199690, 119803, 51572, .4305, .9919, .3851,
1999, 18466, 164543, 87823, 40732, .4638, 1.0002, .3898,
2000, 15675, 151538, 90345, 36715, .4064, .9999, .3769,
2001, 9769, 130557, 78957, 29699, .3761, 1.0004, .3650,
2002, 6055, 121818, 76443, 40994, .5363, 1.0181, .5984,
Arith.

Mean, 38431, 243205, 137241, 50711, .3864, .3837,
Units (Thousands), (Tonnes) , (Tonnes) , (Tonnes) ,
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Table 2.20
Analysis by RCT3 ver3.1 of data from file : ncc-innl.txt

NORWEGIAN COASTAL COD: recruits as 2 year-olds
Data for 1 surveys over 8 years : 1993 - 2000

Regression type = C

Tapered time weighting applied

power = 3 over 20 years

Survey weighting not applied

Final estimates shrunk towards mean
Minimum S.E. for any survey taken as .20
Minimum of 3 points used for regression

Forecast/Hindcast variance correction used.

Year class = 1999
I-—————————- Regression---------- I I-—————————- Prediction
Survey/ Slope Inter- Std Rsquare No. Index Predicted Std
Series cept Error Pts Value Value Error
Norweg 1.66 -5.75 .20 .818 6 8.81 8.85 .442
VPA Mean = 10.18 .379
Year class = 2000
I-————————- Regression---------- I I----——————- Prediction
Survey/ Slope Inter- Std Rsquare No. Index Predicted Std
Series cept Error Pts Value Value Error
Norweg 1.39 -3.22 .17 .915 7 8.00 7.94 .394
VPA Mean = 10.03 .512
Year Weighted Log Int Ext Var VPA Log
Class Average WAP Std Std Ratio VPA
Prediction Error Error
1999 14985 9.61 .29 .66 5.23 9770 9.19
2000 6124 8.72 .31 1.01 10.43 6056 8.71
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Table 2.21 Prediction with management option table: Input data
Year: 2003
Stock Natural Maturity Prop.of F|Prop.of M Weight Exploit. Weight
and M
Age size mortality  [ogive bef.spaw. |bef.spaw. in stock pattern in catch
2 6124 0.2 0.00 0 0 0.396 0.0231 0.390
3 4784 0.2 0.03 0 0 0.890 0.1126 1.145
4 5708 0.2 0.11 0 0 1.606 0.3559 1.903
5 6025 0.2 0.37 0 0 2.429 0.6151 2.640
6 3669 0.2 0.80 0 0 3.167 0.7805 3.522
7 1686 0.2 0.93 0 0 4.107 0.6420 4.434
8 1488 0.2 0.94 0 0 5.581 0.4613 5.331
9 1156 0.2 0.98 0 0 8.351 0.2732 6.365
10+ 1889 0.2 1.00 0 0 12.509 0.2732 7.495
Unit Thousands - - - - Grams - Grams
Year: 2004
Stock Natural Maturity Prop.of F |Prop.of M Weight Exploit. Weight
Age size mortality  [ogive bef.spaw. |bef.spaw. in stock pattern in catch
2 6124 0.2 0.00 0 0 0.396 0.0231 0.390
3 0.2 0.03 0 0 0.890 0.1126 1.145
4 0.2 0.11 0 0 1.606 0.3559 1.903
5 0.2 0.37 0 0 2.429 0.6151 2.640
6 0.2 0.80 0 0 3.167 0.7805 3.522
7 0.2 0.93 0 0 4.107 0.6420 4.434
8 0.2 0.94 0 0 5.581 0.4613 5.331
9 0.2 0.98 0 0 8.351 0.2732 6.365
10+ 0.2 1.00 0 0 12.509 0.2732 7.495
Unit Thousands - - - - Grams - Grams
Year: 2005
Stock Natural Maturity Prop.of F |Prop.of M Weight Exploit. Weight
Age size mortality  |ogive bef.spaw. |bef.spaw. in stock pattern in catch
2 6124 0.2 0.00 0 0 0.396 0.0231 0.390
3 0.2 0.03 0 0 0.890 0.1126 1.145
4 0.2 0.11 0 0 1.606 0.3559 1.903
5 0.2 0.37 0 0 2.429 0.6151 2.640
6 0.2 0.80 0 0 3.167 0.7805 3.522
7 0.2 0.93 0 0 4.107 0.6420 4.434
8 0.2 0.94 0 0 5.581 0.4613 5.331
9 0.2 0.98 0 0 8.351 0.2732 6.365
10+ 0.2 1.00 0 0 12.509 0.2732 7.495
Unit Thousands - - - - Grams - Grams

Basis;

38

Weight in catch 2003-2005 - average 2000-2002
Weight in stock 2003-2005 - average 2000-2002
Maturity ogive 2003-2005 - average 2000-2002

Exploit. Pattern 2003-2005 average 2000-2002 scaled to 2002
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Table 2.22

Prediction with management option table

Year: 2003 Year: 2004 Year: 2005
F Reference |Stock Sp.stock |Catch in |F Reference |[Stock Sp.stock |Catch in |Stock Sp.stock
Factor |F biomass |biomass |weight |Factor |F biomass |biomass |weight |biomass |Biomass
1 0.5984 90619  [63224 |27269 |0 0 68656 149539 0 76297  |56616
0.1 0.0598 68656 149539  |2351 73441  |54165
0.2 0.1197 68656 149539 14580 70729  |51841
0.3 0.1795 68656 149539 6696 68154 49636
0.4 0.2394 68656 149539 8705 65706  |47544
0.5 0.2992 68656 149539 10613 |63379 45557
0.6 0.359 68656 149539 12425 |61166  |43671
0.7 0.4189 68656 149539 14149 |59060 (41878
0.8 0.4787 68656 149539 15788 |57055  |40173
0.9 0.5386 68656 149539 17348 |55146  |38553
1 0.5984 68656 149539 18832 |53327 37011
1.1 0.6582 68656  |49539  |20246 [51593  |35543
1.2 0.7181 68656  |49539  |21594 49939  |34146
1.3 0.7779 68656  |49539  |22878 (48362 32815
1.4 0.8378 68656  |49539  |24103 |46856 (31546
1.5 0.8976 68656  |49539 25272 |45419 (30337
1.6 0.9574 68656  |49539  |26387 44045 |29183
1.7 1.0173 68656  |49539  |27453 42733  |28083
1.8 1.0771 68656  |49539  |28471 (41478  |27033
1.9 1.137 68656  |49539 (29444 40278  |26029
2 1.1968 68656 149539 30374 39130 |25071
- Tonnes |Tonnes |Tonnes |- - Tonnes |Tonnes |Tonnes |Tonnes |Tonnes

Basis for 2003

: Status quo fishing mortality

Table 2.23 Catch options for 2004 with corresponding total stock biomasses and spawning stock biomasses in
2005.
Basis: F(2003) =F, = 0.60; Landings(2003) = 27, 000 t, SSB(2004) = 49,500 t.
F(2004) Basis Catch 2004 (t) Total stock biomass 2005 (t) SSB 2005 (t)
0 0*Fyq 0 76,297 56,616
0.06 0.1*F, 2,351 73,441 54,165
0.12 0.2*%F, 4,580 70,729 51,841
0.24 0.4*F, 8,705 65,706 47,544
0.36 0.6*F, 12,425 61,166 43,671
0.48 0.8*F, 15,788 57,055 40,173
0.60 1.0*F, 18,832 53,327 37,011
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Figure 2.1 Norwegian Coastal cod — Coastal acoustic survey vs XSA. Age (n) in survey = age (n+1) from

XSA the year after because the surveys are conducted late autumn (1995-2002).
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Figure 2.2 Norwegian Coastal cod: Historical landings, recruitment, fishing mortality and spawning stock

biomass. Long-term yield pr recruit and spawning stock biomass per recruit. Short-term yield and

spawning stock biomass.
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3 NORTHEAST ARCTIC COD (SUBAREAS I AND II)
3.1 Status of the fisheries
3.1.1 Historical development of the fisheries (Table 3.1)

From a level of about 900,000 t in the mid-1970s, landings declined steadily to around 300,000 t in 1983-1985 (Table
3.1). Landings increased to above 500,000 t in 1987 before dropping to 212,000 t in 1990, the lowest level recorded in
the post-war period. The catches increased rapidly from 1991 onwards, stabilised around 750,000 t in 1994-1997 but
decreased to about 414,000 t in 2000. The catch in 2002 was 445,000 tonnes. The fishery is conducted both with an
international trawler fleet and with coastal vessels using traditional fishing gears. Quotas were introduced in 1978 for
the trawler fleets and in 1989 for the coastal fleets. In addition to quotas, the fishery is regulated by a minimum catch
size, a minimum mesh size in trawls and Danish seines, a maximum by-catch of undersized fish, closure of areas having
high densities of juveniles and by seasonal and area restrictions.

3.1.2 Landings prior to 2003 (Tables 3.1-3.3, Figure 3.1)
Total landings of cod in Subarea I and Divisions Ila and IIb:

Final reported landings for 2001 amount to 440,745 t. Provisional landings for 2002 are 464,271 t, which is nearly
30,000 t above the agreed quota.

Landing figures used for the assessment of Northeast Arctic cod:

The historical practise (considering catches between 62 and 67 deg. North for the whole year and catches between 67
and 69 deg. North for the second half of the year to be Norwegian coastal cod) lead to landings of Northeast Arctic cod
at 426,471 tin 2001 and 445,060 t in 2002 (Table 3.1). The landings by area, split into trawl and other gears, is given in
Table 3.2 and the nominal landings by country is given in Table 3.3. Compared to 2001, the landings in 2002 decreased
in Division IIb and increased in Subarea I (Table 3.1).

3.1.3 Expected landings in 2003

The mixed Norwegian-Russian fisheries commission agreed on a TAC of 435,000 t for 2003, including 40,000 t
Norwegian coastal cod. Since this quota is equal to the 2002 quota, it is reasonable to assume a similar catch (445,000 t)
in 2003 as in 2002.

The Working Group has no information on the size of expected unreported landings in 2003 but believes this could
continue to be a problem.

3.2 Status of research
3.21 Fishing effort and CPUE (Table Al)

CPUE series of the Norwegian, Russian and Spanish trawl fisheries are given in Table Al. The data reflect the total
trawl effort, both for Norway and Russia. The Norwegian series is given as a total for all areas (Table Al).

3.2.2 Survey results (Tables A2-AS, A10-A11, A14-A15)

a)  With respect to year class strength, the overall picture seen in the surveys is summarized as follows: the 1999,
2000, and 2002 year classes are close to average and the 2001 year class is weak. Most age groups in the fishable
stock, have increased in the last surveys compared to the year before.

Joint Barents Sea winter survey (bottom trawl and acoustics(WD 19)

The preliminary swept area estimates and acoustic estimates from the Joint winter survey on demersal fish in the
Barents Sea in winter 2003 are given in Tables A2 and A3.
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Before 2000 this survey was made without participation from Russian vessels, while in the three latest surveys Russian
vessels have covered important parts of the Russian zone. The indices for 1997 and 1998, when the Russian EEZ was
not covered, have been adjusted as reported previously (Mehl, 1999). The number of fish (age group by age group) in
the Russian EEZ in 1997 and 1998 was interpolated assuming a linear development in the proportion found in the
Russian EEZ from 1996 to 1999. These estimates were then added to the numbers of fish found in the Norwegian EEZ
and the Svalbard area in 1997 and 1998.

It should be noted that the survey conducted in 1993 and later years covered a larger area compared to previous years
(Jakobsen et al. 1997). In 1991 and 1992, the number of young cod (particularly 1- and 2-year old fish) was probably
underestimated, as cod of these ages were distributed at the edge of the old survey area. Other changes in the survey
methodology through time are described by Jakobsen ef al. (1997). Note that the change from 35 to 22 mm mesh size in
the codend in 1994 is not corrected for in the time-series. This mainly affects the age 1 indices.

Lofoten acoustic survey on spawners (WD 21)

The estimated abundance indices from the Norwegian acoustic survey off Lofoten and Vesterélen (the main spawning
area for this stock) in March/April are given in Table A4. A description of the survey, sampling effort and details of the
estimation procedure can be found in Korsbrekke (1997). There was a high proportion of first time spawners in the
survey.

Norwegian summer/autumn survey (WD 23)

Table A5 gives the results of the Norwegian bottom trawl survey in the Svalbard and Barents Sea area in
August/September (Hoines, WD 23). The results for the Svalbard area (Division IIb) have been used earlier in the XSA
tuning but have been left out in the three latest assessments. The series given for the Barents Sea covers ICES Division
ITa and IIb and the north-western part of subarea I, and thus includes the Svalbard area estimates.

Russian autumn survey (WD 24)

Abundance estimates from the Russian autumn survey (November-December) are given in Table A10 (acoustic
estimates) and Table All (bottom trawl estimates). The Russian autumn survey did not cover the Norwegian
economical zone in 2002. Indices obtained were adjusted assuming area distribution as 1998-2001 average.

International 0-group survey

Abundance indices of 0-group cod from the International 0-group survey are provided in Tables A14 and A15. It should
be noted that in 1985 some gear changes were made, and the earlier part of the time-series is now adjusted to take
account of these changes (Nakken and Raknes 1996). The abundance of 0-group cod was low in the years 1999-2001,
and average in 2002. The same pattern is observed for age 1 of the same year classes in the groundfish surveys. The 0-
group abundance in the years 1992-1997 is rather outstanding in the time-series. Among those year classes only 1994
and 1995 appear to be above average at age 3 in other surveys.

323 Age reading

The joint Norwegian-Russian work on cod otolith reading has continued, with regular exchanges of otoliths and age
readers (Introduction chapter). Within laboratory (IMR) and between laboratories (IMR-PINRO) differences in age
reading are presented in WD 11.

324 Length and Weight-at-age (Tables A6-A9, A12-A13)

Length-at-age is shown in Table A6 for the Norwegian survey in the Barents Sea in winter, in Table A8 for the Lofoten
survey and in Table A12 for the Russian survey in October-December. Weight-at-age is shown in Table A7 for the
Norwegian survey in the Barents Sea in winter, in Table A9 for the Lofoten survey and in Table A13 for the Russian
survey in October-December.

Both the joint winter survey in 2003 and the Russian autumn survey in 2002 show little change in weights for most ages
(Table A7 and A13).
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3.2.5 Maturity-at-age (Table 3.5, Figure 3.2-3.7)

Historical (pre 1982) Norwegian and Russian time-series on maturity ogives were reconstructed by the 2001 AFWG
meeting (ICES 2001/ACFM:02). The Norwegian maturity ogives were constructed using the Gulland method for
individual cohorts, based on information on age at first spawning from otoliths. For the time period 1946-1958 only the
Norwegian data were available. The Russian proportions mature at age, based on visual examinations of gonads, were
available from 1959.

Since 1982 Russian and Norwegian survey data have been used (Table 3.5). For the years 1985-2003, Norwegian
maturity-at-age ogives have been obtained by combining the Barents Sea and Lofoten surveys according to the method
described in Marshall et al. (1998). Russian maturity ogives from the autumn survey are available from 1984 until
present. The Norwegian maturity ogives tend to give a higher percent mature at age compared to the Russian ogives,
which is consistent with the generally higher growth rates observed in cod sampled by the Norwegian surveys. The
approach used is consistent with the approach used to estimate the weight-at-age in the stock (described in Section
3.3.2). The percent mature at age for the Russian and Norwegian surveys have been arithmetically averaged for all
years, except 1982-1983 when only Norwegian observations were used and 1984 when only Russian observations were
used.

At this years WG meeting several investigations into cod maturity were undertaken to address the following issues:

. the ACFM technical minutes regarding timing of the Russian survey with respect to evaluating maturity stage
(Section 3.2.5.1);

. the combination of the Barents Sea Winter survey and Lofoten survey in estimating the Norwegian maturity
ogive (Section 3.2.5.2);

. differences between maturity ogives for males and females combined versus females-only (Section 3.2.5.3);

. causes of interannual variation in proportions mature at age and the implications for stock projection (Section
3.2.5.4).

3.25.1 Timing of Russian surveys in relation to gonadal development

The technical minutes from ACFM (ICES Copenhagen, 21-30 May 2002, p.2) stated: “It was noted that estimation of
maturity stages during autumn might be difficult. The AFWG should further investigate maturity-at-age, especially how
reliable autumn values reflect the true maturity and how methods to combine maturity estimates from autumn and
spring surveys can be refined”.

Cod have group synchronous development of oocytes and are batch spawners. Usually, the development of gametes begins
4-6 months before the spawning and occurs more or less synchronously. Spawning occurs from late February to early May,
peaking in late March or early April (Ellertsen 1981; Pedersen 1984).

The Russian maturity ogives for NEA cod are based on both autumn survey data and from data collected by observers
onboard commercial vessels (November-February). Cod maturity stage is determined by visual examination of the gonads.
Cod having gonads that are not at maturity stage 3 (developing oocytes, visible with naked eye) are classified as immature.

The Russian surveys have the advantage of sampling stock in the period when immature and mature parts of cod stock
are distributed at the same area and therefore of equal availability to the survey. Moreover, the gonads of maturing fish
can be clearly distinguished from immature specimens during this time period. Thus, the Russian maturity data are
considered to be representative of the portion of the stock sampled by Russia.

To evaluate the potential for errors and biases in maturity ogives it is useful to compare the Norwegian and Russian
maturity ogives (Figure 3.2). The Norwegian maturity ogives tend to give a higher percent mature at age compared to
the Russian ogives. This is consistent with the generally higher growth rates observed in the cod sampled by the
Norwegian surveys. Despite the differences in survey timing (approximately 3 months lag between surveys) and
methodology (e.g., maturity scales), the Norwegian and Russian maturity ogives show the same temporal trends in
maturity for all age classes (Figure 3.2).

Possible intersessional work on refining the maturity ogives includes:

. review the comparability between the Norwegian and Russian maturity stages with particular reference to the
procedures used to exclude fish with uncertain maturity stages or identify individuals that may have skipped
spawning;
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. fill in gaps in the data (by regions and months) by smoothing data using appropriate weighting factors
(Lepesevich, WD 8, 2002).

3.2.5.2 Combination of Norwegian winter and Lofoten surveys

In winter the mature and immature parts of the NEA cod stock are in a large degree spatially separated from each other.
The Norwegian maturity ogives are estimated by combining data from two surveys (Barents Sea Winter survey and
Lofoten survey). For each survey the total number of mature and immature cod is determined using the acoustic
abundance estimates of total abundance and these values are then combined for the two surveys. It is not known the
degree to which the two surveys double count cod or miss counting certain components of the stock due to the
migration of the stock at this time of year. This source of error might possibly explain the discrepancy between
Norwegian and Russian proportions mature for age 6 cod (Figure 3.2). The difference between Norwegian and Russian
values is greatest when the proportions are high. One possible explanation of this tendency is that mature age 6 cod are
being over-sampled by the Winter and Lofoten surveys over-represented in the combined survey results.

It may be possible to make improvements to the methods used for combining the Winter and Lofoten surveys. This
issue should be reviewed in the coming year. However, the high degree of consistency between the Norwegian and
Russian values of maturity-at-age (Figure 3.2) suggests that the magnitude of the error is small.

Possible intersessional work on estimating the Norwegian maturity ogives includes:
. review the procedures used to combine the Barents Sea Winter survey and Lofoten survey.
3.253 Gender-dependent maturity ogives

Currently, maturity-at-age ogives are estimated for males and females combined. However, female cod grow more
slowly and therefore mature later than male cod. As a consequence of this dimorphic growth, both length- and age-
based maturity-ogives for females differ from those for males (Ajiad et al. 1999). Changes in the age and size
composition of the stock will impact the proportional contribution of females to the spawning stock and contribute to a
lack of proportionality between SSB and reproductive potential (Tomkiewicz et al. 1997). For Baltic cod, estimates of
female-only SSB give an improved stock/recruit relationship compared to the conventional (males and females
combined) estimate of SSB used by management (Koster et al. 2001).

To investigate the degree of bias introduced to estimates of SSB from using combined maturity ogives for NEA cod
Norwegian and Russian databases were used to estimate female-only SSB. The proportional contribution of females to
the SSB was compared to a reference value of 0.5 that assumes a 1:1 sex ratio in the spawning stock.

3.25.3.1 Norwegian female-only maturity

Differences in maturity ogives between combined (males and females) and female-only cod were investigated using
data from 1985 to 2001. Observations for individual cod were selected for the 1** quarter with observations for coastal
cod being excluded. Cod in maturity stages greater than 1 were classified as being mature. In constructing the ogives it
was noted that the database reverses the coding for sex for 1988.

The differences between the combined ogive and the female-only ogive are highest for ages 5 and 6 and decrease to
negligible values for older age-classes (Fig. 3.3a). The magnitude of differences for ages 5 and 6 generally falls between
0.05 and 0.15. The female-only maturity ogives for the stock (1985-2001) were then estimated by subtracting these
differences from the ogives used in the assessment (Table 3.13). For the youngest age-classes this frequently resulted in
negative values. In such cases the proportion mature was set to 0.

3.2.5.3.2 Russian female-only maturity

The Russian data are expressed as the proportion of mature individuals that are female. These values extend back to the
beginning of standardized sampling for maturity in 1959. To be comparable to both the Norwegian data and the
assessment, the proportions have been shifted forward by one year and age-class. The proportion of mature individuals
that are female increases with increasing age (Fig. 3.4). The proportions are negligible for age 3 and quite variable for
ages 4-6 and for the older age classes.
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3.25.3.3 Female-only SSB

As noted above, the Norwegian data is expressed as the proportion of females that are mature, whereas, the Russian
data is expressed as the proportion of mature fish that are female. Because of the difference in how the maturity data
were formulated the procedures used for estimating female-only SSB differed between the two countries, as is described
below.

For the Norwegian data female-only SSB was estimated as:
Female-only SSB=2Xn, x s, x m, x w,

where n, and w, are number- and weight-at-age, respectively. Both terms are identical to values used in estimating SSB.
The sex ratio at age (s,) expresses the proportion of females and was determined from the same Norwegian databases
that were used to estimate the maturity ogives. The m, represents the proportion of females that are mature for a given
age.

Sex ratios of 1:1 were assumed for cod younger than age 8. For cod age 8 and older modelled values were used (Fig.
3.3b). These show the proportions of females to increase with increasing age. The proportion of females is often lower
than 0.5 for age classes younger than 8 (Ajiad and Aglen, unpublished Working Document to SGPA December 2002).
However, this tendency is likely an artefact resulting from the differential catchability and availability of males.

The Russian female-only SSB differed in its formulation of female-only SSB because maturity data was expressed as
the proportion of mature individuals who were female (p,) rather than the proportion of females who were mature.
Consequently, female-only SSB for the Russian data was estimated as:

Female-only SSB =% n, x m, X p, X w,

where n,, m,, and w, are number-, maturity- and weight-at-age, respectively. These terms are identical to values used in
estimating SSB.

3.25.34 Temporal trends in female-only SSB

If both sexes contribute equally to the SSB then contribution of females to the SSB should fluctuate randomly about a
value of 0.5. However, both the Norwegian and Russian estimates show a strong tendency for the proportion of female-
only SSB to be less than 0.5 (Fig. 3.5). The time trends in the Norwegian and Russian estimates are reasonably
synchronous despite differences in their formulation. Females made an especially low (approx. 25%) contribution to
SSB in the years1987-1989. Thus, SSB overestimates the reproductive potential of the stock in those years by a
considerable margin. Low ratios were also observed in 1994, 1995, 2000 and 2001.

The temporal trends in female-only SSB are driven by the trends in the age composition of the spawning stock (Figure
3.5). Lower mean age of the spawning stock reduces the contribution of females to the spawning stock. This is not
accounted for using SSB as an index of reproductive potential. Thus, SSB contains a systematic source of error that is
related to the variable size and age composition of the stock. The WG should consider alternative formulations of
reproductive potential that include information on sex ratios and gender-specific proportions mature. These alternative
formulations should be compared to SSB as well as to recruitment to see if improvements to the stock/recruit
relationship are possible, such as has been observed for Baltic cod.

Future work on estimating reproductive potential includes:
. to develop a full time-series of female-only maturity ogives that can be used to estimate female-only SSB.
3.2.5.3.5 Status of research on reproductive potential of NA cod

Research is ongoing into developing alternative indices of reproductive potential for NEA cod (Marshall et al. 1998).
This research is benefiting from the improved accessibility of both Norwegian and Russian databases.

Preliminary estimates of total egg production were presented to the WG (Needle and Marshall WD#2). These estimates
require further refinements before being considered as final. These refinements include: a) developing female-only
maturity ogives for the full time period (1946-2001); b) refinements to the method of hindcasting fecundity and c)
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developing a model to incorporate maternal effects on egg viability. Female-only SSB will also be estimated for the full
time period. Time-series for female-only SSB and total egg production should be available by next years WG meeting.
Additionally, software tools are being developed to estimate alternative indices of reproductive potential from standard
assessment output and link this information to both recruitment and medium-term stock projections (Needle and
Marshall WD#2).

3.254 Potential causes of interannual variation in maturity ogives

The maturity ogives used for the medium-term stock projections have a considerable impact on the forecasted SSB
values. Average values are used, however, it would be advantageous to identify factors contributing to variation in
maturity ogives. Ongoing research into the growth dynamics of Northeast Arctic cod has shown that there is a positive
relationship between weight-at-length and maturity-at-length (ICES CM 2003/D:01). Similarly, there is a positive
relationship between weight-at-age and maturity-at-age for age-classes 4 to 7 (Fig. 3.6). Liver weight estimates (g) for a
70 cm cod (derived from the Russian liver condition index and age/length keys described in Marshall and Needle
WD#3) show a significant, positive relationship with the proportion of mature age 7 cod for the time period 1984 to
2001 (Figure 3.7). During this time period liver weight varies from a historical low in 1988 (108 g) to a historical high
in 1991 (260 g). Both Figures 3.6 and 3.7 results are consistent with bioenergetic studies showing that maturation rates
of cod reflect their growth history.

The 2003 maturity-at-age values for age classes 6 and 7 are slightly lower than those for 2002. The decreasing trend
may continue in the short-term particularly given the high levels of biomass. Short-term projections of maturity-at-age
should therefore be consistent with forecasts for weight-at-age, liver condition and potentially capelin stock biomass.

Possible future work on projecting maturity ogives includes:

. model the link between liver weights and maturity using available data resources and establish a method for
predicting liver weights in the upcoming year. This research can take advantage of the links between capelin
stock biomass and liver condition.

33 Data used in the assessment
331 Catch-at-age (Tables 3.8, 3.9 and 3.10)

For 2001 final total landings for all countries only differed by 31 tons to those used in last year’s assessment. Some
Norwegian trawl catches were moved from area Ila to IIb and some Icelandic catches were moved from area I to Ila.
This lead to very minor adjustments of the number-at-age in the 2001 landings. For 2002, age compositions for all
areas were available from Norway (by gears) Russia and Spain. German catches were sampled for some areas and
quarters. For the unsampled areas and quarters German catches were distributed on ages by use of Russian or
Norwegian trawl samples. Age compositions of the total landings were calculated separately in Subarea I and Division
IIa and IIb by using the age compositions that were available and raising the landings from other countries by Russian
trawl (Subarea I and Division Ila), and by Norwegian trawl (Division IIb).

Table 3.8 show available catch-at-age data for all ages 1-15+. The catch numbers shown in Table 3.10 together with
cannibalism figures (Tables 3.9) were used in the XSA tuning.

3.3.2 Weight-at-age (Tables 3.4 and 3.11-3.12)

The weights-at-age in stock and catches for the age group 13+ was calculated by the IFAP system when ages 13,14 and
15+ were merged.

Catch weights

For 2001, the mean weight-at-age in the catch (Table 3.11) was calculated as a weighted average of the weight-at-age in
the catch for Norway, Russia, Germany and Spain. The weight-at-age in the catch for these countries is given in Table
3.4.
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Stock weights

The technical minutes from ACFM May 2001 raise the question about weight-at-age for ages 12 and 13+. Since these
ages are scarce in the survey samples, fixed values for ages 12 to 15+ has been used (set equal to typical weights for
these ages observed in catches). The IFAP data base has been updated for all ages 1-15+ with these fixed values for
ages 12-15+. When the assessment applies 13 as plus group, the 13+ weights is calculated year by year as a weighted
mean of the fixed values by older ages.

For ages 1-11 stock weights-at-age a (W,) at the start of year y for 1983-2002 (Table 3.12) were calculated as follows:

Nnbar,a Wnbar,a + Nlof,a Wlof ,a

Wa = O.S(W/}us,a—l +( Nubar.a +Nlof a

)

where

W,us.a-1: Weight-at-age a-1 in the Russian survey in year y-1 (Table A13)

Nuar. - Abundance at age a in the Norwegian Barents Sea acoustic survey in year y (Table A2)
Wpara - Weight-at-age a in the Norwegian Barents Sea acoustic survey in year y (Table A7)
Nyora - Abundance at age a in the Lofoten survey in year y (Table A4)

Wi - Weight-at-age a in the Lofoten survey in year y (Table A9)

333 Natural mortality

A natural mortality of 0.2 was used. In addition, cannibalism was taken into account as described in Section 3.4.2. The
proportion of F and M before spawning was set to zero.

3.34 Maturity-at-age (Tables 3.5 and 3.13)

As noted in Section 3.2.5, arithmetic averages of the Russian and Norwegian maturity-at-age values were used for
1985-2002.

3.3.5 Tuning data (Tables 3.14 and 3.15)

The following surveys and commercial CPUE data series was used for initial tuning runs by single fleets:

Name Place Season Age Years
Fleet 17  Russian bottom trawl surv.  Total area Autumn 3-8 1982-2002
Fleet 09  Russian trawl CPUE Total area Allyear  9-12 1985-2002
Fleet 15  Joint bottom trawl survey =~ Barents Sea Winter 3-8 1981-2003
Fleet 16  Joint acoustic survey Barents Sea + Lofoten =~ Winter 3-11 1985-2003 (Table A16)

Table 3.15 and Figure 3.8 shows a comparison between the fleets. The table show some differences between fleets, and
concerns were raised regarding increased uncertainty in fleet 16 and 17. Table 3.15 show the effect of removing the
latest observations in these fleets. It also show the effect of increasing the weight on shrinkage (reducing the minimum
SE for shrinkage), and the effect of changing ages for stock size dependent catchabilities. The conclusion was to keep
the tuning settings used in previous assessments. Plots of log-catcability residuals are shown in Figures 3.12-3.14.

The output tables from the tuning include ages 1 and 2, just to show the year class abundance at age 1 and 2 created by
the cannibalism numbers used in the tuning.

As in earlier assessments the surveys that were conducted during winter were allocated to the end of the previous year.
This was done so that data from the surveys in 2003 could be included in the assessment. Some of the survey indices
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have been multiplied by a factor 10. This was done to keep the dynamics of the surveys even for very low indices,
because XSA adds 1.0 to the indices before the logarithm is taken.

Tuning of the VPA was carried out with XSA using default settings with the following exceptions:
1. Tapered time weighting power 3 over 10 years

2. Catchability dependent of stock size for ages less than 6

3. F of the 2 oldest age groups used in F shrinkage

4. Standard error of the mean to which estimates are shrunk set to 1.0

These settings are identical to those used by last years Working Group.

3.3.6 Recruitment indices (Tables 3.6 and 3.7)

The survey data on ages 0,1 and 2 in the autumn survey and ages 1,2 and 3 in the joint winter survey are not used in the
XSA, and are instead used to estimate the year class strength at age 3 by making regressions with VPA estimates of
recruitment at age 3 (the RCT3-program in the ICES software). The input is shown in Table 3.6, and the output is
shown in Table 3.7.

3.3.7 Cannibalism

The method used for calculation of the consumption is described by Bogstad and Mehl (1997). It should be noted that
the temperature is used in these calculations. The estimates were obtained as follows:

The cod stomach content data were taken from the joint PINRO-IMR stomach content database (methods described in
Mehl and Yaragina 1992). On average 7,500 cod stomachs from the Barents Sea have been analysed annually. The
stomachs are sampled throughout the year, although sampling is less frequent in the second quarter of the year. The
consumption calculations have been updated by data for 2002 as well as additional data for 2001. The Barents Sea was
divided into three areas (west, east and north) and the consumption by cod was calculated from the average stomach
content of each prey group by area, half-year and cod age group.

The number of cod predators at age is taken from the VPA, and thus an iterative procedure has to be applied (Section
3.4.2). It was assumed that the mature part of the cod stock is found outside the Barents Sea for three months during the
first half of the year. There were very few samples of the stomach contents of cod in the spawning areas. Thus,
consumption by cod in the spawning period was omitted from the calculations. It is believed that the cod generally eats
very little during spawning, although some predation by cod on herring has been observed close to the spawning areas.
The geographical distribution of the cod stock by season is based on Norwegian survey data. The total number of cod
ages 0—6 (million) consumed is given in Table 3.9. Alternative calculations of the number of cod consumed by cod,
giving somewhat different results, were presented in WD 6.

3.3.8 Prediction data (Tables 3.23 and 3.28, Figure 3.9)

The input data to the short-term prediction with management option table (2003-2005) are given in Table 3.28. For
2003 stock weights and maturity were taken from surveys as described in Sections 3.3.2 and 3.3.4.

Catch weights in 2003 onwards and Stock weights in 2004 onwards are predicted by the method described by Brander
(2002), where the latest observation of weights by cohort are used together with average annual increments to predict
the weight of the cohort the following year.

For Catch Weights average annual increments by age were calculated for the period 1994-2001 (based on weights for
the period 1994-2002), and for Stock Weights average annual increments by age were calculated for the period 1995-
2002 (based on weights for the period 1995-2003).

A preliminary prediction indicated further increase of stock size to levels which in earlier years have been associated
with reduced maturation, and the observed maturity in 2003 is slightly lower than in 2002 (see section 3.2.5.4). It was
therefore decided to assume a reduced maturation for 2004 and later years. It was decided to use last 20-year average
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(1984-2003). The exploitation pattern in 2003 and later years was set equal to the 2000-2002 average. The reference F
were set equal to the 2002 value (no 3 year averaging) since the two latest assessments have indicated a recent declining
trend in reference F.

The stock number-at-age in 2003 was taken from the final VPA (Table 3.23) for ages 4 and older. The recruitment at
age 3 in year 2003 and later was estimated from surveys (section 3.3.6). Fig. 3.9A shows the development in natural
mortality due to cannibalism for cod (prey) age groups 1-3 together with the abundance of capelin in the period 1984-
2002. It is seen that the level of cannibalism is inversely related to the capelin abundance. Because the capelin
abundance is expected to change rather little from 2002 to 2003, the natural mortality due to cannibalism (M2) in 2003
and later years was set equal to the 2002 values.

34 Methods used in the assessment
34.1 VPA and tuning

For several years each new assessment of this stock has shown a considerable downward revision in population size.
This has been clearly shown both in the Quality Control Diagrams and in the retrospective analysis presented by earlier
Working Groups. In the assessments in August 2000, several changes in model settings and data choices were made,
and since then the retrospective analysis has considerably improved, and the Quality Control Diagrams now indicate
rather consistent assessments since 1999.

There were no changes in the present assessment method compared to last year.
34.2 Including cannibalism in the VPA (Tables 3.16-3.20, 3.22)

As a starting point the number of cod consumed by cod were estimated from the stock estimates in the last assessment.
Then the number consumed was added to the catches used for tuning. The resulting stock then lead to new estimates of
consumption. This procedure was repeated until the revision of consumed numbers for the latest year (2002) differed
less than 1% from the previous iteration.

The tuning diagnostics from VPA with cannibalism are given in Table 3.16 and the total fishing mortalities (true fishing
mortality plus mortality from cannibalism) and population numbers in Tables 3.17 and 3.18.

In order to build a matrix of natural mortality which includes predation, the fishing mortality estimated in the final XSA
analyses was split into the mortality caused by the fishing fleet (true F) and the mortality caused by cod cannibalism
(M2 in MSVPA terminology) by using the number caught by fishing and by cannibalism. The new natural mortality
data matrix was prepared by adding 0.2 (M1) to the M2. This new M matrix (Table 3.19) was used together with the
new true Fs to run the final VPA on ages 3-13+. M2 and F values for ages 1-6 in 1984-2002 are given in Tables 3.20
and 3.22. The values for the 2000 and 2001 year classes (age 1 in 2001 and ages 1 and 2 in 2002) are removed because
they depend on the RCT3 estimates of these year classes.

Cannibalism on cod age 3 and older may of course also have occurred before 1984. Thus, there is an inconsistency in
the recruitment time-series. For comparison with the historic time-series an additional VPA with the same terminal Fs
and fixed natural mortality (0.2) is presented (Table 3.27).

Figure 3.9B shows the survey mortality for age 1-2 and 2-3 from the Norwegian bottom trawl survey (Table A3),
compared to the mortality calculated for age 1 and 2 by the XSA with cannibalism (Table 3.20 and 3.22). It is seen that
the variation over time and also the absolute level of survey mortality and the mortality calculated from the XSA are in
good correspondence with each other, particularly for age 2. As the survey estimates for ages 1-3 are not used in the
tuning, these values of calculating mortality should be independent.

35 Results of the assessment
3.5.1 Fishing mortalities and VPA (Tables 3.21-3.26, Figures 3.1)

The estimated Fs_join 2002 is higher than predicted with TAC constraint last year (0.70 vs. 0.65), while the spawning
stock biomass in 2002 is estimated to be 505,000 t, which is well above last year’s assessment (430,000 t). The SSB in
2003 is 653,000 t, compared to 430,000 t in the prediction made last year.
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Figure 3.10 shows the results of a retrospective analysis when cannibalism is taken into account. The number of cod
consumed by cod was not recalculated year by year in the retrospective analysis, however. The fishing mortalities and
stock numbers are given in Tables 3.21 -3.23, while the stock biomass at age and the spawning stock biomass at age are
given in Tables 3.24-3.25. A summary of landings, fishing mortality, stock biomass, spawning stock biomass and
recruitment since 1946 is given in Table 3.26 and Figures 3.1A and 3.1B.

3.5.2 Recruitment (Table 3.6- 3.7)

From the RCT3 calculations the estimated number (millions) of recruits at age 3 is 681 millions for the 2000 year class,
308 millions for the 2001 year class and 664 millions for the 2002 year class. A comparison of these results with the
results of other recruitment models is given in Section 1.4.1.1.

3.6 Reference points

During the 2001 WG considerable revisions of maturity-at-age and weights-at-age were introduced. As a consequence.
the PA reference points for Northeast Arctic cod have to be revised. They have been debated for several years and the
AFWG 2002 agreed that a special meeting devoted to a full discussion of the PRP for Northeast Arctic cod needed to
resolve the matters. In accordance with framework proposed by ICES and developed further at the December 2002
meeting of SGPA the revision of PA reference points for NEA cod was done during the special meeting SGBRP (see
Introduction). AFWG proposes these values to be adopted by ACFM

3.6.1 Biomass reference points (Figure 3.1)

The values in current use are By, =112,000 t (lowest observed in the 1997 assessment) and B,, = 500,000 t (former
MBAL).

The new values are By, =220,000t, B,, = 460,000t. (ICES 2003/ACFM:11).

3.6.2 Fishing mortality reference points

The SGPAFM (ICES 1998/ACFM:10) suggested the limit reference point Fj;,=F .4 for Northeast Arctic cod, haddock,
and saithe. A precautionary fishing mortality (F,,) is then defined as F,= Fiime %% (6 = 0.2-0.3). The 1998 WG,
however, found that setting Fy;,=F,.q did not correspond very well with the exploitation history for cod. The median
value for Fy,, was estimated at 0.70, and the 5" percentile of this value was adopted as a precautionary reference fishing

mortality (F,,=0.42) by the WG in 1998. Since 1998 ACFM has used Fiin=F,s=0.70 and F,, =0.42. This value of F,
corresponded both to the upper 5 percentile of F.s and to o = 0.3 in the equation above.

With the revisions of the time-series made at the 2001 WG meeting, the F reference points relating to the stock-
recruitment—plot needed to be reconsidered. The new values estimated by SGBRP are Fy;,, = 0.74 and F,, = 0.40 (ICES
2003/ACFM:11).

3.7 Catch options (Tables 3.29-3.30)

Catch options are presented in Table 3.29. The detailed outputs corresponding to Fyq in 2003 and F,, in 2004 and 2005
is given in Table 3.30.

In Figure 3.1 the catch level in 2004 and spawning stock biomass level in 2005 are plotted against the fishing mortality
in 2004.

3.8 Medium-term forecasts and management scenarios
3.8.1 Input data (Table 3.28)

The simulation period was 2003-2007. The input data were the same as used for the short-term predictions, using the
same data for the years after 2005 as for 2005 (Table 3.28). The abundance of the 2003 and 2004 year classes at age 3
was set equal to the long-term average of 600 million individuals.
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38.2 Methods

It was decided to limit the risk analysis for Northeast Arctic cod to a single-species analysis, where only uncertainty in
the initial stock estimate and the recruitment is taken into account. The uncertainty of the stock estimate in 2003 and
later years was modeled using a lognormal distribution with a standard error on log scale of 0.3 for all ages. This value
is somewhat above the external standard error from the XSA, in recognition of the risk of bias in the assessment, which
has been observed in previous years. The errors in numbers-at-age are assumed to be uncorrelated. A modified version
of the general-purpose @RISK simulation spreadsheet previously used for studying harvest control rules for Norwegian
Spring-spawning herring by the WGNPBW (see e.g. ICES C. M. 1997/Assess:14) was used in the simulations. 2000
simulations were performed for each harvest control rule.

3.8.3 New harvesting strategy adopted

At the 31 session of The Joint Norwegian-Russian Fishery Commission in autumn 2002, the Parties agreed that the
new harvesting strategy for Northeast Arctic cod and haddock should incorporate the following considerations:

. to prepare the basis for a long-term high yield of the stocks
. the desirability to obtain a high degree of stability in the TAC from year to year
. full utilization, at all times, of the most recent information available on the stock development

On this basis, the Parties determined the following decision rule for setting the annual fishing quota for Northeast Arctic
cod from 2004 onwards:

. estimate the average TAC level for the coming 3 years based on F,,. TAC for next year will be set to this level as
a starting value for the 3 years period

. the year after, the TAC calculation for the next 3 years is repeated based on updated information about the stock
development, though such that the TAC should not be changed by more than +/- 10% compared with the
previous year’s TAC.

. if the spawning stock falls below B,,, the Parties should consider a lower TAC than according to the decision
rule above.
3.84 Comments to the new harvesting strategy

First, a clarification concerning the constraint on the change in quota from one year to the next is needed. It is not
entirely clear whether the constraint of a maximum change of 10% from year to year also applies to the setting of the
TAC for 2004. In the following, applying this constraint to the 2004 TAC (less than 10% different from the 2003 TAC)
is denoted as catch rule 1, while not applying this constraint to the 2004 TAC is denoted as catch rule 2.

The appropriateness of the maximum percentage change will be evaluated by a dedicated working group appointed by
the Joint Norwegian-Russian Fisheries Commission before a final decision is made. However, the AFWG notice that
the stock fluctuations from year to year may exceed +/- 10%. An attempt to retain catch variations within the 10% may
entail both underfishing and overfishing of the stock. It is necessary to test the decision rule with simulation models in
order to consider various scenarios of SSB dynamics (both for an increasing and decreasing stock situation). This work
needs to be done before the rule is adopted.

A “multi-annual” rule as described above for setting the TAC for Northeast Arctic cod has not previously been
considered by ICES Working and Study Groups. Some general points relating to such rules were noted:

According to the ACFM form of Advice any target F should be below F,, to be in accordance with the Precautionary
Approach .The medium-term prognosis shows that the new strategy will not always keep F at below F,,. The reason is
that when F=F,, is applied for a three-year period, the stock will in many cases increase, so that the catch corresponding
to F=F,, will also increase during the period. When applying the 3-year averaging method to find the TAC in the first
year, this will thus be higher than the TAC corresponding to F= F,, in the first year.
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Involving the medium-term prognosis (three years into future) in the setting of quotas for next year also introduces
additional uncertainty due to uncertainty in the prognosis of growth, maturation, recruitment and mortality. Thus, the
fishing mortality associated with a multi-annual TAC rule may have to be set lower than F,, in order to ensure the same
probability of avoiding limit values. The ICES should provide guidelines on how to evaluate the effect on multi-annual
TAC rules on reference points.

The Working Group did not have available software which could perform a risk analysis applying the agreed harvest
control rule.

3.85 Results (Figure 3.11)

In all runs F status quo was used in 2003, with various options for 2004 and later years. The text table below shows the
average catch in the period 2004-2006 and the probability of SSB to be below B,, = 460 000 tonnes in 2007 for the
various catch options. Risk profiles for the total stock biomass, spawning stock biomass and catch are shown in Figs
3.11a-c.

Basis 2003: F status quo=0.70

F Basis, 2004-2006 Average catch P (SSB<B,,)
2004-2006 (annual catches in | in 2007
brackets)

0.00 0 0 <5%

0.25 0.36*F,, 361 (265-366-452) <5%

0.40 F,, (=0.57*F,) 486(400-498-560) <5%

Catch rulel: 10%>03TAC 480 (435-479-527) N/A
Catch rule 2 528(486-529-569) N/A
0.70 1.0*F 634(629-646-627) 14%

Short-term catch forecast based on status quo fishing mortality in 2003:

Basis 2003: F=F;=0.70, Catch=578000 t, leads to SSB2004=652000 t

F Basis Landings 2004 | SSB 2005 P (SSB< B,,) in 2007
0.00 0 0 1189 <5%
0.25 0.36*F,, 265 967 <5%
0.40 F,. (=0.57*Fy) 400 856 <5%
0.44 Catch rulel (=0.63*F,): 10%>03TAC 435 829 N/A
0.50 Catch rule2 (=0.73*F,,) 436 788 N/A
0.70 L.0*F,, 629 677 14%

It should be noted that for catch rule2, the constraint of maximum 10% change from year to year does not affect the
catch in 2005 and 2006, while for catch rule 1, the constraint of maximum 10% change from year to year limit the catch
both in 2004, 2005 and 2006.

3.8.6 Management considerations

The spawning stock in 2003 is above B,, , and is predicted to grow further in 2004. The fishing mortality has decreased
somewhat, but is still close to Fii,.

The forecasts indicate that fishing at F,, in 2004 (400,000 t) allows for further stock increase in 2005, and the medium-
term projections indicate that there is high probability that the stock will remain above B, the following two years.

The catch rule in its present form (Section 3.8.3) is not sufficiently specified to be in agreement with the precautionary
approach. It does not clearly specify the actions to be taken to ensure that the stock rebuilds in case it falls below B,
and the rule could allow the F to be above F,, for long periods. The rule might be considered to be in agreement with
the precautionary approach if sufficient action for a quick rebuilding above By, is specified.
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The main criteria to be fulfilled for satisfying the precautionary approach is that the probability for SSB>By, is kept
high (90-95%). Comprehensive simulations would give information on the additional specifications needed for the rule
to meet this criterion.

It is therefore advised that the F in 2004 should be below F,, corresponding to landings less than 400,000 tonnes. If the
catch rule is adjusted and proved to be in agreement with the precautionary approach, the landings could be set by the
rule.

It should be noted that the current assessment might be over-optimistic (see below). Compared to the prediction above,
an assessment based on the Joint bottom trawl survey index alone (Fleet 15 in Table 3.15) gives a prediction with 30%
lower spawning stock and 21% lower F,-catch in 2004. These values for 2004 are within the 10%-90% percentile
range shown in the probabilistic projections shown in Figure 3.11.

39 Comments to the assessment (Figures 3.10-3.16, Table 3.31).

There are indications of reduced precision of the latest surveys compared to those in the previous 2-3 years. The
Russian autumn survey was not allowed to cover the Norwegian Zone, and at the Joint winter survey, the fish appeared
to be more patchy distributed than in recent years. Concerns were raised that at least some of the surveys might have
over-estimated the stock.

Previous Working Groups have been concerned about possible discarding and under-reporting (Introduction, and
ACFM CM 2001/ACFM:02). The Working Group expresses serious concerns that mis-reporting and discarding of
similar magnitude still continues (Sokolov, WD9). This creates uncertainties in the catch statistics and undermines the
basis for the assessment and catch predictions. This is a strong reason for additional precaution when setting quotas. It
also calls for an evaluation of the current management and catch control systems.

A time-series of discard estimates for cod was presented at the 2002 WG (Dingser, 2001). Some results are shown in
Table 3.31. The later part of this time-series overlaps with the period reported in WD 9. The results in the overlapping
years differ considerably. The discrepancies should be analysed before these time-series are used in the assessment.

3.9.1 Comparison of this year’s assessment with last year’s assessment.
Retrospective plots of F, SSB and recruitment are shown in Figure 3.10.

The text table compares this years estimates with last years estimate for the year 2002 for number-at-age, total biomass,
spawning biomass and reference F-values, as well as reference F for the year 2001.

2002 F(2002)
F(2001) Jage3 age4 age5 age6 age7 age8 age9 agel0 TSB SSB C.cons/Fy
2002ass 0.84 278 361 315 157 73 16 2.1 1.00 1343 430 0.65/0.84
2003 ass  0.83 498 385 360 193 83 20 2.8 0.74 1593 505 0.7
ratio 0.99 1.79 107 1.14 123 114 125 133 0.74 1.19 1.17 1.08/0.83

The reference F in 2001 is nearly unchanged, and the F in 2002 is near the F corresponding to the catch constraint and
somewhat below the assumed Fy,. The upward revision of stock numbers and biomass in 2002 seems contradictory to
the agreements among Fs. A further shift in exploitation pattern towards older fish seem to be the main reason why the
increased stock numbers have not lead to decreased reference F. Compared to the catch constrained prediction from the
2002 assessment the new Fs at age for 2002 are lower for ages 5-6 and higher for ages 9-10.

For comparison the retrospective pattern for F(4-8) is also shown (Fig. 3.10B). This show considerably less between
year revision than the F(5-10), particularly some years back in time. This is most likely caused by some sampling noise
associated with the age groups 9 and 10, which in some years are rather scarce in some fishing fleets and survey fleets.
It could be considered to change the age range for the reference F for this stock.
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3.10 Alternative assessment methods (Fleksibest)
3.10.1 Introduction

A complete description of the mathematical formulations used in Fleksibest is given in Froysa et al. (2002). Fleksibest
is a length-structured extension of the type of age structured assessment models sometimes termed ‘statistical catch-at-
age analysis’ (Fournier and Archibald, 1982; Deriso et al., 1985). As last year, a complete assessment including a
medium-term prediction is presented for comparison with the XSA assessment. An outline of the plans for future work
on Fleksibest is given in the Introduction section.

3.10.2 Stock assessment using Fleksibest
3.10.2.1  Model structure

A quarterly time step is used. The model is run for the period 1.quarter 1985- 1.quarter 2003. The cod stock is divided
into an immature (ages 3-10, lengths 15-105 cm) and a mature part (ages 4-12+, lengths 55-135 cm). Maturation takes
part in the fourth quarter each year. 1 cm wide length groups are used in the model, and 5 cm wide length groups in the
survey and catch data files.

3.10.2.2  Data used
Survey data

The Norwegian summer bottom trawl survey was not included in the Fleksibest assessment this year, in order to be
consistent with the XSA assessment. Otherwise, the same surveys as in last year’s assessment were used. Some age and
length groups with few or very noisy observations are deleted from some surveys. The table below shows the year, age
and length range for the surveys used.

Survey Quarter | Year range Age range Length Stock covered
range

Norwegian winter bottom | 1 1985-1993 3-9 20-90 cm Immature

trawl

Norwegian winter bottom | 1 1994-2003 3-9 20-90 cm Immature

trawl

Norwegian winter acoustic | 1 1985-1993 3-9 20-90 cm Immature

Norwegian winter acoustic | 1 1994-2003 3-9 20-90 cm Immature

Lofoten acoustic 1 1985-1989 5-12+ 55-110 cm Mature

Lofoten acoustic 1 1990-2003 5-12+ 55-110 cm Mature

Russian bottom trawl 4 1985-1993 and 1995- | 3-8 21-106 cm Immature and
2002 mature

The Norwegian winter survey in the Barents Sea (bottom trawl and acoustic indices) was split into two time periods
because of the change of gear and increase in area coverage in 1994 (Jakobsen et al., 1997). The Lofoten acoustic
survey was split into two periods because of the change of echosounder in 1990 (Korsbrekke, 1997). The 1994 data
from the Russian bottom trawl survey gave extremely high residuals and were removed. The XSA also indicates a bad
fit for this survey in 1994.

Catch data

As last year, it was decided to treat the gillnet fishery separately from the other fleets, as this fleet is fishing on much
larger fish than the other fleets. It was also attempted to treat the Russian trawl fleet separately, but in the final run, this
fleet was combined with the non-gillnet Norwegian fleets, just like last year. This is further discussed in Section 3.10.3.
Thus, we use catch in numbers-at-age and length by quarter from the following two fleets:

e Combined fleet: All Norwegian fleets except gillnet (Danish seine, handline, longline, Norwegian trawl)+ Russian
trawl

e  Gillnet
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Data for 1985-2002 are used, for length groups 15-135 ¢cm and ages 3-12+.
In addition, two fleets contribute to the fishing mortality in the model, with assumed mortality parameters.

Third countries. The ratio between partial F for this fleet and of the combined fleet is the same as the ratio between the
catch in tonnes for these fleets, for each year.

Overfishing. In 1990-1994, the Working Group included estimates of unreported landings (assumed to have the same
age distribution as the total reported landings) in the assessment. To account for this we have introduced an
‘overfishing’ fleet which fishes (with the same selection as the combined fleet) in these years. The partial F for this fleet
is estimated for each of the years 1990-1994 is estimated.

Consumption data

Data on the consumption (kg/time step) of cod by cod for the period 1985-2002 calculated in the same way as in
Bogstad and Mehl (1997). The data are given by predator age group and prey length group.

Differences between data used in XSA and in Fleksibest

It should be noted that there is some difference between the tuning series used is XSA and in Fleksibest. The older part
of all the survey time-series are downweighted in XSA. In Fleksibest, all years are given the same weight, but the
Norwegian winter bottom trawl survey, the Norwegian winter acoustic survey and the Lofoten survey are split into two
time periods. Also, the Norwegian winter acoustic survey and the Lofoten survey are combined in XSA, but not in
Fleksibest.

3.10.2.3  Model assumptions
The Pearson function, which is scale dependent, was used as an objective function.

The length selectivity was assumed to be a linear function of length for all surveys except for the Lofoten survey. The
slope of this function is close to zero for all the surveys. For the Lofoten survey and for the commercial fleets a logistic
length selection curve was assumed.

Linear mean growth in length, variable by year, was assumed. The ratio between the growth rate of mature and
immature fish was assumed to be the same for all years.

The maturation parameters were set to values giving slightly lower values for maturity-at-age than in the input to the
XSA. However, as the mean weight of mature fish is higher than that of immature fish, the proportion of the biomass,
which is mature, is quite similar. A large discrepancy is observed for 1987, when the condition factor was very low.
This could possibly be accounted for by also including the condition factor in the maturation function.

The values of the contribution to the objective function from catches were upweighted with a factor of 20 compared to
the surveys in order to get approximately the same contribution to the total value of the objective function for both
groups of data sources. Also, consumption data were downweighted in the estimations, for the same reasons as given in
the 2001 AFWG report. The effect of changing the weighting of the different data sources was investigated during the
2001 AFWG meeting and was not studied this year.

3.10.2.4  Optimization algorithm

A combination of the Simulated Annealing and Hooke & Jeeves algorithms was used. Repeated searches with the
combination of these algorithms were performed, starting at the optimum found during the previous search. Sensitivity
tests indicate that a minimum was found for the key run.

Changes from last year:

. 1 cm length classes

. Beta-binomial distribution used to model distribution of length growth
. Different handling of Russian length distributions

. Norwegian summer survey excluded
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° Catch in tonnes likelihood included
lem length classes

The model has been altered to use lcm length classes rather than the previous 2.5cm ones. This allows for a more
accurate modelling of the length distribution of modelled fish, in particular it allows for more accurate modelling of the
actual distribution of growth in each time step. The previous 2.5cm length classes were too large to capture this
distribution accurately (with almost all fish growing by 0, 1 or 2 2.5cm classes each time step). It should be noted that
this is a change to the internal model dynamics, and does not directly affect the comparison with the data.

Beta-binomial distribution describing distribution of length growth

The look-up table for determining how many length groups the fish will grow when the mean growth is given, has now
been replaced with a fully modelled distribution, controlled by an optimizable parameter. The distribution is controlled
using the beta-binomial distribution, with a single optimized parameter, in the same way as described by Bjérnsson and
Sigurdsson (2003). Separate parameters are used for the mature and immature population groups in order to capture the
different dynamics of the two stocks.

Handling of Russian length distributions

The Russian catch and survey data have always been given on length classes which are shifted 1cm compared with the
Norwegian data (21-25 cm instead of 20-24 cm etc.). Previously, this has been ignored, and the Russian data have been
assumed to be given on the same length groups as the Norwegian data. With 1cm wide model length classes, the correct
length distribution can be used for the Russian data. This was done for the Russian survey data, but not for the Russian
catch data (see below).

Catch in tonnes likelihood

In order to compare the observed and modeled catch in tonnes, a new likelihood function has been included in
Fleksibest. This is simply the sum of squares of the difference between the observed (Cyqr) and modeled (Cyq ) catch
in tonnes, for each year y, quarter ¢ and fleet f:

A 2
(Cy,q»f - Cy,q,f)

The observations available for a given fleet are, in addition to the catch in tonnes, length distributions and age
distributions for given length. Such proportions at length and age should be used when comparing model results and
observations, as done by Bjornsson and Sigurdsson (2003). They should be supplemented by the catch in tonnes
likelihood described above. This year the catch in tonnes likelihood was only used to determine the fishing mortality for
the ‘overfishing’ fleet in the years 1990-1994 by comparing the modeled to the ‘observed’ overfishing in tonnes for
these years.

3.10.2.5  Estimates of parameters outside the model

The mean length-at-age and the standard deviation of the mean length-at-age for all age groups of immature and mature
fish in the first year and for age 3 in all years were taken from survey data. The SD of mean length of mature in the first
year was not available, and was set to values obtained during previous estimations. The number of fish in the first year
in age groups with low abundance was fixed. The residual natural mortality was set to 0.2. The maturation function was
given values consistent with the work by Ajiad et al., (1999). The weight-length relationship used is the same as for
Norwegian commercial catch data. This relationship is variable by quarter and year. The parameters governing size
selectivity in cod cannibalism were set to the values given by Bogstad (WD 15, AFWG 2001).

3.10.3 Results from the assessment (Tables 3.32-3.33, Figures 3.17-3.18)
Choice of key run

In order to take into account the lcm shift between length classes in Norwegian and Russian catch data, the Russian
trawl fleet would need to be split from the ‘combined’ fleet. Thus, selectivity parameters need to be estimated also for
the Russian trawl fleet. The ratio between the fishing mortality of Russian trawl and the combined fleet is then assumed
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to be the same as the ratio between the catch in weight of those two fleets for each quarter. This may cause some error if
the selectivity of the two fleets is different.

This approach was attempted, but led to each of the fleets (Norwegian except gillnet and Russian) giving about the
same likelihood score as the combined fleet. The reasons for this are unknown. Thus, it was decided to combine the
Norwegian non-gillnet fleets and the Russian trawl fleet into one fleet, as in last years’ assessment.

No other changes from last year’s key run than those listed in Section 3.10.2.5 were attempted.
Effect of excluding Russian survey data for 2002.

As for XSA, the effect of excluding the Russian survey for 2002, where the area coverage by this survey was
incomplete, was tested. This caused no change in F for 2002, but a slightly lower F in years with high F. SSB in 2002
decreased from 436 to 434 thousand tonnes, while the SSB decreased in years with a high SSB. The effect on the 2002
values is less than seen when the same exercise was done by XSA (Table 3.15).

Parameter sensitivity

Likelihood components, input data and parameter estimates for the key run are given in Table 3.32a-c. The parameter
values obtained during the two previous year’s assessments are given for comparison. Also, the effect on the total
likelihood score of changing each parameter with +/- 5% is given. Sensitivity tests show that the estimation procedure
has found a well-defined optimum, and that the likelihood function is quadratic around the optimum with respect to
each parameter.

It is seen that the total likelihood score is most sensitive to Lsy (length at 50 % selection) in the commercial fleets. It is
also quite sensitive to the growth parameters and the length of a cohort at age 3. Due to the formulation of the catch in
tonnes likelihood component and the parameter correlations in the model, the sensitivities for parameters relevant to the
stock abundance in the period 1990-1994 were high. Another run was performed where the partial F values for
overfishing for these years were fixed, and this run showed sensitivities similar to those presented in last year’s report.
This run gave small changes in parameter values and stock development.

Model results

The model values of natural mortality, maturity, stock weight, catch weights and catch in numbers by age group derived
from these parameters are given in Table 3.33. This table also presents the fishing mortalities, stock numbers, stock
biomass and spawning stock biomass. Results (total stock biomass, SSB, F, catches, recruitment, total stock number) of
the key run are shown in Fig. 3.17a-f. The total annual catch in weight as estimated by the model is somewhat higher
than the reported catches in almost all years, but in general there is good agreement with the reported catches in tonnes.
The maximum discrepancy is about 168 000 tonnes in 1995. In general, the trends given by XSA and Fleksibest are
very similar for the recruitment, the stock numbers and stock biomass. Fleksibest shows the same overall trends for Fs_jo
as XSA, but the curve given by Fleksibest is smoother. One reason for this may be that Fleksibest is less vulnerable to
noise in the catch data of the oldest ages due to the fixed selectivity pattern by length. Fleksibest gives high spawning
biomass in the years 1992-1995, with significantly higher SSB than in the XSA assessment for the years 1993-1995.
Else the SSB trends are very similar.

Compared to the stock weights used in the XSA, the mean weight-at-age in Fleksibest is higher for age 3 and lower for
age 7 and older. The discrepancy is higher for weight-at-age in the stock than for weight-at-age in the catch. The
maturity-at-age is lower in Fleksibest than in XSA for ages 6 and older, except in the period 1986-1988, when
Fleksibest give higher maturity ogives than XSA for all ages.

Figure 3.18a-f shows the fit between modeled and observed survey indices and between modeled and observed catch in
number. The plots show the sum over age and length groups year by year.

Compared to last year’s Fleksibest results, the results obtained this year give a more optimistic view of the stock. The
fishing mortality (Fs_j¢) in 2001 decreased from 0.68 in last year’s assessment to 0.58 in this year’ assessment, while the
SSB in 2002 increased from 376 thousand tonnes to 436 thousand tonnes. This change is partly due to the exclusion of
the Norwegian summer survey in this year’s assessment. As mentioned in last year’s report, excluding this survey led to
increasing SSB and decreasing F.
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3.10.4 Retrospective analysis (Figure 3.19)

Results (total stock biomass, SSB, F, catches, recruitment, total stock number) of a retrospective analysis with the same
settings as in the key run are shown in Figure 3.19a-f. The runs stops in first quarter, and are labeled after the year that
contains the last time step. The shortest run stops in first quarter in 1998, and is thus labeled 1998. The retrospective
pattern seems to be fairly consistent back to 1999.

3.10.5 Use of Fleksibest for predictions (Tables 3.34-3.35, Figure 3.20a-f)

Fleksibest is well suited for prognosis, because the length-dependence of population dynamics processes makes it easy
to get consistency between the values of weight, maturity and mortality-at-age. In the prognosis runs with Fleksibest for
the period 2003-2007, the same values as in the key run were used for most parameters. For the parameters that are
variable by year, the values for 2002 were used for all years in the prognosis, except for recruitment and fishing
mortality.

The recruitment at age 3 in 2004 and 2005 is set to the values obtained from the RCT3 analysis. The recruitment at age
3 in 2006 and later is assumed to be equal to the average recruitment (600 million individuals). This is consistent with
the assumptions made in the medium-term prognosis based on the XSA run (see Section 3.3.8). Runs were made with
F=0.25, F,, =0.40, Fgats quo =0.47 and F=0.70 for the period 2003-2007. In all runs Fyes quo Was assumed for 2003. In
addition a run with a constant catch of 500 000 tonnes for the period 2003-2007 was made. The values of recruitment,
catch weight, stock weight, maturity, natural mortality and fishing mortality-at-age for the F,, run are given in Table
3.34. This is comparable to the usual prediction input table (Table 3.28). The management option table for the
Fleksibest prediction is given in Table 3.35, and results of medium-term projections with these different fishing
mortalities are shown in Figure 3.20a-f.

3.10.5.1 Comments to the prognosis

From Figures 3.20a-f it is seen that the four alternatives give large differences in the development of the spawning
stock biomass and significant differences in the development of the stock biomass. It should be noted that fishing
mortalities of 0.40 and 0.47.throughout the period gives a higher catch in 2007 than fishing at 0.70.

3.10.6 Reference points related to Fleksibest

In order to use Fleksibest for providing management advice for NEA cod, reference points would need to be calculated.
It needs to be outlined how reference points could be calculated using Fleksibest. It should be noted that it is somewhat
difficult to extend Fleksibest to the time period when survey data are not available (before 1981). Such an extension
will require assumptions about the selection pattern of the various fishing fleets backwards in time.

3.11 Comparison of results from XSA and Fleksibest
3.11.1 Comparison of the assessments

The abundance at age in 2002 in the Fleksibest assessment is lower for ages 3-6 and higher for ages 7 and older
compared to the XSA assessment (Table 3.15). The reference F in 2002 estimated by Fleksibest is lower (0.47 vs. 0.70),
the reason for this is higher fishing mortalities in XSA compared to Fleksibest for age 7 and older fish. The reason for
this discrepancy in fishing pattern should be investigated. The spawning stock biomass in 2002 is somewhat lower in
Fleksibest than in XSA, 436 vs. 507 thousand tonnes. The declining trend in fishing mortality from 1999 to 2002 is
stronger in Fleksibest than in XSA.

3.11.2 Comparison of the predictions (Figure 3.21)

The standard and Fleksibest predictions differ in a fundamental way because all input values to the standard prediction
(Table 3.28) are independent and can be determined separately. This may lead to internal inconsistencies in the
prediction input to the standard prediction. Also, effects of different exploitation levels on weight, maturity and
selection at age cannot be accounted for using standard predictions. This may be important for medium-term
predictions.
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The population parameters at age in the Fleksibest prediction (Table 3.34) are determined by the values of growth,
recruitment and fishing mortality chosen, as mentioned in Section 3.10.5. With this method, the values of weight,
maturity and fishing mortality-at-age will be consistent with each other.

Although F status quo is quite different between the XSA run and the Fleksibest run, the catch resulting from applying
F status quo in 2003 is not very different (506 thousand tonnes with Fleksibest and 583 thousand tonnes with XSA).
The development of fishing mortality, total stock biomass and spawning stock biomass in Fleksibest and XSA for a
constant catch of 500 000 tonnes in the period 2003-2007 is compared in Fig. 3.21. The Fleksibest predictions show a
less optimistic development of the stock than the XSA predictions.
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Table 3.1  North-East Arctic COD. Total catch (t) by fishing areas and unreported catch.
(Data provided by Working Group members.)

Sub-area | Division lla Division lIb Unreported Total catch

Year catches
1961 409,694 153,019 220,508 783,221
1962 548,621 139,848 220,797 909,266
1963 547,469 117,100 111,768 776,337
1964 206,883 104,698 126,114 437,695
1965 241,489 100,011 103,430 444,983
1966 292,253 134,805 56,653 483,711
1967 322,798 128,747 121,060 572,605
1968 642,452 162,472 269,254 1,074,084
1969 679,373 255,599 262,254 1,197,226
1970 603,855 243,835 85,556 933,246
1971 312,505 319,623 56,920 689,048
1972 197,015 335,257 32,982 565,254
1973 492,716 211,762 88,207 792,685
1974 723,489 124,214 254,730 1,102,433
1975 561,701 120,276 147,400 829,377
1976 526,685 237,245 103,533 867,463
1977 538,231 257,073 109,997 905,301
1978 418,265 263,157 17,293 698,715
1979 195,166 235,449 9,923 440,538
1980 168,671 199,313 12,450 380,434
1981 137,033 245,167 16,837 399,037
1982 96,576 236,125 31,029 363,730
1983 64,803 200,279 24,910 289,992
1984 54,317 197,573 25,761 277,651
1985 112,605 173,559 21,756 307,920
1986 157,631 202,688 69,794 430,113
1987 146,106 245,387 131,578 523,071
1988 166,649 209,930 58,360 434,939
1989 164,512 149,360 18,609 332,481
1990 62,272 99,465 25,263 25,000 212,000
1991 70,970 156,966 41,222 50,000 319,158
1992 124,219 172,532 86,483 130,000 513,234
1993 195,771 269,383 66,457 50,000 581,611
1994 353,425 306,417 86,244 25,000 771,086
1995 251,448 317,585 170,966 739,999
1996 278,364 297,237 156,627 732,228
1997 273,376 326,689 162,338 762,403
1998 250,815 257,398 84,411 592,624
1999 159,021 216,898 108,991 484,910
2000 137,197 204,167 73,506 414,870
2001 142,628 185,890 97,953 426,471
2002 ' 184,795 188,935 71,239 445,060

1 .. .
Provisional figures.
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Table 3.2 North-East Arctic COD. Total nominal catch (‘000 t) by trawl and other gear for each
area, data provided by Working Group members.

Sub-area | Division lla Division Ilb
Year Trawl Others |Trawl Others Trawl Others
1967 238.0 84.8 38.7 90.0 121.1 -
1968 588.1 544 44.2 118.3 269.2 -
1969 633.5 45.9 119.7 135.9 262.3 -
1970 524.5 79.4 90.5 153.3 85.6 -
1971 253.1 594 74.5 245.1 56.9 -
1972 158.1 38.9 49.9 2854 33.0 -
1973 459.0 33.7 394 172.4 88.2 -
1974 677.0 46.5 41.0 83.2 254.7 -
1975 526.3 354 33.7 86.6 147.4 -
1976 466.5 60.2 112.3 124.9 103.5 -
1977 471.5 66.7 100.9 156.2 110.0 -
1978 360.4 57.9 117.0 146.2 17.3 -
1979 161.5 33.7 114.9 120.5 8.1 -
1980 133.3 354 83.7 115.6 12.5 -
1981 915 45.1 77.2 167.9 17.2 -
1982 44.8 51.8 65.1 171.0 21.0 -
1983 36.6 28.2 56.6 143.7 24.9 -
1984 245 29.8 46.9 150.7 25.6 -
1985 72.4 40.2 60.7 112.8 215 -
1986 109.5 48.1 116.3 86.4 69.8 -
1987 126.3 19.8 167.9 77.5 129.9 1.7
1988 149.1 17.6 122.0 88.0 58.2 0.2
1989 144 .4 19.5 68.9 81.2 19.1 0.1
1990 51.4 10.9 474 52.1 245 0.8
1991 58.9 12.1 73.0 84.0 40.0 1.2
1992 103.7 20.5 79.7 92.8 85.6 0.9
1993 165.1 30.7 155.5 113.9 66.3 0.2
1994 312.1 41.3 165.8 140.6 84.3 1.9
1995 218.1 33.3 174.3 143.3 160.3 10.7
1996 248.9 32.7 137.1 159.0 147.7 6.8
1997 235.6 37.7 150.5 176.2 154.7 7.6
1998 219.8 31.0 127.0 130.4 82.7 1.7
1999 133.3 25.7 101.9 115.0 107.2 1.8
2000 111.7 25.5 105.4 98.8 72.2 1.3
2001 119.1 23.5 83.1 102.8 95.4 25
2002 " 1474 374 83.4 105.6 70.1 1.3

1 . . .
Provisional figures.
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Table 3.3 North-East Arctic COD. Nominal catch (t) by countries
(Sub-area | and Divisions Ila and lIb combined, data provided by Working Group members.)

Faroe France German Fed.Rep. Norway Poland United Russia® Others Total all
Islands Dem.Rep. Germany Kingdom countries

Year

1961 3,934 13,755 3,921 8,129 268,377 - 158,113 325,780 1,212 783,221
1962 3,109 20,482 1,632 6,503 225,615 - 175,020 476,760 245 909,266
1963 - 18,318 129 4,223 205,056 108 129,779 417,964 - 775,577
1964 - 8,634 297 3,202 149,878 - 94,549 180,550 585 437,695
1965 - 526 91 3,670 197,085 - 89,962 152,780 816 444,930
1966 - 2,967 228 4,284 203,792 - 103,012 169,300 121 483,704
1967 - 664 45 3,632 218,910 - 87,008 262,340 6 572,605
1968 - - 225 1,073 255,611 - 140,387 676,758 - 1,074,084
1969 29,374 - 5,907 5,543 305241 7,856 231,066 612,215 133 1,197,226
1970 26,265 44,245 12,413 9,451 377,606 5,153 181,481 276,632 - 933,246
1971 5,877 34,772 4,998 9,726 407,044 1,512 80,102 144,802 215 689,048
1972 1,393 8,915 1,300 3,405 394,181 892 58,382 96,653 166 565,287
1973 1,916 17,028 4,684 16,751 285,184 843 78,808 387,196 276 792,686
1974 5,717 46,028 4,860 78,507 287,276 9,898 90,894 540,801 38,453 1,102,434
1975 11,309 28,734 9,981 30,037 277,099 7,435 101,843 343,580 19,368 829,377
1976 11,511 20,941 8,946 24,369 344,502 6,986 89,061 343,057 18,090 867,463
1977 9,167 15,414 3,463 12,763 388,982 1,084 86,781 369,876 17,771 905,301
1978 9,092 9,394 3,029 5,434 363,088 566 35,449 267,138 5,525 698,715
1979 6,320 3,046 547 2,513 294,821 15 17,991 105,846 9,439 440,538
1980 9,981 1,705 233 1,921 232,242 3 10,366 115,194 8,789 380,434

Spain

1981 12,825 3,106 298 2,228 277,818 14,500 5,262 83,000 - 399,037
1982 11,998 761 302 1,717 287,525 14,515 6,601 40,311 - 363,730
1983 11,106 126 473 1,243 234,000 14,229 5,840 22,975 - 289,992
1984 10,674 11 686 1,010 230,743 8,608 3,663 22,256 - 277,651
1985 13,418 23 1,019 4,395 211,065 7,846 3,335 62,489 4,330 307,920
1986 18,667 591 1,543 10,092 232,096 5,497 7,581 150,541 3,505 430,113
1987 15,036 1 986 7,035 268,004 16,223 10,957 202,314 2,515 523,071
1988 15,329 2,551 605 2,803 223,412 10,905 8,107 169,365 1,862 434,939
1989 15,625 3,231 326 3,291 158,684 7,802 7,056 134,593 1,273 332,481
1990 9,584 592 169 1,437 88,737 7,950 3,412 74,609 510 187,000
1991 8,981 975 Greenland 2,613 126,226 3,677 3,981 119,427 3,278 269,158
1992 11,663 2 3,337 3,911 168,460 6,217 6,120 182,315 Iceland 1,209 383,234
1993 17,435 3,572 5,389 5,887 221,051 8,800 11,336 244,860 9,374 3,907 531,611
1994 22,826 1,962 6,882 8,283 318,395 14,929 15,579 291,925 36,737 28,568 746,086
1995 22,262 4,912 7,462 7,428 319,987 15,505 16,329 296,158 34,214 15,742 739,999
1996 17,758 5,352 6,529 8,326 319,158 15,871 16,061 305,317 23,005 14,851 732,228
1997 20,076 5,353 6,426 6,680 357,825 17,130 18,066 313,344 4,200 13,303 762,403
1998 14,290 1,197 6,388 3,841 284,647 14,212 14,294 244,115 1,423 8,217 592,624
1999 13,700 2,137 4,093 3,019 223,390 8,994 11,315 210,379 1,985 5,898 484,910
2000 13,350 2,621 5,787 3,513 192,860 8,695 9,165 166,202 7,562 5,115 414,870
2001 12,500 2,681 5,727 4,524 188,431 9,196 8,698 183,572 5917 5,225 426,471
2002 "' 15,693 2,936 6,419 4,517 202,559 8,414 8,977 184,058 6,003 5,484 445,060

1

Provisional figures.

2 USSR prior to 1991.

3 . .
Includes Baltic countries.
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Table 3.4 North-east Arctic COD. Weights at age (kg) in landings from various countries

Norway
Year Age

2 3 4 5 6 7 8 9 10 11 12 13 14 15+
1983 041 082 132 205 282 394 553 7.70 9.17 11.46 16.59 16.42 16.96 24.46
1984 116 147 197 253 313 382 481 595 7.19 7.86 846 799 9.78 10.64
1985 0.34 099 143 214 327 468 6.05 7.73 9.86 11.87 14.16 14.17 13.52 15.33
1986 0.30 0.67 134 204 3.14 460 578 6.70 7.52 9.74 10.68 12.86 9.59 16.31
1987 024 048 088 166 272 435 6.21 8.78 9.78 12.50 13.75 15.12 10.43 19.95
1988 0.36 056 0.83 1.31 234 3.84 650 8.76 9.97 11.06 14.43 19.02 12.89 10.16
1989 053 0.75 0.90 1.17 195 3.20 4.88 7.82 9.40 11.52 11.47 19.47 14.68
1990 040 0.81 1.22 159 214 329 499 7.83 10.54 14.21 17.63 7.97 14.64
1991 063 1.37 1.77 231 3.01 3.68 4.63 6.06 8.98 12.89 17.00 14.17 16.63
1992 041 110 1.79 245 322 433 527 6.21 810 10.51 11.59 15.81 6.52
1993 0.30 0.83 1.70 241 335 4.27 545 6.28 7.10 7.82 10.10 16.03 19.51 17.68
1994 0.30 0.82 1.37 223 335 427 556 6.86 745 7.98 9.53 12.16 11.45 19.79
1995 044 078 126 187 280 412 515 596 7.90 867 9.20 11.53 17.77 21.11
1996 029 090 1.15 1.67 258 4.08 6.04 6.62 7.96 9.36 10.55 11.41 9.51 24.24
1997 035 078 1.14 156 225 348 535 7.38 7.55 8.30 11.15 8.64 12.80
1998 0.38 0.68 1.03 164 223 324 485 6.88 9.18 9.84 1578 14.37 13.77 15.58
1999 046 0.88 1.16 165 240 3.12 426 6.00 6.52 10.64 14.05 12.67 9.20 17.22
2000 0.31 065 123 180 254 358 449 571 754 7.86 12.71 14.71 15.40 20.26
2001 0.30 0.77 1.18 1.83 275 3.64 488 593 7.43 8.90 10.22 11.11 13.03 18.85
2001 053 093 136 190 270 3.80 500 6.30 7.50 8.93 8.11 10.12 12.25 11.42
Russia (trawl only)
Year Age

2 3 4 5 6 7 8 9 10 11 12 13 14 15+
1983 065 1.05 1.58 231 339 4.87 6.86 8.72 10.40 12.07 14.43
1984 0.53 0.88 145 222 321 473 6.05 843 10.34 12.61 14.95
1985 0.33 0.77 131 184 296 4.17 594 6.38 8.58 10.28
1986 029 061 1.14 175 245 417 6.18 8.04 9.48 11.33 12.35 14.13
1987 0.24 052 088 142 207 296 507 7.56 8.93 10.80 13.05 18.16
1988 0.27 049 0.88 1.32 2.06 3.02 440 691 9.15 11.65 12.53 14.68
1989 0.50 0.73 1.00 1.39 1.88 2.67 4.06 6.09 7.76 9.88
1990 045 083 1.21 170 227 316 435 6.25 8.73 10.85 13.52
1991 0.36 0.64 1.05 2.03 285 3.77 492 6.13 8.36 10.44 15.84 19.33
1992 055 1.20 1.44 207 3.04 424 514 597 725 9.28 11.36
1993 048 0.78 139 206 262 4.07 572 6.79 7.59 11.26 14.79 17.71
1994 041 081 124 180 255 288 496 6.91 8.12 10.28 12.42 16.93
1995 0.37 077 121 174 237 340 471 6.73 847 9.58 12.03 16.99
1996 030 0.64 1.09 160 237 342 530 7.86 8.86 10.87 11.80
1997 0.30 0.57 1.00 152 2.18 3.30 4.94 7.15 10.08 11.87 13.54
1998 0.33 0.68 1.06 160 2.34 3.39 503 6.89 10.76 12.39 13.61 14.72
1999 024 058 098 141 217 3.26 442 570 7.27 10.24 14.12
2000 0.18 048 085 144 216 3.12 444 579 7.49 9.66 10.36
2001 012 0.31 0.62 1.00 153 230 3.31 457 6.55 8.11 9.52 11.99
2002 0.05 0.20 0.60 1.05 1.46 214 3.27 4.47 6.23 8.37 10.06 12.37
Germany (Division lla and IIb)
Year Age

2 3 4 5 6 7 8 9 10 11 12 13 14 15+
1994 068 1.04 224 349 451 579 693 8.16 846 874 9.48 1525
1995 044 084 150 272 3.81 446 481 737 7.69 825 947
1996 084 1.15 1.64 253 358 413 390 4.68 6.98 643 11.32
1997 043 092 142 201 3.15 4.04 516 4.82 396 7.04 8.80
1998 023 073 1.17 189 272 325 413 563 6.50 857 842 1145 8.79
1999 ' 0.85 1.45 2.00 265 347 4.16 545 6.82 5.90 8.01
2000 2 0.26 0.73 136 204 287 3.67 488 578 7.05 845 867 9.33 6.88
2001 0.38 080 1.21 190 274 390 499 569 7.15 7.32 11.72 9.11 6.60
2002 0.06 035 1.00 1.31 1.80 253 364 438 507 6.82 921 7.59 13.18

" Division Ila only
2 [la and llb combined
Spain (Division IIb)

Year Age
2 3 4 5 6 7 8 9 10 11 12 13 14 15+
1994 043 1.08 1.38 232 247 268 346 520 7.04 6.79 7.20 8.04 10.46 15.35
1995 042 051 098 199 341 495 552 862 9.21 1142 9.78 8.08
1996 0.66 1.12 157 243 317 359 444 548 6.79 8.10
1997 ' 051 065 1.22 168 260 3.39 427 6.67 7.88 11.34 13.33 10.03 8.69
1998 047 074 115 182 244 332 371 500 7.26
1999 ' 021 069 1.06 169 250 332 472 576 6.77 7.24 7.63
2000 ' 0.23 061 124 175 247 312 465 6.06 7.66 10.94 11.40 7.20
2001 023 064 125 195 286 355 495 6.46 8.50 11.07 13.09
2002 0.16 0.55 1.00 148 217 3.29 447 535 8.29 1223 9.01 12.16 15.2

" lla and Ilb combined
Iceland (Sub-area )

1994 042 085 144 277 354 408 584 6.37 7.02 748 7.37

1995 117 091 160 228 361 473 6.27 6.26

1996 0.36 099 155 283 3.79 4.81 534 725 7.68 9.08 8.98 10.52
1997 042 043 0.76 160 240 345 440 574 6.15 8.28 10.52 9.89
UK (England & Wales)

1995 147 211 3.47 557 643 7.17 812 805 102 1041

1996 * 155 1.81 242 361 63 647 7.83 7.91 893 938 109
1997 * 193 217 3.07 4.17 4389 6.46 12.3 8.44

! Division Ila and llb
2 Division Ila
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Table 3.5 North-East Arctic COD. Basis for maturity ogives (percent) used in the assessment.
Norwegian and Russian data.

Norway

Percentage mature
Age
Year 3 4 5 6 7 8 9 10

1982 - 10 34 65 82 92 100
1983 5 8§ 10 30 73 88 97 100

[6)]

Russia
Percentage mature
Age
Year 3 4 5 6 7 8 9 10
1984 - 5 18 31 56 90 99 100
1985 - 1 10 33 59 85 92 100
1986 - 2 9 19 56 76 89 100
1987 - 1 9 23 27 61 81 80
1988 - 1 3 25 53 79 100 100
1989 - - 2 15 39 59 83 100
1990 - 2 6 20 47 62 81 95
1991 - 3 1 23 66 82 96 100
1992 - 1 8 31 73 92 95 100
1993 - 3 7 21 56 89 95 99
1994 - 1 8 30 55 84 95 98
1995 - - 4 23 61 75 94 97
1996 - - 1 22 56 82 95 100
1997 - - 1 10 48 73 90 100
1998 - - 2 15 47 87 97 96
1999 - - 1 10 38 75 94 100
2000 - - 6 19 51 84 96 100
2001 - - 4 28 62 89 96 100
2002 2 11 34 68 83 98 100
2003 0 0 11 29 66 90 95 100
Norway
Percentage mature
Age
Year 3 4 5 6 7 8 9 10
1985 - 1 9 38 51 85 100 79
1986 3 7 8 19 &0 67 36 80
1987 - 0 4 12 16 A 19 -
1988 - 2 6 4 54 45 100 100
1989 1 8 21 43 79 87 100
1990 - 1 4 22 68 93 91 100
1991 - 5 12 34 65 84 99 100
1992 - 1 16 &5 77 94 100 100
1993 - 3 12 40 66 94 98 99
1994 - 1 14 36 64 79 98 100
1995 - 1 9 43 63 73 9% 98
1996 - - 2 30 70 84 100 100
1997 - - 2 17 64 92 100 89
1998 - 1 6 23 40 77 90 100
1999 - - - M 52 83 83 100
2000 - - 6 26 76 83 99 100
2001 - 1 7 39 53 64 100 100
2002 - 1 5 46 71 89 97 100
2003 0 0 9 44 60 86 90 100
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Table 3.6 Recruitment indicies for NEA cod. Input for the RCT- analysis.

NORTHEAST ARCTIC COD : recruits as 3 year-olds (inc. data for ages 0,1),,,,

9,18,2 (No. of surveys, No. of years, VPA Column No.),,

1985, 205, 6, 2, 4, -11, -11, -11, -11, -11, -11
1986, 173, 1, 1, 3, -11, -11, -11, -11, -11, -11
1987, 243, 1, 1, 1, -11, -11, -11, -11, -11, -11
1988, 412, 1, 1, 4, -11, -11, -11, -11, -11, -11
1989, 721, 1, 3, 8, -11, -11, -11, -11, -11, -11
1990, 894, 4, 4, 44, -11, -11, -11, -11, -11, -11
1991, 807, 4, 8, 15, -11, -11, -11 -11, 296.5, 349.8
1992, 656, 32, 3, 13, -11, -11, 535.8, 577.2, 274.6, 166.2
1993, 435, 3, 4, 6, 1035.9, 858.3, 541.5, 292.9, 170.0, 92.9
1994, 714, 12, 8, 10, 5253.1, 2619.2, 707.6, 339.8, 238.0, 188.3
1995, 840, 30, 13, 26, 5768.5, 2396.0, 1045.1, 430.5, 396.0, 427.7
1996, 584, 10, 7, 27, 4815.5, 1623.5, 643.7, 632.9, 211.8, 150.0
1997, 640, 16, 6, 18, 2418.5, 3401.3, 340.1, 304.3, 235.2, 245.1
1998, 498, 2, 4, 12, 484.¢, 358.3, 248.3, 221.4, 191.1, 138.2
1999, 498, 1, 1, 13, 128.8, 154.1, 76.6, 63.9, 88.3, 69.3
2000, -11, 6, 7, 20, 657.9, 629.9, 443.9, 215.1, 377.0, 303.4
2001, -11, 2, 1, -11, 35.3, 18.2, 79.1, 61.5, -11, -11
2002, -11, 14, -11, -11, 2991.7, 1693.9, -11, -11, -11, -11
R-0 Russian Bottom trawl survey, area I+IIb, age 0

R-1 Russian Bottom trawl survey, area I+IIb, age 1

R-2 Russian Bottom trawl survey, area I+IIb, age 2

N-BST1 Norwegian Barents Sea, Bottom trawl survey, age 1

N-BSAl Norwegian Barents Sea Acoustic survey age 1

N-BST2 Norwegian Barents Sea, Bottom trawl survey, age 2

N-BSA2 Norwegian Barents Sea Acoustic survey age 2

N-BST3 Norwegian Barents Sea, Bottom trawl survey, age 3

N-BSA3 Norwegian Barents Sea Acoustic survey age 3
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Table 3.7.

Analysis by RCT3 ver3.1 of data from file

rec2003.rct

NORTHEAST ARCTIC COD

Data for

Regression type

9 surveys over

recruits as 3 year-olds

Tapered time weighting applied

power =

3 over

20

years

Survey weighting not applied

18 years

Final estimates shrunk towards mean

Minimum S.E.
Minimum of

Forecast/Hindcast variance correction used.

Year class =
Survey/ Slope
Series

R-0 1.55
R-1 1.36
R-2 .81
N-BST1

N-BSA1l

N-BST2 2.77
N-BSA2 1.37
N-BST3 1.17
N-BSA3 .53
Year class =
Survey/ Slope
Series

R-0 1.10
R-1 1.13
R-2 .76
N-BST1 .36
N-BSA1l .58
N-BST2 1.16
N-BSA2 1.79
N-BST3 .94
N-BSA3 .46
Year class =
Survey/ Slope
Series

R-0 1.05
R-1 1.10
R-2 .73
N-BST1 .39
N-BSA1l .59
N-BST2 1.17
N-BSA2 2.58
N-BST3 .91
N-BSA3 .46

1995

Inter-

-1

Inter-

SRR N WS DD

Inter-

B O N WS

cept

3.
.28
4.

4

1

74

42

.32
1.
.04
.73

81

cept

.29
.51
.50
.55
.13
.08
.26
.29
.05

cept

.33
.52
.51
.27
.06
.15
.20
.44
.07

Error

1.45
.54
.41

.49
.58
.13
.12

Error

1.10
.52
.38
.09
.16
.28
.55
.14
L11

Error

1.01
.50
.40
.17
.12
.23
.94
.12
.09

for any survey taken as
3 points used for regression

Std Rsquare

.157
.574
. 697

.368
.293
.870
.889

Std Rsquare

.234
.580
.725
.964
.906
.596
.280
.824
.885

Std Rsquare

.240
.561
.670
.800
.900
.600
.084
.832
.891

(inc.

1985 - 2002

.20

I-————————- Prediction

No. 1Index Predicted std
Pts Value Value Error
10 3.43 9.07 2.055
10 2.64 7.86 .792
10 3.30 7.10 .536
3 6.95 7.96 2.399

3 6.07 6.53 1.185

4 5.98 7.04 .293

4 6.06 6.92 .239
VPA Mean = 6.17 .589
-——-I I---——————— Prediction
No. 1Index Predicted std
Pts Value Value Error
11 2.40 6.93 1.319
11 2.08 6.86 .632
11 3.33 7.04 .472
3 8.48 6.61 .194

3 7.39 6.42 .313

4 6.47 6.40 .450

4 6.45 7.31 1.128

5 5.36 6.30 .210

5 5.02 6.35 .16l
VPA Mean = 6.24 .576
----I I----———---- Prediction
No. Index Predicted std
Pts Value Value Error
12 2.83 7.30 1.224
12 1.95 6.65 .591
12 2.94 6.67 471
4 7.79 6.29 .282

4 8.13 6.84 .222

5 5.83 5.65 .503

5 5.72 5.53 1.491

6 5.46 6.42 .163

6 5.51 6.58 127
VPA Mean = 6.27 .537

data for ages 0,1),,,,

WAP
Weights

.006
.042
.091

.005
.019
.305
.457

WAP
Weights

.006
.025
.045
.252
.103
.050
.008
.229
.252

.030

WAP
Weights

.007
.029
.046
.127
.205
.040
.005
.253
.253

.035
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Table 3.7 (Cont’d)

Year class =

Survey/ Slope
Series

R-0 .96
R-1 1.07
R-2 .71
N-BST1 .39
N-BSAl .57
N-BST2 1.21
N-BSA2 2.73
N-BST3 .90
N-BSA3 .46
Year class =
Survey/ Slope
Series

R-0 .90
R-1 1.05
R-2 .71
N-BST1 .29
N-BSA1 .38
N-BST2 .75
N-BSA2 1.35
N-BST3 .92
N-BSA3 .49
Year class =
Survey/ Slope
Series

R-0 .80
R-1 .97
R-2 .70
N-BST1 .21
N-BSA1 .28
N-BST2 .44
N-BSA2 .61
N-BST3 .67
N-BSA3 .43
Year class =
Survey/ Slope
Series

R-0 .73
R-1 .93
R-2

N-BST1 .21
N-BSAl .27
N-BST2 .43
N-BSA2 .60
N-BST3

N-BSA3

68

1998

Inter-

cept

WSO N WS s

Inter-

.41
.54
.54
.26
.10
.28
.96
.48
.03

cept

WER R PP WSS DD

Inter-

.58
.56
.54
.15
.65
.69
.58
.41
.86

cept

BN DN WS B DD D

Inter-

.84
.75
.52
.81
.45
.74
.94
.83
.21

cept

4.
4.

96
82

4.83
4.47
3.

2.99

79

.92
.47
.37
.17
.21
.44
.98
L11
.10

.84
.44
.35
.19
.24
.32
.51
.10
.10

.76
.47
.34
.23
.25
.31
.41
.18
.12

.70
.45

.23
.25
.31
.41

Std Rsquare
Error

.248
.559
.667
.737
.642
.240
.060
.828
.858

Std Rsquare
Error

.249
.549
.653
.654
.553
.371
.184
.851
.853

Std Rsquare
Error

.248
.469
.630
.546
.506
.358
.244
.633
.816

Std Rsquare
Error

.258
.457

.548
.509
.363
.246

--=--I I----———---- Prediction
No. Index Predicted std
Pts Value Value Error

13 1.10 5.47 1.090
13 1.61 6.26 .540
13 2.56 6.37 .430
5 6.19 5.69 .376
5 5.88 5.47 .532
6 5.52 5.39 .821
6 5.40 4.78 1.642
7 5.26 6.24 .151
7 4.94 6.30 .131
VPA Mean = 6.30 .499

--=-I I----———---= Prediction
No. 1Index Predicted std
Pts Value Value Error

14 .69 5.21 1.023
14 .69 5.28 .560
14 2.64 6.40 .405
6 4.87 5.56 .401
6 5.04 5.55 L4777
7 4.35 4.97 .739
7 4.17 4.05 1.327
8 4.49 5.53 .214
8 4.25 5.95 .157
VPA Mean = 6.32 .459

-—I I-——————- Prediction
No. 1Index Predicted std
Pts Value Value Error

15 1.95 6.40 .872
15 2.08 6.78 .546
15 3.04 6.67 .391
7 6.49 6.20 .299

7 6.45 6.23 .321

8 6.10 6.43 .388

8 5.38 6.20 .517

9 5.93 6.79 .244

9 5.72 6.66 .1l46
VPA Mean = 6.33 417

-—I I-——— Prediction
No. 1Index Predicted std
Pts Value Value Error

15 1.10 5.77 .829
15 .69 5.47 .573
7 3.59 5.59 413
7 2.95 5.28 .527
8 4.38 5.69 .476
8 4.14 5.46 .649
VPA Mean = 6.35 .390

WAP
Weights

.011
.045
.071
.093
.046
.019
.005
.328
.328

.053

WAP
Weights

.013
.043
.082
.083
.059
.024
.008
.291
.334

.064

WAP
Weights

.015
.037
.073
.124
.108
.074
.042
.186
.278

.064

WAP
Weights

.053
.112

.214
.132
.161
.087

.240
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Table 3.7 (Cont’d)

Year class = 2002
I—————————— Regression-----
Survey/ Slope Inter- Std Rsquare
Series cept Error
R-0 .66 5.11 .62 .272
R-1
R-2
N-BST1 .21 4.85 .23 .550
N-BSAl .27 4.51 .24 .512
N-BST2
N-BSA2
N-BST3
N-BSA3
Year Weighted Log Int
Class Average WAP std
Prediction Error
1995 1058 6.97 .16
1996 644 6.47 .10
1997 673 6.51 .10
1998 470 6.15 .11
1999 315 5.75 .12
2000 681 6.52 .11
2001 308 5.73 .19
2002 664 6.50 .18

No.
Pts

15

VPA

Ext
std

Error

.13
.07
.09
.10
.12
.08
.15
.07

Index Predicted

Value

Mean =

Var
Ratio

.66
.47
.81
.69

.53
.62
.13

Value

6.89

VPA

840
585
640
498
498

std
Error

.753

.298
.320

.360

Log
VPA

.73
.37
.46
.21
.21

o) O) O) O O

.369
.320
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Table 3.8
NE Arctic cod. International catch (thousands) at age for ages 1-15+

A G E
Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15+
1946 1 16 4008 10387 18906 16596 13843 15370 59845 22618 10093 9573 5460 1927 750
1947 1 1 710 13192 43890 52017 45501 13075 19718 47678 31392 9348 9330 4622 4103
1948 1 16 140 3872 31054 55983 77375 21482 15237 9815 30041 7945 4491 3899 4205
1949 1 7 991 6808 35214 100497 83283 29727 13207 5606 8617 13154 3657 1895 2167
1950 1 79 1281 10954 29045 45233 62579 30037 19481 9172 6019 4133 6750 1662 1450
1951 1615 1625 24687 77924 64013 46867 37535 33673 23510 10589 4221 1288 1002 3322 611
1952 1 1202 24099 120704 113203 73827 49389 20562 24367 15651 8327 3565 647 467 1044
1953 1 81 47413 107659 112040 55500 22742 16863 10559 10553 5637 1752 468 173 156
1954 1 9 11473 155171 146395 100751 40635 10713 11791 8557 6751 2370 896 268 123
1955 1 322 3902 37652 201834 161336 84031 30451 13713 9481 4140 2406 867 355 128
1956 81 1498 10614 24172 129803 250472 86784 51091 14987 7465 3952 1655 1292 448 166
1957 987 3487 17321 33931 27182 70702 87033 39213 17747 6219 3232 1220 347 299 173
1958 1 2600 31219 133576 71051 40737 38380 35786 13338 10475 3289 1070 252 40 141
19591 590 2601 32308 77942 148285 53480 18498 17735 23118 9483 3748 997 254 161 98
1960| 465 7147 37882 97865 64222 67425 23117 8429 7240 11675 4504 1843 354 102 226
1961 1 1699 45478 132655 123458 51167 38740 17376 5791 6778 5560 1682 910 280 108
1962 1 1713 42416 170566 167241 89460 28297 21996 7956 2728 2603 1647 392 280 103
1963 1 4 13196 106984 205549 95498 35518 16221 11894 3884 1021 1025 498 129 157
1964| 103 675 5298 45912 97950 58575 19642 9162 6196 3553 783 172 387 264 131
1965 1 2522 15725 25999 78299 68511 25444 8438 3569 1467 1161 131 67 91 179
1966 1 869 55937 55644 34676 42539 37169 18500 5077 1495 380 403 77 9 70
1967 1 151 34467 160048 69235 22061 26295 25139 11323 2329 687 316 225 40 14
1968 1 1 3709 174585 267961 107051 26701 16399 11597 3657 657 122 124 70 46
1969 1 275 2307 24545 238511 181239 79363 26989 13463 5092 1913 414 121 23 46
1970 1 591 7164 10792 25813 137829 96420 31920 8933 3249 1232 260 106 39 35
1971 38 2210 7754 13739 11831 9527 59290 52003 12093 2434 762 418 149 42 25
1972 1 4701 35536 45431 26832 12089 7918 34885 22315 4572 1215 353 315 121 40
1973 1 8277 294262 131493 61000 20569 7248 8328 19130 4499 677 195 81 59 55
1974 115 21347 91855 437377 203772 47006 12630 4370 2523 5607 2127 322 151 83 62
1975 1 1184 45282 59798 226646 118567 29522 9353 2617 1555 1928 575 231 15 37
1976 706 1908 85337 114341 79993 118236 47872 13962 4051 936 558 442 139 26 53
1977 1 11288 39594 168609 136335 52925 61821 23338 5659 1521 610 271 122 92 54
1978 3 802 78822 45400 88495 56823 25407 31821 9408 1227 913 446 748 48 51
1979 0 224 8600 77484 43677 31943 16815 8274 10974 1785 427 103 59 38 45
1980 31 403 3911 17086 81986 40061 17664 7442 3508 3196 678 79 24 26 8
1981 1 212 3407 9466 20803 63433 21788 9933 4267 1311 882 109 37 3 1
1982 2 94 8948 20933 19345 28084 42496 8395 2878 708 271 260 27 5 5
1983 13 86 3108 19594 20473 17656 17004 18329 2545 646 229 74 58 20 5
1984 11 999 6942 14240 18807 20086 15145 8287 5988 783 232 153 49 12 8
1985 92 1805 24634 45769 27806 19418 11369 3747 1557 768 137 36 31 32 8
1986 41 855 28968 70993 78672 25215 11711 4063 976 726 557 136 28 34 14
1987 14 390 13648 137106 98210 61407 13707 3866 910 455 187 227 21 59 20
1988 4 178 9828 22774 135347 54379 21015 3304 1236 519 106 69 43 14 5
1989 3 237 5085 17313 32165 81756 27854 5501 827 290 41 13 1 11 16
1990 6 170 1911 7551 12999 17827 30007 6810 828 179 59 15 6 5 2
1991 24 663 4963 10933 16467 20342 19479 25193 3888 428 48 12 1 1 2
1992 844 1184 21835 36015 27494 23392 18351 13541 18321 2529 264 82 3 9 1
1993 42 634 10094 46182 63578 33623 14866 9449 6571 12593 1749 377 63 22 1
1994 32 312 6531 59444 102548 59766 32504 10019 6163 3671 7528 995 121 19 4
1995 9 212 4879 42587 115329 98485 32036 7334 3014 1725 1174 1920 222 41 1
1996 184 895 7655 28782 80711 100509 54590 10545 2023 930 462 230 809 84 1
1997 79 1228 12827 36491 69633 83017 65768 28392 4651 1151 373 213 144 238 1
1998 97 1596 31887 88874 48972 40493 34513 26354 6583 965 197 69 42 22 53
1999 13 313 7501 77714 92816 31139 15778 15851 8828 1837 195 40 34 8 30
2000 32 215 4701 33094 93044 47210 12671 6677 4787 1647 321 71 11 1 14
2001 23 237 5044 35019 62139 62456 22794 5266 1773 1163 343 84 6 7 22
20021 36 104 1907 24824 60622 54709 35572 10053 1593 482 201 113 20 9 5
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Table 3.9 Total number (million) of cod consumed by cod, by year and prey age group.
Age

Year 0 1 2 3 4 5 6
1984 0 417 21 0 0 0 0
1985 1497 376 67 0 0 0 0
1986 53 413 392 99 0 0 0
1987 681 182 281 14 0 0 0
1988 29 411 22 2 0 0 0
1989 916 144 0 0 0 0 0
1990 0 62 28 0 0 0 0
1991 123 153 215 2 0 0 0
1992 4304 1028 155 4 0 0 0
1993 3802 20264 512 52 1 0 0
1994 8311 6926 645 133 54 8 0
1995 8343 15411 756 251 86 3 0
1996 10010 21902 1499 142 56 20 1
1997 2942 16834 1923 176 17 1 0
1998 79 4925 585 207 25 2 1
1999 579 1848 296 53 4 0 0
2000 1711 2323 171 35 13 4 0
2001 95 2257 111 21 9 1 1
2002 6258 2404 456 34 6 0 0

O \ACFM\WGREPS\AFWG\REPORTS\2003\3-Northeast Arctic Cod.Doc

71



Table 3.10

Run title : Arctic Cod (run: SVPASA15/V15)

At 30/04/2003 23:56

Table 1 Catch numbers-at-age Numbers*10**-3

YEAR, 1946, 1947, 1948, 1949, 1950, 1951, 1952,
AGE

3, 4008, 710, 140, 991, 1281, 24687, 24099,
4, 10387, 13192, 3872, 6808, 10954, 77924, 120704,
5, 18906, 43890, 31054, 35214, 29045, 64013, 113203,
6, 16596, 52017, 55983, 100497, 45233, 46867, 73827,
7, 13843, 45501, 77375, 83283, 62579, 37535, 49389,
8, 15370, 13075, 21482, 29727, 30037, 33673, 20562,
9, 59845, 19718, 15237, 13207, 19481, 23510, 24367,
10, 22618, 47678, 9815, 5606, 9172, 10589, 15651,
11, 10093, 31392, 30041, 8617, 6019, 4221, 8327,
12, 9573, 9348, 7945, 13154, 4133, 1288, 3565,
+gp, 8137, 18055, 12595, 7719, 9862, 4935, 2158,

TOTALNUM, 189376,
TONSLAND, 706000,
SOPCOF %, 103,

294576, 265539, 304823, 227796, 329242, 455852,
882017, 774295, 800122, 731982, 827180, 876795,
91, 89, 99, 109, 115, 93,

Run title : Arctic Cod (run: SVPASA15/V15)

At 30/04/2003 23:56

Table 1 Catch numbers-at-age Numbers*10**-3

YEAR, 1953, 1954, 1955, 1956, 1957, 1958, 1959, 1960, 1961, 1962,
AGE

3, 47413, 11473, 3902, 10614, 17321, 31219, 32308, 37882, 45478, 42416,
4, 107659, 155171, 37652, 24172, 33931, 133576, 77942, 97865, 132655, 170566,
5, 112040, 146395, 201834, 129803, 27182, 71051, 148285, 64222, 123458, 167241,
6, 55500, 100751, 161336, 250472, 70702, 40737, 53480, 67425, 51167, 89460,
7, 22742, 40635, 84031, 86784, 87033, 38380, 18498, 23117, 38740, 28297,
8, 16863, 10713, 30451, 51091, 39213, 35786, 17735, 8429, 17376, 21996,
9, 10559, 11791, 13713, 14987, 17747, 13338, 23118, 7240, 5791, 7956,
10, 10553, 8557, 9481, 7465, 6219, 10475, 9483, 11675, 6778, 2728,
11, 5637, 6751, 4140, 3952, 3232, 3289, 3748, 4504, 5560, 2603,
12, 1752, 2370, 2406, 1655, 1220, 1070, 997, 1843, 1682, 1647,
+gp, 797, 1287, 1350, 1906, 819, 433, 513, 682, 1298, 775,

TOTALNUM, 391515,
TONSLAND, 695546,
SOPCOF %, 105,

495894, 550296, 582901, 304619, 379354, 386107, 324884, 429983, 535685,
826021, 1147841, 1343068, 792557, 769313, 744607, 622042, 783221, 909266,
93, 106, 105, 100, 112, 93, 104, 110, 124,

Run title : Arctic Cod (run: SVPASA15/V15)

At 30/04/2003 23:56

Table 1 Catch numbers-at-age Numbers*10**-3

YEAR, 1963, 1964, 1965, 1966, 1967, 1968, 1969, 1970, 1971, 1972,
AGE

3, 13196, 5298, 15725, 55937, 34467, 3709, 2307, 7164, 7754, 35536,
4, 106984, 45912, 25999, 55644, 160048, 174585, 24545, 10792, 13739, 45431,
5, 205549, 97950, 78299, 34676, 69235, 267961, 238511, 25813, 11831, 26832,
6, 95498, 58575, 68511, 42539, 22061, 107051, 181239, 137829, 9527, 12089,
7, 35518, 19642, 25444, 37169, 26295, 26701, 79363, 96420, 59290, 7918,
8, 16221, 9162, 8438, 18500, 25139, 16399, 26989, 31920, 52003, 34885,
9, 11894, 6196, 3569, 5077, 11323, 11597, 13463, 8933, 12093, 22315,
10, 3884, 3553, 1467, 1495, 2329, 3657, 5092, 3249, 2434, 4572,
11, 1021, 783, 1161, 380, 687, 657, 1913, 1232, 762, 1215,
12, 1025, 172, 131, 403, 316, 122, 414, 260, 418, 353,
+gp, 784, 782, 337, 156, 279, 240, 190, 180, 216, 476,

TOTALNUM, 491574,
TONSLAND, 776337,
SOPCOF %, 102,

72

248025, 229081, 251976, 352179, 612679, 574026, 323792, 170067, 191622,
437695, 444930, 483711, 572605, 1074084, 1197226, 933246, 689048, 565254,
103, 129, 123, 109, 108, 105, 112, 124, 118,
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Table 3.10 (continued)

Run title : Arctic Cod (run: SVPASA15/V15)
At 30/04/2003 23:56
Table 1 Catch numbers-at-age
YEAR, 1973, 1974, 1975, 1976,
AGE
3, 294262, 91855, 45282, 85337,
4, 131493, 437377, 59798, 114341,
5, 61000, 203772, 226646, 79993,
6, 20569, 47006, 118567, 118236,
7, 7248, 12630, 29522, 47872,
8, 8328, 4370, 9353, 13962,
9, 19130, 2523, 2617, 4051,
10, 4499, 5607, 1555, 936,
11, 677, 2127, 1928, 558,
12, 195, 322, 575, 442,
+gp, 195, 296, 283, 218,
TOTALNUM, 547596, 807885, 496126, 465946,
TONSLAND, 792685, 1102433, 829377, 867463,
SOPCOF %, 130, 137, 115, 127,
Run title Arctic Cod (run: SVPASA15/V15)
At 30/04/2003 23:56
Table 1 Catch numbers-at-age
YEAR, 1983, 1984, 1985, 1986,
AGE
3, 3108, 6942, 24634, 28968,
4, 19594, 14240, 45769, 70993,
5, 20473, 18807, 27806, 78672,
6, 17656, 20086, 19418, 25215,
7, 17004, 15145, 11369, 11711,
8, 18329, 8287, 3747, 4063,
9, 2545, 5988, 1557, 976,
10, 646, 783, 768, 726,
11, 229, 232, 137, 557,
12, 74, 153, 36, 136,
+9p, 83, 69, 71, 76,
TOTALNUM, 99741, 90732, 135312, 222093,
TONSLAND, 289992, 277651, 307920, 430113,
SOPCOF %, 90, 95, 102, 102,
Run title Arctic Cod (run: SVPASA15/V15)
At 30/04/2003 23:56
Table 1 Catch numbers-at-age
YEAR, 1993, 1994, 1995, 1996,
AGE
3, 10094, 6531, 4879, 7655,
4, 46182, 59444, 42587, 28782,
5, 63578, 102548, 115329, 80711,
6, 33623, 59766, 98485, 100509,
7, 14866, 32504, 32036, 54590,
8, 9449, 10019, 7334, 10545,
9, 6571, 6163, 3014, 2023,
10, 12593, 3671, 1725, 930,
11, 1749, 7528, 1174, 462,
12, 377, 995, 1920, 230,
+gp, 86, 144, 264, 894,
TOTALNUM, 199168, 289313, 308747, 287331,
TONSLAND, 581611, 771086, 739999, 732228,
SOPCOF %, 101, 101, 100, 101,

1977,

39594,
168609,
136335,
52925,
61821,
23338,
5659,
1521,
610,
271,
268,
490951,
905301,
107,

1987,

13648,
137106,
98210,
61407,
13707,
3866,
910,
455,
187,
2217,
100,
329823,
523071,
102,

1997,

12827,
36491,

69633,
83017,
65768,
28392,

4651,
1151,
373,
213,
383,
302899,
762403,
100,

1978,

78822,
45400,
88495,
56823,
25407,
31821,

9408,
1227,
913,
446,
847,
339609,
698715,
109,

1988,

9828,
22774,
135347,
54379,
21015,
3304,
1236,
519,
106,
69,

62,
248639,
434939,
100,

1998,

31887,
88874,

48972,
40493,
34513,
26354,

6583,
265,
197,

69,
117,
279024,
592624,
101,

Numbers*10**-3

1979,

8600,
77484,
436717,
31943,
16815,

8274,
10974,
1785,
427,
103,
142,
200224,
440538,
121,

1980,

3911,
17086,
81986,
40061,
17664,

7442,
3508,
3196,
678,
79,

58,
175669,
380434,
127,

Numbers*10**-3

1989,

5085,
17313,
32165,
81756,
27854,

5501,

827,
290,
41,

13,

28,
170873,
332481,
99,

1990,

1911,
7551,
12999,
17827,
30007,
6810,
828,
179,
59,
15,
13,
78199,
212000,
101,

Numbers*10**-3

1999,

7501,
77714,

92816,
31139,
15778,
15851,

8828,
1837,
195,
40,

72,
251771,
484910,
100,

2000,

4701,
33094,

93044,
47210,
12671,

6677,
4787,
1647,
321,
71,

26,
204249,
414868,
100,
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1981, 1982,
3407, 8948,
9466, 20933,
20803, 19345,
63433, 28084,
21788, 42496,
9933, 8395,
4267, 2878,
1311, 708,
882, 271,
109, 260,
41, 37,
135440, 132355,
399038, 363730,
118, 125,
1991, 1992,
4963, 21835,
10933, 36015,
16467, 27494,
20342, 23392,
19479, 18351,
25193, 13541,
3888, 18321,
428, 2529,
48, 264,

12, 82,

4, 13,
101757, 161837,
319158, 513234,
95, 103,
2001, 2002,
5044, 1907,
35019, 24824,
62139, 60622,
62456, 54709,
22794, 35572,
5266, 10053,
1773, 1593,
1163, 482,
343, 201,
85, 113,

35, 34,
196117, 190110,
426471, 445060,
100, 100,
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Table 3.

Run title

At 30/04/2003

11

: Arctic Cod

23:56

(run:

SVPASA15/V15)

Table 2 Catch weights-at-age (kg)

YEAR, 1946, 1947, 1948, 1949,

AGE

3, .3500, .3200, .3400, .3700,

4, .5900, .5600, .5300, .6700,

5, 1.1100, .9500, 1.2600, 1.1100, 1

6, 1.6900, 1.5000, 1.9300, 1.6600, 1

7, 2.3700, 2.1400, 2.4600, 2.5000, 2

8, 3.1700, 2.9200, 3.3600, 3.2300, 3

9, 3.9800, 3.6500, 4.2200, 4.0700, 4

10, 5.0500, 4.5600, 5.3100, 5.2700, 5

11, 5.9200, 5.8400, 5.9200, 5.9900, 6

12, 7.2000, 7.4200, 7.0900, 7.0800, 7

+gp, 8.1460, 8.8480, 8.4300, 8.2180, 8

SOPCOFAC, 1.0300, . 9143, .8915, .9920, 1

Table 2 Catch weights-at-age (kg)

YEAR, 1953, 1954, 1955, 1956,

AGE

3, .4000, . 4400, .3200, .3300,

4, .7600, .7700, .5700, .5800,

5, 1.2800, 1.2600, 1.1300, 1.0700, 1

6, 1.9300, 1.9700, 1.7300, 1.8300, 1

7, 2.8100, 3.0300, 2.7500, 2.8900, 2

8, 3.7200, 4.3300, 3.9400, 4.2500, 4

9, 5.0600, 5.4000, 4.9000, 5.5500, 5

10, 6.3400, 6.7500, 7.0400, 7.2800, 7

11, 7.4000, 7.7900, 7.2000, 8.0000, 8

12, 8.6700, 10.6700, 8.7800, 8.3500, 9

+9p, 10.2380, 9.6800, 10.0770, 9.9440, 10

SOPCOFAC, 1.0485, .9294, 1.0634, 1.0455, 1
Run title : Arctic Cod (run: SVPASA15/V15)
At 30/04/2003 23:56

Table 2 Catch weights-at-age (kg)

YEAR, 1963, 1964, 1965, 1966,

AGE

3, .3200, .3300, .3800, .4400,

4, .6100, .5500, .6800, .7400,

5, .9600, .9500, 1.0300, 1.1800, 1

6, 1.7300, 1.8600, 1.4900, 1.7800, 2

7, 3.0400, 3.2500, 2.4100, 2.4600, 2

8, 4.9600, 4.9700, 3.5200, 3.8200, 3

9, 6.4400, 6.4100, 5.7300, 5.3600, 4

10, 7.9100, 8.0700, 7.5400, 7.2700, 7

11, 9.6200, 9.3400, 8.4700, 8.6300, 9

12, 11.3100, 10.1600, 11.1700, 10.6600, 10

+9p, 12.7370, 12.8860, 13.7220, 14.1480, 13

SOPCOFAC, 1.0226, 1.0277, 1.2903, 1.2327, 1

74

1950,

.3900,
.6400,
.2900,
.7000,
.3600,
.4800,
.5200,
.6200,
.4000,
.9600,
.8910,
.0880,

O oo -Jou s WP

1957,

.3300,
.5900,
.0200,
.8200,
.8900,
.2800,
.4900,
.5100,
.2400,
.2500,
.6050,
.0004,

=
P oo Ju s N

1967,

.2900,
.8100,
.3500,
.0400,
.8100,
.4800,
.8900,
.1100,
.0300,
.5900,
.8290,
.0911,

=
RS OO0 b W

1951,

.4000,
.8300,
.3900,
.8800,
.5400,
.4600,
.8800,
.2000,
.1400,
.2200,
.3890,
.1483,

O o Joy U WN P -

=

1958,

.3400,
.5200,
.9500,
.9200,
.9400,
.2100,
.6100,
.3500,
.6700,
.5800,
.6310,
.1232,

= O Jo Ul W

=

1968,

.3300,
.7000,
.4800,
.1200,
.1400,
.2100,
.2700,
.6500,
.0100,
.6600,
.8480,
.0785,

=
Hb O oo WN N

1952,

.4400,
.8000,
.3300,
.9200,
.6400,
.7100,
.0600,
.0500,
.4200,
4300,
.1850,
.9348,

1959,

3500,
.7200,
4700,
.6800,
.5900,
.3200,
.4500,
4400,
.1700,
.6300,
.6210,
.9305,

=
R P 00 -Jooydbd Wb

1969,

.4400,
.7900,
.2300,
.0300,
.9000,
.8100,
.0200,
.4300,
.3300,
.7100,
.2110,
0520,

=
B O 00 W N

1960,

.3400,
.5100,
.0900,
.1300,
.3800,
.8700,
.1200,
.4900,
.7900,
.3000,
.4220,
.0416,

=
R P ©OOooo UlwhN

1970,

.3700,
.9100,
.3400,
.0000,
.0000,
.1500,
.5900,
.6000,
.9700,
.9900,
.0740,
.1170,

=
BN OO WN
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1961,

.3100,
.5500,
.0500,
.2000,
.2300,
.1100,
.1500,
.1500,
.6800,
.6000,
.9520,
.0970,

=
HNOWJoO U W

1971,

4500,
.8800,
.3800,
.1600,
.0700,
.2200,
.8100,
.1300,
.6200,
.8300,
.9450,
.2405,

=
H W WOWJ0 s WN

1962,

.3200,
.5500,
.9300,
.7000,
.0300,
.0300,
.5500,
.7000,
.2700,
.5600,
.7170,
.2356,

1972,

.3800,
.7700,
.4300,
.1200,
.2300,
.3800,
.8300,
6200,
.5200,
.0900,
.6730,
.1822,



Table 3.11 (Continued)

Table 2
YEAR,
AGE

’

’

r

’

’

0 J oUW

’
9,

10,
11,
12,
+ap,
SOPCOFAC, 1

0 oW

10
11.
13.

~
~NOw NN

10, 9
11, 11
12, 16
+gp, 17.
SOPCOFAC,

1
+gp, 1

1
2
2
4
5
6.
7
7
0
4
SOPCOFAC, 1.

Catch weights-at-age (kg)
1973, 1974, 1975,
.3800, .3200, .4100,
.9100, .6600, .6400,
.5400, 1.1700, 1.1100, 1
.2600, 2.2200, 1.9000, 2
.2900, 3.2100, 2.9500, 2
.6100, 4.3900, 4.3700, 4
.5700, 5.5200, 5.7400, 5
.3700, 7.8600, 8.7700, 9
.5400, 9.8200, 9.9200, 10
6200, 11.4100, 11.8100, 11.
9040, 13.2420, 13.1070, 13
.3003, 1.3660, 1.1520, 1
Catch weights-at-age (kg)
1983, 1984, 1985,
.8400, 1.4200, .9400,
.3700, 1.9300, 1.3700, 1
.0900, 2.4900, 2.0200, 1
.8600, 3.1400, 3.2200, 2
.9900, 3.9100, 4.6300, 4
.5800, 4.9100, 6.0400, 5
.7700, 6.0200, 7.6600, 6
.2900, 7.4000, 9.8100, 7
.5500, 8.1300, 11.8000, 9
.2000, 8.5700, 14.1600, 10
0340, 8.6090, 14.0080, 12
.8953, .9483, 1.0182, 1
Catch weights-at-age (kg)
1993, 1994, 1995,
.8100, .8200, .7700,
.5200, 1.3000, 1.2000, 1
.1600, 2.0600, 1.7800, 1
.7900, 2.8900, 2.5900, 2
.0700, 3.2100, 3.8100, 3
.5300, 5.2000, 4.9900, 5
4700, 6.8000, 6.2300, 6
.1900, 7.5700, 8.0500, 8
.9800, 8.0100, 8.7400, 9
.1100, 9.4800, 9.2200, 10
.1830, 11.9780, 12.3190, 10
0127, 1.0090, 1.0030, 1

.5440,
.2688,

.8400,
.8300,
.6900,
.8100,
.7100,
.0510,
.0160, 1.

1976,

.3500,
.7300,
.1900,
.0100,
.7600,
.2200,
.8800,
.3000,
.2800,

8600,

=
WO Wwwo W

1986,

.6400,
.2700,
.8800,
.7900,
.4900,

O 00 U WwN

13
13

1996,

.7900,
.1100,
.6100,
.4600,
.8200,
.7200,
.7400,
.0400,
.2800,
.4000,
.9660,
.0147,

=
HF R R0 dd0WwN e e

1977,

.4900,
.9000,
.4300,
.0500,
.3000,
.5600,
.4600,
.6300,
.9300,
.9000,
.6680,
.0683, 1

~N ok w N

10

1987,

.4900,
.8800,
.5500,
.3300,
.4400,
.9200,
.6000,
.6000,
12.
.7200,
.3800,
0224, 1.

O 00 U WwN

1700, 11
14

16

1997,

.6700,
.0400,
.5300,
.2200,
.4200,
.2000,
.1900,
.7300,
.6100,
.0700,
.1170,
.0004, 1.

O o WN

10

14

.0890,

.5240,

1978,

.4900,
.8100,
.4500,
.1500,
.0400,
4600,
.5400,
.9800,
.1500,
10.
13.

8500,
1770,

=
B O wWoo s WN

1988,

.5400,
.8500,
.3200,
.2400,
.5200,
.3500,
.0600,
.5100, 9.
.3600,
.0900,
.7060,

~N NP

11

0001,

1998,

.6800,
.0500,
.6200,
.3000,
.3000,
.8600,
.8700,
.3000, 6
.3000,
15.

bW

0500,

0072,

11.
.4700,
16.

1979,

.3500,
.7000,
.2400,
.1400,
.1500,
.2900,
.5800,
.6100,
.2200,
.8900,
.3440,
.2139,

=
& O oo J0 b Wk P

1989,

.7400,
.9600,
.3100,
.9200,
.9300,
.6400,
.5200,

O ~J s W=

1200,
0800,

4840,

1999,

.6300,
.0100,
.5400,
.3400,
.2100,
.2900,
.0000,
.7300,
10.
13.
14.

.9967,

0800,
8800,
0360,

=
O N0 0 W N R

.8100,
.2200,
6400,
.2200,
.2400,
.6800,
.3000,
.8400, 8.
11.
16.
16.

.9521,

13.
16.
11.
.9879, 1.

1980,

.2700,
.5600,
.0200,
.7200,
.0200,
.2000,
.8400,
.2600,
.8400,
.2800,
.4480,
.2723, 1.

O o NN -

10

1990,

DN W NN

2500,
8800,
6170,
0108,

2000,

.5720,
.0360,
.6090,
.3440,
.3410,
4760,
.7240,
.5230,
.0210,
.4780,
.2410,
.0039,

OO W -Jodbd WN KR

=
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.0500,
.4500,
.1500,
.8900,
.7500,
.7100,
.0800,

1981,

4900,
.9800,
.4400,
.0900,
.9800,
.8500,
.5700,
.1600,
.8200,
10.
13.

QO o N P

12
7700,

9320, 14

1991,

8200,
8000,
5800,
6900,

= e
HFB P OdO s WN P

2001,

6600,
0500,
6200,
.5100,
.5100,
.7800,
.0400,
.5400,
.0000,
.4800,
.1800,
.9994,

=
P O 0w Ww-Jod WN P

1982,

.3700,
.6600,
.3500,
.9900,
.9300,
.2400,
. 4600,
.5100,
.2400,
10.
.0410,
1809, 1.

7800,

2521,

1992,

.1600,
.5700,
.2100,
.1000,
.2700,
.1900,
.1400,
.7700,
.1200,
.5400,
.3320,
.0270,

2002,

.7400,
.1400,
.5800,
.3300,
.5600,
.8400,
.2400,
6600,
.1000,
.1800,
.9510,
.0001,

75



Table 3.12

Run title

At 30/04/2003

: Arctic Cod

23:56

(run:

SVPASA15/V15)

Table 3 Stock weights-at-age (kg)

YEAR, 1946, 1947, 1948, 1949,

AGE

3, .3500, .3200, .3400, .3700,

4, .5900, .5600, .5300, .6700,

5, 1.1100, .9500, 1.2600, 1.1100, 1

6, 1.6900, 1.5000, 1.9300, 1.6600, 1

7, 2.3700, 2.1400, 2.4600, 2.5000, 2

8, 3.1700, 2.9200, 3.3600, 3.2300, 3

9, 3.9800, 3.6500, 4.2200, 4.0700, 4

10, 5.0500, 4.5600, 5.3100, 5.2700, 5

11, 5.9200, 5.8400, 5.9200, 5.9900, 6

12, 7.2000, 7.4200, 7.0900, 7.0800, 7

+gp, 8.1460, 8.8480, 8.4300, 8.2180, 8

Table 3 Stock weights-at-age (kg)

YEAR, 1953, 1954, 1955, 1956,

AGE

3, .4000, . 4400, .3200, .3300,

4, .7600, .7700, .5700, .5800,

5, 1.2800, 1.2600, 1.1300, 1.0700, 1

6, 1.9300, 1.9700, 1.7300, 1.8300, 1

7, 2.8100, 3.0300, 2.7500, 2.8900, 2

8, 3.7200, 4.3300, 3.9400, 4.2500, 4

9, 5.0600, 5.4000, 4.9000, 5.5500, 5

10, 6.3400, 6.7500, 7.0400, 7.2800, 7

11, 7.4000, 7.7900, 7.2000, 8.0000, 8

12, 8.6700, 10.6700, 8.7800, 8.3500, 9

+9p, 10.2380, 9.6800, 10.0770, 9.9440, 10
Run title Arctic Cod (run: SVPASA15/V15)
At 30/04/2003 23:56

Table 3 Stock weights-at-age (kg)

YEAR, 1963, 1964, 1965, 1966,

AGE

3, .3200, .3300, .3800, .4400,

4, .6100, .5500, .6800, .7400,

5, .9600, .9500, 1.0300, 1.1800, 1

6, 1.7300, 1.8600, 1.4900, 1.7800, 2

7, 3.0400, 3.2500, 2.4100, 2.4600, 2

8, 4.9600, 4.9700, 3.5200, 3.8200, 3

9, 6.4400, 6.4100, 5.7300, 5.3600, 4

10, 7.9100, 8.0700, 7.5400, 7.2700, 7

11, 9.6200, 9.3400, 8.4700, 8.6300, 9

12, 11.3100, 10.1600, 11.1700, 10.6600, 10

+gp, 12.7370, 12.8860, 13.7220, 14.1480, 13

76

1950,

.3900,
.6400,
.2900,
.7000,
.3600,
.4800,
.5200,
.6200,
.4000,
.9600,
.8910,

O 0 J U d WP -

1957,

.3300,
.5900,
.0200,
.8200,
.8900,
.2800,
.4900,
.5100,
.2400,
.2500,
.6050,

O oo Jo s N

=

1967,

.2900,
.8100,
.3500,
.0400,
.8100,
.4800,
.8900,
.1100,
.0300,
.5900,
.8290,

SO O oYU W N

Jy

1951,

.4000,
.8300,
.3900,
.8800,
.5400,
.4600,
.8800,
.2000,
.1400,
.2200,
.3890,

O o Joy U WN P -

=

1958,

.3400,
.5200,
.9500,
.9200,
.9400,
.2100,
.6100,
.3500,
.6700,
.5800,
.6310,

= O Jo Ul W

=

1968,

.3300,
.7000,
.4800,
.1200,
.1400,
.2100,
.2700,
.6500,
.0100,
.6600,
.8480,

SO ooy T w NN

=

1952,

.4400,
.8000,
.3300,
.9200,
.6400,
.7100,
.0600,
.0500,
.4200,
4300,
.1850,

1959,

3500,
.7200,
4700,
.6800,
.5900,
.3200,
.4500,
4400,
.1700,
.6300,
.6210,

= O ~J oo WwN

=

1969,

4400,
.7900,
.2300,
.0300,
.9000,
.8100,
.0200,
. 4300,
.3300,
.7100,
.2110,

SO 0 J o w N

=

1960,

.3400,
.5100,
.0900,
.1300,
.3800,
.8700,
.1200,
.4900,
.7900,
.3000,
.4220,

= O o0 owwo Ul whN K+

=

1970,

.3700,
.9100,
.3400,
.0000,
.0000,
.1500,
.5900,
.6000,
.9700,
.9900,
.0740,

N O 0 Jo b whN -

=
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1961,

.3100,
.5500,
.0500,
.2000,
.2300,
.1100,
.1500,
.1500,
.6800,
.6000,
.9520,

NO W -Joy 01 W

=

1971,

.4500,
.8800,
.3800,
.1600,
.0700,
.2200,
.8100,
.1300,
6200,
.8300,
.9450,

WNWOWJO b WN

=

1962,

.3200,
.5500,
.9300,
.7000,
.0300,
.0300,
.5500,
.7000,
.2700,
.5600,
.7170,

1972,

.3800,
.7700,
.4300,
.1200,
.2300,
.3800,
.8300,
6200,
.5200,
.0900,
.6730,



Table 3.12 (continued)

Table 3
YEAR,

+gp,

NOWw--Jo b WN

o UL N P

12

.9040,

.8870,

Stock weights-at-age (kg)

1973,

.3800,
.9100,
.5400,
.2600,
.2900,
.6100,
.5700,
.3700,
.5400,
.6200,

WkE OJOobd wN P

=

1983,

.3700,
.9200,
.6000,
.4400,
.8200,
.7600,
.1700,
.7000,
.2500,
.8500,
.9880,

1974, 1975,

.3200, .4100,

.6600, .6400,

.1700, 1.1100, 1
.2200, 1.9000, 2
.2100, 2.9500, 2
.3900, 4.3700, 4
.5200, 5.7400, 5
.8600, 8.7700, 9
.8200, 9.9200, 10
.4100, 11.8100, 11.
.2420, 13.1070, 13

Stock weights-at-age (kg)

1984, 1985,

.4200, .4100,

.1600, .8800,

.8100, 1.6000, 1
.7900, 2.8100, 2
.7800, 4.0600, 3
.5700, 5.8300, 5
.1700, 7.6900, 6
.7000, 10.1200, 6

W oW -Jodbd WN KB

=

.2500, 14.2900, 11.
.8500, 10.8500, 10.
.0330, 13.4130, 13

Stock weights-at-age (kg)

1993,

.3440,
.1720,
.8200,
.8230,
.0310,
.4970,
.7650,
.5710,
10.
10.

8470,
8500,

NOow-Jo0 WwWN

=

1994, 1995,
.2350, .2010,

.7530, .4850,

.4200, 1.1400, 1
.4130, 2.1180, 2
.8250, 3.4700, 3
.4160, 4.9380, 5
.6310, 7.1600, 7

.6300, 9.1190, 10.
.1120, 10.1010, 10.
.8500, 10.8500, 10.
.7540, 12.7270, 12.

.5440,

1976,

.3500,
.7300,
.1900,
.0100,
.7600,
.2200,
.8800,
.3000,
.2800,

8600,

w O wWwowwoy b WN

=

1986,

.3100,
.8800,
.4700,
.4700,
.9200,
.8100,
.5800,
.8300, 9
0000, 13.
8500, 10.
.5870, 13.

o Ul W

1996,

.1950,
.4870,
.0310,
.0540,
.5250,
.5030,
.7670, 8.
1590, 12.
6690, 10.
8500, 10.
.3770,

U W

6340, 13

1977,

.4900,
.9000,
.4300,
.0500,
.3000,
.5600,
.4600,
.6300,
.9300,
.9000,
.6680,

1987,

.1900,
.5100,
.2800,
.9400,
.2800,
.1700,
.5200,
.3000,

1500,
8500,
8260,

1997,

.2020,
.5210,
.0790,
.8780,
.3690,
.2630,

9270,
1540,
8230,
8500,

o bW N

10

SN

12

13

N QR

10

11.
10.

13

.8500,
13.

.0180,

1978,

.4900,
.8100,
. 4500,
.1500,
.0400,
.4600,
.5400,
.9800,
10.

1500,

B O W ooy WN

[

1770,

1988,

.2100,
.4000,
.7900,
.9000,
.9800,
.3900,
.8100,
.1100,
13.
10.

1100,
8500,

SO WO JdbB DN

=

1998,

.2170,
.5330,
.1610,
.9390,
.9450,
.5740,
.4230, 6.
.3670, 10.
7380, 10.
8500, 10.
.8960, 13.

B w N

1979,

.3500,
.7000,
.2400,
.1400,
.1500,
.2900,
.5800,
.6100,
.2200,
.8900,
.3440,

SO0 JO b W

—

1989,

.3000,
.5200,
.8700,
.4800,
L6900,
.6300,
.0500,
.9800,
.2500,
.8500,
.4790,

WO 0 Jdbd WP

=

1999,

.2030,
.5200,
.1740,
.0310,
.0340,
.4640,

4820,
2690,
8820,
8500,
6970,

wW o W Ju b W

=

1980,

.2700,
.5600,
.0200,
.7200,
.0200,
.2000,
.8400,
.2600, 9.
.8400, 10.
.2800, 10.
.4480, 13.

o BN N

1990,

.4000,
.7100,
.1800,
.7200,
.4600,
.5700,
.7100,
.8000,
.9600,
.8500,
.4230,

=
W oo WN B

=
NN}

2000,

.1940,
. 4650,
.2080,
.9720,
.0480,
.0960,
.7240,
.4570, 9.
.5820, 11.
.8500, 10.
.9000, 14.

oUW N

O \ACFM\WGREPS\AFWG\REPORTS\2003\3-Northeast Arctic Cod.Doc

1981,

4900,
.9800,
.4400,
.0900,
.9800,
.8500,
.5700,
1600, 8.
8200, 12.
7700, 10.
9320, 14.

NN e

1991,

.5180,
.1360,
.7430,
. 4280,
.2140,
.5380,
.8800,
.7190,
.4450, 12.
.8500, 10.
.1000, 13.

oUW N

O

2001,

.2850,
.5220,
.1940,
.2310,
.3060,
.0500,
.3760,

o bW N

1982,

.3700,
.6600,
.3500,
.9900,
.9300,
.2400,
4600,

5100,
2400,
7800,
0410,

1992,

.4400,
.9310,
.8120,
.7160,
.8950,
.1760,
.7740,
.5980,

4270,
8500,
6620,

2002,

.2510,
.6050,
.1860,
.1100,
.3120,
.7210,
.8660,
1150, 9.
2720, 10.
8500, 10.
3510, 12.

0830,
2060,
8500,
9950,

77



Table 3.13

Run title : Arctic Cod (run: SVPASA15/V15)

At 30/04/2003 23:56

Table 5 Proportion mature at age

YEAR, 1946, 1947, 1948, 1949, 1950, 1951, 1952,

AGE

3, .0000, .0000, .0000, .0000, .0000, .0000, .0000,

4, .0000, .0000, .0000, .0000, .0000, .0000,  .0000,

5, .0100, .0100, .0100, .0100, .0100, .0100, .0100,

6, .0300, .0300, .0300, .0300, .0300, .0300, .0300,

7, .0600, .0600, .0700, .0900, .0900, .1000, .0800,

8, .1100, .1300, .1300, .1700, .2300, .2400, .2200,

9, .1800, .1600, .2500, .2900, .3500, .4000,  .4100,

10, .4400, .4200, .4700, .5400, .5200, .5800, .6300,

11, .6500, .7500, .7300, .7900, .7900, .7200, .8200,

12, .8600, .9100, .9100, .8800, .9500, .8500, .9200,

+gp, .9600, .9500, .9700, .9700, .9700, .9600,  .9700,

Table 5 Proportion mature at age

YEAR, 1953, 1954, 1955, 1956, 1957, 1958, 1959, 1960, 1961, 1962,
AGE

3, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
4, .0000, .0000, .0000, .0000, .0000, .0000,  .0000,  .0100,  .0000,  .0000,
5, .0100, .0100, .0100, .0100, .0100, .0100,  .0100, .0300, .0100, .0100,
6, .0300, .0300, .0300, .0300, .0300, .0300, .0400, .0600, .0600, .0500,
7, .0700, .0800, .0700, .0600, .0600, .0600, .1200, .1000, .1200, .1500,
8, .1900, .1600, .1300, .1200, .0900, .1000,  .3400, .1900, .3100, .3400,
9, .4000, .3700, .2600, .1400, .1200, .1000,  .4900,  .4500,  .6500,  .6100,
10, .6400, .6800, .5300, .4100, .2200, .3000, .6700, .6900, .9100, .8100,
11, .8400, .8700, .8300, .6700, .6000, .5000, .8400, .7700, .9800, .9200,
12, .9400, .9300, .9200, .9100, .8200, .8200,  .8700, .8500, .9800, .9700,
+gp, .9700, .9600, .9700, .9600, .9700, .9700, 1.0000,  .9900, 1.0000, 1.0000,

Run title : Arctic Cod (run: SVPASA15/V15)

At 30/04/2003 23:56

Table 5 Proportion mature at age

YEAR, 1963, 1964, 1965, 1966, 1967, 1968, 1969, 1970, 1971, 1972,
AGE

3, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0100,
4, .0100, .0000, .0000, .0000, .0000, .0000, .0000, .0100, .0000, .0200,
5, .0100, .0000, .0000, .0100, .0000, .0300, .0000, .0000, .0100, .0200,
6, .0300, .0300, .0100, .0200, .0300, .0500, .0200, .0100, .0500, .0100,
7, .0700, .1300, .0600, .0600, .0700, .0900, .0400, .0700, .1100, .1000,
8, .2800, .3700, .2000, .2200, .1400, .1900, .1200, .2300, .3000, .3400,
9, .4200, .6600, .5500, .3500, .3800, .3900, .3400, .5800, .5900, .6400,
10, .8100, .8900, .7300, .7400, . 6400, .5800, .5500, .8100, .7900, .8100,
11, .9800, .9500, .9900, .9400, .8900, .8200, .7400, .8900, .8600, .9400,
12, .9800, .9900, .9800, .9400, .9000, 1.0000, .9500, .9100, .8800, 1.0000,
+gp, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
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Table 3.13 (continued)

Table 5 Proportion mature at age

YEAR, 1973, 1974, 1975, 1976, 1977, 1978, 1979, 1980,
AGE

3, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
4, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
5, .0000, .0000, .0100, .0000, .0200, .0000, .0000, .0000,
6, .0200, .0100, .0200, .0500, .0800, .0200, .0300, .0200,
7, .1600, .0300, .0900, .1200, .2600, .1300, .1300, .1300,
8, .5300, .2100, .2100, .2900, .5400, . 4400, .3900, .3500,
9, .8100, .5000, .5600, .4500, .7600, .7100, L7700, .6500,
10, .9200, .9600, .7800, .8400, .8700, L7700, .8900, .8200,
11, .9500, 1.0000, .7900, .8300, .9300, .8100, .8300, 1.0000,
12, .9800, .9600, .9500, 1.0000, .9400, .8900, .7800, .9000,
+gp, 1.0000, 1.0000, 1.0000, .9000, .9000, .8000, .9000, .9000,
Table 5 Proportion mature at age

YEAR, 1983, 1984, 1985, 1986, 1987, 1988, 1989, 1990,
AGE

3, .0100, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
4, .0800, .0500, .0100, .0500, .0100, .0200, .0000, .0100,
5, .1000, .1800, .0900, .0800, .0700, .0500, .0500, .0500,
6, .3000, .3100, .3600, .1900, .1800, .3300, .1800, .2100,
7, .7300, .5600, .5500, .5300, .2200, .5300, .4100, .5800,
8, .8800, .9000, .8500, .7100, .4600, .6200, .6900, .7700,
9, .9700, .9900, .9600, .6200, .5000, 1.0000, .8500, .8600,
10, 1.0000, 1.0000, .9000, .9000, .7500, 1.0000, 1.0000, .9800,
11, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
12, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
+gp, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
Table 5 Proportion mature at age

YEAR, 1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000,

AGE

3, .0000, .0000, .0000, .0000, .0000, .0000, .0000, .0000,
4, .0300, .0100, .0000, .0000, .0000, .0100, .0000, .0000,
5, .0900, .1100, .0700, .0200, .0200, .0400, .0100, .0600,
6, .3000, .3300, .3300, .2600, .1400, .1900, .1000, .2200,
7, .6100, .6000, .6200, .6300, .5600, .4400, .4500, .6400,
8, .9100, .8100, .7400, .8300, .8200, .8200, .7900, .8300,
9, .9700, .9700, .9500, .9800, .9500, .9300, .8800, .9700,
10, .9900, .9900, .9800, 1.0000, .9500, .9800, 1.0000, 1.0000,
11, 1.0000, .9900, 1.0000, 1.0000, .9500, 1.0000, 1.0000, 1.0000,
12, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
+gp, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000,
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1981,

.0000,
.0000,
.0200,
.0700,
.2000,
.5400,
.8000,
.9700,

1.0000,

.0000,

1.0000,

—

1991,

.0000,
.0400,
.0600,
.2800,
6500,
.8300,
.9700,
.0000,
.0000,
.0000,
.0000,

R S S

2001,

.0000,
.0100,
.0500,
.3400,
.5800,
.7700,
.9800,

1.0000,
.9700,

1.0000,

1.0000,

R

R e

R e

1982,

.0000,
.0500,
.1000,
.3400,
6500,
.8200,
.9200,
.0000,
.0000,
.0000,
.0000,

1992,

.0100,
.0100,
.1200,
.4300,
7500,
.9300,
.9700,
.0000,
.0000,
.0000,
.0000,

2002,

.0000,
.0100,
.0800,
4000,
.7000,
.8600,
.9800,
.0000,
.0000,
.0000,
.0000,
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Table 3.14

Northeast Arctic cod (Subareas I and II) (run name: XSAASA26)

104

FLT09: Russian trawl catch and effort ages 9 - 14 (Catch: Thousa (Catch: Unknown) (Effort:

Unknown)

1985 2002

11 0.00 1.00

9 13
0.70 291 77 30 6 0
1.52 87 59 22 3 1
2.10 127 95 37 11 2
2.75 442 215 53 12 3
2.12 140 47 11 0 0
1.11 204 49 14 2 0
1.56 791 71 16 4 1
2.50 3852 689 62 10 0
2.64 2019 1778 68 13 2
2.96 1237 595 167 40 5
3.88 684 345 146 21 1
3.73 364 164 34 10 0
4.92 488 99 34 10 0
6.77 559 88 34 13 1
6.39 882 171 0 0 0
4.25 742 185 25 1 0
3.50 235 95 35 7 0
3.15 336 61 18 1 0

FLT15: NorBarTrSur rev99 (Catch: Unknown) (Effort: Unknown)

1980 2002

1 10.99 1.00

38
1 233 400 384 48 10 3
1 277 236 155 160 14 2
1 523 433 170 58 32 10
1 283 214 117 41 4 1
1 1260 199 77 33 2 1
1 1439 641 83 19 3 0
1 3911 543 157 20 5 0
1 805 1733 205 36 5 0
1 759 378 902 98 9 1
1 349 346 206 272 16 4
1 337 257 215 122 127 6
1 5717 178 128 77 43 27
1 1401 725 158 62 39 22
1 3102 1474 506 93 24 16
1 2414 2559 767 185 24 8
1 1154 1372 1061 240 29 4
1 640 704 527 283 57 9
1 1813 365 259 178 86 10
1 1732 581 134 65 51 12
1 1321 1083 269 43 20 12
1 1828 834 382 89 11 4
1 1350 1096 425 151 24 3
1 1297 911 673 183 49 10
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Table 3.14 (continued)

FLT16: NorBarLofAcSur rev99

1984 2002
1 10.99 1.00
3 11
1416
1343
2049
355
344
206
346
658
1911
4045
1598
705
517
1826
964
1589
1716
1122
1144

PR RRPRPRRPRRRRRPRRRRERRRRRR

203
684
502
578
214
262
293
216
1131
2174
2166
872
497
424
454
1457
812
1035
1320

1

1

150
116
174
109
670
269
339
185
354
894
041
891
422
338
122
493
554
591
492

FLT17: RusSurCatch/hr rev00

1982 2002
11 0.90 1.00
38
141
60
156
283
495
61
66
34
9
102
309
491
230
119
77
99
508
284
276
277
180

PR RRPRRPRRPRRRRRRPRRPRRRRERRRRRE R

76
73
93
397
286
402
73
91
29
48
90
526
404
235
101
83
334
475
219
372
144

94
48
49
181
140
78
193
109
65
58
45
377
383
247
126
62
97
162
169
206
241

(Catch: Unknown)

157
77
15
39

166

668

367

284

255

224

291

446

499

340

112

129

190

297

692

(ages 1-8)

58
20
30
45
50
34
33
lel
78
66
48
117
366
105
86
37
37
31
58
115
252

32

12
17
14

10
131
96
83
26
45
120
23
36
18
16
12

22
117

(Effort: Unknown)
33 12 11 5
31 2 0 4
30 7 0 0
2 0 1 0
32 5 1 0
72 6 4 0
500 36 2 2
254 824 44 16
252 277 443 49
120 94 39 179
43 43 31 26
64 10 4 9
205 22 5 0
247 49 8 2
187 92 11 2
69 52 16 4
22 8 5 3
73 10 4 3
231 41 5 1
(Catch: Unknown) ( (Catch: Unknown)

11

11

5

6

2

2

2

55

43

71

23

32

42

7

9

5

7

8

3

3

52

~NNOORFr OO o

(Effort:
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Table 3.15. NEAcod. Compared diagnostics and results for xsa tuned by single fleets and combination of fleets.

Cannibalism included in catch

FLT 09 FLT 15 FLT 16 FLT 17| Final run Fleksi- Red.surv. 02 deleted 02,03 deleted

Rus trawl  Joint BT Joint+Lof  Rus BT ALL best ALL ALL ALL weights in FL 17 in FL16and17

CPUE survey Ac survey survey Fleets Final Fleets Fleets Fleets ALL Fleets ALL fleets ALL fleets

Min. SE for shrinkage 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.5 1.0 1.0
SS-ind.Q for age> 6 6 6 6 6 2 4 5 7 6 6 6
ages with fleet data 9to 12 3to08 3to 11 3t08 3to12 3to12 3to12 3to12 3to 12 3to 12 3to12 3to 12
# of iterations to converg 23 18 21 >30 23 0 25 25 26 21 25 >30
age3  PshrinkW 0.93 0.58 0.58 0.74 0.35 0 0.30 0.33 0.38 0.40 0.43 0.58
FshrinkW 0.07 0.04 0.04 0.07 0.03 0 0.02 0.03 0.03 0.11 0.03 0.04

age4  PshrinkW 0.90 0.29 0.31 0.32 0.12 0 * 0.12 0.13 0.15 0.15 0.29
FshrinkW 0.10 0.04 0.04 0.05 0.02 0 0.02 0.02 0.02 0.08 0.02 0.04

age5  PshrinkW 0.83 0.16 0.17 0.20 0.06 0 * * 0.06 0.07 0.07 0.14
FshrinkW 0.17 0.04 0.04 0.05 0.02 0 0.02 0.02 0.02 0.07 0.02 0.03

age6  FshrinkW 1.00 0.05 0.04 0.08 0.02 0 0.02 0.02 0.05/0.02 0.08 0.02 0.04
age7  FshrinkW 1.00 0.08 0.10 0.11 0.03 0 0.03 0.03 0.03 0.13 0.04 0.06
age8  FshrinkW 1.00 0.10 0.17 0.21 0.05 0 0.05 0.05 0.05 0.20 0.06 0.08
age9  FshrinkW 0.37 0.38 0.22 0.71 0.10 0 0.10 0.10 0.10 0.39 0.10 0.19
age10 FshrinkW 0.24 0.68 0.22 0.92 0.13 0 0.13 0.13 0.13 0.41 0.13 0.18
age11  FshrinkW 0.23 0.90 0.37 0.98 0.17 0 0.17 0.17 0.17 0.50 0.17 0.22
age12 FshrinkW 0.45 0.97 0.73 0.99 0.44 0 0.44 0.44 0.44 0.76 0.44 0.40
N2002 age3 42870 47193 50338 48587 50165 33980 52047 50760 49193 43687 50690 47695
N*10%-4  age4d 28995 34727 39260 33378 38589 30270 41935 38966 37838 33969 40861 35139
ageb5 20833 29771 35213 32601 36201 32884 39336 38440 35303 32630 35273 30670

age6 11926 15522 20705 21241 19438 17504 20088 19772 17831 17721 18534 15848

age7 7059 7361 7924 12275 8401 10963 8612 8490 8249 7884 8052 7658

age8 1677 1861 1892 2696 2046 3042 2049 2056 2039 1887 1974 1908

age9 324 234 272 243 284 461 284 284 284 258 286 269

age10 88 71 71 71 75 153 75 75 75 73 75 88

F2002 age4 0.12 0.10 0.09 0.11 0.09 0.10 0.08 0.09 0.09 0.10 0.09 0.10
ageb 0.39 0.26 0.21 0.23 0.21 0.21 0.19 0.19 0.21 0.23 0.21 0.25

ageb 0.71 0.49 0.35 0.34 0.37 0.35 0.36 0.37 0.41 0.42 0.39 0.48

age7 0.81 0.76 0.69 0.39 0.63 0.46 0.61 0.62 0.65 0.69 0.67 0.72

age8 1.09 0.91 0.88 0.53 0.78 0.54 0.78 0.78 0.79 0.89 0.83 0.87

age9 0.78 1.39 1.04 1.28 0.97 0.60 0.97 0.97 0.96 1.14 0.96 1.07

age10 0.93 1.37 1.38 1.41 1.23 0.66 1.23 1.23 1.23 1.32 1.23 0.93

2002 F(5-10) 0.79 0.86 0.76 0.70 0.70 0.47 0.69 0.69 0.71 0.78 0.71 0.72
F(4-8) 0.62 0.50 0.44 0.32 0.42 0.33 0.40 0.41 0.43 0.47 0.44 0.48

TSB2002 incl Age1-2 1245 1489 1726 1844 1730 1595 1815 1771 1672 1574 1700 1527
SSB2002 ('000 T) 391 438 504 637 513 436 527 520 494 474 494 454
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Table 3.16

Lowestoft VPA Version 3.1
28/04/2003 15:01

Extended Survivors Analysis

Arctic Cod (run: XSAASA27/X27)

CPUE data from file fleet

Catch data for 19 years. 1984 to 2002. Ages 1 to 13.

Fleet, First, Last, First, Last, Alpha,

B year, year, age , age
FLT09: Russian trawl, 1985, 2002, 9, 12, .000,
FLT15: NorBarTrSur r, 1984, 2002, 3, 8, .990,
FLT16: NorBarLofAcSu, 1984, 2002, 3, 11, .990,
FLT17: RusSurCatch/h, 1984, 2002, 3, 8, .900,

Time-series weights
Tapered time weighting applied
Power = 3 over 10 years
Catchability analysis

Catchability dependent on stock size for ages <

Beta

.000
.000
.000
.000

Regression type = C
Minimum of
Survivor estimates shrunk to the population mean for ages < 6

5 points used for regression

Catchability independent of age for ages >= 10

Terminal population estimation

Survivor estimates shrunk towards the mean F

of the final

S.

5 years or the 2 oldest ages.

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 converged after 25 iterations

Regression weights

’

.020,

.116,

Fishing mortalities

.284, .482, .670, .820, .921, .976, .997, 1.000

Age, 1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000, 2001, 2002
1, 2.567, 1.716, 1.870, 1.983, 2.497, 1.609, 1.129, 1.350, .973, 1.103
2, .450, .631, .939, 1.058, 1.116, .643, .349, .270, .182, .522
3, .079, .208, .554, .472, .341, .373, .120, .070, .059, .083
4, .096, .202, .302, .354, .304, .355, .210, .128, .105, .091
5, .347, .339, .336, .413, .574, .531, .554, .411, .259, .206
6, .460, .646, .576, .543, .726, .791, .747, .616, .518, .373
7, .566, 1.168, .892, .750, .845, .778, .837, .804, .697, .631
8, .598, .986, .943, .864, 1.237, 1.049, 1.080, 1.131, .984, .783
9, .665, 1.056, .962, .752, 1.344, 1.178, 1.423, 1.264, 1.141, .966

10, .668, 1.033, 1.023, .941, 1.510, 1.267, 1.452, 1.265, 1.399, 1.229
11, .683, 1.185, 1.227, .875, 1.448, 1.335, .994, 1.197, 1.042, 1.034
12, .684, 1.143, 1.229, .861, 1.551, 1.328, 1.187, 1.413, 1.375, 1.341
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Table 3.16 (continued)

XSA population numbers (Thousands
AGE
YEAR , 1, 2, 3, 4, 5, 6, 7, 8,
1993, 2.43E+07, 1.56E+06, 9.05E+05, 5.73E+05, 2.42E+05, 1.01E+05, 3.80E+04, 2.32E+04,
1994, 9.33E+06, 1.53E+06, 8.17E+05, 6.84E+05, 4.26E+05, 1.40E+05, 5.21E+04, 1.77E+04,
1995, 2.01E+07, 1.37E+06, 6.65E+05, 5.43E+05, 4.58E+05, 2.49E+05, 6.00E+04, 1.33E+04,
1996, 2.81E+07, 2.54E+06, 4.40E+05, 3.13E+05, 3.29E+05, 2.68E+05, 1.14E+05, 2.01E+04,
1997, 2.03E+07, 3.16E+06, 7.22E+05, 2.25E+05, 1.80E+05, 1.78E+05, 1.27E+05, 4.42E+04,
1998, 6.80E+06, 1.37E+06, 8.48E+05, 4.20E+05, 1.36E+05, 8.29E+04, 7.05E+04, 4.48E+04,
1999, 3.02E+06, 1.11E+06, 5.88E+05, 4.78E+05, 2.41E+05, 6.54E+04, 3.07E+04, 2.65E+04,
2000, 3.46E+06, 8.00E+05, 6.44E+05, 4.27E+05, 3.17E+05, 1.14E+05, 2.54E+04, 1.09E+04,
2001, 4.01E+06, 7.35E+05, 5.00E+05, 4.91E+05, 3.08E+05, 1.72E+05, 5.02E+04, 9.29E+03,
2002, 3.98E+06, 1.24E+06, 5.02E+05, 3.86E+05, 3.62E+05, 1.94E+05, 8.40E+04, 2.05E+04,
Estimated population abundance at 1st Jan 2003
, 0.00E+00, 1.08E+06, 6.02E+05, 3.78E+05, 2.88E+05, 2.41E+05, 1.10E+05, 3.66E+04,
Taper weighted geometric mean of the VPA populations:
’ 6.10E+06, 1.25E+06, 6.02E+05, 4.06E+05, 2.67E+05, 1.36E+05, 5.65E+04, 2.00E+04,
Standard error of the weighted Log(VPA populations)
, .8353, .5001, .2199, .2726, .3795, .4933, .5944, .6190,
AGE
YEAR , 11, 12,
1993 , 3.90E+03, 8.41E+02,
1994 , 1.20E+04, 1.61E+03,
1995 , 1.84E+03, 3.00E+03,
1996 , 8.75E+02, 4.40E+02,
1997 , 5.39E+02, 2.99E+02,
1998 , 2.95E+02, 1.04E+02,
1999 , 3.42E+02, 6.36E+01,
2000 , 5.08E+02, 1.04E+02,
2001 , 5.86E+02, 1.26E+02,
2002 , 3.45E+02, 1.69E+02,
Estimated population abundance at 1st Jan 2003
, 1.80E+02, 1.00E+02,

Taper weighted geometric mean of the VPA populations:

’ 5.10E+02, 1.66E+02,

Standard error of the weighted Log(VPA populations)

.6755,

.9766,

Log catchability residuals.

Fleet

Age

@ J oy O W

11
12

84

FLTO09:

1984,
data
data
data
data
data
data
.99,
.99,
.99,
.99,

for
for
for
for
for
for
99.
99.
99.
99.

1985,

99,
99,
99,
99,

Russian trawl

1986,
this fleet
this fleet
this fleet
this fleet
this fleet
this fleet
99.99,
99.99,
99.99,
99.99,

at
at
at
at
at
at

1987,
this
this
this
this
this
this
99.99,
99.99,
99.99,
99.99,

1988,
age
age
age
age
age
age
99.99,
99.99,
99.99,
99.99,

1989,

99.99,
99.99,
99.99,
99.99,

1990,

99.99,
99.99,
99.99,
99.99,

1991,

99.99,
99.99,
99.99,
99.99,

1992

99.99
99.99
99.99
99.99
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.50E+04,
.04E+04,
.39E+03,
.23E+03,
.95E+03,
.05E+04,
.29E+04,
.37E+03,
.88E+03,
.84E+03,

.66E+03,

.87E+03,

.6236,

TR NNRE R RNDON

10,

.86E+04,
.30E+03,
.98E+03,
.69E+03,
.63E+03,
.48E+03,
.65E+03,
.54E+03,
.71E+03,
.53E+02,

.86E+02,

.76E+03,

.5249,



Table 3.16 (continued)

Age , 1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000, 2001,
, No data for this fleet at this age
, No data for this fleet at this age
, No data for this fleet at this age
, No data for this fleet at this age
, No data for this fleet at this age
, No data for this fleet at this age

9, .79, .70, .46, .03, -.22, -.88, -.47, .26, .20,
10 , .15, .60, .53, .36, -.17, =-.60, -.39, .07, .04,
11, -1.12, -1.25, .23, -.58, ~-.15, .09, 99.99, -.35, -.02,
12, -1.24, ~-.70, -2.20, -1.13, ~-.75, .17, 99.99, -1.90, .04,

@ J oUW

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age , 9, 10, 11, 12
Mean Log g, -3.3593, -3.4899, -3.4899, -3.4899,
S.E(Log q9), .5265, .4035, .3497, 1.5479,

Regression statistics

2002

.60
.46

-2.11

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

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

9, 2.57, -2.173, -5.01, .31, 10, 1.04, -3.36,
10, 1.21, -.481, 2.65, .55, 10, .53,  -3.49,
11, 1.32, -1.271, 2.80, .83, 9, .38, -3.65,
12, 1.41, -.518, 4.22, .32, 9, 1.60, -4.53,

Fleet : FLT15: NorBarTrSur r

Age , 1984, 1985, 1986, 1987, 1988, 1989, 1990, 1991, 1992

, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99

, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99

.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99

, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99

, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99

, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99
9 , No data for this fleet at this age
10 , No data for this fleet at this age
11 , No data for this fleet at this age
12 , No data for this fleet at this age

@ J oy O W
~
e
O

Age , 1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000, 2001,

3, 08, 09, 01, -.08, .10, -.07, -.09, 02, 04,
4, .04, .41, .20, .25, .00, -.20, .06, -.11, -.04,
5, .32, .09, .29, .10, .25, -.06, -.03, -.13, ~-.14,
6, -.07, .47, .09, .14, .27, .09, -.13, ~-.08, -.07,
7, -.08, .20, -.03, -.14, .26, .26, .22, -.22, -.23,
8 .24, .21, -.24, .07, -.24, -.25, .30, .14, -.13,

9 , No data for this fleet at this age
10 , No data for this fleet at this age
11 , No data for this fleet at this age
12 , No data for this fleet at this age

2002
.03
.04
.04

-.14
-.10
.08
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Table 3.16 (continued)

Mean log catchability and standard error of ages with catchability

independent of year class strength and constant w.r.t. time
Age , 6, 7, 8
Mean Log g, -6.2573, -6.5231, -6.7288,
S.E(Log q), .1627, .2261, .214¢,
Regression statistics
Ages with g dependent on year class strength
Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Log g
3, .74, 1.668, 7.61, .91, 10, .08, -5.65,
4, .82, .676, 7.04, .78, 10, .16, -5.79,
5, .84, .871, 7.05, .87, 10, .16, -5.99,
Ages with g independent of year class strength and constant w.r.t. time.
Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q
6, .92, .548, 6.69, .92, 10, .16, -6.26,
7, .91, .551, 6.92, .90, 10, .22, -6.52,
8, 1.09, -.523, 6.43, .88, 10, .25, -6.73,
1
Fleet : FLT16: NorBarLofAcSu
Age , 1984, 1985, 1986, 1987, 1988, 1989, 1990, 1991, 1992
3, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99
4, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99
5, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99
6 , 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99
7, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99
8 , 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99
9, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99
10 , 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99
11 , 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99
12 , No data for this fleet at this age
Age , 1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000, 2001, 2002
3, .77, .00, -.31, -.33, .41, -.41, .22, .16, -.06, ~-.01
4, .43, .35, -.18, -.10, .04, -.48, .34, -.16, -.10, .36
5, .44, -.04, -.21, -.32, .24, -.18, .18, -.11, -.14, .28
6, -.02, .10, -.11, -.11, .10, -.18, .15, -.14, -.21, .37
7, .38, -.36, -.38, .00, .17, .42, .31, -.67, -.26, .31
8 , .69, .57, -.64, -.35, .03, .46, .45, -.48, -.25, .17
9, .31, .83, ~-.65, -.39, .17, -.09, .32, -.44, .15, .22
10 , .79, .74, .42, 99.99, .00, -.15, .15, -.28, .25, =-.20
11, .90, 1.38, 1.61, 1.37, 99.99, .84, .35, .16, 99.99, .39
12 , No data for this fleet at this age
Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time
Age , 6, 7, 8, 9, 10, 11
Mean Log g, -5.4371, -5.3793, -5.4092, -5.3985, -5.0001, -5.0001,
S.E(Log q), .2245, .4165, .4140, .3534, .2670, .8720,
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Table 3.16 (continued)

Regression statistics

Ages with g dependent on year class strength

Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Log g
3, 1.09, -.143, 5.14, 38, 10, .31, -5.80,
4, .93, .132, 6.27, 45, 10, .34, -5.717,
5, .66, 1.175, 7.98, 74, 10, .25, -5.66,
Ages with g independent of year class strength and constant w.r.t. time.
Age, Slope , t-value , Intercept, RSquare, No Pts, Reg s.e, Mean Q
6, .97, .149, 5.64, .84, 10, .24, -5.44,
7, .74, 1.231, 6.85, .84, 10, .29, -5.38,
8, .67, 2.204, 6.88, .91, 10, .21, -5.41,
9, 1.01, -.027, 5.37, .75, 10, .40, -5.40,
10, .80, 1.137, 5.49, .90, 9, .21, -5.00,
11, .72, 1.253, 4.90, .88, 8, .35, -4.38,
Fleet FLT17: RusSurCatch/h
Age , 1984, 1985, 1986, 1987, 1988, 1989, 1990, 1991, 1992
3, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99
4, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99
5, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99
6 , 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99
7, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99
8 , 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99, 99.99
9 , No data for this fleet at this age
10 , No data for this fleet at this age
11 , No data for this fleet at this age
12 , No data for this fleet at this age
Age , 1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000, 2001, 2002
3, .08, -.27, -.29, -.24, -.65, 36, .15, .01, .26, -.04
4, .05, -.21, -.23, ~-.11, .09, 25, .24, -.11, .02, -.26
5, 1.20, .65, -.01, -.47, -.60, 22, .35, -.05, .05, .03
6 , .62, 1l.el1, -.28, -.58, ~-.84, -.02, .00, ~-.05, .13, .65
7, .89, 2.12, .07, -.26, -.97, -.56, .04, -.21, .02, 1.11
8 , .88, 1.80, .25, .01, -1.01, ~-.87, ~-.18, -.22, ~-.20, 1l.67
9 , No data for this fleet at this age
10 , No data for this fleet at this age
11 , No data for this fleet at this age
12 , No data for this fleet at this age

Mean log catchability and standard error of ages with catchability

independent of year class strength

Age , 6, 7, 8
Mean Log g, -6.7569, -6.8987, -6.7119,
S.E(Log q), .5174, L7213, .934s8,

and constant w.r.t. time
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Table 3.16 (continued)

Regression statistics

Ages

Age, Slope , t-value
3, .71, .419,
4, .54, 1.282,
5, 1.32, -.762,

Ages with g

Age, Slope , t-value
6, 1.10, -.172,
7, 1.10, -.152,
8, 1.78, -.627,

Terminal

Age 1 Catchability

Year class =

Fleet,

4
FLT09:
FLT15:
FLT16:
FLT17:

2001

Russian trawl,
NorBarTrSur r,
NorBarLofAcSu,
RusSurCatch/h,

P shrinkage mean ,

F shrinkage mean ,

Weighted prediction

Survivors, Int,
at end of year, s.e,

1081034., .45,
Age 2 Catchability

Year class =

Fleet,

’
FLT09:
FLT15:
FLT16:
FLT17:

2000

Russian trawl,
NorBarTrSur r,
NorBarLofAcSu,
RusSurCatch/h,

P shrinkage mean ,

F shrinkage mean ,

Weighted prediction

Survivors,
at end of year,
602420.,

88

Int,
s.e,
.21,

with g dependent on year class strength

Intercept, RSquare, No Pts, Reg s.e, Mean Log g
9.24, .32, 10, .35, -7.54,
9.75, .65, 10, .22, -7.10,
5.07, .57, 10, .37, -6.88,

independent of year class strength and constant w.r.t. time.

Intercept, RSquare, No Pts, Reg s.e, Mean Q
6.27, .43, 10, .63, -6.76,
6.51, .36, 10, .88, -6.90,
4.23, .13, 10, 1.77, -6.71,

year survivor and F summaries

dependent on age and year class strength

Estimated, Int, Ext, Var, N, Scaled,
Survivors, s.e, s.e, Ratio, , Weights,
1., .000, .000, .00, 0, .000,
1., .000, .000, .00, 0, .000,
1., .000, .000, .00, 0, .000,
1., .000, .000, .00, 0, .000,
1252507., .50,,,, 800,
599976., 1.00,,,, 200,
Ext, N, Var, F
s.e, , Ratio,
13.90, 2, 31.071, 1.103
dependent on age and year class strength
Estimated, Int, Ext, Var, N, Scaled,
Survivors, s.e, s.e, Ratio, , Weights,
1., .000, .000, .00, 0, .000,
1., .000, .000, .00, 0, .000,
1., .000, .000, .00, 0, .000,
1., .000, .000, .00, 0, .000,
601980., 22,00 .954,
611614., 1.00,,,, 046,
Ext, N, Var, F
s.e, , Ratio,
13.31, 2, 61.968, .522
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Estimated
F
.000
.000
.000
.000

1.007

1.532

Estimated
F
.000
.000
.000
.000

.523

.516



Table 3.16 (continued)

Age 3 Catchability dependent on age and year class strength

Year class = 1999

Fleet, Estimated, Int, Ext, Var, N, Scaled,

, Survivors, s.e, s.e, Ratio, , Weights,
FLTO09: Russian trawl, 1., .000, .000, .00, 0, .000,
FLT15: NorBarTrSur r, 388539., .300, .000, .00, 1, .266,
FLT16: NorBarLofAcSu, 372630., .345, .000, .00, 1, .202,
FLT17: RusSurCatch/h, 364621., .392, .000, .00, 1, .156,
P shrinkage mean , 405726., 2T, 0, .350,
F shrinkage mean , 153097., 1.00,,,, .020,

Weighted prediction

Survivors, Int, Ext, N, Vvar, F
at end of year, s.e, s.e, , Ratio,
378034., .16, .08, 5, .487, .083

Age 4 Catchability dependent on age and year class strength

Year class = 1998

Fleet, Estimated, Int, Ext, Var, N, Scaled,

, Survivors, s.e, s.e, Ratio, , Weights,
FLT09: Russian trawl, 1., .000, .000, .00, 0, .000,
FLT15: NorBarTrSur r, 299874 ., .212, .004, .02, 2, .345,
FLT16: NorBarLofAcSu, 330959., .257, .207, .80, 2, .235,
FLT17: RusSurCatch/h, 268696., .236, .248, 1.05, 2, .281,
P shrinkage mean , 267272 ., .38,,,, 122,
F shrinkage mean , 111161., 1.00,,,, .018,

Weighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,
288372., .13, .09, 8, .679, .091

Age 5 Catchability dependent on age and year class strength

Year class = 1997

Fleet, Estimated, Int, Ext, Var, N, Scaled,

, Survivors, s.e, s.e, Ratio, , Weights,
FLT09: Russian trawl, 1., .000, .000, .00, 0, .000,
FLT15: NorBarTrSur r, 243018., .174, .025, .14, 3, .368,
FLT16: NorBarLofAcSu, 277853., .196, 111, .50, 3, .294,
FLT17: RusSurCatch/h, 246435., .206, .006, .03, 3, .262,
P shrinkage mean , 136257., L49,,,, .062,
F shrinkage mean , 92047., 1.00,,,, .015,

Weighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,
241302., .11, .07, 11, .663, .206
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Estimated
F
.000
.081
.084
.086

.077

.193

Estimated
F
.000
.088
.080
.098

.098

.222

Estimated
F
.000
.204
.181
.202

.340

.469
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Table 3.16 (continued)

Age 6 Catchability constant w.r.t. time and dependent on age
Year class = 1996
Fleet, Estimated, Int, Ext, Vvar,
, Survivors, s.e, s.e, Ratio,
FLT09: Russian trawl, 1., .000, .000, .00,
FLT15: NorBarTrSur r, 96840., .155, .012, .08,
FLT16: NorBarLofAcSu, 122188., .167, .139, .83,
FLT17: RusSurCatch/h, 122305., .197, .153, .78,
F shrinkage mean , 50180., 1.00,,,,
Weighted prediction
Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,
109644., .10, .07, 13, .723, .373
Age 7 Catchability constant w.r.t. time and dependent on age
Year class = 1995
Fleet, Estimated, Int, Ext, var,
, Survivors, s.e, s.e, Ratio,
FLT09: Russian trawl, 1., .000, .000, .00,
FLT15: NorBarTrSur r, 33966., .157, .027, .17,
FLT16: NorBarLofAcSu, 35898., L1717, .130, .74,
FLT17: RusSurCatch/h, 49462., .222, .190, .86,
F shrinkage mean , 26250., 1.00,,,,
Weighted prediction
Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,
36599., .11, .07, le, . 648, .631
Age 8 Catchability constant w.r.t. time and dependent on age
Year class = 1994
Fleet, Estimated, Int, Ext, var,
, Survivors, s.e, s.e, Ratio,
FLT09: Russian trawl, 1., .000, .000, .00,
FLT15: NorBarTrSur r, 7399., .171, .060, .35,
FLT16: NorBarLofAcSu, 7634., .211, .09s8, .46,
FLT17: RusSurCatch/h, 11586., .286, .304, 1.06,
F shrinkage mean , 4477., 1.00,,,,
Weighted prediction
Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,
7656., .13, .08, 19, .622, .783

90

N,
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~ ~
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N,

’
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’
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Scaled,

Weights,
.000,
.400,
.353,
.230,

.017,

Scaled,

Weights,
.000,
.467,
.329,
172,

.032,

Scaled,

Weights,
.000,
.533,
.303,
.113,

051,
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Estimated
F
.000
.413
.340
.340

.686

Estimated
F
.000
.667
. 640
.501

.800

Estimated
F
.000
.802
.785
.579

1.109



Table 3.16 (continued)

Age 9 Catchability constant w.r.t. time and dependent on age
Year class = 1993

Fleet, Estimated, Int, Ext, var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , Weights, F
FLT09: Russian trawl, 1620., .567, .000, .00, 1, 121, .636
FLT15: NorBarTrSur r, 768., .184, .023, .13, 6, .295, 1.057
FLT16: NorBarLofAcSu, 930., .256, .111, .43, 7, .426, .936
FLT17: RusSurCatch/h, 841 ., .337, .074, .22, 6, .055, .999
F shrinkage mean , 551., 1.00,,,, .103, 1.286

Weighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,
886., .17, .07, 21, .428, .966

Age 10 Catchability constant w.r.t. time and dependent on age
Year class = 1992

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , Weights, F
FLT09: Russian trawl, 274 ., .377, .09¢6, .25, 2, .240, .952
FLT15: NorBarTrSur r, 212., .197, .020, .10, 6, .072, 1.117
FLT16: NorBarLofAcSu, 156., .241, .059, .24, 8, .54¢, 1.335
FLT17: RusSurCatch/h, 155., .407, .082, .20, 6, .01z, 1.337
F shrinkage mean , 143., 1.00,,,, .130, 1.397

Weighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,
180., .21, .06, 23, .292, 1.229

Age 11 Catchability constant w.r.t. time and age (fixed at the value for age) 10
Year class = 1991

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , Weights, F
FLT09: Russian trawl, 97., .320, .042, .13, 3, .519, 1.055
FLT15: NorBarTrSur r, 132., .206, .021, .10, 6, .025, .864
FLT16: NorBarLofAcSu, 124., .297, .084, .28, 9, .278, .903
FLT17: RusSurCatch/h, 66., .416, .108, .26, 6, .004, 1.329
F shrinkage mean , 76., 1.00,,,, .174, 1.218

Weighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,
100., .25, .05, 25, .179, 1.034

Age 12 Catchability constant w.r.t. time and age (fixed at the value for age) 10
Year class = 1990

Fleet, Estimated, Int, Ext, Var, N, Scaled, Estimated
, Survivors, s.e, s.e, Ratio, , Weights, F
FLT09: Russian trawl, 29., .334, .373, 1.12, 4, .390, 1.521
FLT15: NorBarTrSur r, 34., .229, .108, .47, 6, .014, 1.395
FLT16: NorBarLofAcSu, 30., .258, .085, .33, 8, .150, 1.480
FLT17: RusSurCatch/h, 19., .507, .151, .30, 6, .002, 1.872
F shrinkage mean , 48., 1.00,,,, .444, 1.145

Weighted prediction

Survivors, Int, Ext, N, Var, F
at end of year, s.e, s.e, , Ratio,
36., .46, .11, 25, .233, 1.341
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Table 3.17

Run title : Arctic Cod (run: XSAASA27/X27)
At 28/04/2003 15:03

Terminal Fs derived using XSA (With F shrinkage)

Table 8 Fishing mortality (F) at age

YEAR, 1984, 1985, 1986, 1987, 1988, 1989, 1990, 1991, 1992,

AGE

1, .2459, .3590, .5092, .5267, .8044, .2166, .0483, .1029, .4669,

2, .0373, .0578, .8026, .8029, .1102, .0020, .0594, .2371, .1447,

3, .0199, .0533, .1452, .113¢, .0629, .0327, .0086, .0183, .0405,

4, .1235, .1702, .2122, .2287, .1269, .1284, .0622, .0624, .1265,

5, .3075, .3763, .4934, .5099, .3708, .2658, .1342, .1875, .2205,

6, .6274, .6052, .7053, .9367, .5976, .4022, .2309, .3211, .4428,

7, 1.1361, .9249, .9481, 1.1402, 1.0456, .7167, .2510, .4255, .5398,

8, 1.2111, 1.0189, 1.0910, 1.0145, .9844, .8914, .3752, .3461, .5984,

9, 1.2623, .7786, .8282, .7786, 1.1598, .7183, .3072, .3819, .4578,

10, .9579, .5057, 1.1121, 1.3243, 1.7194, .9874, .3255, .2575, L4612,

11, 1.0876, .4205, .8746, 1.0272, 1.5382, .5835, .5421, .1347, .2501,

12, 1.0346, .4666, 1.0046, 1.1901, 1.65009, .7934, .4370, .1970, .3579,

+9p, 1.0346, .4666, 1.0046, 1.1901, 1.6509, .7934, .4370, .1970, .3579,

FBAR 5-10,.9171, .7016, .8630, .9507, .9796, .6636, .2707, .3199, .4534,

Table 8 Fishing mortality (F) at age

YEAR, 1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000, 2001, 2002, FBAR

* Kk Kk Kk

AGE

1, 2.5667, 1.7162, 1.8704, 1.9831, 2.4968, 1.6093, 1.1286, 1.3502, .9732, 1.1028, 1.1421,
2, .4497, .6305, .9387, 1.0581, 1.1160, .6432, .3485, .2700, .1824, .5222, .3249,
3, .0791, .2084, .5545, .471le¢, .3411, .3728, .1200, .0705, .0587, .0829, .0707,
4, .0964, .2019, .3021, .3541, .3040, .3548, .2102, .1280, .1054, .0913, .1082,
5, .3467, .3395, .3359, .412e¢, .5735, .5305, .5538, .4107, .2592, .2056, .2919,
6, .4597, .6459, .5763, .5433, .7265, .7915, .7473, .6l62, .5185, .3726, .5024,
7, .5664, 1.1681, .8915, .7500, .8448, .7781, .8374, .8037, .6971, .6310, .7106,
8, .5980, .9865, .9434, .8638, 1.2365, 1.0492, 1.0801, 1.1309, .9844, .7830, .9661,
9, .6647, 1.0557, .9622, .7519, 1.3442, 1.1777, 1.4232, 1.2637, 1.1411, .9657, 1.1235,
10, .6683, 1.0331, 1.0235, .9406, 1.5097, 1.2675, 1.4516, 1.2654, 1.3994, 1.2288, 1.2979,
11, .6833, 1.1850, 1.2272, .8752, 1.4477, 1.3355, .9938, 1.1970, 1.0420, 1.0340, 1.0910,
12, .6842, 1.1431, 1.2289, .8605, 1.5513, 1.3282, 1.1869, 1.4132, 1.3751, 1.3409, 1.3764,
+gp, .6842, 1.1431, 1.2289, .8605, 1.5513, 1.3282, 1.1869, 1.4132, 1.3751, 1.34009,

FBAR 5-10, .5506, .8715, .7888, .7104, 1.0392, .9324, 1.0156, .9151, .8333, .6978,
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Table 3.18

Run title

At 28/04/2003

Table
YEAR,
AGE

W <1 oUW N

+9p,
TOTAL,

Table

’

=]
QM
(el

o

W 1 oUW N

o

o= e
N = O

+9p,
TOTAL,

: Arctic Cod

(run: XSAASA27/X27)
15:03

Terminal Fs derived using XSA (With F shrinkage)

10 Stock number-at-age (start of year) Numbers*10**-4
1984, 1985, 1986, 1987, 1988, 1989, 1990, 1991, 1992,
211582, 137727, 114445, 49253, 82174, 81893, 144715, 172897, 304842,
67018, 135470, 78748, 56313, 23814, 30098, 53992, 112891, 12771e,
40278, 52860, 104687, 28896, 20657, 17463, 24593, 41656, 72915,
13542, 32328, 41032, 74125, 21116, 15881, 13837, 19962, 33487,
7852, 9799, 22326, 27170, 48283, 15228, 11436, 10646, 15355,
4763, 4727, 5507, 11161, 13359, 27284, 9557, 8186, 7226,
2465, 2082, 2113, 2227, 3581, 6017, 14941, 6212, 4862,
1304, 648, 676, 670, 583, 1031, 2406, 9517, 3323,
923, 318, 192, 186, 199, 178, 346, 1354, 5512,
140, 214, 120, 69, 70, 51, 71, 208, 756,
39, 44, 106, 32, 15, 10, 16, 42, 132,
26, 11, 24, 36, 9, 3, 5, 7, 30,

12, 21, 13, 16, 8, 6, 4, 2, 5,

349945, 376248, 369987, 250154, 213869, 195141, 275918, 383580, 576160,

10 Stock number-at-age (start of year) Numbers*10**-4
1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000, 2001,
2425850, 933228, 2013369, 2806845, 2027385, 680474, 301966, 346496, 400921,
156482, 152508, 137333, 253968, 316296, 136684, 111439, 799717, 73530,
90475, 81714, 66466, 43980, 72175, 84832, 58822, 64389, 49984,
57327, 68443, 54316, 31256, 22468, 42013, 47839, 42714, 49130,
24158, 42624, 45793, 32876, 17960, 13574, 24123, 31742, 30768,
10083, 13983, 24852, 26797, 17816, 8287, 6538, 11351, 17234,
3800, 5213, 6001, 11434, 12743, 7054, 3075, 2535, 5018,
2320, 1766, 1327, 2015, 4422, 4482, 2653, 1090, 929,
1496, 1045, 539, 423, 695, 1051, 1285, 737, 288,
2855, 630, 298, 169, 163, 148, 265, 254, 171,
390, 1198, 184, 88, 54, 30, 34, 51, 59,
84, 161, 300, 44, 30, 10, 6, 10, 13,
19, 23, 40, 169, 52, 17, 11, 4, 5,
2775339, 1302537, 2350818, 3210062, 2492261, 978656, 558056, 581350, 628050,
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2002,

3977175,
124039,
50165,
38589,
36201,
19438,
8401,
2046,
284,
75,

34,

17,

5,
677070,

2003,G6MST84-00

0,
108103,
60242,
37803,
28837,
24130,
10964,
3660,
766,
89,

18,

10,

5,
274627,

347314,
98090,
50387,
32601,
20414,
10654,

4652,
1729,
612,
201,
60,
21,

93



Table 3.19

Run title : Arctic Cod (run: SVPASA15/V15)

At 30/04/2003 23:56

Table 4 Natural Mortality (M) at age

YEAR, 1946, 1947, 1948, 1949, 1950, 1951, 1952,

AGE

3, .2000, .2000, .2000, .2000, .2000, .2000, .2000,

4, .2000, .2000, .2000, .2000, .2000, .2000, .2000,

5, .2000, .2000, .2000, .2000, .2000, .2000, .2000,

6, .2000, .2000, .2000, .2000, .2000, .2000, .2000,

7, .2000, .2000, .2000, .2000, .2000, .2000, .2000,

8, .2000, .2000, .2000, .2000, .2000, .2000, .2000,

9, .2000, .2000, .2000, .2000, .2000, .2000, .2000,

10, .2000, .2000, .2000, .2000, .2000, .2000, .2000,

11, .2000, .2000, .2000, .2000, .2000, .2000, .2000,

12, .2000, .2000, .2000, .2000, .2000, .2000, .2000,

+9p, .2000, .2000, .2000, .2000, .2000, .2000, .2000,

Table 4 Natural Mortality (M) at age

YEAR, 1953, 1954, 1955, 1956, 1957, 1958, 1959, 1960, 1961, 1962,
AGE

3, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
4, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
5, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
6, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
7, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
8, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
9, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
10, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
11, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
12, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
+9p, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,

Run title : Arctic Cod (run: SVPASA15/V15)

At 30/04/2003 23:56

Table 4 Natural Mortality (M) at age

YEAR, 1963, 1964, 1965, 1966, 1967, 1968, 1969, 1970, 1971, 1972,
AGE

3, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
4, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
5, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
6, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
7, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
8, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
9, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
10, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
11, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
12, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
+9p, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
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Table 3.19 (continued)

Table 4 Natural Mortality (M) at age

YEAR, 1973, 1974, 1975, 1976, 1977, 1978, 1979, 1980,
AGE

3, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
4, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
5, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
6, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
7, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
8, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
9, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
10, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
11, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
12, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
+9p, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
Table 4 Natural Mortality (M) at age

YEAR, 1983, 1984, 1985, 1986, 1987, 1988, 1989, 1990,
AGE

3, .2000, .2006, .2004, .3108, .2580, .2087, .2000, .2000,
4, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
5, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
6, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
7, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
8, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
9, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
10, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
11, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
12, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
+9p, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
Table 4 Natural Mortality (M) at age

YEAR, 1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000,
AGE

3, .2662, .3986, . 7439, .6475, .5179, .5229, .3050, .2621,
4, .2030, .2959, .4017, .4332, .2958, .2770, L2111, .2368,
5, .2026, .2259, .2082, .2815, .2105, .2167, .2000, .2157,
6, .2000, .2047, .2001, .2060, .2020, .2098, .2000, .2005,
7, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
8, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
9, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
10, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
11, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
12, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
+9p, .2000, .2000, .2000, .2000, .2000, .2000, .2000, .2000,
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1981,

.2000,
.2000,
.2000,
.2000,
.2000,
.2000,
.2000,
.2000,
.2000,
.2000,
.2000,

1991,

.2050,
.2000,
.2000,
.2000,
.2000,
.2000,
.2000,
.2000,
.2000,
.2000,
.2000,

2001,

.2473,
2224,
.2059,
.2052,
.2000,
.2000,
.2000,
.2000,
.2000,
.2000,
.2000,

1982,

.2000,
.2000,
.2000,
.2000,
.2000,
.2000,
.2000,
.2000,
.2000,
.2000,
.2000,

1992,

.2067,
.2000,
.2000,
.2000,
.2000,
.2000,
.2000,
.2000,
.2000,
.2000,
.2000,

2002,

.2786,
.2169,
.2009,
.2000,
.2000,
.2000,
.2000,
.2000,
.2000,
.2000,
.2000,

95



Table 3.20 Natural mortality of cod (M2) due to cannibalism.

Year M2 age | M2 age 2 M2 age 3 M2 age 4 M2 age 5 M2 age 6
1984 0.2435 0.0351 0.0006 0.0000 0.0000 0.0000
1985 0.3583 0.0555 0.0004 0.0000 0.0000 0.0000
1986 0.5068 0.7908 0.1108 0.0000 0.0000 0.0000
1987 0.5205 0.7947 0.0580 0.0000 0.0000 0.0000
1988 0.7998 0.1087 0.0087 0.0000 0.0000 0.0000
1989 0.2148 0.0011 0.0000 0.0000 0.0000 0.0000
1990 0.0480 0.0587 0.0000 0.0000 0.0000 0.0000
1991 0.1023 0.2356 0.0050 0.0000 0.0000 0.0000
1992 0.4666 0.1432 0.0067 0.0000 0.0000 0.0000
1993 2.5667 0.4492 0.0662 0.0030 0.0026 0.0000
1994 1.7162 0.6302 0.1986 0.0959 0.0259 0.0047
1995 1.8704 0.9384 0.5439 0.2017 0.0082 0.0001
1996 1.9831 1.0575 0.4475 0.2332 0.0815 0.0060
1997 2.4968 1.1153 0.3179 0.0958 0.0105 0.0020
1998 1.6093 0.6414 0.3229 0.0770 0.0167 0.0098
1999 1.1286 0.3482 0.1050 0.0111 0.0000 0.0000
2000 1.3502 0.2697 0.0621 0.0368 0.0157 0.0005
2001 0.1820 0.0473 0.0224 0.0059 0.0052
2002 0.0786 0.0169 0.0009 0.0000
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Table 3.21

Run title : Arctic Cod (run: SVPASA15/V15)
At 30/04/2003 23:56

Traditional vpa wusing file input for terminal F

Table 8 Fishing mortality (F) at age

YEAR, 1946, 1947, 1948, 1949, 1950, 1951, 1952,

AGE

3, .0061, .0018, .0003, .0023, .0020, .0254, .0225,

4, .0200, .0249, .0124, .0209, .0321, .1612, .1667,

5, .0532, .1101, .0751, .1484, .1167, .2637, .3700,

6, .0973, .2024, .1997, .3662, .2882, .2787, .5501,

7, .1781, .4160, .5201, .5101, .4096, .4122, .5311,

8, .1932, .2545, .3536, .3869, .3480, .4046, L4175,

9, .3125, .4047, .5286, .3832, L4741, .5057, .5790,

10, .2798, .4405, .3617, .3766, .5031, .5149, .7613,

11, .3432, .78217, .5536, .6259, .9031, .4585, 1.0260,

12, .3120, .6182, .4604, .5039, L7111, .4879, .9056,

+gp, .3120, .6182, .4604, .5039, L7111, .4879, .9056,

FBAR 5-10, .1857, .3047, .3398, .3619, .3566, .3966, .5348,

FBAR 4- 8, .1084, .2016, .2322, .2865, .2389, .3041, L4071,

Table 8 Fishing mortality (F) at age

YEAR, 1953, 1954, 1955, 1956, 1957, 1958, 1959, 1960, 1961, 1962,
AGE

3, .0334, .0199, .0159, .0270, .0240, .0718, .0535, .0543, .0562, .0663,
4, .1325, .1457, .0840, .1291, .1128, .2589, .2564, .2266, L2717, .3063,
5, .2299, .2676, .2859, .4568, .2094, .3626, .5093, .34717, .4944, . 6498,
6, .3125, .3333, .5297, .6900, .4862, .5517, .5121, .4607, .5168, .8279,
7, .3243, .3969, .5139, .6129, .5494, .5357, .5251, .4363, .5279, .6094,
8, .3469, .2494, .5880, .6880, .6287, .4593, .5111, .4855, .6931, .6564,
9, .3932, .4364, .5805, .6551, .5463, .4535, .6141, .4053, .7389, .8167,
10, .5364, .6441, .7645, .7380, .6333, .7388, . 6860, .7381, .8379, . 9855,
11, . 6980, .8035, .7621, .8756, .8584, .8415, .6511, .8449, 1.0011, .9522,
12, L6217, .7304, .7704, .8152, .7529, .7990, .6734, .7981, .9284, .9756,
+gp, .6217, .7304, .7704, .8152, .7529, .7990, .6734, .7981, .9284, .9756,
FBAR 5-10, .3572, .3879, .5437, .6401, .5089, .5169, .5596, .4789, .6348, .7576,
FBAR 4- 8, .2692, .2786, L4003, .5154, .3973, .4337, .4628, .3914, .5008, .6100,

Run title : Arctic Cod (run: SVPASA15/V15)
At 30/04/2003 23:56

Traditional vpa wusing file input for terminal F

Table 8 Fishing mortality (F) at age

YEAR, 1963, 1964, 1965, 1966, 1967, 1968, 1969, 1970, 1971, 1972,
AGE

3, .0313, .0174, .0226, .0398, .0298, .0251, .0230, .04009, .0214, .0394,
4, .2366, .1449, .1110, .1037, .1525, .2064, .2292, .1422, .1028, .1673,
5, L7420, .3537, .3909, .2119, .1814, .4087, .4792, .4004, .2285, .2976,
6, 1.0069, .4854, .4494, .3818, .2026, .4683, .5382, .5680, .2517, .3849,
7, .9764, .5787, .4033, L4713, .4320, .4019, L7725, .6211, .5144, .34217,
8, .8798, L7409, .5303, .5797, .6844, .5291, .9302, .8479, .8330, .6583,
9, .9416, 1.0674, .7389, .7183, .8781, .8041, 1.1783, .9682, .9584, 1.1338,
10, 1.3731, .8476, .8074, .8182, .8850, .8105, 1.0769, 1.0900, .7876, 1.3393,
11, 1.4366, 1.2968, L7617, .5024, 1.2253, .6772, 1.5554, .8533, .8388, 1.2904,
12, 1.4264, 1.0883, L7927, .6634, 1.0696, .7458, 1.3377, .9829, .8179, 1.3377,
+gp, 1.4264, 1.0883, .7927, .6634, 1.0696, .7458, 1.3377, .9829, .8179, 1.3377,
FBAR 5-10, .9866, .6789, .5533, .5302, .5439, .5704, .8292, .7493, .5956, .6928,
FBAR 4- 8, .7683, .4607, .3770, .3497, .3306, .4029, .5899, .5159, .3861, .3702,
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Table 3.21 (Continued)

Table 8 Fishing mortality (F) at age

YEAR, 1973, 1974, 1975, 1976, 1977, 1978, 1979, 1980, 1981, 1982,
AGE

3, .1959, .2141, .0837, .1660, .1338, .1460, .0489, .0318, .0252, .0672,
4, .1996, .4959, .2106, .3121, .5671, .2234, .2090, .1296, .1003, L2121,
5, .3536, .5375, .5211, .4800, .7544, .6703, .3475, .3562, .2300, .3045,
6, .3917, .5078, .7021, .5715, .6857, .8497, .5478, .6225, .5163, .5518,
7, .4210, .4451, .7050, .6973, .6763, .8581, .6643, .6766, .8475, .7996,
8, L7375, .4863, .7032, .8908, .9121, .9296, .7789, L7123, 1.0789, .9846,
9, .9698, .5192, .61009, .7746, 1.2298, 1.3057, 1.0352, .9390, 1.2765, 1.1589,
10, .7386, .8842, .7149, .4600, .7689, 1.0301, .9848, 1.0380, 1.2299, .7508,
11, L7222, .9905, .9079, .6132, .6231, 1.8042, 1.4314, 1.4798, .9557, .9516,
12, .7358, L9492, .8218, .5389, .6958, 1.4375, 1.2219, 1.2775, 1.1082, .8607,
+gp, .7358, L9492, .8218, .5389, .6958, 1.4375, 1.2219, 1.2775, 1.1082, .8607,
FBAR 5-10, .6020, .5633, .6595, . 6457, .8379, .9406, .7264, L7241, .8632, .7583,
FBAR 4- 8, .4207, .4945, .5684, .5904, L7191, L7062, .5095, .4994, .5546, .5705,
Table 8 Fishing mortality (F) at age

YEAR, 1983, 1984, 1985, 1986, 1987, 1988, 1989, 1990, 1991, 1992,
AGE

3, .0208, .0194, .0533, .0330, .0555, .0546, .0330, .0087, .0134, .0341,
4, .2050, .1247, L1717, .2134, .2295, .1276, .1292, .0627, .0631, .1276,
5, .3308, .3096, .3788, .4961, .5107, .3714, .2669, .1352, .1889, .2226,
6, .5033, .6301, .6078, .7079, .9366, .5979, .4030, .2322, .3228, L4449,
7, .7821, 1.1350, .9264, .9488, 1.1367, 1.0422, L7153, .2524, L4273, .5419,
8, 1.0295, 1.2083, 1.0192, 1.0911, 1.014e, .9798, .8873, .3765, .3481, .6004,
9, .9701, 1.2573, .7818, .8326, .7843, 1.1553, .7151, .3080, .3838, .4606,
10, .9204, .9564, .5088, 1.1134, 1.3248, 1.7042, .98009, .3255, .2587, .4640,
11, .5854, 1.0812, .4237, .8774, 1.0331, 1.5293, .5824, .5398, .1352, .2516,
12, .7590, 1.0346, .4666, 1.0046, 1.1901, 1.65009, .7934, .4370, .1970, .3579,
+gp, .7590, 1.0346, .4666, 1.0046, 1.1901, 1.65009, .7934, .4370, .1970, .3579,
FBAR 5-10, .7560, .9161, .7038, .8650, .9513, .9751, .6614, L2717, .3216, .4557,
FBAR 4- 8, .5701, .6816, .6208, .6914, .7656, .6238, .4804, .2118, .2700, .3875,
Table 8 Fishing mortality (F) at age

YEAR, 1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000, 2001, 2002, FBAR 00-02,
AGE

3, .0129, .0099, .0106, .0242, .0233, .0499, .0150, .0084, .0115, .0044, .0081,
4, .0942, .10e8, .1010, .1216, .2094, .2788, .2000, .0915, .0831, .0744, .0830,
5, .3464, .3156, .3298, .3331, .5651, .5156, .5547, .3960, .2538, .2048, .2849,
6, .4635, .6436, .5791, .5402, .7263, .7832, .7484, .6l166, .5140, .3726, .5011,
7, .5694, 1.1663, .8930, .7541, .8477, .7812, .8401, .8052, .6978, .6310, L7113,
8, .6013, .9869, .9447, .8679, 1.2366, 1.0524, 1.0820, 1.1313, .9842, .7830, .9661,
9, .6678, 1.0559, .9638, .7577, 1.3429, 1.1800, 1.4210, 1.2641, 1.1420, .9657, 1.1240,
10, .6723, 1.0339, 1.0248, .9450, 1.5072, 1.2662, 1.4493, 1.2642, 1.3952, 1.2288, 1.2961,
11, .6870, 1.1855, 1.2232, .8812, 1.4463, 1.3338, .9978, 1.1989, 1.0450, 1.0340, 1.092¢6,
12, .6842, 1.1439, 1.2289, .8605, 1.5513, 1.3282, 1.1869, 1.4132, 1.3751, 1.3409, 1.3764,
+gp, .6842, 1.1439, 1.2289, .8605, 1.5513, 1.3282, 1.1869, 1.4132, 1.3751, 1.3409,

FBAR 5-10, .5534, .8670, .7892, .6996, 1.0376, .9298, 1.0159, .9129, .8312, .6977,

FBAR 4- 8, .4150, .6438, .5695, .5233, .7170, .6822, .6851, .6081, .5066, .4132,
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Table 3.22 Fishing mortality of age 1-6 cod.

Year Fagel F age 2 Fage3 F age 4 F age 5 F age 6
1984 0.0000 0.0017 0.0192 0.1235 0.3075 0.6275
1985 0.0001 0.0015 0.0529 0.1702 0.3763 0.6052
1986 0.0001 0.0017 0.0324 0.2123 0.4934 0.7056
1987 0.0000 0.0011 0.0548 0.2287 0.5100 0.9365
1988 0.0000 0.0009 0.0542 0.1270 0.3709 0.5977
1989 0.0000 0.0009 0.0327 0.1284 0.2661 0.4025
1990 0.0000 0.0004 0.0086 0.0622 0.1343 0.2311
1991 0.0000 0.0007 0.0133 0.0623 0.1872 0.3210
1992 0.0004 0.0011 0.0337 0.1265 0.2205 0.4427
1993 0.0000 0.0006 0.0128 0.0934 0.3442 0.4597
1994 0.0000 0.0003 0.0098 0.1060 0.3136 0.6412
1995 0.0000 0.0003 0.0106 0.1004 0.3277 0.5762
1996 0.0000 0.0006 0.0241 0.1208 0.3311 0.5373
1997 0.0000 0.0007 0.0232 0.2081 0.5630 0.7245
1998 0.0000 0.0018 0.0499 0.2778 0.5138 0.7816
1999 0.0000 0.0004 0.0150 0.1991 0.5538 0.7474
2000 0.0000 0.0003 0.0084 0.0912 0.3950 0.6157
2001 0.0004 0.0114 0.0830 0.2534 0.5133
2002 0.0044 0.0744 0.2048 0.3726
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Table 3.23

Run title Arctic Cod (run: SVPASA15/V15)

At 30/04/2003 23:56

Traditional vpa wusing file input

Table 10 Stock number-at-age (start of year)

YEAR, 1946, 1947, 1948, 1949, 1950,
AGE

3, 728139, 425311, 442592, 468348, 704908,
4, 577860, 592530, 347574, 362238, 382556,
5, 402060, 463732, 473210, 281072, 290427,
6, 197212, 312115, 340097, 359415, 198391,
7, 93323, 146496, 208708, 228044, 204032,
8, 96213, 63939, 79121, 101579, 112107,
9, 244722, 64933, 40588, 45487, 56484,
10, 101777, 146581, 35470, 19586, 25387,
11, 38117, 62991, 77255, 20227, 11003,
12, 39205, 22142, 23578, 36361, 8856,
+9p, 33324, 42765, 373717, 21337, 21133,
TOTAL, 2551952, 2343535, 2105569, 1943694, 2015284,
Table 10 Stock number-at-age (start of year)

YEAR, 1953, 1954, 1955, 1956, 1957,
AGE

3, 1590377, 641584, 272778, 439602, 804781,
4, 955076, 1259285, 514924, 219807, 350332,
5, 599477, 684912, 891184, 387619, 158175,
6, 226975, 389987, 429102, 548181, 200984,
7, 90099, 135956, 228785, 206850, 225110,
8, 63110, 53333, 74845, 112048, 91748,
9, 35603, 36525, 34028, 34036, 46105,
10, 27799, 19673, 19329, 15591, 14474,
11, 12237, 13311, 8459, 7368, 6103,
12, 4133, 4985, 4880, 3232, 2513,
+gp, 1880, 2707, 2738, 3722, 1687,
TOTAL, 3606766, 3242259, 2481052, 1978057, 1902013,

Run title Arctic Cod (run: SVPASA15/V15)

At 30/04/2003

Table
YEAR,
AGE

’

’

’

’

’

@ ~J o Ul W

9,
10,
11,
12,
+gp,

TOTAL,

100

10
1963,

472064,
558039,
427678,
163321,
61876,
30149,
21185,
5614,
1444,

1743938,

23:56

Traditional vpa

Stock number-at-age

1964,

338678,
374580,
360621,
166726,
48854,
19083,
10240,
6764,
1164,
281,
1278,
1328269,

1965,

776941,
272501,
265306,
207288,

84015,

using file input

1966,

1582560,
621906,
199663,
146941,
108284,
45954,
10803,
2913,
1053,
907,
351,

2721334,

(start of year)

1967,

1295416,
1245195,
458995,
132256,
82121,
55340,
21072,
4313,

for terminal F

1951,

1083753,
575973,
303320,
211595,
121764,
110900,

64808,
28785,
12568,
3651,
13989,
2531108,

1958,

496824,
643259,
256234,
105033,
101196,
106395,
40060,
21860,
6291,
2118,
857,

1780129,

Numbers*10**-3

1952,

1193111,
865011,
401364,
190765,
131099,

66016,
60583,
32000,
14083,
6506,
3938,
2964476,

Numbers*10**-3

1959,

683690,
378598,
406511,
145989,
49529,
48488,
55027,
20840,
8550,
2220,
1142,
1800584,

for terminal F

1968,

164955,
1029477,
875269,
313440,
88421,
43651,
22854,
7170,
1457,
253,
498,
2547445,

1960,

789653,
530599,
239862,
199996,

71623,
23986,
23813,
24380,
8592,
3650,
1351,
1917505,

Numbers*10**-3

1969,

112039,
131705,
685697,
476187,
160667,

1970,

197105,
89647,
85743,

347649,

227600,
60756,
15642,

5306,
2335,

1961,

916842,
612324,
346346,
138702,
103298,
37908,
12084,
13000,
9541,
3022,
2332,
2195401,

1971,

404774,
154909,
63671,
47037,
161288,
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1962,

728338,
709603,
382037,
172949,

67732,
49883,
15518,
4726,
4605,
2871,
1351,
2139612,

1972,

1015319,
324399,
114439,

41482,
29940,
78947,
35642,
6690,
1811,
517,
697,
1649883,



Table 3.23 (continued)

Table 10 Stock number-at-age (start of year) Numbers*10**-3

YEAR, 1973, 1974, 1975, 1976, 1977, 1978, 1979, 1980, 1981, 1982,
AGE

3, 1818949, 523916, 621616, 613942, 348054, 638490, 198490, 137735, 150867, 151828,
4, 799193, 1224278, 346265, 468089, 425778, 249276, 451722, 154747, 109237, 120443,
5, 224670, 535936, 610486, 229669, 280485, 197708, 163230, 300088, 111295, 80899,
6, 69576, 129164, 256342, 296843, 116349, 108003, 82807, 94414, 172067, 72401,
7, 23112, 38504, 63643, 104000, 137232, 47987, 37806, 39202, 41481, 84063,
8, 17401, 12421, 20199, 25746, 42398, 57130, 16658, 15929, 16316, 14551,
9, 33463, 6815, 6253, 8186, 8650, 13943, 18463, 6259, 6397, 4542,
10, 9391, 10388, 3320, 2779, 3089, 2070, 3093, 5368, 2004, 1461,
11, 1435, 3673, 3513, 1330, 1436, 1172, 605, 946, 1557, 480,
12, 408, 571, 1117, 1160, 590, 631, 158, 118, 176, 490,
+gp, 408, 525, 550, 572, 583, 1198, 218, 87, 66, 70,

TOTAL, 2998007, 2486189, 1933303, 1752317, 1364643, 1317607, 973250, 754892, 611463, 531227,

Table 10 Stock number-at-age (start of year) Numbers*10**-3

YEAR, 1983, 1984, 1985, 1986, 1987, 1988, 1989, 1990, 1991, 1992,

AGE

3, 166820, 397785, 523524, 1036538, 286341, 204612, 172775, 242749, 411783, 720690,

4, 116232, 133774, 319216, 406226, 734960, 209277, 157242, 136866, 197020, 330987,

5, 79768, 71523, 96688, 220126, 268686, 478354, 150813, 113133, 105242, 151440,

6, 48847, 46916, 46569, 54201, 109738, 132012, 270130, 94548, 80909, 71337,

7, 34138, 24176, 20455, 20761, 21862, 35217, 59442, 147803, 61368, 47966,

8, 30937, 12785, 6362, 6631, 6582, 5744, 10169, 23800, 94018, 32772,

9, 4451, 9047, 3127, 1880, 1823, 1954, 1765, 3428, 13373, 54349,

10, 1167, 1381, 2107, 1171, 669, 681, 504, 707, 2063, 7459,

11, 565, 381, 435, 1037, 315, 146, 101, 155, 418, 1304,

12, 152, 257, 106, 233, 353, 92, 26, 46, 74, 299,

+9p, 170, 116, 208, 130, 156, 82, 56, 40, 25, 47,

TOTAL, 483247, 704143, 1018797, 1748935, 1431486, 1068171, 823024, 763275, 966292, 1418649,

Table 10 Stock number-at-age (start of year) Numbers*10**-3

YEAR, 1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000, 2001, 2002, 2003,GMST 46-00,AMST 46-00,
AGE

3, 894155, 806823, 655968, 434591, 713845, 840213, 584058, 640598, 498208, 497625, 0, 498730, 612877
4, 566467, 676371, 536273, 308468, 222009, 415507, 473856, 424110, 488787, 384609, 374970, 376569, 461705
5, 238525, 420808, 452178, 324376, 177124, 133962, 238337, 314123, 305409, 360100, 287415, 258196, 314187,
6, 99244, 137759, 244858, 264038, 175448, 81553, 64408, 112055, 170394, 192858, 240010, 147532, 180770,
7, 37430, 51114, 58982, 112339, 125200, 69342, 30212, 24948, 49494, 83005, 108783, 72911, 92118,
8, 22842, 17342, 13036, 19772, 43270, 43914, 25993, 10678, 9130, 20167, 36158, 33046, 44762,
9, 14720, 10250, 5292, 4150, 6796, 10287, 12552, 7212, 2821, 2794, 7546, 14296, 25038,
10, 28073, 6181, 2919, 1653, 1593, 1453, 2588, 2481, 1668, 737, 871, 5633, 13345
11, 3840, 11734, 1800, 858, 526, 289, 335, 497, 574, 338, 177, 2129, 6890
12, 830, 1581, 2936, 434, 291, 101, 62, 101, 123, 165, 99, 782, 3516
+gp, 189, 229, 404, 1685, 523, 172, 112, 37, 51, 50, 46,

TOTAL, 1906314, 2140190, 1974647, 1472364, 1466626, 1596792, 1432514, 1536842, 1526658, 1542448, 1056075,
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Table 3.24

Run title

At 30/04/2003

Arctic Cod

(run: SVPASA15/V15)

23:56
for terminal F

Traditional vpa wusing file input

Table 12 Stock biomass at age (start of year) Tonnes
YEAR, 1946, 1947, 1948, 1949, 1950, 1951, 1952,
AGE
3, 254849, 136099, 150481, 173289, 274914, 433501, 524969,
4, 340937, 331817, 184214, 242699, 244836, 478058, 6920009,
5, 446286, 440545, 596245, 311990, 374651, 421615, 533814,
6, 333289, 468173, 656387, 596629, 337265, 397799, 366270,
7, 221176, 313502, 513421, 570111, 481515, 309280, 346101,
8, 304996, 186702, 265846, 328099, 390132, 383714, 244919,
9, 973994, 237005, 171279, 185131, 255308, 316264, 306548,
10, 513974, 668411, 188345, 103218, 142673, 149682, 193600,
11, 225651, 367868, 457348, 121160, 70420, 89737, 104495,
12, 282275, 164292, 167165, 257435, 70497, 30013, 54844,
+gp, 271456, 378386, 315087, 175349, 187892, 131347, 40110,
TOTALBIO, 4168882, 3692801, 3665819, 3065111, 2830103, 3141009, 3407679,
Table 12 Stock biomass at age (start of year) Tonnes
YEAR, 1953, 1954, 1955, 1956, 1957, 1958, 1959, 1960,
AGE
3, 636151, 282297, 87289, 145069, 265578, 168920, 239291, 268482,
4, 725857, 969649, 293507, 127488, 206696, 334495, 272591, 270606,
5, 767331, 862989, 1007038, 414753, 161338, 243423, 597571, 261449,
6, 438062, 768275, 742347, 1003170, 365792, 201664, 391251, 425991,
7, 253178, 411947, 629160, 597796, 650567, 297518, 177809, 242086,
8, 234769, 230934, 294890, 476204, 392683, 447924, 209470, 116810,
9, 180151, 197233, 166739, 188902, 253117, 224738, 299899, 145737,
10, 176245, 132792, 136079, 113501, 108698, 160673, 134210, 206985,
11, 90555, 103693, 60902, 58944, 50286, 54540, 61300, 66934,
12, 35831, 53190, 42844, 26988, 23247, 20287, 19159, 30297,
+9p, 19247, 26204, 27591, 37015, 17892, 9967, 13275, 15429,
TOTALBIO, 3557376, 4039204, 3488383, 3189831, 2495895, 2164149, 2415826, 2050805,
Run title : Arctic Cod (run: SVPASA15/V15)
At 30/04/2003 23:56

Traditional vpa wusing file input for terminal F
Table 12 Stock biomass at age (start of year) Tonnes
YEAR, 1963, 1964, 1965, 1966, 1967, 1968, 1969, 1970,
AGE
3, 151061, 111764, 295238, 696327, 375671, 54435, 49297, 72929,
4, 340404, 206019, 185301, 460210, 1008608, 720634, 104047, 81578,
5, 410571, 342590, 273265, 235602, 619644, 1295399, 843407, 114895,
6, 282545, 310111, 308859, 261555, 269803, 664492, 966659, 695298,
7, 188104, 158775, 202475, 266378, 230760, 277642, 465934, 682799,
8, 149537, 94841, 78931, 175545, 192584, 183771, 184531, 252138,
9, 136428, 65640, 42675, 57905, 103040, 120443, 105690, 87437,
10, 44408, 54588, 21740, 21174, 30662, 47678, 53839, 40323,
11, 13894, 10875, 20098, 9087, 9500, 13129, 21742, 20948,
12, 16454, 2856, 2911, 9669, 5524, 2444, 6492, 4958,
+9p, 14173, 16470, 9201, 4967, 6369, 7389, 3953, 4396,
TOTALBIO, 1747579, 1374529, 1440693, 2198418, 2852164, 3387455, 2805591, 2057698,
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1961, 1962,
284221, 233068,
336778, 390282,
363663, 355294,
305145, 294013,
333654, 205229,
193710, 250910,
74320, 101645,
105953, 36390,
82819, 42684,
29013, 30314,
27875, 17178,
2137149, 1957006,
1971, 1972,
182148, 385821,
136320, 249787,
87866, 163647,
101599, 87943,
495154, 96707,
422555, 345787,
123791, 207793,
34676, 50977,
12590, 17245,
8822, 6248,
5449, 9529,

1610969, 1621485,



Table 3.24 (continued)

12

+gpl
TOTBIO,

12

10,
11,

12,
+gp,
TOTBIO,

Table 12
YEAR,
AGE

4

’

’

’

@ J oy O W

’

9,
10,
11,

12,
+gp,
TOTBIO,

Stock biomass at age (start of year)

1973, 1974, 1975, 1976, 19717,
691201, 167653, 254863, 214880, 170547,
727266, 808024, 221610, 341705, 383200,
345992, 627045, 677639, 273307, 401093,
157241, 286743, 487049, 596655, 238515,

76038, 123596, 187748, 287041, 452865,
80219, 54527, 88269, 108649, 193334,
219854, 37616, 35894, 48132, 55876,
78601, 81651, 29113, 25849, 26656,
15127, 36074, 34848, 13669, 14264,
4742, 6512, 13192, 13760, 6427,
5674, 6947, 7206, 7750, 7970,
2401955, 2236387, 2037430, 1931396, 1950748,
Stock biomass at age (start of year)
1983, 1984, 1985, 1986, 1987,
61724, 167070, 214645, 321327, 54405,

106934, 155178, 280911, 357479, 374830,

127629, 140317, 154701, 323585, 343919,

119188, 130895, 130858, 133876, 212891,

130406, 91385, 83046, 81385, 71709,

147261, 58429, 37091, 38527, 34028,

27463, 55823, 24044, 12369, 11889,

8986, 10636, 21322, 8001, 6225,

5224, 3521, 6210, 11408, 4142,

1645, 2794, 1147, 2527, 3831,

2209, 1513, 2796, 1768, 2151,
738666, 817561, 956772, 1292252, 1120019,

Stock biomass at age (start of year)

1993, 1994, 1995, 1996, 1997,
307589, 189603, 131850, 84745, 144197,
663899, 509307, 260093, 150224, 115667,
434115, 597547, 515483, 334432, 191117,
280167, 332412, 518609, 542335, 329492,
150880, 195511, 204669, 395996, 421798,
125560, 93923, 64373, 108803, 227732,

99579, 67967, 37892, 32230, 60671,
240613, 47159, 26623, 16791, 19356,
41648, 95185, 18177, 9152, 5692,
9006, 17159, 31854, 4705, 3157,
2440, 2919, 5138, 21294, 6998,
2355498, 2148691, 1814760, 1700706, 1525878,

1978,

312860,
201913,
286676,
232207,
145879,
254800,

91184,
16521,
11898,
6843,
15783,
1576565,

1988,

42969,
83711,
377899,
250822,
104948,
25215,
15259,
8252,
1910,
996,
1074,
913053,

1998,

182326,
221465,
155530,
158130,
204212,
200865,
76357,
15060,
3390,
1100,
2389,

1220825,

Tonnes
1979,

69471,
316205,
202406,
177207,
119088,
71461,
121484,
26635,
5579,
1720,
3124,

1114380,

Tonnes
1989,

51833,
81766,
131207,
399793,
159899,
47084,
12445,
5028,
939,
280,
806,
891080,

Tonnes
1999,

118564,
246405,
279807,
130813,
91664,
116034,
81362,
26574,
3649,
676,
1536,

1097084,

1980,

37188,
86658,
306090,
162392,
118389,
66900,
36552,
38975,
8362,
1099,
1256,
863861,

1990,

97099,
97175,
133497,
162622,
363596,
84967,
16148,
5514,
1386,
504,
540,
963046,

2000,

124276,
197211,
379461,
220972,
76042,
43737,
41284,
18504,
4765,
1098,
515,

1107866,
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1981,

73925,
107052,
160265,
359620,
123613,
79133,
42028,
18354,
16843,
1899,
924,
983656,

1991,

213304,
223814,
183437,
196448,
197236,
426654,
92003,
22111,
3948,
801,
347,

1560102,

2001,

141989,
255147,
364658,
380149,
163628,
46106,
17984,
15205,
6469,
1332,
726,

1393393,

1982,

56176,
79493,
109213,
144077,
246303,
61698,
29339,
12436,
5870,
5283,
979,
750868,

1992,

317104,
308149,
274410,
193750,
186826,
169626,
368160,
71588,
16203,
3243,
647,
1909707,

2002,

124904,
232688,
427078,
406930,
274912,
95209,
19182,
6695,
3454,
1793,
646,

1593491,
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Table 3.25

Run title

At 30/04/2003

Table 13

YEAR, 1946,
AGE

3, 0,
4, 0,
5, 4463,
6, 9999,
7, 13271,
8, 33550,
9, 175319,
10, 226148,
11, 146673,
12, 242756,
+gp, 260598,
TOTSPBIO, 1112776,
Table 13

YEAR, 1953,
AGE

3, 0,
4, 0,
5, 7673,
6, 13142,
7, 17722,
8, 44606,
9, 72060,
10, 112796,
11, 76066,
12, 33681,
+gp, 18670,
TOTSPBIO, 396417,

Run title

At 30/04/2003

Table 13

YEAR, 1963,
AGE

3, 0,
4, 3404,
5, 4106,
6, 8476,
7, 13167,
8, 41870,
9, 57300,
10, 35970,
11, 13616,
12, 16125,
+gp, 14173,
TOTSPBIO, 208207,

104

: Arctic Cod

23:56

Traditional vpa

Spawning stock biomass at age

1947,

0,

0,
4405,
14045,
18810,
24271,
37921,
280733,
275901,
149506,
359467,
1165059,

Spawning stock biomass at age

1954,

OI

Ol
8630,
23048,
32956,
36949,
72976,
90299,
90213,
49467,
25156,
429694,

Arctic Cod
23:56
Traditional vpa

Spawning stock biomass at age

1964,

9303,
20641,
35091,
43323,
48583,
10332,

2828,
16470,
186570,

(run:

SVPASA15/V15)

1948, 1949,
0, 0,

0, 0,

5962, 3120,
19692, 17899,
35939, 51310,
34560, 55777,
42820, 53688,
88522, 55738,
333864, 95716,
152120, 226543,
305634, 170088,
1019114, 729879,

1955, 1956,
OI OI

0, 0,
10070, 4148,
22270, 30095,
44041, 35868,
38336, 57144,
43352, 26446,
72122, 46535,
50549, 39492,
39416, 24559,
26763, 35534,
346919, 299823,
(run: SVPASA15/V15)

1965, 1966,
0, 0,

OI OI

0, 2356,
3089, 5231,
12149, 15983,
15786, 38620,
23471, 20267,
15870, 15669,
19897, 8542,
2853, 9089,
9201, 4967,
102315, 120722,

using file input

1950,

Or

0,
3747,
10118,
43336,
89730,
89358,
74190,
55632,
66972,
182256,
615339,

1957,

using file input

1967,

0,

OI

Or
8094,
16153,
26962,
39155,
19624,
8455,
4972,
6369,
129784,

(spawning time)

1951,

Or

0,
4216,
11934,
30928,
92091,
126506,
86815,
64611,
25511,
126093,
568705,

(spawning time)

1958,

(spawning time)

1968,

OV

OI
38862,
33225,
24988,
34917,
46973,
27653,
10766,
2444,
7389,
227215,

for terminal F

Tonnes

1952,

Or

0,
5338,
10988,
27688,
53882,
125685,
121968,
85686,
50457,
38907,
520599,

Tonnes

1959,

for terminal F

Tonnes

1969,

OV

OI

Ol
19333,
18637,
22144,
35935,
29611,
16089,
6167,
3953,
151870,

1960,

2706,
7843,
25559,
24209,
22194,
65582,
142819,
51539,
25753,
15274,
383479,

1970,

Or
816,
Ol
6953,
47796,
57992,
50714,
32662,
18644,
4512,
4396,
224482,
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1961, 1962,
0, 0,

0, 0,
3637, 3553,
18309, 14701,
40038, 30784,
60050, 853009,
48308, 62004,
96417, 29476,
81163, 39269,
28433, 29404,
27875, 17178,
404228, 311678,
1971, 1972,
0, 3858,

0, 4996,

879, 3273,
5080, 879,
54467, 9671,
126766, 117567,
73036, 132988,
27394, 41292,
10827, 16210,
7763, 6248,
5449, 9529,
311662, 346511,



Table 3.25 (continued)

Table 13
YEAR,
AGE

’

4

r

’

0 J oUW

r

9!

10,

11,

12,
+gpl
TOTSPBI

Table 13
YEAR,
AGE

r

’

4

0 J oy U1 W

’

9,
10,
11,

12,

+gp,
TOTSPBIO,

Table 13
YEAR,
AGE

+gpl
TOTSPBIO,

Spawning stock biomass at age (spawning time) Tonnes
1973, 1974, 1975, 1976, 1977, 1978, 1979, 1980,
0, 0, 0, 0, 0, 0, 0, 0,
0, 0, 0, 0, 0, 0, 0, 0,
0, 0, 6776, 0, 8022, 0, 0, 0,
3145, 2867, 9741, 29833, 19081, 4644, 5316, 3248,
12166, 3708, 16897, 34445, 117745, 18964, 15481, 15391,
42516, 11451, 18536, 31508, 104400, 112112, 27870, 23415,
178082, 18808, 20100, 21659, 42466, 64741, 93543, 23759,
72313, 78385, 22708, 21713, 23191, 12721, 23705, 31960,
14370, 36074, 27530, 11345, 13266, 9637, 4630, 8362,
4647, 6251, 12532, 13760, 6041, 6090, 1342, 989,
5674, 6947, 7206, 6975, 7173, 12626, 2812, 1130,
332913, 164491, 142028, 171238, 341385, 241536, 174699, 108253,

Spawning stock biomass at age (spawning time) Tonnes
1983, 1984, 1985, 1986, 1987, 1988, 1989, 1990,
617, 0, 0, 0, 0, 0, 0, 0,
8555, 7759, 2809, 17874, 3748, 1674, 0, 972,
12763, 25257, 13923, 25887, 24074, 18895, 6560, 6675,
35756, 405717, 47109, 25437, 38320, 82771, 71963, 34151,
95196, 51176, 45675, 43134, 15776, 55622, 65559, 210885,
129590, 52586, 31528, 27354, 15653, 15633, 32488, 65424,
26639, 55265, 23083, 7669, 5944, 15259, 10578, 13887,
8986, 10636, 19190, 7200, 4669, 8252, 5028, 5404,
5224, 3521, 6210, 11408, 4142, 1910, 939, 1386,
1645, 2794, 1147, 2527, 3831, 996, 280, 504,
22009, 1513, 2796, 1768, 2151, 1074, 806, 540,
327179, 251084, 193470, 170258, 118309, 202086, 194201, 339827,

Spawning stock biomass at age (spawning time) Tonnes
1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000,
0, 0, 0, 0, 0, 0, 0, 0,
19917, 5093, 0, 0, 0, 2215, 0, 0,
39070, 65730, 36084, 6689, 3822, 6221, 2798, 22768,
84050, 109696, 171141, 141007, 46129, 30045, 13081, 48614,
92037, 117307, 126895, 249478, 236207, 89853, 41249, 48667,
114260, 76077, 47636, 90306, 186740, 164709, 91667, 36302,
96592, 65928, 35998, 31585, 57638, 71012, 71598, 40046,
238207, 46687, 26090, 16791, 18388, 14759, 26574, 18504,
41648, 94233, 18177, 9152, 5408, 3390, 3649, 4765,
9006, 17159, 31854, 4705, 3157, 1100, 676, 1098,
2440, 2919, 5138, 21294, 6998, 2389, 1536, 515,
737227, 600829, 499012, 571006, 564488, 385694, 252829, 221278,
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1981,

’

3205,
25173,
24723,
42732,
33622,
17804,
16843,
1899,
924,
166925,

1991,

8953,
11006,
55005,

128203,

354123,
89243,
22111,

3948,
801,
347,

673740,

2001,

14

2551,
18233,
129251,
94904,
35502,
17624,
15205,
6275,
1332,
726,
321602,

1982,

3975,
10921,
48986,

160097,
50592,
26992,
12436,

5870,

5283,

979,
326132,

1992,

3171,
3081,
32929,
83312,
140119,
157752,
357115,
71588,
16203,
3243,
647,
869164,

2002,

14

2327,
34166,
162772,
192439,
81880,
18798,
6695,
3454,
1793,
646,
504969,
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Table 3.26

Run title : Arctic Cod (run: SVPASA15/V15)

At 30/04/2003

Table 16 Summary

RECRUITS,
Age 3
1946, 728139,
1947, 425311,
1948, 442592,
1949, 468348,
1950, 704908,
1951, 1083753,
1952, 1193111,
1953, 1590377,
1954, 641584,
1955, 2727178,
1956, 439602,
1957, 804781,
1958, 496824,
1959, 683690,
1960, 789653,
1961, 916842,
1962, 728338,
1963, 472064,
1964, 338678,
1965, 776941,
1966, 1582560,
1967, 1295416,
1968, 164955,
1969, 112039,
1970, 197105,
1971, 404774,
1972, 1015319,
1973, 1818949,
1974, 523916,
1975, 621616,
1976, 613942,
1977, 348054,
1978, 638490,
1979, 198490,
1980, 137735,
1981, 150867,
1982, 151828,
1983, 166820,
1984, 397785,
1985, 523524,
1986, 1036538,
1987, 286341,
1988, 204612,
1989, 172775,
1990, 242749,
1991, 411783,
1992, 720690,
1993, 894155,
1994, 806823,
1995, 655968,
1996, 434591,
1997, 713845,
1998, 840213,
1999, 584058,
2000, 640598,
2001, 498208,
2002, 497625,
Arith.
Mean, 608843,

Units, (Thousands),

106

23:56

(without SOP correction)

Traditional vpa wusing file input for terminal F

TOTALBIO, TOTSPBIO, LANDINGS, YIELD/SSB, FBAR
4168882, 1112776, 706000, .6344,
3692801, 1165059, 882017, .7571,
3665819, 1019114, 774295, .7598,
3065111, 729879, 800122, 1.0962,
2830103, 615339, 731982, 1.189¢,
3141009, 568705, 827180, 1.4545,
3407679, 520599, 876795, 1.6842,
3557376, 396417, 695546, 1.7546,
4039204, 429694, 826021, 1.9223,
3488383, 346919, 1147841, 3.3087,
3189831, 299823, 1343068, 4.4795,
2495895, 207840, 792557, 3.8133,
2164149, 195377, 769313, 3.9376,
2415826, 432489, 744607, 1.7217,
2050805, 383479, 622042, 1.6221,
2137149, 404228, 783221, 1.9376,
1957006, 311678, 909266, 2.9173,
1747579, 208207, 776337, 3.7287,
1374529, 186570, 437695, 2.3460,
1440693, 102315, 444930, 4.3486,
2198418, 120722, 483711, 4.0068,
2852164, 129784, 572605, 4.4120,
3387455, 227215, 1074084, 4.7272,
2805591, 151870, 1197226, 7.8832,
2057698, 224482, 933246, 4.1573,
1610969, 311662, 6890438, 2.21009,
1621485, 346511, 565254, 1.6313,
2401955, 332913, 792685, 2.3811,
2236387, 164491, 1102433, 6.7021,
2037430, 142028, 829377, 5.8395,
1931396, 171238, 867463, 5.0658,
1950748, 341385, 905301, 2.6518,
1576565, 241536, 698715, 2.8928,
1114380, 174699, 440538, 2.5217,

863861, 108253, 380434, 3.5143,
983656, 166925, 399038, 2.3905,
750868, 326132, 363730, 1.1153,
738666, 327179, 289992, .8863,
817561, 251084, 277651, 1.1058,
956772, 193470, 307920, 1.591e,
1292252, 170258, 430113, 2.5262,
1120019, 118309, 523071, 4.4212,
913053, 202086, 434939, 2.1522,
891080, 194201, 332481, 1.7120,
963046, 339827, 212000, .6238,
1560102, 673740, 319158, .4737,
1909707, 869164, 513234, .5905,
2355498, 737227, 581611, .7889,
2148691, 600829, 771086, 1.2834,
1814760, 499012, 739999, 1.4829,
1700706, 571006, 732228, 1.2823,
1525878, 564488, 762403, 1.3506,
1220825, 385694, 592624, 1.5365,
1097084, 252829, 484910, 1.9179,
1107866, 221278, 414868, 1.8749,
1393393, 321602, 426471, 1.3261,
1593491, 504969, 445060, .8814,
2026865, 373975, 662764, 2.4443,
(Tonnes), (Tonnes), (Tonnes),
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5-10,

.1857,
.3047,
.3398,
.3619,
.3566,
.3966,
.5348,
.3572,
.3879,
.5437,
.6401,
.5089,
.5169,
.5596,
.4789,
.6348,
.7576,
.9866,
.6789,
.5533,
.5302,
.5439,
.5704,
.8292,
.7493,
.5956,
.6928,
.6020,
.5633,
6595,
.6457,
.8379,
.9406,
.7264,
.7241,
.8632,
.7583,
.7560,
.9161,
.7038,
.8650,
.9513,
.9751,
.6614,
L2717,
.3216,
4557,
.5534,
.8670,
.7892,
.6996,
.0376,
.9298,
.0159,
.9129,
.8312,
L6977,

.6514,

FBAR

4- 8,

.1084,
.2016,
.2322,
.2865,
.2389,
.3041,
4071,
.2692,
.2786,
.4003,
.5154,
.3973,
.4337,
4628,
.3914,
.5008,
.6100,
.7683,
4607,
.3770,
.3497,
.3306,
4029,
.5899,
.5159,
.3861,
.3702,
4207,
.4945,
.5684,
.5904,
.7191,
.7062,
.5095,
.4994,
.5546,
.5705,
.5701,
.6816,
.6208,
.6914,
.7656,
.6238,
.4804,
.2118,
.2700,
.3875,
4150,
.6438,
.5695,
.5233,
.7170,
.6822,
.6851,
.6081,
.5066,
4132,

.4788,



Table 3.27

Table 16 Summary

1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
Arith.

Mean
0 Units

(without SOP correction)

Traditional vpa using file input for terminal F

RECRUITS
Age3
728139
425311
442592
468348
704908
1083753
1193111
1590377
641584
272778
439602
804781
496824
683690
789653
916842
728338
472064
338678
776941
1582560
1295416
164955
112039
197105
404774
1015319
1818949
523916
621616
613942
348054
638490
198490
137735
150867
151828
166820
397549
523321
929624
270655
202889
172775
242749
408102
700238
758776
515805
305220
254712
488820
600884
506060
589292
471559
479211

578236
(Thousands)

TOTALBIO TOTSPBIO

4168882
3692801
3665819
3065111
2830103
3141009
3407679
3557376
4039204
3488383
3189831
2495895
2164149
2415826
2050805
2137149
1957006
1747579
1374529
1440693
2198418
2852164
3387455
2805591
2057698
1610969
1621485
2401955
2236387
2037430
1931396
1950748
1576565
1114380

863861

983656

750868

738666

817461

956688
1259109
1117038

912691

891080

963046
1558196
1899457
2291839
2017694
1680824
1609946
1467101
1151504
1075642
1084258
1376865
1586824

2015207
(Tonnes)
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1112776
1165059
1019114
729879
615339
568705
520599
396417
429694
346919
299823
207840
195377
432489
383479
404228
311678
208207
186570
102315
120722
129784
227215
151870
224482
311662
346511
332913
164491
142028
171238
341385
241536
174699
108253
166925
326132
327179
251084
193470
170258
118309
202086
194201
339827
673740
869061
736594
598529
498631
569908
564378
385269
252828
220908
320932
504936

373868
(Tonnes)

Summary, no cannibalism included.

LANDINGS YIELD/SSB FBAR 5-10 FBAR 4-8

706000
882017
774295
800122
731982
827180
876795
695546
826021
1147841
1343068
792557
769313
744607
622042
783221
909266
776337
437695
444930
483711
572605
1074084
1197226
933246
689048
565254
792685
1102433
829377
867463
905301
698715
440538
380434
399038
363730
289992
277651
307920
430113
523071
434939
332481
212000
319158
513234
581611
771086
739999
732228
762403
592624
484910
414868
426471
445060

662764
(Tonnes)

0.6344
0.7571
0.7598
1.0962
1.1896
1.4545
1.6842
1.7546
1.9223
3.3087
4.4795
3.8133
3.9376
1.7217
1.6221
1.9376
29173
3.7287

2.346
4.3486
4.0068

4.412
4.7272
7.8832
4.1573
2.2109
1.6313
2.3811
6.7021
5.8395
5.0658
2.6518
2.8928
2.5217
3.5143
2.3905
1.1153
0.8863
1.1058
1.5916
2.5262
4.4212
2.1522

1.712
0.6238
0.4737
0.5906
0.7896
1.2883
1.4841
1.2848
1.3509
1.5382
1.9179

1.878
1.3289
0.8814

2.4446

0.1857
0.3047
0.3398
0.3619
0.3566
0.3966
0.5348
0.3572
0.3879
0.5437
0.6401
0.5089
0.5169
0.5596
0.4789
0.6348
0.7576
0.9866
0.6789
0.5533
0.5302
0.5439
0.5704
0.8292
0.7493
0.5956
0.6928

0.602
0.5633
0.6595
0.6457
0.8379
0.9406
0.7264
0.7241
0.8632
0.7583

0.756
0.9161
0.7038

0.865
0.9513
0.9751
0.6614
0.2717
0.3216
0.4557
0.5537
0.8679
0.7896
0.7021
1.0386
0.9309

1.016
0.9136
0.8315
0.6977

0.6515

0.1084
0.2016
0.2322
0.2865
0.2389
0.3041
0.4071
0.2692
0.2786
0.4003
0.5154
0.3973
0.4337
0.4628
0.3914
0.5008
0.61
0.7683
0.4607
0.377
0.3497
0.3306
0.4029
0.5899
0.5159
0.3861
0.3702
0.4207
0.4945
0.5684
0.5904
0.7191
0.7062
0.5095
0.4994
0.5546
0.5705
0.5701
0.6816
0.6208
0.6914
0.7656
0.6238
0.4804
0.2118
0.27
0.3876
0.4157
0.6461
0.5737
0.5296
0.7207
0.6857
0.6859
0.6094
0.5072
0.4132

0.4792
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Table 3.28

Short-term prediction input

MFEDP version 1a

Run:
Time and date: 13:47 01.05.2003

84_

Fbar age range: 5-10

Age

Input units are thousands and kg - output in tonnes

108

11
12
13

2004

681000
374970
287415
240010
108783
36158
7546
871
177

99

46

N
308000

N
664000

0.279
0.217
0.201
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

M
0.279
0.217
0.201
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

M
0.279
0.217
0.201
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

Mat

0.101
0.365
0.628
0.879
0.927

0.953

Mat

0.014

0.07
0.272
0.562
0.791

0.91
0.971
0.993

Mat

0.014

0.07
0.272
0.562
0.791

0.91
0.971
0.993

PF

PF

PF

PM

[oNeololNoNolNolNoelNolNolNolo]

PM

[eNeoNoNelolNolNolNolNololNo]

PM

[eNeoNoNeNolNoNololNolNolNo]

[eNeoNeoloNololollololNolNe) OO OO0 OOOOoOoOoOo

[eNeNololololNololNolNolNo)

SWit

0.23
0.537
1.312
2.015
3.255
4.974
6.731
8.696
10.403
11.785
14.43

SWt
0.232
0.535
1.188
2.194
3.197
4.835
6.553

8.31
10.275
11.982
13.364

SWt
0.232
0.535
1.188
2.194
3.197
4.835
6.553

8.31
10.275
11.982
13.364

Sel

Sel

Sel

0.007
0.071
0.244
0.43
0.61
0.828
0.964
1.111
0.937
1.18
1.18

0.007
0.071
0.244
0.43
0.61
0.828
0.964
1.111
0.937
1.18
1.18

0.007
0.071
0.244
0.43
0.61
0.828
0.964
1.111
0.937
1.18
1.18
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Cwt

CWt

CWt

0.694
1.121
1.652
2.296
3.37
5.002
6.28
7.68
9.1
10.54
9.62

0.694
1.121
1.652
2.296
3.37
5.002
6.28
7.68
9.1
10.54
9.62

0.694
1.121
1.652
2.296
3.37
5.002
6.28
7.68
9.1
10.54
9.62



Table 3.29. Management option table

MFDP version 1a

Run: 84 _

1MFDP Index file 30.04.2003

Time and date: 13:47 01.05.2003
Fbar age range: 5-10

2003
Biomass SSB FMult FBar Landings
1814674 653307 1.0000 0.6978 577934
2004 2005

Biomass SSB FMult FBar Landings Biomass SSB

1833819 651579 0.0000 0.0000 0 2631332 1189133
651579 0.0600 0.0419 48200 2572401 1147989
651579 0.1200 0.0837 94777 2515533 1108485
651579 0.1800 0.1256 139798 2460645 1070551
651579 0.2400 0.1675 183324 2407655 1034118
651579 0.3000 0.2094 225416 2356488 999121
651579 0.3600 0.2512 266130 2307069 965497
651579 0.4200 0.2931 305522 2259328 933189
651579 0.4800 0.3350 343643 2213199 902138
651579 0.5400 0.3768 380544 2168617 872292
651579 0.6000 0.4187 416271 2125520 843600
651579 0.6600 0.4606 450871 2083851 816011
651579 0.7200 0.5024 484388 2043552 789480
651579 0.7800 0.5443 516862 2004571 763961
651579 0.8400 0.5862 548335 1966856 739412
651579 0.9000 0.6281 578844 1930357 715792
651579 0.9600 0.6699 608426 1895029 693063
651579 1.0200 0.7118 637117 1860825 671187
651579 1.0800 0.7537 664949 1827703 650129
651579 1.1400 0.7955 691954 1795621 629855
651579 1.2000 0.8374 718165 1764541 610332

Input units are thousands and kg - output in tonnes
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Table 3.30

Single option prediction:

MFDP
Run:
Time
Fbar

version la
222
and date:
age range:

Detaile

d tables

12:16 02.05.2003
5-10 version la

Input units are thousands and kg - output in tonnes

Year:
Age

O J oy U bW

11
12
13
Tota

HRPRPRPRPRORFROOOOOOO

Year:
Age

O J oy U b W

110

2003

F CatchNos

.0070 4146
.0710 23132
.2440 56604
.4300 76569
.6100 45479
.8280 18705
.9640 4298
.1110 539
.9370 99
.1800 63
.1800 29

229664

2004

F CatchNos

.0040 1076
.0407 18355
.1399 33320
.2465 36616
.3497 34384
.4746 16705
.5526 5022
.6368 1016
.5371 89
.6764 26
.6764 16

146626

2005

F CatchNos

.0040
.0407
.1399
.2465
.3497
L4746
.5526
.6368
.5371
.6764
.6764

2320
8326
46860
39748
31702
25466
9571
2629
388
51

17
167078

Yield

28717
25931
93510

175803
153264
93564
26992
4141
902
668
283
577934

Yield

747
20576
55044
84071

115874
83556
31541

7807

812

270

158

400455

Yield

1610
9334
77413
91260
106834
127382
60108
20192
3528
533
168
498363

F multiplier:

StockNo

681000
374970
287415
240010
108783
36158
7546
871
177

99

46
1737075

F multiplier:

StockNo

308000
511610
281138
184183
127827
48393
12935
2356
235

57

36
1476769

F multiplier:

StockNo

664000
232081
395387
199934
117855
73776
24649
6094
1020
112

39
714947

1 Fbar:
s Biomass

156630
201359
377088
483620
354089
179850
50792
7574
1841
1167
664
1814674

0.5732
s Biomass

71456
273711
333992
404096
408664
233980

84760

19579

2412
680

488
1833819

0.5732
s Biomass

154048
124163
469720
438654
376781
356705
161526
50643
10485
1346
519
2144590

0.6978

SSNos
(JAN)
0

0
29029
87604
68316
31783
6995
871
169
99

46
224911

Fbar:
SSNos
(JAN)
0
7163
19680
50098
71839
38279
11770
2288
233
57
36
201442

Fbar:
SSNos
(JAN)
0
3249
27677
54382
66234
58357
22431
5917
1013
112
39
239412

SSB
(JAN)
0
0
38086
176521
222368
158088
47084
7574
1755
1167
664
653307

SSB
(JAN)
0
3832
23379
109914
229669
185078
77131
19012
2395
680
488
651579

SSB
(JAN)
0
1738
32880
119314
211751
282154
146989
49174
10411
1346
519
856276

SSNos
(ST)
0
0
29029
87604
68316
31783
6995
871
169
99
46
224911

SSNos
(ST)
0
7163
19680
50098
71839
38279
11770
2288
233
57
36
201442

SSNos
(ST)
0
3249
27677
54382
66234
58357
22431
5917
1013
112
39
239412
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SSB
(ST)
0
0
38086
176521
222368
158088
47084
7574
1755
1167
664
653307

SSB
(ST)
0
3832
23379
109914
229669
185078
77131
19012
2395
680
488
651579

SSB
(ST)
0
1738
32880
119314
211751
282154
146989
49174
10411
1346
519
856276



Table 3.31 North East arctic cod. Stock numbers-at-age (in thousands) estimated by VPA including discard
estimates, and % increase in stock numbers relative to a VPA without discards. From Dingser

(2001).
Estimated stock numbers (thousands) Percent increase
Year Age 3 Age 4 Age 5| Age 3 Age 4 Age 5
1946 875 346 602 579 407 163 20 % 4% 1%
1947 531993 676 806 465 099 27 % 14 % 0%
1948 570 356 392 309 497 476 29 % 14 % 5%
1949 589 367 416 668 285 459 26 % 16 % 3%
1950 799 732 414 016 291200 13% 9% 1%
1951 1235322 586 054 302 346 14 % 2% 0%
1952 1388 731 889 509 401 768 17 % 3% 0%
1953 1801 114 975 004 600 908 13 % 2% 0%
1954 830 653 1321053 684 303 29 % 5% 0%
1955 381489 615 696 907 875 40 % 19% 2%
1956 567 555 274 235 399 344 29 % 25 % 3%
1957 914 850 387 496 161710 14 % 10 % 2%
1958 552 600 672 221 262 135 11 % 4% 2%
1959 757 567 391 906 406 694 11 % 3% 0%
1960 855470 534 350 240 047 8% 1% 0%
1961 1041570 620 707 347043 13 % 1% 0%
1962 894 728 739 196 382 556 23 % 4% 0%
1963 551938 614 025 429 068 17 % 10 % 0%
1964 389 151 396 165 361 790 15 % 5% 0%
1965 845 469 293 844 266 134 9% 8 % 0%
1966 1618188 647 435 203 168 2% 4% 2%
1967 1404 569 1249 506 465 035 9% 0% 1%
1968 210 875 1088 071 876 095 24 % 6 % 0%
1969 143 791 155947 699 033 28 % 15% 2%
1970 222 635 104 415 92 541 13% 17 % 4%
1971 462 474 164 397 65112 14 % 6 % 2%
1972 1221559 358 357 115892 20 % 10 % 1%
1973 1858123 947 409 249 400 2% 19 % 11%
1974 598 555 1246 499 583612 14 % 2% 9%
1975 654 442 382 692 627793 5% 10 % 3%
1976 622 230 477 390 233 608 1% 2% 1%
1977 397 826 426 386 280 645 14 % 0% 0%
1978 653 256 277410 198 204 2% 11 % 0%
1979 225935 460 104 164 243 14 % 2% 1%
1980 152 937 171 954 300312 11% 11% 0%
1981 161752 116 964 116 337 7% 7% 4%
1982 151 642 125307 81 780 0% 4% 1%
1983 166 310 115423 82423 0% -1% 3%
1984 408 525 133 333 77728 3% 0% 0%
1985 543 828 324072 96 327 4% 2% 0%
1986 1114252 412 683 219993 7% 2% 0%
1987 307 425 767 656 268 642 7% 4% 0%
1988 222819 215720 490 161 9% 3% 2%
1989 180 066 166 955 151 576 4% 6% 0%
1990 249 968 139922 114 006 3% 2% 1%
1991 418 955 200 700 105 559 2% 2% 0%
1992 748 962 333517 151973 4% 1% 0%
1993 1002933 576 112 238 980 10 % 2% 0%
1994 896 184 744 062 420 039 9% 8% 0%
1995 733 664 584 808 476 048 10 % 6 % 3%
1996 467 093 341918 344 124 3% 7% 3%
1997 765 234 238 202 193 102 3% 0% 4%
1998 836 301 429 147 144 629 2 % 1 % -1 %
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Table 3.32a Likelihood components at end of keyrun.
Likelihood Component | Unweighted Likelihood Weight | Weighted Likelihood
Keyrun 2002 wg Keyrun 2002 wg
overfish.tons 16 1 16
norxgil.catch 374200 373863 20, 7484000 7477260
gillnet.catch 102700 96616 20, 2054000 1932320
Wintersur-85-93 1540000 1610232 1 1540000 1610232
Wintersur-94-03 925800 794985 1 925800 794985
lofotensur-85-89 100900 87933 1 100900 87933
lofotensur-90-03 562900 555611 1 562900 555611
acousticsur-85-93 1296000 1282978 1 1296000 1282978
acousticsur-94-03 1441000 1189236 1 1441000 1189236
rustrawlsur-85-02 1428000 1243521 1 1428000 1243521
stomach-85-03 2612 1746 100, 261200 174600
Bounds 0 1 0
Total 7774128 7236721 17093816 16348676
Table 3.32b Parameter values and sensitivity (effect of parameter change on likelihood score) in keyrun, and
2001/2002 values
Parameter Value 2002 wg 2001 wg -5% +5%
balac.b 0.104241 0.0783 0.2469 0.01 0.01
balac.slope 0.00470287 0.0053 0.0014 0.02 0.02
baltr.b 0.505311 0.4065 0.4062 0.11 0.10
baltr.slope -0.00235214 0 -0.0002 0.01 0.00
ba2ac.b 0.18179 0.2332 0.3993 0.02 0.02
ba2ac.slope 0.0064221 0.0058 0.0016 0.03 0.03
ba2tr.b 0.390517 0.3758 0.4276 0.07 0.06
ba2tr.slope 0.00172339 0.003 0.0014 0.00 0.00
betabinimm 44.0124 0.01 0.01
betabinmat 3.39452 0.00 0.00
cann_alpha 0.000102867 0.50 0.48
cann_delta 0.406176 14.62 9.70
gil.f1985 0.788735 0.6769 0.5679 0.03 0.04
gil.f1986 0.456546 0.3928 0.3032 0.02 0.02
gil.f1987 0.497441 0.4278 0.2589 0.01 0.01
gil.f1988 0.647429 0.5144 0.3785 0.00 0.00
gil.f1989 1.15757 0.9582 0.6628 0.06 0.05
gil.f1990 0.265434 0.2082 0.1485 0.05 0.05
gil.f1991 0.213375 0.1842 0.1282 0.20 0.20
gil.f1992 0.156414 0.1359 0.0967 0.26 0.26
gil.f1993 0.190386 0.1679 0.1287 0.07 0.05
gil.f1994 0.246661 0.2222 0.1774 0.02 0.02
gil.f1995 0.494976 0.4294 0.3106 0.01 0.01
gil.f1996 0.487043 0.4368 0.3323 0.01 0.01
gil.f1997 0.591147 0.5145 0.3709 0.01 0.01
gil.f1998 0.653523 0.5586 0.4538 0.01 0.01
gil.f1999 0.706263 0.6272 0.4633 0.00 0.00
gil.£2000 0.725594 0.626 0.4804 0.00 0.00
gil.£2001 0.541593 0.5014 0.00 0.00
gil.f2002 0.374576 0.00 0.00
gil.150 85.3849 83.3239 80 117.49 70.00
gil.slope 0.0359626 0.0367 0.0387 2.88 2.23
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Table 3.32b (continued)

growth.1985
growth.1986
growth.1987
growth.1988
growth.1989
growth.1990
growth.1991
growth.1992
growth.1993
growth.1994
growth.1995
growth.1996
growth.1997
growth.1998
growth.1999
growth.2000
growth.2001
growth.2002
growth.ratio
imm.n_age3
imm.n_age4
imm.n_ageS
imm.n_age6
imm.n_age7
imm.n_age8
imm.n_age9
1_minage.1986
1_minage.1987
1_minage.1988
1_minage.1989
1_minage.1990
1_minage.1991
1_minage.1992
1 _minage.1993
1_minage.1994
1_minage.1995
1_minage.1996
1_minage.1997
1_minage.1998
1_minage.1999
1_minage.2000
1_minage.2001
1_minage.2002
1 _minage.2003

8.1602
6.54222
6.97071
7.66196
12.2885
11.5764
11.4681
8.13503
7.72257
9.56092
8.53934
10.4876
10.3318
9.40794
10.8541
12.0504

10.071
9.85303

0.740864
54.1396
37.7218
7.72005
3.76807
1.26253

0.244392

0.182001

34.292
31.9464
31.9066
32.5765
33.4169
37.8729
39.4278
35.8976
30.6703
29.1334
29.7007
30.8486

31.15
28.7398
29.0021
32.9234
30.0252

29.838

8.3317
6.2809
8.3566
7.15
13.0489
10.5856
10.5828
8.8248
6.7464
9.561
8.4603
11.1062
10.6062
8.5245
11.8582
12.0683
10.8442

0.7792
55.2526
37.608
10.5822
3.5504
1.2868
0.2046
0.1365
34.3425
31.6591
32.1587
32.303
33.5965
37.8337
38.8367
36.396
30.6195
29.6721
29.3409
30.3504
31.3425
28.4458
28.8552
32.8703
31.5538

8.7728
7.3012
6.9926
7.3956
13.1577
11.8511
9.8304
8.0952
6.6638
10.258
7.5524
10.7937
9.6489
9.726
10.5666
11.7

0.7957
55.6596
37.1615
10.7376

3.4023

1.0011

0.1865

0.1335
34.1084
32.1017
32.1236
32.6073

34.021
39.7212
39.7733
36.5644
30.8819

30.062
29.7766
30.9709
31.0328
28.9558
28.7652
33.2432

1.23
4.14
3.68
1.00
12.83
36.06
83.50
18.18
3.72
0.97
0.22
0.24
0.27
0.22
0.25
0.27
0.14
0.06
3.49
0.34
0.09
0.02
0.02
0.01
0.00
0.00
27.60
2.35
5.19
8.20
34.51
99.58
70.37
9.75
231
0.90
0.92
2.01
2.66
1.01
1.08
0.89
0.64
0.64

1.22
4.07
3.66
1.03
12.68
36.49
86.40
18.67
3.88
0.96
0.22
0.24
0.27
0.22
0.24
0.26
0.13
0.06
3.57
0.33
0.08
0.02
0.02
0.01
0.00
0.00
42.49
2.52
3.73
7.08
35.51
120.12
108.70
12.88
1.88
0.72
0.81
1.78
2.53
0.91
0.96
0.83
0.57
0.49
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Table 3.32b (Continued)

loflac.cbt
loflac.150
loflac.slope
lof2ac.cbt
lof2ac.150
lof2ac.slope
mat.n_agel0
mat.n_ageS
mat.n_age6
mat.n_age7
mat.n_age8
mat.n_age9
n_minage.1986
n_minage.1987
n_minage.1988
n_minage.1989
n_minage.1990
n_minage.1991
n_minage.1992
n_minage.1993
n_minage.1994
n_minage.1995
n_minage.1996
n_minage.1997
n_minage.1998
n_minage.1999
n_minage.2000
n_minage.2001
n_minage.2002
n_minage.2003
ovr.f1990
ovr.f1991
ovr.f1992
ovr.f1993
ovr.f1994
rustr.b
rustr.slope

0.851288
66.5567
0.0138748
2.06362
90
0.0119362
0.220849
3.71008
1.64682
1.25175
0.510124
0.166826
117.512
36.2056
29.059
20.4847
30.4749
49.0125
76.257
97.2025
89.904
57.8611
35.8281
59.9047
73.4807
51.6259
58.5576
38.6685
33.9831
90.6698
0.0288109
0.0405644
0.0852345
0.0333141
0.0180057
0.0734692
0.000842825

0.7317
51.2518
0.0103
2.01
87.8967
0.0117

123.5562
36.8587
28.0084
19.4994

30.325
49.2732
79.876

104.5486

88.6541

56.803
36.2454
59.7255
69.9894
43.4426
51.1067
31.8426
17.8735

0.0705
0.0009

0.6775 0.00
43.1426 0.01
0.0081 0.00
1.01 0.02
64.5238 0.12
0.0219 0.01
0.00

0.00

0.00

0.01

0.00

0.00

125.8591 16.68
38.5834 5.53
28.7296 7.30
19.8993 4.84
30.0839 5.96
50.121 8.19
81.562 2.84
106.2583 0.35
90.1468 0.10
57.1602 0.06
36.1087 0.05
61.0898 0.10
72.7707 0.11
42.7957 0.06
544713 0.05
37.4844 0.02
0.01

0.01

8.98

35.58

231.23

35.57

9.03

0.0836 0.01
0.0008 0.00

0.00
0.01
0.00
0.02
0.13
0.01
0.00
0.00
0.00
0.00
0.00
0.00
16.84
5.67
7.56
4.99
6.13
8.35
2.93
0.36
0.09
0.06
0.05
0.08
0.10
0.06
0.04
0.02
0.01
0.01
8.99
35.46
229.48
35.68
9.00
0.01
0.00
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Table 3.32b (Continued)

tot.f1985 0.391033 0.3171 0.3202 0.05 0.07
tot.f1986 0.592219 0.5069 0.4952 0.05 0.05
tot.f1987 1.06524 0.9153 0.8641 0.94 0.91
tot.f1988 0.938983 0.7756 0.7614 4.22 4.13
tot.f1989 0.629011 0.5318 0.5163 8.58 8.32
tot.f1990 0.209154 0.1805 0.1731 3.25 3.16
tot.f1991 0.199448 0.1824 0.1721 5.17 5.04
tot.f1992 0.230824 0.2055 0.194 345 3.36
tot.f1993 0.336908 0.2829 0.2743 1.27 1.23
tot.f1994 0.526697 0.427 0.4139 0.50 0.51
tot.f1995 0.60691 0.4866 0.467 0.07 0.07
tot.f1996 0.693183 0.587 0.5655 0.07 0.06
tot.f1997 0.968366 0.8436 0.8191 0.08 0.07
tot.f1998 1.0644 0.9528 0.9394 0.07 0.07
tot.f1999 0.969765 0.8989 0.8454 0.05 0.06
tot.f2000 0.656558 0.595 0.5622 0.04 0.04
tot.f2001 0.498924 0.5042 0.04 0.04
tot.f2002 0.424178 0.04 0.03
tot.150 53.8298 52.9363  52.8097 214.34 234.69
tot.slope 0.0474371 0.0501 0.05 7.72 6.35
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Table 3.32¢ Fixed parameter values used in keyrun

Constant parameters (not optimized)

Name Value Name Value

growth.exponent 0 mat.n_age4 0
cann_pl 1.12 mat.n_agell 0.04
cann_p2 0.015 mat.n_agel2 0.03
cann_p3 0.228 mat.l age4 51
imm.mortl 0.05 mat.l_age5 59.6
imm.mort2 0.05 mat.l_age6 71.1
imm.mort3 0.05 mat.l_age7 79
imm.n_agel0 0 mat.]_age8 88.2
imm.l age3 40.6 mat.]l age9 97.3
imm.l age4 48.7 mat.]_agel0 105.2
imm.l age5 61.3 mat.] agell 114
imm.l age6 71.1 mat.] agel2 114
imm.l age7 81.2 mat.d_age4 14.9
imm.l_age8 85.7 mat.d_age5 1.1
imm.]_age9 90 mat.d_age6 6.7450297
imm.l_agel0 90 mat.d_age7 3.184107
imm.d age3 5.1 mat.d age8 5.1070776
imm.d_age4 4.1 mat.d_age9 3.0645865
imm.d age5 4.9 mat.d agelO 5.4373194
imm.d_age6 53 mat.d_agell 10.621258
imm.d age7 5.4 mat.d agel2 3.2658864
imm.d_age8 8.7 ovr.f1985 0
imm.d_age9 8.7 ovr.f1986 0
imm.d_agel0 8.7 ovr.f1987 0
maturation.slope 0.03 ovr.f1988 0
maturation.150 76 ovr.f1989 0
d minage.1986 4.4 ovr.f1995 0
d_minage.1987 3.5 ovr.f1996 0
d_minage.1988 3.1 ovr.f1997 0
d_minage.1989 2.9 ovr.f1998 0
d_minage.1990 43 ovr.f1999 0
d minage.1991 5.8 ovr.f2000 0
d_minage.1992 4.8 ovr.f2001 0
d_minage.1993 4.4 ovr.f2002 0
d_minage.1994 5 baltr.cbt 1
d_minage.1995 5.9 baltr.b0 1
d_minage.1996 5 ba2tr.cbt 1
d_minage.1997 3.9 ba2tr.b0 1
d_minage.1998 4.4 loflac.b0 1
d_minage.1999 4.2 lof2ac.b0 1
d_minage.2000 4.1 balac.cbt 1
d_minage.2001 4.1 balac.b0 1
d_minage.2002 4.1 ba2ac.cbt 1
d_minage.2003 4.5 ba2ac.b0 1
mat.mortl 0.05 rustr.cbt 1
mat.mort2 0.05 rustr.b0 1
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Table 3.33

Results from the keyrun

; Gadget version 2.0.02 running on FLEXIDELL Wed Apr 30 15:25:23 2003
stocks cod.imm cod.mat

areas 0

Total fishing mortality-at-age

Year
Age
3

0 J oy U b

11
12+

F 5-10

PP P OOOOOOOOo

1985

.0669
.1647
.3524
.4941
. 6632
.8368
.9566
.1295
.1492
.1688

.7388

PP OOOOOOOOoOOo

1986

.0345
.2301
L4140
.5997
L7264
.8444
.9208
.9748
.0383
.0469

L7467

PR R RPRRPR R OOOO

1987

.0385
.1757
.6202
.9066
.1159
.2670
.3892
.4543
.5014
.5515

.1255

Total fishing mortality-at-age

Year
Age
3

O ~J o U1 >

11
12+

F 5-10

PFRPRPRPRPRPOOOOOO

1989

.0322
.1021
L2275
.4094
.6646
.8563
.0914
.3524
.5746
.6882

L7669

[eNeoNeoBoNeoNoNoNoNoNe]

1990

.0174
.0776
.1360
.1885
.2367
.3021
.3518
.3934
.4403
.4813

.2681

eNeoNeoBoNeoNoNoNoNeoNe]

1991

.0363
.0797
.1736
L2174
.2510
.2870
.3397
.3735
.3962
.4268

L2737

Total fishing mortality-at-age

Year
Age
3

@ J oy U

11
12+

F 5-10

PF PP OOOOOOO

1996

.0287
.1290
.3414
.5886
.7369
.8384
.9147
.0170
.0626
L1149

.7395

PR RRRPRPROOOO

1997

.0407
.2025
.4738
L7788
.0059
.1560
L2617
.3375
.4309
.4930

.0023
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PR RRRPRPROOOO

1998

.0464
.2156
.5339
.8246
.0623
.2523
.3924
.4815
.5458
.6493

L0912

eNeoNeoBoNeoNoNoNoNoNe] PR RPRPRPRPPEPROOOOO

PFRPRPRPRPRPEPROOOOO

1988

.0334
.1169
.3260
L7139
.9219
.0979
.2686
.4074
L4731
.5352

.9560

1992

.0457
.1403
.2167
.3032
.3347
.3611
.3881
.4196
.4366
.4494

.3372

1999

.0296
.1887
L4778
.7566
.9553
.1361
L3117
L4325
.5063
.5898

.0117

cNoNoRoNoNoNoNolNolNe]

PFRPRPRPROOOOOOO

1993

.0297
.1366
.2583
.3296
.4025
.4355
.4643
.4917
.5212
.5372

.3970

2000

.0211
.1145
.3379
.5385
.6819
.8118
.9635
.1066
.1963
.2658

.7400

cNoNoRoNoNoNoNolNolNo]

[oNeoNeoNoNoNoNoNolNoNol

o

1994

.0257
.1510
.3574
.4888
.5584
.6370
.6747
.7053
.7336
L7642

.5703

2001

.0258
.0945
.2563
L4331
.5486
. 6458
.7383
.8330
.9113
.9645

.5758

P OOOOOOOoOOoOOo

[cNeoNeoNoNoNoNoNoNolNol

o

1995

.0251
L1274
.3589
.5505
.6667
.7508
.8737
.9318
.9785
.0217

.6887

2002

.0139
.1016
.2143
.3531
L4611
.5394
.6032
.6561
.7056
.7486

L4712

2000-

[cNeoNeoNoNoNoNoNolNoNol

2002

.0203
.1035
.2695
.4416
.5639
.6657
.7683
.8652
.9377
.9930

117



Table 3.33 (Continued)

; Gadget version 2.0.02 running on FLEXIDELL Wed Apr 30 15:25:23 2003
stocks cod.imm cod.mat

areas 0

Residual natural mortality

Year
Age
3

0 J oy U b

9
10
11
12+

Residual natural mortality

Year
Age
3

O J o U Wb

9
10
11
12+

Residual natural mortality

Year
Age
3

O J oy U b

11
12+

1985

.2000
.2000
.2000
.2000
.2000
.1999
.2000
.2000
.2000
.2000

eNeoNeoNoNeoNoNoNoNoNe]
eNeoNeoNoNeoNoNoNoNoNe]

1989

.2000
.2000
.2000
.2000
.2000
.1999
.1998
.1998
.1999
.2000

eNoNeoNoNeoNoNoNoNoNe]
leNoNeoNoNeoNeoNoNoNoNe]

1996

.1999
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000

leNeoNeoNoNeoNoNoNoNoNe]
leNoNeoNoNeoNoNoNeoNoNe]

Predation mortality

Year

Age
3
4

Predation mortality

Year

Age
3
4

Predation mortality

Year

Age
3
4

118

1985
0.0108 0.
0.0006 O.

1989
0.0087 0.
0.0013 0.

1996
0.2400 O.
0.0361 0.

1986

.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000

1990

.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000

1997

.2000
.2000
.1999
.2000
.2000
.2000
.2000
.2000
.2000
.2000

(M2)
1986

0648
0025

(M2)
1990

0155
0003

(M2)
1997

1088
0154
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leNoNeoNoNeoNeoNoNoNoNe] eNoNeoNoNeoNoNoNoNoNe]

leNoNeoNoNeoNoNoNoNoNeo]

(M1)
1987

.2000
.2000
.1999
.2000
.2000
.2000
.2000
.2000
.2000
.2000

(M1)
1991

.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000

(M1)
1998

.2000
.2000
.1999
.1999
.2000
.2000
.1999
.1999
.2000
.2000

1987

L0731
.0109

1991

.0173
.0015

1998

.0538
.0055

leNoNeoloNeoNeoNoNeoNoNe] eNoNeoBoNeoNoNoNoNoNe]

leNoNeoNoNeoNoNoNoNoNeo]

1988

.2000
.2000
.2000
.1999
.2000
.1999
.1999
.2000
.2000
.2000

1992

.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000

1999

.2000
.2000
.1999
.1999
.2000
.2000
.1999
.1999
.1999
.2000

1988

.0215
.0037

1992

.0249
.0031

1999

.0388
.0031

lcNeoNeoNoNoNoNolNolNolNol

[oNeoNoNoNoNoNoNoNolNoel

1993

.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000

2000

.2000
.2000
.2000
.2000
.2000
.2000
.1999
.1999
.1999
.2000

1993

.1256
.0099

2000

.0298
.0023

lcNeoNoNoNoNoNolNolNolNol

[oNeoNeoNoNoNoNolNoNolNol

1994

.1998
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000

2001

.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000

1994

L4217
.0357

2001

.0191
.0025

lcNeoNeoNoNoNoNolNoNoNol

[cNeoNeoNoNoNoNolNoNoNol

1995

.1997
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000

2002

.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000

1995

.4884
.0573

2002

.0842
.0028

2000-2002

.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000

[cNeoNeoNoNoNoNolNoNoNol

2000-2002

0.0444
0.0025



Table 3.33 (Continued)

; Gadget version 2.0.02 running on FLEXIDELL Wed Apr 30 15:25:23 2003
stocks cod.imm cod.mat

areas 0

Stock numbers

Year
Age
3

0 J oy U b

9
10
11
12+

Total

Stock numbers

Year
Age
3

O ~J o U1 >

11
12+

Total

Stock numbers

Year
Age
3

@ J oy U

9
10
11
12+

Total

(thousands)
1985 1986
541396 1175114
377218 410124
114301 256487
54148 65771
25142 27049
7545 10603
3488 2674
2208 1095
400 584
300 180
1126148 1949685

(thousands)
1990 1991
304746 490107
160996 241430
161292 119439
119923 114530
179108 81215
18946 115715
5158 114606
595 2970
120 328
33 80
950921 1177284

(thousands)
1997 1998
599036 734733
223895 422342
189812 143251
177868 95176
115401 66698
42179 34545
12400 10866
4088 2878
1190 874
2077 615
1367950 1511983

1987

362055
871130
259607
138001
29561
10710
3731
875
334
221

1676230

1992

762569
380323
178637
82050
75424
51728
71096
6688
1669
223

1610412

1999

516026
544203
268869
67688
34048
18868
8083
2213
533
249

1460783

at age by Jan. 1

1988

290590
265109
574613
112761
45579
7929
2470
762
166

99

1300082

at age by Jan. 1

1993

972024
581726
264963
117071
49597
44186
29513
39498
3584
1000

2103166

at age by Jan. 1

2000

585422
394554
357263
134754
25937
10718
4958
1783
431
138

1515962

1989

204847
225220
186971
330820
45013
14839
2165
568
152

48

1010648

1994

898347
681355
401921
166285
68859
27151
23402
15315
19650
2221

2304509

2001

386683
455499
279434
206740
64317
10733
3894
1550
481
138

1409472

1995

574051
470287
450480
228303
83395
32248
11756
9793
6159
8572

1875049

2002

339797
302703
328842
175038
109632
30417
4605
1527
548
201

1293313

1996

357749
281346
310805
254193
107668
35040
12459
4028
3146
4422

1370860

2003

906317
252196
217185
214599
100499
56590
14518
2066
644
299

1764918
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Table 3.33 (Continued)

; Gadget version 2.0.02 running on FLEXIDELL Wed Apr 30 15:25:23 2003
stocks cod.imm cod.mat

areas 0

Spawning stock biomass

Year 1985

Age
4 0
5 65519
6 51564
7 52608
8 30153
9 13208
10 22315
11 5164
12+ 3854

SSB total 244384

Spawning stock biomass

Year 1988

Age
4 0
5 10321
6 46011
7 58975
8 28766
9 13919
10 5817
11 1563
12+ 1320

SSB total 166691

Spawning stock biomass

Year 1996
Age

4 0

5 16112

6 124310

7 192065

8 122554

9 61337

10 28442

11 26388

12+ 47859

SSB total 619066

120

(tons) at Jan. 1
1986 1987
0 0
39543 30989
93286 75028
77080 72394
50976 46678
16688 23612
8090 6864
6380 3210
2419 3199
294461 261973
(tons) at Jan. 1
1989 1990 1991
0 0 0
2123 10465 22469
46957 32136 68481
49733 151474 108357
39671 51798 301474
11176 24143 56731
4176 3978 19838
1492 1094 2733
656 439 928
155983 275528 581013
(tons) at Jan. 1
1997 1998 1999
0 0 0
11184 9075 12060
68878 35015 22640
182189 88494 36501
149980 117951 49271
66270 60841 38201
27699 21045 14257
10937 7757 4205
25897 8502 2692
543034 348680 179827
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1992

0
37823
92131

167079
182650
362982
48954
14950
2508

909077

2000

0
21137
49592
31681
28291
23145
12136

3718
1545

171245

1993

0
69961
98278

131171
180720
162142
276962
33300
11334

963867

2001

0
19127
103224
95116
31422
17564
9766
3976
1472

281667

1994

0
62788
146325
129511
110505
125407
99081
154533
22682

850831

2002

0
21119
82124

188088
104153
23391
10069
4619
2227

435791

1995

0
46786
161901
170467
110258
67932
69504
52358
89581

768787

2003

0
20093
93376

152102
197854
78268
14393
5536
3409

565030



Table 3.33 (Continued)

; Gadget version 2.0.02 running on FLEXIDELL Wed Apr 30 15:25:23 2003

stocks cod.imm cod.mat
areas 0

Total stock biomass (tons) at Jan. 1

Year 1985 1986 1987

Age
3 311554 462467 114956
4 367623 395140 477690
5 216934 384548 335175
6 167718 170443 269789
7 110799 106586 95021
8 43496 56299 51152
9 24490 17488 23952
10 22315 8524 6939
11 5164 6380 3210
12+ 3854 2419 3199

Total 1273946 1610294 1381083

Total stock biomass (tons) at Jan. 1

Year 1988 1989 1990 1991

Age
3 86385 71776 118176 296330
4 138716 134914 142609 227306
5 529173 178010 211904 204703
6 201931 493632 217921 263958
7 119631 118680 452874 241881
8 31948 55838 74783 450058
9 14233 11549 26952 62882
10 5830 4194 4002 20241
11 1563 1492 1094 2733
12+ 1320 656 439 928

Total 1130730 1070742 1250754 1771019

Total stock biomass (tons) at Jan. 1

Year 1996 1997 1998 1999

Age
3 94709 167706 216560 117358
4 178928 153932 280398 334907
5 363076 2245908 171029 301491
6 506023 336063 174575 119470
7 333720 345656 188248 86266
8 149941 184120 149792 68791
9 65993 70636 64526 41251
10 28743 28200 21395 14469
11 26388 10937 7757 4205
12+ 47859 25897 8502 2692

Total 1795379 1548055 1282781 1090899

1992

473526
439694
304671
235050
279088
237280
403705
49918
14950
2508

2440389

2000

136267
229028
420058
252014
71340
40869
25886
12358
3718
1545

1193082

1993

437021
594004
472644
290404
193678
216074
174617
283559

33300

11334

2706634

2001

134308
292863
334439
417835
189775
42652
19727
10029
3976
1472

1447075

1994

257638
560127
629690
407424
222545
127706
132406
101568
154533

22682

2616319

2002

90331
225301
399434
352979
350395
134058

25669

10370

4619
2227

1595383

1995

149339
339082
632147
519389
274653
136261
70540
70478
52358
89581

2333827

2003

239280
160720
295931
427208
302302
249548
83999
14715
5536
3409

1782648
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Table 3.33 (Continued)

; Gadget version 2.0.02 running on FLEXIDELL Wed Apr 30 15:25:23 2003
stocks cod.imm cod.mat
areas 0

Weight (kg) in catch (Observed)

Year 1985 1986 1987 1988 1989 1990 1991 1992 1993

Age
l — - — - — - - - —
2 - - - - - - - - -
3 0.91 0.62 0.49 0.53 0.74 0.83 1.03 1.15 0.76
4 1.30 1.25 0.87 0.83 0.92 1.22 1.43 1.56 1.44
5 1.96 1.87 1.53 1.29 1.26 1.61 2.11 2.22 2.07
6 3.19 2.80 2.34 2.22 1.86 2.13 2.80 3.14 2.71
7 4.63 4.46 3.55 3.52 2.86 3.15 3.58 4.31 4.05
8 6.04 5.78 5.97 5.28 4.58 4.57 4.61 5.24 5.44
9 7.67 6.76 8.60 7.92 7.51 7.26 5.99 6.16 6.40
10 9.81 7.60 9.61 9.01 9.09 9.85 8.78 7.89 7.13
11 11.83 9.76 12.26 11.21 11.40 13.54 11.82 10.32 7.99
12+ 14.32 10.63 13.77 13.99 12.00 17.13 16.58 11.81 10.31

Weight (kg) in catch (Observed)

Year 1994 1995 1996 1997 1998 1999 2000 2001 2002 2000-2002

Age
1 _ _ _ _ _ _ _ _ _ _
2 - - —_ —_ —_ - - - —_ —_
3 0.83 0.80 0.80 0.67 0.61 0.62 0.55 0.66 0.70 0.64
4 1.27 1.22 1.09 0.99 0.98 1.00 1.00 1.03 1.10 1.04
5 1.97 1.73 1.59 1.45 1.54 1.48 1.56 1.58 1.54 1.56
6 2.89 2.55 2.41 2.13 2.22 2.26 2.29 2.48 2.32 2.36
7 3.41 3.81 3.82 3.34 3.22 3.17 3.29 3.48 3.57 3.45
8 5.33 5.02 5.83 5.26 4.83 4.32 4.45 4.76 4.83 4.68
9 6.91 6.18 6.91 7.28 6.88 6.05 5.71 6.01 6.31 6.01
10 7.67 8.03 8.16 7.83 9.39 6.90 7.52 7.46 7.67 7.55
11 8.07 8.84 9.65 8.57 10.75 11.08 7.71 8.73 9.02 8.49
12+ 9.71 9.24 10.75 11.32 15.73 14.33 12.34 10.95 7.93 10.41
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Table 3.33 (Continued)

; Gadget version 2.0.02 running on FLEXIDELL Wed Apr 30 15:25:23 2003
stocks cod.imm cod.mat

areas 0

Weight
Year
Age

1

O J oy 0w

10
11
12+

Weight
Year
Age

1

O J oy U b W N

11
12+

(kg)

1
1
1

1985

(kg)

=

in catch

1986

0.94 0.59
1.31 1.33
2.23 1.80
3.58 2.87
4.93 4.25
6.43 5.59
7.79 6.79
0.96 7.96
4.04 10.906
3.91 13.28

in catch
1994 1995
0.63 0.601
1.20 1.08
1.89 1.73
2.77 2.67
3.56 3.87
5.19 4.89
6.29 ©6.76
7.42 7.99
8.86 9.29
1.63 11.19

(Model)

1987 1988 1989
0.46 0.52 0.62
0.88 0.88 0.99
1.60 1.33 1.36
2.18 2.17 1.87
3.49 2.96 2.99
5.19 4.42 4.07
6.98 6.23 5.63
8.69 8.18 7.49
10.58 10.02 9.59
16.12 14.18 12.83
(Model)

1996 1997 1998
0.60 0.56 0.58
1.07 1.08 1.03
1.60 1.59 1.59
2.45 2.29 2.21
3.69 3.45 3.18
5.06 4.91 4.70
6.23 6.32 6.32
8.38 7.57 7.82
9.85 9.92 9.23
12.70 13.17 13.91

=

1

1990

.83
.39
.82
.31
.05
.55
.81
.32
.49
.04

w o Jodh wNhERE o

1999

.51
.05
.56
.22
.07
.40
.18
.99
L2
.39

WO JdJodbd WNEHEREFE O

=

1

1991

.10
.46
.22
.85
.59
.59
.29
.64
.18
.26

NOJo > wWNDDN P -

2000

.53
.02
.63
.32
.25
.39
.91
77
.65
.41

N O JU > WNERE PO

=

1

1992

.97
.67
.17
.31
.21
.17
.32
.16
.65
.87

= O oo U d wdh kP O

2001

.61
.04
.63
.46
.47
.65
.89
.48
.49
.12

N O JU s WNERE PO

=

1

1993

.73
.40
.17
.79
.19
.19
.22
.47
.52
.46

PO -Jo b NN BE O

2002

.52
.13
.61
.37
.57
.87
.15
.49
.26
.08

N O Jo > WNhE PO

2000-2002

=
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N O JUd WNhRE PO

.55
.06
.62
.38
.43
.64
.98
.58
.47
.20
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Table 3.33 (Continued)

; Gadget version 2.0.02 running on FLEXIDELL Wed Apr 30 15:25:23 2003
stocks cod.imm cod.mat

areas 0

Weight
Year
Age

3

0 J oy U b

10
11
12+

Weight
Year
Age

3

O ~J o U1 >

11
12+

Weight
Year
Age

3

O J o U Wb

11
12+

124

(kg)

1
1

(kg) in stock at Jan.

1
1

(kg) in stock
1995 1996
0.26 0.26
0.72 0.04
1.40 1.17
2.27 1.99
3.29 3.10
4.23 4.28
6.00 5.30
7.20 7.13
8.50 8.39
0.45 10.82

1

1985

.58
.97
.90
.10
.41
.76
7.02
0.10
2.91
2.85

g Wk OO

1986 1987
0.39 0.32
0.96 0.55
1.50 1.29
2.59 1.95
3.94 3.21
5.31 4.78
6.54 ©6.42
7.78 7.92
0.92 9.59
3.43 14.47

in stock at Jan.

1988

.30
.52
.92
.79
.62
.03
.76
.65
.36

WO JUudNDE O OO

=

at Jan.

1997

.28
.69
.18
.89
.00
.37
.70
.90
.19

NOOYU D WEHERER OO

=

.28 1

IS
o
=

1

1
1989

0.35
0.60
0.95
1.49
2.64
3.76
5.33
7.38
9.717
3.45

1
1998

.29
.66
.19
.83
.82
.34
.94
.43
.87

woo Judbdh N E OO

=

1990

.39
.89
.31
.82
.53
.95
.23
L2
.10
.23

W oo uUuwNRE PP OO

=

1999

0.23
0.62
1.12
1.76
2.53
3.65
5.10
6.54
7.89
0

1991

.60
.94
.71
.30
.98
.89
.48
.81
.32
.58

H oo U wWwNhNRE OO

=

2000

0.23
0.58
1.18
1.87
2.75
3.81
5.22
6.93
8.63
1.16 1

1992

.62
.16
.71
.86
.70
.59
.68
.46
.96
.20

P oo Ju s wdNhhRE PO

2001

.35
.64
.20
.02
.95
.97
.06
.47
.26
.62

O WO UTWNNE OO

=

1

1993

.45
.02
.78
.48
.91
.89
.92
.18
.29
.33

PO Jood wdhhERE PO

2002

.27
.74
.21
.02
.20
.41
.57
.79
.42
.05

= oo o Ul WN P OO

=

1

1994

.29
.82
.57
.45
.23
.70
.66
.63
.86
.21

O Jo Ul d WNhE OO

2003

.26
.64
.36
.99
.01
.41
.79
.12
.60
.37

SN BEN NG NNVl o N e)

2001-2003

=
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oo o Ul WNE OO

.29
.67
.26
.01
.05
.26
.47
.79
.43
.01



Table 3.33 (Continued)

; Gadget version 2.0.02 running on FLEXIDELL Wed Apr 30 15:25:23 2003
stocks cod.imm cod.mat

areas 0
1985

Proportion mature at age

Year
Age
3

@ J oy U1

11
12+

1985

.000
.000
.327
.303
.508
.664
.445
.000
.000
.000

Proportion mature at

Year
Age
3

O J oy U Wb

11
12+

1986

.000
.000
.080
.545
.700
.900
.938
.926
.000
.000

PR OOOOOOOOo

1987

.000
.000
.058
.230
.747
.897
.983
.982
.000
.000

Proportion mature at

Year
Age
3

O ~J oy U1 >

11
12+

1995

.000
.000
.050
.252
.535
.753
.948
.979
.000
.000

PP OOOOOOOoOOo

1996

.000
.000
.026
.191
.499
.753
.901
.985
.000
.000

age
1988

.000
.000
.009
.162
.430
.887
.972
.997
.000
.000

PR OOOOOOOOo

age
1997

.000
.000
.028
.153
.455
.760
.908
.973
.000
.000

PP OOOOOOOoOOo

PR OOOOOOOOo

PP OOOOOOOOoOOo

1989

.000
.000
.006
.061
.332
.651
.961
.994
.000
.000

1998

.000
.000
.031
.142
.388
.729
.919
.974
.000
.000

PR OOOOOOOOo

PP OOOOOOOoOOo

1990

.000
.000
.033
.113
.275
.628
.873
.993
.000
.000

1999

.000
.000
.023
.135
.340
.644
.899
.978
.000
.000

PR OOOOOOOOo

PP OOOOOOOoOOo

1991

.000
.000
.084
.214
.389
.610
.872
.974
.000
.000

2000

.000
.000
.029
.146
.359
.611
.854
.974
.000
.000

PR OOOOOOOoOOo

PP OOOOOOOoOOo

1992

.000
.000
.089
.337
.541
.724
.872
.973
.000
.000

2001

.000
.000
.035
.189
.428
.669
.851
.963
.000
.000

PR OOOOOOOOo

PP OOOOOOoOOOoOOo

1993

.000
.000
.103
.274
.621
.796
.906
.967
.000
.000

2002

.000
.000
.031
.174
.460
722
.880
.959
.000
.000

PR OOOOOOOOo

PP OOOOOOoOOOoOOo

1994

.000
.000
.069
.283
.512
.831
.929
.966
.000
.000

2003

.000
.000
.044
.164
.426
.735
.906
.968
.000
.000

2001-

PP OOOOOOOOoOOo

O \ACFM\WGREPS\AFWG\REPORTS\2003\3-Northeast Arctic Cod.Doc

2003

.0000
.0000
.0367
.1757
.4380
.7087
.8790
.9633
.0000
.0000
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Table 3.33 (Continued)

; Gadget version 2.0.02 running on FLEXIDELL Wed Apr 30 15:25:23 2003
stocks cod.imm cod.mat

areas 0
fleets

Model catch in numbers

Year
Age
1

O J oy 0w

9
10
11
12+

Total

Model catch in numbers

Year
Age
1

O J oy U b W N

9
10
11
12+

Total

Model catch in numbers

Year
Age
1

QO J oy Ul W

9
10
11
12+

Total

126

1985

0

0
26480
43963
26756
17364
10483
3793
1934
1366
250
190

132578

1987

0

0
10277
110603
97165
67423
16579
6545
2420
584
228
153

311975

1995

0

0
7469
39902
101506
74116
31990
13716
5684
4986
3256
4682

287307

1986

0

0
29926
66614
69478
24157
11679
5175
1396
596
333
103

209455

1988

0

0
7394
23145
128946
47657
23102
4551
1562
514
116
70

237057

1996

0

0
6372
25049
68832
88790
45162
16373
6246
2192
1769
2573

263357

rusnorfleet gillnetfleet

(thousands)

(thousands)

1989

0

0
4811
16639
29737
89244
18242
7343
1276
382
111
37

167821

(thousands)

1997

0

0
17106
31824
56882
77666
60206
24277
7578
2595
788
1410

280330

at age

at age
1990

0

0
3382
7992
13926
14296
26971
3726
1197
155
35

11

71691

at age
1998

0

0
25061
64439
47460
43355
35965
20788
7005
1928
600
438

247039

1991

0

0
11179
12125
12902
15525
12847
21316
2554
733
86

23

89290

1999

0

0
11381
73771
82208
29391
17398
10856
5113
1478
366
177

232139

1992

0

0
19389
29259
20767
13220
13600
10250
15430
1599
419
58

123989

2000

0

0
8806
32042
79693
44716
10465
4987
2634
1046
266
89

184742

1993

0

0
18562
52459
43603
24081
12367
11958
8536
12115
1166
335

185181

2001

0

0
7310
31473
49800
58732
22470
4327
1757
769
255
77

176970

1994

0

0
12133
65179
86120
46862
21822
9753
8891
6072
8085
949

265865

2002

0

0
3341
22336
49551
41573
33145
10624
1779
634
242
93

163318
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Table 3.33 (Continued)

; Gadget version 2.0.02 running on FLEXIDELL Wed Apr 30 15:25:23 2003
stocks cod.imm cod.mat

areas 0
fleets

Observed catch in numbers

Year
Age
1

O J oy 0w

9
10
11
12+

Total

Observed catch in numbers

Year
Age
1

O J oy U b W N

9
10
11
12+

Total

Observed catch in numbers

Year
Age
1

QO J oy Ul W

9
10
11
12+

Total

1985

0

0
19823
41151
24948
16753
10561
3508
1432
713
134
38

119061

1987

0

0
10450
117698
84253
57239
13074
3568
867
449
183
204

287984

1995

0

0
4741
35100
95618
79441
28290
6786
2495
1433
808
1664

256374

1986

0

0
24596
59086
71516
23479
10438
3797
888
688
519
134

195140

1988

0

0
9317
19548
117460
48949
19899
3151
1163
381
107
68

220041

1996

0

0
7034
25574
70969
87253
46081
8729
1791
808
357
174

248771

rusnorfleet gillnetfleet

(thousands) at

(thousands) at

1989

0

0
4902
15828
28904
66506
24993
5186
789
275
42

14

147438

1990

1315
5807
9870
13786
23668
5151
605
125
47

12

60385

(thousands) at

1997

0

0
10454
32828
63737
75825
60395
22648
3191
814
352
146

270388

1998

0

0
28160
78268
42650
35602
29462
23799
6133
883
174
58

245188

age

age
1991

0

0
3493
8514
12308
15174
14189
18096
2701
264
37

12

74787

age
1999

0

0
8084
72593
81439
27616
13875
14370
7967
1812
210
41

228007

1992

0

0
14276
22802
18685
17113
12899
9543
12820
1761
192
46

110135

2000

0

0
4266
27993
76991
40926
11508
6318
4563
1517
261
41

174384

1993

0

0
7680
37098
54328
28245
11520
7441
5183
9806
1296
249

162845

2001

0

0
4348
30719
53307
53506
20104
4707
1622
1063
275
49

169700

1994

0

0
5558
49632
79314
50230
28770
7676
4523
2498
5457
750

234409

2002

0

0
1588
20863
50536
45840
31170
9061
1371
409
149
95

161082
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Table 3.33 (Continued)

; Gadget version 2.0.02 running on FLEXIDELL Wed Apr 30 15:25:23 2003
stocks cod.imm cod.mat

areas 0
fleets

Model catch in biomass

Year 1985
Age
1 0
2 0
3 24890
4 57433
5 59750
6 62156
7 51639
8 24380
9 15070
10 14960
11 3509
12+ 2636
Total 316423
Total+ 356218

(+ Also includes:

Model catch in biomass

Year 1987
Age

1 0

2 0

3 4744

4 97100

5 155422

6 147286

7 57806

8 33960

9 16892

10 5075

11 2406

12+ 2469

Total 523160

Total+ 588529

(+ Also includes:

Model catch in biomass

Year 1995
Age
1 0
2 0
3 4569
4 43219
5 175870
6 198167
7 123762
8 67105
9 38438
10 39821
11 30246
12+ 52410
Total 773606
Total+ 910867

(+ Also includes:

128

rusnorfleet gillnetfleet

(tons) at
1986
0
0
17716
88382
124718
69413
49682
28907
9478
4748
3645
1369
398057
449765
thirdcountries
(tons) at
1988 1989
0 0
0 0
3815 2974
20333 16424
171539 40580
103192 166960
68267 54462
20104 29917
9733 7177
4203 2865
1157 1066
998 472
403340 322896
451418 370953
thirdcountries
(tons) at
1996 1997
0 0
0 0
3844 9607
26755 34457
109868 90598
217647 177606
166574 207620
82828 119124
38900 47897
18372 19637
17430 7813
32687 18577
714904 732937
825742 823603
thirdcountries

age
overfishing)
age
1990 1991
0 0
0 0
2803 12255
11086 17667
25306 28692
32985 44239
82220 46065
16968 97894
6956 16079
1137 5604
334 793
138 280
179932 269567
232191 347244
overfishing)
age
1998 1999
0 0
0 0
14452 5804
66612 77190
75412 127910
95719 65274
114405 53476
97698 47721
44245 31621
15069 11809
5541 3561
6090 2366
535243 426732
597785 478257
overfishing)

1992

0

0
18738
48859
45023
43757
57249
52942
97510
13045
4042
689

381854
550387

2000

0

0

4660
32695
130274
103607
34012
21892
15564
8131
2569
1100

354502
412978

1993

0

0
13608
73427
94502
67286
51811
62059
53095
90509
11100
3840

521236
640895

2001

0

0
4483
32780
80983
144444
77990
20114
10348
5750
2425
928

380245
436599

1994

0

0

7594
77999
163166
129820
77701
50600
55915
45062
71663
11038

690558
860876

2002

0

0
1741
25145
79607
98515
118428
51717
10944
4748
2242
1128

394214
453243
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Table 3.33 (Continued)

; Gadget version 2.0.02 running on FLEXIDELL Wed Apr 30 15:25:23 2003
stocks cod.imm cod.mat

areas 0
fleets

rusnorfleet gillnetfleet

Observed catch in biomass (tons)

Year 1985
Age
1 0
2 0
3 179406
4 53607
5 48920
6 53388
7 48902
8 21186
9 10978
10 6995
11 1581
12+ 547
Total 264050
Total+ 301279

(+ Also includes:

1986

0

0
15200
73787
133381
65666
46521
21949
5997
5232
5068
1422

374222
424322
thirdcountries

Observed catch in biomass (tons)

Year 1987
Age
1 0
2 0
3 5086
4 101978
5 128842
6 133719
7 46379
8 21314
9 7454
10 4318
11 2247
12+ 2810
Total 454146
Total+ 511736

(+ Also includes:

1988 1989

0 0

0 0

4968 3624
16313 14598
151174 36498
108829 123969
69956 71372
16648 23732
9215 5923
3431 2496
1195 477
947 168
382675 282856
428270 323683
thirdcountries

Observed catch in biomass (tons)

Year 1995
Age

1 0

2 0

3 3802

4 42832

5 165865

6 202254

7 107761

8 34062

9 15421

10 11505

11 7145

12+ 15370

Total 606017

Total+ 730289

(+ Also includes:

1996 1997

0 0

0 0

5644 7034
27948 32452
112514 92423
210237 161292
175919 201478
50900 119086
12384 23228
6598 6372
3449 3012
1874 1650
607465 648026
710383 732930
thirdcountries

at age
overfishing)
at age
1990 1991
0 0
0 0
1090 3597
7070 12153
15879 25920
29412 42533
74450 50742
23544 83489
4394 16170
1229 2314
632 437
199 192
157898 237546
207083 312608
overfishing)
at age

1998 1999

0 0
0 0
17085 5037
76328 72745
65520 120436
79064 62387
94788 44052
114831 62122
42175 48170
8289 12502
1869 2330
914 592
500863 430373
561249 481619
overfishing)

1992

0

0
16403
35478
41467
53720
55633
49966
78925
13899
1976
548

348015
514345

2000

0

0
2354
27998
120413
93671
37826
28120
26052
11409
2012
506

350362
405588

1993

0

0
5869
53248
112199
76633
46655
40484
33172
69911
10359
2563

451093
566914

2001

0

0
2870
31511
84376
132569
70026
22413
9745
7930
2400
537

364376
418744

1994

0

0

4605
62856
156455
144955
98004
40920
31231
19171
44036
7283

609515
770657

2002

0

0

1105
22854
77875
106462
111213
43796
8650
3139
1344
754

377190
431731
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Table 3.34 Fleksibest equivalent to standard prediction input table (3.28)
Year: 2003
Age Stock size  [Natural Maturity  [Prop.Of F  |Prop.Of M [Weightin |Exploit Weight in
Mortality |ogive bef.spaw. |bef.spaw. [stock pattern catch
3 906317 0.3275 0.0000; 0.0000; 0.0000; 0.2600 0.0144 0.5400
4 252196 0.2106 0.0000; 0.0000; 0.0000; 0.6400 0.0722 0.9900!
5 217185 0.2000; 0.0440, 0.0000; 0.0000; 1.3600 0.2415 1.7000
6 214599 0.2000; 0.1640 0.0000; 0.0000; 1.9900 0.3475 2.3200
7 100499 0.2000; 0.4260, 0.0000; 0.0000; 3.0100 0.4486 3.4000
8 56590 0.2000; 0.7340 0.0000; 0.0000; 4.4100 0.5414 4.9300
9 14518 0.2000; 0.9060, 0.0000; 0.0000; 5.7900 0.6143 6.3700
10 2066 0.2000; 0.9680, 0.0000; 0.0000; 7.1200 0.6660! 7.7400
11 644 0.2000; 1.0000 0.0000; 0.0000; 8.6000 0.7062 9.2200
12+ 299 0.2000 1.0000 0.0000; 0.0000; 11.3700 0.7479 11.9300
Unit Thousands - - - - Kilograms - Kilograms
Year: 2004
Age Stock size  [Natural Maturity  [Prop.Of F  |Prop.Of M [Weightin |Exploit Weight in
Mortality  |ogive bef.spaw. |bef.spaw.  |stock pattern catch
3 307870 0.3485 0.0000; 0.0000; 0.0000; 0.2600 0.0144 0.5400
4 643869 0.2165 0.0000; 0.0000; 0.0000; 0.6400 0.0736 1.0100
5 184496 0.2000; 0.0240, 0.0000; 0.0000; 1.1800 0.1997 1.5400
6 138403 0.2000; 0.2010; 0.0000; 0.0000; 2.1500 0.3694 2.4700
7 123884 0.2000; 0.4110 0.0000; 0.0000; 2.9500 0.4444 3.3400
8 52522 0.2000; 0.7010; 0.0000; 0.0000; 4.2100 0.5292 4.7100
9 26957 0.2000; 0.9080; 0.0000; 0.0000; 5.8200 0.6146 6.4100
10 6435 0.2000; 0.9780, 0.0000; 0.0000; 7.3600 0.6744 7.9800
11 864 0.2000; 1.0000 0.0000; 0.0000; 8.8800 0.7129 9.5000
12+ 376 0.2000 1.0000 0.0000; 0.0000; 11.4500 0.7490 12.0000
Unit Thousands - - - - Kilograms - Kilograms
Year: 2005
Age Stock size  [Natural Maturity  [Prop.Of F  |Prop.Of M [Weightin |Exploit Weight in
Mortality  |ogive bef.spaw. |bef.spaw. [stock pattern catch
3 663720 0.3567 0.0000; 0.0000; 0.0000; 0.2600 0.0144 0.5400
4 214179 0.2206 0.0000; 0.0000; 0.0000; 0.6400 0.0741 1.0100
5 467842 0.2000; 0.0250, 0.0000; 0.0000; 1.1800 0.2005 1.5500
6 121850 0.2000; 0.1450 0.0000, 0.0000; 1.9100 0.3370 2.2300;
7 78235 0.2000; 0.4660 0.0000; 0.0000; 3.1600 0.4609 3.5500
8 65021 0.2000; 0.6890 0.0000; 0.0000; 4.1400 0.5252 4.6400
9 25327 0.2000; 0.8890, 0.0000; 0.0000; 5.5900 0.6034 6.1800
10 11945 0.2000; 0.9770 0.0000; 0.0000; 7.3900 0.6740 8.0100
11 2675 0.2000; 1.0000 0.0000; 0.0000; 9.1600 0.7189 9.7700
12+ 492 0.2000 1.0000 0.0000; 0.0000; 11.6700 0.7523 12.2100
Unit Thousands - - - - Kilograms - Kilograms
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Table 3.35 Management options table from Fleksibest.

o e e e e o +
| Year: 2003 I Year: 2004 I ¥ear: 2005 |
e e e e e e e o +
| F |[Reference| Stock | Sp.stock| Catch in| F |Reference| Stock | Sp.stock| Catch in| Stock | Sp.stock]
|  Factor | F | biomass | biomass | weight | Factor | F | biomass | biomass | weight | biomass | biomass |
o e e e e o +
| 0. 7997 0.4765 ] 1732648 | 5630301 505535 | 0.0000 | 0.00001 1811384 637748 | ol 2431543 1081547
| I I I I I 0.0500 | 0.0z297%| I 637748 | 40237 2434675 1047323
| I I I I I 0.1000|1 0.03951 I 637748 | 80545 2389196] 1014271
| I I I I I 0.1500] 0.089z | I 637748 | 118988 23450359 g932334|
| I I I I I 0.2000I1 0.1188 1 I 637748 | 16266 23022201 951476
| I I I I I 0.2500] 0.1434 | I 637748 | 192419 ZZ60633| 9Zlee0]
| I I I I I 0.30a0| 0.17811 I 637748 | 227484 22Z02359] 892843 |
| I I I I I 0.3500] 0.2076 | I 637748 | 2614939 2181036| 865004 |
| I I I I I 0.4000 | 0.23711 I 637748 | 2944991 Z142986] 838093 |
| I I I I I C0.4500 1 0.Ze661 I 637748 | 3265191 Z10801Z| 812084
| I I I I I 0.5000| 0.2961 | I 637748 | 3157591 Z070095] 786943 |
| I I I I I 0.5500 | 0.3255| I 637748 | 387747 2033204 762640
| I I I I I C.e000] 0.3548 | I 637748 | 417019 2001304 739146
| I I I I I C0.6500| 0.3842 | I 637748 | 4454331 1968362 716432 |
| I I I I I 0.7000 | 0.4135] I 637748 | 4730191 1938347 694471 |
| I I I I I 0.7500 | 0.4428 | I 637748 | 499206 1905230] 673236
| I I I I I 0.3000|1 0.47211 I 637748 | 3238201 18749301 6527011
| I I I I I 0.3500] 0.5013 | I 637748 | 3510851 1843571 632843 |
| I I I I I 0.59000 |1 0.530351 I 637748 | 2736281 181e974| 613637
| I I I I I 0.9500 | 0.5596 | I 637748 | 299470 1739164 595061 |
| I I I I I 1.000a0] 0.5887| I 637748 | pZ2Ze3A| 1782115 577094 |
| I I I I I 1.0500] 0.6178 | I 637748 | 645146 1735804 559713
| I I I I I 1.1000] 0.6463 | I 637748 | EETOZ4| 1710Z06| 542893 |
| I I I I I 1.15001 0.6753| I 637748 | 6382859 16853300 526631
| I I I I I 1.2000] 0.7043 | I 637748 | 7089601 1661063 510891
| I I I I I 1.25001 0.733391 I 637748 | 7290531 16374731 495661 |
| I I I I I 1.z2000] 0.7e27| I 637748 | 74600 1614512 430924 |
| I I I I I 1.35001 0.7917% | I 637748 | TeTE03] 1392138 466662 |
| I I I I I 1.4000] 0.8205] I 637748 | Tde090] 15370393 4528593
| I I I I I 1.45001 0.3493 | I 637748 | 2040701 1549199] 433499 |
| I I I I I 1.50001 0.87811 I 637748 | 8215631 1528537 4726568 |
o e e e e o +
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Figure 3.1 ICES Standard plots for Northeast Arctic cod (Subareas I and II).
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Figure 3.1 Continued

ICES Standard plots for Northeast Arctic cod (Subareas I and II).
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Figure 3.2
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Maturity ogives of cod from Norwegian (squares) and Russian (diamonds) sources for cod age 5 to

10.
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Difference between ogives
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Figure 3.3 The difference between the proportion mature at age estimated for males and females combined
and the proportion mature at age estimated for female only plotted by age for the years 1985 to

2001; and b) the proportion of females by age for years 1985 to 2001.
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Figure 3.4 The percentage of mature cod that are female plotted by age for 1959 to 2000.
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Figure 3.5 Temporal trends in the proportion of female-only SSB in the SSB as estimated for Russian

(diamonds) and Norwegian (squares) data. The mean age of the mature stock is also shown (line
and triangles).

136 O\ACFM\WGREPS\AFWG\REPORTS\2003\3-Northeast Arctic Cod.Doc



o
o] o] < o] o] o]
Age 3 s | Age 4 ° Age 5 % Age 6 o
g . 2
N o
= 2
i o o o
3
3 EN °©
= o
o~
S Jo
- o
@ o [eYe}
O s com ooaw oo 24 a0 o
| - e T T T °h T T T
-] 0.2 03 0.4 0.5 04 06 08 10 12 08 10 12 14 16 18 16 2.0 24 2.8
(4]
o
Age 7 (o) A o 24A —m_n_om_u
E | Age ° o 4 Age 8 o9 ° ge Y 8o 8 o
© %00 5 o | oo o o | o o 2 | o
s7o s o °lo ° S
C e o © o
O E 1 o of 31 o -Ho o
00
—_—
© S ° = ° S £
o) o
o : ° °
o =5 ° B
Q s oo 3
S 0 0
(@] o o 24 o ~ o
L T T T 1 T T T 1 T T T T 1 o T T T T T 1
D_ 2.5 3.0 3.5 4.0 35 40 45 50 55 5 6 7 8 9 7 8 9 10 11 12
e e 00
Age%1 Age 12
(=23 @
& o S 4
=4 =4
~ <
o o o
S S
e} o
8 o & o
o T T T T T T T =] T T T
8 9 10 11 12 13 14 9.5 10.0 10.5

Weight (kg)

Figure 3.6 Scatterplot matrix showing the relationship between weight-at-age and proportion mature-at-age
for years 1980 to 2002 and age-classes 3-12. LOESS smoothers (span=1) are indicated by the solid
line.
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Figure 3.7 The bivariate relationship between liver weight(g) of a 70 cm cod and the proportion mature at age

7 for the years 1984 to 2001. Mean length of age 7 cod during this time period varied between a
minimum of 66.3 cm in 1990 and a maximum of 78.6 cm in 1993 thus including the 70 cm value
used to estimate liver weights (from the Russian liver condition database).
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Figure 3.8 Single fleet tuning results.
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Fig 3.9a. Northeast arctic cod, M2 from cannibalism vs.
capelin stock size
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Fig 3.9b. NEA cod. Z from the assessment vs.
survey mortality (Norwegian bottom trawl winter
survey)
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Figure 3.9 Temporal trends in mortality.
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Figure 3.10
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Figure 3.10b. NEA Cod, retrospective recruitement age 3
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Figure 3.10c NEA Cod, retrospective SSB
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Figure 3.10d NEA Cod, retrospective Fas
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Figure 3.11a

Catch percentiles, F=0.25
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Figure 3.11b

142

Catch percentiles, F=0.4

w
2
s081 T 10 %
‘é 0.6 1 —25%
= 50 %
E 04 —75%
5024 T 90 %
©
© o0
2003 2004 2005 2006 2007
Year
TSB percentiles, F=0.4
w35
S 34 e e 10 %
8 2,51 25 %
§ 2 —50%
= 1,5 0
€T 1 75 %
m 051 e 90 %
(2]
= O
2003 2004 2005 2006 2007
Year
SSB percentiles, F=0.4
2
$ ,,,,,,,, 10 %
g 1.5
s —25%
5 11 —50%
= —75%
é | T e 90 %
o 0.5
7)) —Bpa
7]
0
2003 2004 2005 2006 2007
Year

Medium-term projections, assuming F=0.40.

O \ACFM\WGREPS\AFWG\REPORTS\2003\3-Northeast Arctic Cod.Doc




Figure 3.11c

Catch percentiles, F=0.7
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Figure 3.12 North-East Arctic cod. Residual log catchability by fleet and age from the XSA
output in the 2003 assessment.
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Figure 3.13 North-East Arctic cod. Residual log catchability by fleet and age from the XSA
output in the 2003 assessment.
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Figure 3.14 North-East Arctic cod. Residual log catchability by fleet and age from the XSA
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Figure 3.16 NEA cod. Survey mortalities in the Joint winter bottom trawl survey, compared to vpa total
mortalities.
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Figure 3.17d Catch in biomass in keyrun, and observed catches
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Recruitment at age 3

Figure 3.17¢

Stock numbers
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Figure3.18¢c Observed and modelled survey indices
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Figure 3.19d Retrospective pattern for Catch in biomass in key run
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Recruitment at age 3

Figure 3.19¢

Stock numbers
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Figure 3.20d Prediction of catch in biomass
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SSB Predictions for Fleksibest and XSA
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Figure 3.21 Comparison of F, SSB and TSB for Fleksibest and XSA prediction, both assuming a fixed annual
catch=500,000 t for the period 2003-2007.
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Table Al North-East Arctic COD. Catch per unit effort.

Sub-area |I | Division IIb | Division Ila | Total
Year Norway” UK’ Russia’  Norway” UK’ Russia’  Norway” UK’ Norway
1960 - 0.075 0.42 - 0.105 0.31 - 0.067
1961 - 0.079 0.38 - 0.129 0.44 - 0.058
1962 - 0.092 0.59 - 0.133 0.74 - 0.066
1963 - 0.085 0.60 - 0.098 0.55 - 0.066
1964 - 0.056 0.37 - 0.092 0.39 - 0.070
1965 - 0.066 0.39 - 0.109 0.49 - 0.066
1966 - 0.074 0.42 - 0.078 0.19 - 0.067
1967 - 0.081 0.53 - 0.106 0.87 - 0.052
1968 - 0.110 1.09 - 0.173 1.21 - 0.056
1969 - 0.113 1.00 - 0.135 1.17 - 0.094
1970 - 0.100 0.80 - 0.100 0.80 - 0.066
1971 - 0.056 0.43 - 0.071 0.16 - 0.062
1972 0.90 0.047 0.34 0.59 0.051 0.18 1.08 0.055
1973 1.05 0.057 0.56 0.43 0.054 0.57 0.71 0.043
1974 1.75 0.079 0.86 1.94 0.106 0.77 0.19 0.028
1975 1.82 0.077 0.94 1.67 0.100 0.43 1.36 0.033
1976 1.69 0.060 0.84 1.20 0.081 0.30 1.69 0.035
1977 1.54 0.052 0.63 0.91 0.056 0.25 1.16 0.044 1.17
1978 1.37 0.062 0.52 0.56 0.044 0.08 1.12 0.037 0.94
1979 0.85 0.046 0.43 0.62 - 0.06 1.06 0.042 0.85
1980 1.47 - 0.49 0.41 - 0.16 1.27 - 1.23

Spain’ Russia*

1981 1.42 - 0.41 (0.96) - 0.07 1.02 0.35 1.21
1982 1.30 - 0.35 - 0.86 0.26 1.01 0.34 1.09
1983 1.58 - 0.31 (1.31) 0.92 0.36 1.05 0.38 1.11
1984 1.40 - 0.45 1.20 0.78 0.35 0.73 0.27 0.96
1985 1.86 - 1.04 1.51 1.37 0.50 0.90 0.39 1.29
1986 1.97 - 1.00 2.39 1.73 0.84 1.36 1.14 1.70
1987 1.77 - 0.97 2.00 1.82 1.05 1.73 0.67 1.77
1988 1.58 - 0.66 1.61 (1.36) 0.54 0.97 0.55 1.03
1989 1.49 - 0.71 0.41 2.70 0.45 0.78 0.43 0.76
1990 1.35 - 0.70 0.39 2.69 0.80 0.38 0.60 0.49
1991 1.38 - 0.67 0.29 4.96 0.76 0.50 0.90 0.44
1992 2.19 - 0.79 3.06 247 0.23 0.98 0.65 1.29
1993 233 - 0.85 2.98 3.38 1.00 1.74 1.03 1.87
1994 2.50 - 1.01 2.82 1.44 1.14 1.27 0.86 1.59
1995 1.57 - 0.59 2.73 1.65 1.10 1.00 1.01 1.92
1996 0.74 1.11 0.85 0.99 1.81
1997 0.61 0.57 0.74 1.36
1998 0.37 0.29 0.40 0.83
1999 0.29 0.34 0.39 0.74
2000 0.34 0.37 0.53 0.92
2001 0,46 0,46 0,69 1.21
2002 0,58 0,66 0,57 1.34
'Preliminary figures.
*Norwegian data - t per 1,000 tonnage*hrs fishing.
*United Kingdom data - t per 100 tonnage*hrs fishing.
“Russian data - t per hr fishing.
Spanish data - t per hr fishing.
Period Sub-area I Divisions Ila and IIb
1960-1973 RT RT
1974-1980 PST RT
1981— PST PST
Vessel type:

RT =side trawlers, 800—1000 HP.
PST = stern trawlers, up to 2000 HP.
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Table A2. North-east Arctic COD. Abundance indices (millions) from the Norwegian acoustic survey
in the Barents Sea in January-March. New TS and rock-hopper gear (1981-1988 back-calculated from
bobbins gear). Corrected for length-dependent effective spread of trawl.

Year Age
1 2 3 4 5 6 7 8 9 10+ Total
1981 8.0 820 400 63.0 106.0 103.0 16.0 3.0 1.0 1.0 4230
1982 4.0 50 490 430 400 26.0 28.0 2.0 + 0.0 197.0
1983 60.5 2.8 53 143 174 111 5.6 3.0 0.5 0.1 120.5
1984 7454 1461 39.1 136 113 7.4 2.8 0.2 0.0 0.0 966.0
1985 69.1 446.3 153.0 1416 197 7.6 3.3 0.2 0.1 0.0 840.9
1986 353.6 2439 4996 1343 659 8.3 22 0.4 0.1 0.0 1308.2
1987 1.6 341 62.8 2049 414 104 1.2 0.2 0.7 0.0 3573
1988 20 263 504 355 56.2 6.5 1.4 0.2 0.0 0.0 1784
1989 75 80 170 344 214 538 6.9 1.0 0.1 0.1 150.1
1990 81.1 249 148 206 261 243 398 24 0.1 0.0 234.1
1991 181.0 2195 502 346 293 289 169 173 0.9 0.0 578.7
1992 2414 5621 1765 658 188 13.2 7.6 4.5 2.8 0.2 1092.9
1993 ,l 1074.0 4947 3572 1911 108.2 20.8 8.1 5.0 23 2.5 2264.0
1994 " 858.3 577.2 3498 4045 1937 636 121 3.7 1.7 0.9 2465.4
1995 ' 2619.2 2929 166.2 159.8 210.1 68.8 16.7 2.1 0.7 1.0 35374
1996 ' 2396.0 3398 929 705 858 747 206 28 0.3 0.4 3083.8

1997 ' 1623.5 430.5 1883 51.7 493 372 223 4.0 0.7 0.1 2407.5
1998 2 3401.3 6329 4277 1826 423 335 269 136 1.7 0.3 4762.8

1999 368.3 304.3 150.0 964 45.1 10.3 6.4 4.1 0.8 0.3 976.1
2000 1541 2214 2452 158.9 1421 454 9.6 4.7 3.0 1.1 985.5
2001 6299 639 1382 1716 773 397 11.8 1.4 0.5 0.2 1134.5
2002 18.2 2155 693 1122 1020 470 180 3.0 0.4 0.3 585.9

2003 16939 615 3034 1144 1290 1149 343 7.7 1.9 0.5 2461.5
' Survey covered a larger area
“ Adjusted indices

Table A3. North-East Arctic COD. Abundance indices (millions) from the Norwegian bottom trawl
survey in the Barents Sea in January-March. Rock-hopper gear (1981-1988 back-calculated
from bobbins gear). Corrected for length-dependent effective spread of trawl.

Age
Year 1 2 3 4 5 6 7 8 9 10+ Total
1981 4.6 34.3 16.4 23.3 40 38.4 4.8 1 0.3 0 163.1
1982 0.8 2.9 28.3 27.7 23.6 15.5 16 14 0.2 0 1164
1983 152.9 13.4 25.0 52.3 43.3 17.0 5.8 3.2 1.0 0.1 313.9
1984 2755.0 3791 97.5 28.3 21.4 11.7 41 0.4 0.1 0.1 3297.7
1985 495 660.0 166.8 126.0 19.9 7.7 3.3 0.2 0.1 0.1 1033.6
1986 665.8 399.6 805.0 143.9 64.1 8.3 1.9 0.3 0.0 0.0 2089.1
1987 30.7 4450 2404 391.1 54.3 15.7 2.0 0.5 0.0 0.0 1179.8
1988 3.2 72.8 148.0 80.5 173.3 20.5 3.6 0.5 0.0 0.0 5025
1989 8.2 15.6 46.4 75.9 37.8 90.2 9.8 0.9 0.1 0.1 285.0
1990 207.2 56.7 28.4 34.9 34.6 20.6 27.2 1.6 0.4 0.0 4115
1991 460.5 220.1 459 33.7 257 21.5 12.2 12.7 0.6 0.0 8327
1992 126.6 5709 158.3 57.7 17.8 12.8 7.7 4.3 2.7 0.2 959.0
1993 »' 534.5 4204 2739 140.1 72.5 15.8 6.2 3.9 2.2 2.4 1471.9
1994 " 10359 5358 296.5 310.2 1474 50.6 9.3 2.4 1.6 1.3 2391.0
1995 ' 5253.1 5415 2746 2414 2559 76.7 18.5 2.4 0.8 1.1 6666.2
1996 ' 5768.5 707.6 170.0 1154 137.2 106.1 24.0 2.9 0.4 0.5 7032.5

1997 2 48155 10451 2380 64.0 704 527 283 5.7 0.9 0.5 6321.1
1998 '* 24185 643.7 396.0 1813 365 259 178 8.6 1.0 0.5 3729.8

1999 ' 4846 3401 211.8 173.2 581 13.4 6.5 5.1 1.2 0.4 1294.4
2000 128.8 248.3 2352 1321 1083 26.9 4.3 2.0 1.2 0.4 887.5
2001 6579 766 1911 1828 834 382 8.9 1.1 0.4 0.2 1240.6
2002 353 4439 883 1350 1096 425 15.1 24 0.3 0.2 8726

2003 29917 7941 3770 1297 911 67.3 183 49 1.0 0.2 3760.3
' Survey covered a larger area
“ Adjusted indices
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Table A4. North East Arctic COD. Abundance at age (millions) from the Norwegian acoustic

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

survey on the spawning grounds off Lofoten in March-April.

5
0.68
2.49
8.77
1.57
0.04
0.13
0.00
2.74
4.87

23.78
6.49
1.41
0.40
0.05
0.25
3.61
3.91
1.53
3.01

6
7.45
3.30
7.04
4.43

13.20
2.60
5.00
5.23

14.58

25.85

35.24

14.43
4.95
0.30
1.92
3.85

15.73

12.06

34.31

7
12.36
5.54
0.23
2.56
9.73
27.02
19.83
20.80
17.35
10.36
12.34
24.00
27.56
7.06
4.84
3.25
7.17
11.71
34.90

8
3.1
2.71
2.83
0.05
2.20
4.85

32.67
20.87
20.22
8.21
2.27
3.65
16.50
11.05
14.58
2.15
0.84
4.27
15.36

9
1.156
0.16
0.04
0.01
0.38
0.49
2.75

79.60
25.44
7.68
3.60
0.79
1.50
3.24
8.42
2.23
0.30
0.64
2.16

10
1.01

0.05
0.12
0.32
0.19
417
41.95
3.49
2.56
0.25
0.42
0.51
0.75
0.45
0.31
0.18
0.14

11
0.45
0.40
0.03

0.17
1.61
4.74
17.53
2.15
0.80

0.18
0.19
0.39
0.23
0.23
0.04
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12+

0.08
0.03

0.06

0.22
0.71
2.61
7.96
1.30
0.75
0.02
0.10
0.05
0.06
0.01
0.02

Sum
26.21
14.68
18.97

8.67
25.73
35.41
60.61

135.24
129.86
99.51
72.61
46.63
52.08
22.41
31.05
15.98
28.55
30.61
89.95
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Table A5. North-east Arctic COD.

Abundance indices (millions) from the Norwegian Bottom Trawl

survey in the Svalbard area in September-October (1983-1994) and July-August (1995-2002).

Swept area estimates of number of fish at each age. Rock-hopper gear.

(1983-1988 back-calculated from bobbins gear). Corrected for length-dependent effective spread of trawl.

Age
Year 1 2 3 4 5 6 7 8 9+ Total
1983 191.2 17.0 4.3 4.4 1.3 1.1 0.5 0.8 0.2 220.8
1984 598.4 106.8 6.3 3.3 34 1.3 0.3 0.3 0.3 720.3
1985 280.6 4477 81.1 21.5 9.8 3.9 0.7 0.3 0.2 845.8
1986 49.8 182.3 260.6 325 11.0 1.9 0.7 0.2 0.1 539.1
1987 48.8 117.7 147.1 137.2 20.2 5.0 0.5 0.3 0.1 476.7
1988 26 26.8 30.8 24 .4 37.2 71 1.5 0.1 0.1 130.6
1989 4.0 14 121 11.3 9.3 14.7 3.0 0.4 0.1 56.3
1990 95.0 10.3 7.0 10.9 17.0 114 174 1.6 0.3 170.8
1991 144.5 88.0 22.4 6.1 9.5 10.2 8.5 13.2 1.5 303.7
1992 168.0 125.6 81.8 37.9 8.4 3.9 4.4 2.1 45 436.6
1993 157.9 153.1 116.0 44.8 16.8 34 24 1.5 4.1 499.9
1994 105.6 149.3 103.1 48.5 39.7 18.6 4.3 1.6 3.0 473.7
1995 465.2 67.1 101.4 80.8 82.5 43.1 14.6 3.2 1.4 859.2
1996 553.2 195.6 60.0 38.1 35.1 32.0 17.7 2.3 0.9 934.9
1997 243.2 209.1 55.0 18.2 10.3 10.2 6.9 2.0 0.4 555.4
1998 189.9 272.2 168.5 62.8 17.1 8.2 5.6 2.7 0.5 727.4
1999 105.0 179.2 132.2 106.2 20.8 4.0 3.9 2.1 0.4 553.8
2000 30.3 121.3 130.9 52.5 435 9.6 0.9 1.4 0.3 390.7
2001 75.8 20.7 39.6 28.4 15.4 18.3 3.8 0.6 0.2 202.8
2002 6.6 80.5 28.6 18.5 17.2 6.8 3.4 0.5 0.1 162.2

Abundance indices (millions) from the Norwegian Bottom Trawl

survey in the Svalbard and Barents Sea area in July-August (1995-2002).

Swept area estimates of number of fish at each age. Rock-hopper gear.

This survey covers ICES Division lla and llb, as well as the north-eastern part of Sub-area I.
The figures given above for the Svalbard area are included in these estimates

Age
Year 1 2 3 4 5 6 7 8 9+ Total
1995 746.1 116.5 176.7 178.3 106.0 47 .4 18.1 3.8 2.1 1395.0
1996 1314.8 440.9 104.9 87.8 73.4 45.6 25.0 4.2 1.5 2098.1
1997 745.3 551.7 163.8 38.3 27.0 29.5 20.1 7.4 2.0 1585.1
1998 841.0 466.2 299.3 104.9 27.2 14.6 10.6 53 1.6 1770.7
1999 200.2 274.6 191.2 145.6 35.3 6.7 5.2 3.3 0.9 863.0
2000 64.5 181.5 220.4 98.5 74.0 21.7 2.7 2.1 1.1 666.5
2001 319.0 42.3 62.6 49.6 29.1 24.2 6.7 0.7 0.4 534.6
2002 20.0 147.7 49.2 414 38.9 194 14.5 2.4 0.7 334.2
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Table A6. North-east Arctic COD. Mean length at age(cm) from Norwegian surveys in January-March

1983-1999 values re-calculated from raw data.

Year

1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

1
14.2
12.8
17.6
17.0
14.8
12.8
14.2
16.5
11.9
13.9
15.3
12.5
14.4
13.6
13.2
11.3
12.0
12.7
12.6
11.4
10.9
12.1
13.0
12.0
12.2
12.0

2
23.1
229
24.8
26.1
25.8
27.6
284
23.7
21.6
21.0
23.3
254
27.9
27.2
23.9
20.3
18.3
18.7
19.6
18.8
17.4
18.8
21.0
22.5
19.9
21.2

' Adjusted lengths

3
321
33.1
34.2
35.5
37.6
34.8
35.8
40.3
34.4
31.8
20.7
34.7
39.4
41.6
41.3
35.9
30.5
29.9
28.1
28.0
28.7
29.0
28.7
33.1
30.1
29.1

4
45.9
40.0
40.5
447
46.3
459
48.6
48.7
499
41.3
38.7
39.9
471
51.7
499
50.8
447
42.0
41.0
404
40.0
40.6
39.7
41.6
43.6
39.2

5
54.2
52.3
52.5
52.0
54.7
54.5
56.6
61.3
59.8
56.3
47.6
46.8
53.8
59.5
60.2
59.0
55.4
541
49.3
49.9
50.5
50.6
51.5
52.2
52.2
53.3

6
64.6
64.4
63.5
61.3
63.1
62.7
66.2
711
69.4
66.3
56.8
56.2
60.6
67.1
68.4
68.2
64.3
64.1
61.4
59.3
58.9
59.9
61.6
63.1
61.7
61.6
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7
67.6
74.7
73.6
69.6
70.8
731
741
81.2
80.3
77.6
71.7
67.0
68.2
72.3
76.1
76.8
73.5
74.8
72.2
69.1
67.5
70.3
70.5
71.2
71.6
70.3

8
76.9
83.0
83.6
77.9
82.9
78.6
79.7
85.7
93.8
87.9
79.4
83.3
79.2
77.6
82.8
85.8
82.4
80.6
85.3
80.6
76.3
78.0
75.7
79.2
79.1
80.7
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Table A7. North-east Arctic COD. Weight (g) at age from Norwegian surveys in January-March

Year Age

1 2 3 4 5 6 7 8
1983 190 372 923 1597 2442 3821 4758
1984 23 219 421 1155 1806 2793 3777 4566
1985 171 576 1003 2019 3353 5015 6154
1986 119 377 997 1623 2926 3838 7385
1987 2 21 65 230 490 1380 2300 3970
1988 24 114 241 492 892 1635 3040 4373
1989 16 158 374 604 947 1535 2582 4906
1990 26 217 580 1009 1435 1977 2829 4435
1991 18 196 805 1364 2067 2806 3557 4502
1992 20 136 619 1118 1912 2792 3933 5127
1993 9 71 415 1179 1743 2742 3977 5758
1994 13 55 259 788 1468 2233 3355 4908
1995 16 54 248 654 1335 2221 3483 4713
1996 15 62 210 636 1063 1999 3344 5514
1997 ' 12 54 213 606 1112 1790 2851 4761
1998 ' 10 47 231 579 1145 1732 2589 3930
1999 13 55 219 604 1161 1865 2981 3991
2000 17 77 210 559 1189 1978 2989 3797
2001 14 103 338 664 1257 2188 3145 4463
2002 15 68 256 747 1234 2024 3190 4511
2003 14 82 228 569 1302 1980 2975 4666

' Adjusted weights

2 Estimated weights
Table A8. Northeast Arctic COD. Length at age in cm in the Lofoten survey

Year/age 5 6 7 8 9 10 11 12+
1985 59.6 711 79.0 88.2 97.3 105.2 114.0
1986 62.7 70.0 80.0 89.4 86.6 105.8 115.0
1987 58.2 64.5 76.7 86.2 88.0 118.5 116.0
1988 53.1 67.1 71.6 94.0 97.0 119.6
1989 54.0 59.0 69.8 80.8 96.6 103.0 125.0
1990 56.9 65.1 69.2 79.5 83.7 100.1
1991 59.0 67.3 74.4 81.0 91.3 99.8 85.0
1992 66.3 68.7 78.3 83.9 89.2 92.2 101.9 127.0
1993 58.3 66.1 72.8 83.6 874 92.7 954 111.2
1994 64.3 70.6 82.0 87.3 90.0 95.3 924 101.4
1995 61.5 69.7 77.8 84.4 92.6 96.7 100.3 99.5
1996 62.2 67.1 75.9 81.0 93.6 100.9 97.4 104.1
1997 63.7 68.6 74.2 83.8 99.9 108.4 109.0
1998 55.0 62.6 70.2 80.0 92.0 98.0 96.7 115.0
1999 52.7 67.0 69.4 78.6 85.8 100.3 102.0 125.0
2000 58.4 66.5 72.6 77.0 83.9 90.6 93.7 112.4
2001 59.2 66.8 731 86.4 88.9 101.8 98.1 128.2
2002 57.8 65.8 73.0 80.8 88.2 102.0 91.2 101.4
2003’ 62.3 65.0 73.2 80.9 89.0 86.2 120.0 122.0

' - preliminary

166 O\ACFM\WGREPS\AFWG\REPORTS\2003\3-Northeast Arctic Cod.Doc



Table A9. Northeast Arctic COD. Mean weight at age (kg) in the Lofoten survey

Year 5 6 7 8 9 10 11 12+
1985 2.00 3.42 4.61 6.67 8.89 10.73 14.29
1986 2.22 3.22 474 6.40 5.80 10.84 13.48
1987 1.44 1.94 3.61 5.40 5.64 13.15 12.55
1988 1.46 2.82 3.39 6.63 7.27 13.64
1989 1.30 1.77 2.89 4.74 8.28 9.98 26.00
1990 1.54 2.32 2.55 3.78 4.77 8.80
1991 2.21 2.52 3.51 5.18 7.40 11.36 5.35
1992 2.56 2.85 3.99 543 6.35 8.03 9.50 17.80
1993 1.79 2.58 3.55 5.31 6.21 7.69 9.28 14.71
1994 2.31 3.27 5.06 6.39 6.64 7.92 7.73 10.10
1995 2.20 3.24 4.83 5.98 7.80 10.03 10.39 10.68
1996 2.22 2.75 4.11 5.63 7.92 10.53 10.58 12.08
1997 242 2.92 3.86 5.71 9.65 13.41 12.67
1998 1.88 2.09 2.98 4.85 7.92 9.91 11.05 18.34
1999 1.51 2.80 2.96 4.22 5.92 9.33 9.17 16.00
2000 1.71 2.50 3.16 3.85 5.32 7.07 7.62 12.84
2001 1.89 2.71 3.48 6.02 6.88 10.69 10.19 28.58
2002 1.76 2.51 3.49 4.62 6.12 10.59 8.74 10.48
2003' 2.32 2.35 3.50 4.60 5.90 8.03 24.50 27.70
' - preliminary
Table A10 North-east Arctic COD. Results from the Russian trawl-acoustic survey
in the Barents Sea and adjacent wates in the autumn. Stock number in millions.
Year Age
1 2 3 4 5 6 7
1985 ' 77 569 400 568 244 51 20
1986 ' 25 129 899 612 238 69 20
1987 2 2 58 103 855 198 82 19
1988 2 3 23 96 100 305 54 16
1989 ' 1 3 17 45 57 91 75
1990 ' 36 27 8 27 62 74 91
1991 63 65 96 45 50 54 66
1992 ' 133 399 380 121 56 58 33
1993 ' 20 44 220 234 164 51 19
1994 ° 105 38 147 275 303 314 100
1995 ' 242 42 111 219 229 97 21
1996 34 424 275 189 316 449 314 126
1997 *5 72 160 263 198 112 57 27
1998 ' 26 86 279 186 57 23 10
1999 ' 19 79 166 260 98 20 8
2000 " 24 82 191 159 127 48 6
2001 ° 38 59 148 204 120 70 14

" October-December

2 September-October
* Area llb not covered
* Areas lla, lIb covered in October-December, part of Area | covered in February-March 1998

° Adjusted for incomplete area coverage
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Total

1941
1998
1323
602
332
377
494
1222
783
1335
971
2127
900
672
658
642
656
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Table A11. North-East Arctic COD. Results from the Russian bottom trawl survey in the Barents Sea
and adjacent waters in November-December (numbers per hour trawling)

Year Age
1 2 3 4 5 6 7 8 9 10+ Total
Total (Sub-area | and Division lla and lIb)

1982 2.1 25 141 7.6 9.4 5.8 3.2 1.1 04 0.3 46.3
1983 11.7 5.1 6.0 7.3 4.8 2.0 0.7 1.1 0.2 0.2 39.2
1984 111 113 156 9.3 4.9 3.0 1.2 0.5 0.3 0.2 57.2
1985 6.2 396 283 39.7 18.1 4.5 1.7 0.6 0.1 0.2 139.0
1986 1.5 80 495 286 14.0 5.0 1.4 0.2 0.1 0.1 108.4
1987 0.1 25 6.1 40.2 7.8 34 0.8 0.2 0.1 01 612
1988 0.2 1.5 6.6 7.3 193 3.3 1.0 0.2 0.1 0.1 395
1989 0.3 0.6 3.4 91 109 16.1 13.1 55 29 0.8 627
1990 3.8 2.9 0.9 2.9 6.5 7.8 9.6 4.3 1.1 0.3 401
1991 6.9 71 10.2 4.8 5.8 6.6 8.3 71 0.7 0.1 576
1992 10.8 30.6 30.9 9.0 4.5 4.8 2.6 2.3 0.9 01 96.4
1993 45 103 491 526 377 117 4.5 3.2 1.9 25 178.0
1994 114 58 23.0 404 383 366 120 4.2 1.3 14 174.3
1995 26.0 45 119 235 247 105 2.3 0.7 0.2 0.2 104.5
1996 17.8 116 7.7 101 126 8.6 3.6 0.9 0.1 0.1 731
1997 ' 73 173 9.9 8.3 6.2 3.7 1.8 0.5 0.1 0.0 551
1998 49 159 508 334 9.7 3.7 1.6 0.7 0.1 0.1 1209
1999 36 143 284 475 16.2 3.1 1.2 0.8 0.2 0.1 1154
2000 31 117 276 219 16.9 5.8 0.8 0.3 0.1 0.1 88.3
2001 67 11.0 277 372 206 115 2.2 0.3 0.1 01 1174

2002 * 126 03 180 144 241 252 117 5.2 1.2 0.3 1131

' Adjusted assuming area distribution as 1982-1995 average.
2 Adjusted assuming area distribution as 1998-2001 average.
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Table A12 North-East  Arctic COD. Length at age (cm) from Russian surveys in
November—December
Year Age
0 1 2 3 4 5 6 7 8 9
1984 157 223 30.7 44.3 51.7 63.6 73.4 82.5 88.4 97.0
1985 150 21.1 30.6 432 53.7 61.2 72.8 83.0 92.8 101.3
1986 152 19.7 28.3 39.0 51.8 62.2 70.9 83.0 91.3 104.0
1987 - 192 27.9 334 414 59.1 69.2 80.1 95.7 102.6
1988 11.3 213 28.7 36.2 439 53.3 65.3 79.5 85.0 -
1989 - 20.8 28.8 348 46.0 53.9 61.8 69.8 78.7 88.6
1990 16.0 24.0 30.4 46.5 54.9 62.5 69.7 77.6 87.8 102.0
1991 11.5 224 30.6 43.0 55.9 64.6 72.8 78.5 87.9 101.8
1992 11.3 213 319 50.1 59.8 69.1 78.6 84.0 90.8 97.5
1993 12.1 174 29.1 434 52.7 64.3 73.9 81.2 89.1 91.8
1994 122 203 26.3 337 474 58.7 70.6 80.8 90.1 96.1
1995 11.6 19.8 27.6 33.8 452 60.5 71.1 83.5 92.9 99.1
1996 102 20.0 28.1 36.7 48.7 58.9 70.5 80.0 93.6 102.7
1997 9.6 185 28.8 38.2 50.8 62.0 70.5 80.1 88.9 103.5
1998 114 19.0 28.0 36.4 50.5 61.0 70.7 80.3 91.1 102.5
1999 11.7 19.7 27.9 353 51.6 60.6 70.6 78.9 86.8 94.3
2000 10.7 20.8 30.1 347  49.8 61.1 71.6 82.0 88.3 85.7
2001 106 194 29.8 373 50.4 61.9 71.9 81.4 91.0 98.7
2002 10.7 19.2 29.9 38.2 52.5 60.4 70.6 82.2 91.3 97.2
Table A13 North-East Arctic COD. Weight (g) at age from Russian surveys in November—December.
Age
Year
0 1 2 3 4 5 6 7 8 9 10
1984 26 90 250 746 1,187 2234 3,422 5,027 6,479 9,503 -
1985 26 80 245 762 1,296 1,924 3,346 5,094 7,360 6,833 11,167
1986 25 63 191 506 1,117 1940 2,949 4,942 7,406 9,300 -
1987 - 54 182 316 672 1,091 2,688 3,959 8,353 10,583 13,107
1988 15 78 223 435 789 1,373 2,609 4,465 5,816 - -
1989 - 73 216 401 928 1,427 2200 3,133 4,649 6,801 8,956
1990 28 106 230 908 1,418 2,092 2,897 4,131 6,359 10,078 13,540
1991 26 93 260 743 1,629 2,623 3,816 4,975 7,198 11,165 15,353
1992 10 76 273 1,165 1,895 2,971 4377 5,596 7,319 9,452 12,414
1993 11 46 211 717 1,280 2,293 3,509 4,902 6,621 7,339 8,494
1994 12 69 153 316 919 1,670 2,884 4,505 6,520 8,207 9,812
1995 11 61 180 337 861 1,987 3,298 5,427 7,614 9,787 10,757
1996 7 64 191 436 1,035 1,834 3,329 5,001 8,203 10,898 11,358
1997 6 48 203 487 1,176 2,142 3,220 4,805 6,925 10,823 12,426
1998 11 55 187 435 1,186 2,050 3,096 4,759 7,044 11,207 12,593
1999 10 58 177 371 1,214 1,925 3,064 4,378 6,128 7,843 11,543
2000 8 74 232 379 1,101 2,128 3,341 5,054 6,560 8,497 12,353
2001 9 58 221 459 1,125 2,078 3,329 4,950 7,270 9,541 11,672
2002 8 65 232 505 1,299 1,964 3,271 5,325 7,249 9,195 11,389
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Table A14 Abundance indices of 0-group fish in the Barents Sea and adjacent waters in 1965-
2002
Indices for 1965-1985 adjusted according to Nakken and Raknes (1996).
Polar cod
Year Cod Haddock Redfish Greenland Long rough
halibut Dab
West East

1965 11 13 0 159 66
1966 2 2 129 236 97
1967 62 76 165 44 73
1968 45 14 60 21 17
1969 211 186 208 295 26
1970 1097 208 197 247 1 12
1971 356 166 181 172 1 81
1972 225 74 140 177 8 65
1973 1101 87 (26) 385 3 67
1974 82 237 227 468 13 83
1975 453 224 75 315 21 113
1976 57 148 131 447 16 96
1977 279 187 157 70 472 9 72
1978 192 110 107 144 460 35 76
1979 129 95 23 302 980 22 69
1980 61 68 79 247 651 12 108
1981 65 30 149 73 861 38 95
1982 136 107 14 50 694 17 150
1983 459 219 48 39 851 16 80
1984 559 293 115 16 732 40 70
1985 742 156 60 334 795 36 86
1986 434 160 111 366 702 55 755
1987 102 72 17 155 631 41 174
1988 133 86 144 120 849 8 72
1989 202 112 206 41 698 5 92
1990 465 227 144 48 670 2 35
1991 766 472 90 239 200 1 28
1992 1,159 313 195 118 150 3 32
1993 910 240 171 156 162 11 55
1994 899 282 50 448 414 20 272
1995 1,069 148 6 - 220 15 66
1996 1,142 196 59 484 19 5 10
1997 1,077 150 129 453 50 13 42
1998 576 593 144 457 78 11 28
1999 194 184 116 696 27 13 66
2000 870 417 76 387 195 28 81
2001 212 394 148 146 11 32 86
2002 1055 412 179 588 28 34 173
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Table A15 Estimated logarithmic indices with 90% confidence limits of year class abundance for 0-
group herring, cod and haddock in the Barents Sea and adjacent waters 1965-2002
Year Herring' Cod Haddock
Index Confidence Index Confidence Index Confidence
limits limits limits
1965 +
1966 0.14 0.04 0.31 0.02 0.01 0.04 0.01 0.00 0.03
1967 0.00 - - 0.04 0.02 0.08 0.08 0.03 0.13
1968 0.00 - - 0.02 0.01 0.04 0.00 0.00 0.02
1969 0.01 0.00 0.04 0.25 0.17 0.34 0.29 0.20 0.41
1970 0.00 - - 2.51 2.02 3.05 0.64 0.42 0.91
1971 0.00 - - 0.77 0.57 1.01 0.26 0.18 0.36
1972 0.00 - - 0.52 0.35 0.72 0.16 0.09 0.27
1973 0.05 0.03 0.08 1.48 1.18 1.82 0.26 0.15 0.40
1974 0.01 0.01 0.01 0.29 0.18 0.42 0.51 0.39 0.68
1975 0.00 - - 0.90 0.66 1.17 0.60 0.40 0.85
1976 0.00 - - 0.13 0.06 0.22 0.38 0.24 0.51
1977 0.01 0.00 0.03 0.49 0.36 0.65 0.33 0.21 0.48
1978 0.02 0.01 0.05 0.22 0.14 0.32 0.12 0.07 0.19
1979 0.09 0.01 0.20 0.40 0.25 0.59 0.20 0.12 0.28
1980 - - - 0.13 0.08 0.18 0.15 0.10 0.20
1981 0.00 - - 0.10 0.06 0.18 0.03 0.00 0.05
1982 0.00 - - 0.59 0.43 0.77 0.38 0.30 0.52
1983 1.77 1.29 2.33 1.69 1.34 2.08 0.62 0.48 0.77
1984 0.34 0.20 0.52 1.55 1.18 1.98 0.78 0.60 0.99
1985 0.23 0.18 0.28 2.46 222 2.71 0.27 0.23 0.31
1986 0.00 - - 1.37 1.06 1.70 0.39 0.28 0.52
1987 0.00 0.00 0.03 0.17 0.01 0.40 0.10 0.00 0.25
1988 0.32 0.16 0.53 0.33 0.22 0.47 0.13 0.05 0.34
1989 0.59 0.49 0.76 0.38 0.30 0.48 0.14 0.10 0.20
1990 0.31 0.16 0.50 1.23 1.04 1.34 0.61 0.48 0.75
1991 1.19 0.90 1.52 2.30 1.97 2.65 1.17 0.98 1.37
1992 1.06 0.69 1.50 2.94 2.53 3.39 0.87 0.71 1.06
1993 0.75 0.45 1.14 2.09 1.70 2.51 0.64 0.48 0.82
1994 0.28 0.17 0.42 227 1.83 2.76 0.64 0.49 0.81
1995 0.16 0.07 0.29 2.40 1.97 2.88 0.25 0.13 0.40
1996 0.65 0.47 0.85 2.87 2.53 3.24 0.39 0.25 0.56
1997 0.39 0.25 0.54 1.60 1.35 1.86 0.21 0.12 0.31
1998 0.59 0.40 0.82 0.68 0.48 0.91 0.59 0.44 0.76
1999 0.41 0.25 0.59 0.21 0.11 0.34 0.25 0.11 0.44
2000 0.30 0.17 0.46 1.49 1.21 1.78 0.64 0.46 0.84
2001 0.13 0.04 0.25 0.23 0.12 0.36 0.67 0.52 0.84
2002 0.53 0.36 0.73 1.22 0.97 1.50 0.99 0.75 1.25

' Assessment for 19651984 made by Toresen (1985).
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Table A16. Sum of acoustic abundance estimates (millions) in the Joint winter Barents Sea aurvey (Table A2)
and the Norwegian Lofoten acoustic survey (Table A4)

Age
Year 1 2 3 4 5 6 7 8 9 10 11 12+
1985 69.1 446.3 153.0 1416 204 15.1 15.7 3.3 1.3 1.0 0.5 0.0
1986  353.6 2439 4996 1343 684 116 7.7 3.1 0.3 0.0 0.4 0.1
1987 16 341 62.8 2049 502 174 1.4 3.0 0.7 0.0 0.0 0.0
1988 20 263 504 355 578 109 4.0 0.3 0.0 0.1 0.0 0.0
1989 7.5 80 170 344 214 670 166 3.2 0.5 0.2 0.0 0.1
1990 81.1 249 148 206 262 269 66.8 7.3 0.6 0.3 0.0 0.0
1991 181.0 2195 502 346 293 339 36.7 50.0 3.7 0.2 0.2 0.0
1992 2414 5621 1765 658 215 184 284 254 824 4.4 1.6 0.2
1993 1074.0 4947 357.2 1911 1131 354 255 252 277 445 4.7 0.7
1994  858.3 577.2 3498 4045 2175 895 225 119 9.4 44 175 26
1995 2619.2 2929 166.2 159.8 216.6 1040 29.0 4.4 4.3 3.6 22 8.0
1996 2396.0 3398 929 705 872 89.1 44.6 6.5 1.1 0.7 0.8 1.3
1997 1623.5 4305 188.3 51.7 497 422 499 205 2.2 0.5 0.0 0.8
1998 3401.3 6329 4277 1826 424 33.8 340 247 4.9 0.8 0.2 0.0
1999 3568.3 3043 1500 964 454 122 112 187 9.2 1.1 0.2 0.1
2000 1541 2214 2452 1589 1457 493 129 6.9 5.2 1.6 0.4 0.1
2001 6299 639 1382 1716 812 554 19.0 22 0.8 0.5 0.3 0.1
2002 182 21565 693 1122 1035 59.1 29.7 7.3 1.0 0.4 0.3 0.0
2003 16939 615 3034 1144 1320 1492 69.2 23.1 4.1 0.5 0.1 0.1
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4 NORTHEAST ARCTIC HADDOCK (SUBAREAS I AND II)
4.1 Status of the Fisheries
4.1.1 Historical development of the fisheries

Haddock is mainly fished by trawl as a by-catch in the fishery for cod. Occasionally there is also a directed trawl fishery
for haddock. On average approximately 25% of the catch is with conventional gears, mostly longline, which are used
almost exclusively by Norway. Part of the longline catches are from a directed fishery. The fishery is restricted by
national quotas. In the Norwegian fishery the quotas are set separately for trawl and other gears. The fishery is also
regulated by a minimum landing size, a minimum mesh size in trawls and Danish seine, a maximum by-catch of
undersized fish, closure of areas with high density/catches of juveniles and other seasonal and areal restrictions.

Historical landings of the fishery show a cyclical pattern (Figure 4.1A, Table 4.1). The historical high catch level of
320,000t in 1973 divides the time-series into two periods. In the first period, highs were close to 200,000 t around
1956, 1961 and 1968, and lows were between 75,000 and 100,000 t in 1959, 1964 and 1971. The second period showed
a steady decline from the peak in 1973 down to the historically low level of 17,300 t in 1984. Afterwards, landings
increased to 151,000 t before declining to 26,000 t in 1990. A new increase peaked in 1996 at 174,000 t.

The trawl fishery has been more variable than other gears (Table 4.2). In recent years Norway and Russia have
accounted for more than 90% of the landings (Table 4.3). Before the introduction of national economic zones in 1977,
UK (mainly England) landings made up 10-30% of the total.

The exploitation rate of haddock has been variable. The highest fishing mortalities for haddock have occurred at
intermediate stock levels and show little relationship with the exploitation rate of cod, in spite of haddock being
primarily a by-catch in the cod fishery. The exception is the 1990s when more restrictive quota regulations resulted in a
similar pattern in the exploitation rate for both species. It might be expected that good year classes of haddock would
attract more directed trawl fishing, but this is not reflected in the fishing mortalities.

4.1.2 Landings prior to 2003 (Tables 4.1-4.3, Figure 4.1A)

Final reported landings in 2001 are 81 842 t (Table 4.1), which is close to the figure used in last year’s assessment. The
provisional landings for 2002 are 83 848 t, which is slightly less than the 85 000 t landings expected by the Working
Group last year. The agreed TAC was 85 000 t. Catches increased in subareas I and IIb. The catch by area, broken down
by trawl and other gears, is given in Table 4.2. The nominal catch by country is given in Table 4.3. Landings from 2001
and 2002 were revised according to official statistics from ICES.

4.1.3 Expected landings in 2003

The 85 000 t TAC agreed for 2002 was not exceeded. ACFM recommended to set a TAC lower than 101 000 t for
2003. The agreed TAC for 2003 is 101 000 t. The total landing in 2003 is expected to be equal to the agreed TAC.

4.2 Status of Research
4.2.1 Fishing effort and CPUE

After a period of reduced trawl fishery for haddock, it has increased in recent years (Table 4.2). The CPUE series of
Norwegian trawl fisheries has previously been updated for tuning of the older ages in the VPA. The basis was the trawl
effort in Norwegian statistical areas 03, 04, and 05, covering the Norwegian coastal banks north of Lofoten. These areas
account for approximately 70% of the Norwegian trawl landings. However, because of the large proportion taken as by-
catch it is difficult to estimate the actual trawl effort on haddock. The CPUE series was not used for tuning the XSA in
last year’s assessment and the series has not been updated with values for 2002.

4.2.2 Survey results (Tables B1-B6)

The overall picture seen in the surveys is summarized as follows: the year class 1997 seems to be poor, and the 1998,
1999, 2000, and 2001 year classes appear above average. The 2002 year class looks even more promising and can be
the first sign of a year class comparable with the 1990 or 1983 year classes. Regarding the fishable stock, numbers of 6+
age groups are much reduced after the fading of the strong 89-91 year classes from the surveys.
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Norwegian bottom trawl and acoustic survey

Norway provided indices from the 2003 Barents Sea bottom trawl and acoustic survey in January-March (Table B1 and
B3). There was a reduced coverage of the Barents Sea in 1997-1998, but full coverage since then. Trawl survey indices
from 1983 onwards have been recalculated in the same way as for cod (Section 3.2.2). High indices, caused by the good
period of recruitment around 1990, can be tracked from year to year in both series and the 1990 year class appears as
the strongest for age groups 3—8. The year classes 1998 to 2001 have been observed as stronger than the 1992-1997 year
classes. The 2002 year class has been observed only once, but the results suggest a year class even stronger and possibly
as strong as the 1990 year class.

Russian bottom trawl and acoustic survey

Russia provided indices from the 2002 Barents Sea trawl and acoustic survey (Tables B2, B4a, and B4b), which was
carried out in October-December. The Russian survey shows the same main trends as the Norwegian survey. From 1995
onwards there has been a substantial change in the method for calculating acoustic indices. The acoustic survey is
therefore presented in 2 tables (Table B4a and B4b) for old and new method of calculating indices.

International 0-group survey

Estimates of the abundance of 0-group haddock from the International 0-group survey are presented in Tables A14 and
A15. The indices indicate good recruitment for haddock from 1990 to 1994, average from 1995 to 1997, good in 1998,
average in 1999 and good again in 2000 and 2001 and very good in 2002.

4.2.3 Weight-at-age (Table B6)

Length and weight-at-age from the surveys are given in Tables B5 and B6, respectively. All weights-at-age are
comparable with the previous years except the weight-at-age for the 1997 year class, which is somewhat reduced.

4.3 Data Used in the Assessment
4.3.1 Catch-at-age (Table 4.7)

Age compositions of the landings for 2002 were available from Norway and Russia in Subarea I, from Norway, Russia,
and Germany in Division Ila, and from Norway and Russia in Division IIb. The catches of the other countries were
distributed among ages using the combined Norwegian/Russian age composition in Subarea I and in Division IIb, and
the Russian trawl age composition in Division ITa. The SOP check gave no deviation from the nominal catch of 2002.

4.3.2 Weight-at-age (Tables 4.8—4.9)

The mean weights-at-age in the catch (Table 4.8) were calculated as weighted averages of the weights in the catch of
Norway and Russia. The weights-at-age in the catch in 2002 are showing a declining tendency for ages 1 to 6.

Stock weights (Table 4.9) used from 1985 to 2003 are averages of values derived from Russian surveys in autumn
(mostly October-December) and Norwegian surveys in January-March the following year (Table B6). These averages
are assumed to give representative values for the beginning of the year. For the oldest age groups, fixed weights were
used when survey data were missing or inadequate. The fixed weights have been reduced in the most recent years to be
more consistent with observed weights on the younger year classes.

4.3.3 Natural mortality (Table 4.10)

Natural mortality was set to 0.2+mortality from predation by cod (see Section 4.4.1). The proportion of F and M before
spawning was set to zero.

434 Maturity-at-age (Table 4.4 and 4.11)

A maturity ogive was available from Russia for the period 1981-2003 (Table 4.4). The ogive shows a relatively early
maturation compared to the period 1994 to 1998. The maturity-at-age series for the whole period 1950-2002 is shown in
Table 4.11.
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4.3.5 Data for tuning (Table 4.12)

The following surveys series are included in the data for tuning:

Name Place Season Age Year prior
weight
Russian bottom trawl Total area Autumn  1-7  1983-2002 1
Norwegian bottom trawl Barents Sea ~ Winter 1-8 19822002 1
Norwegian acoustic Barents Sea  Winter 1-7  1980-2002 1

The indices for the 1996 year class was not used for tuning the XSA. See Section 4.4.1 in last years report.

4.3.6 Recruitment indices (Table 4.5)

The table with recruitment indices cover the year classes 1980 and later. The 0-group index was not used for input to
the RCT3. Since the indices of the 1996 year classes were removed from the tuning of the XSA, they were also
removed from recruitment estimation. See section 4.4.1 in last years report.

4.3.7 Prediction data (Table 4.19)

Weights-at-age and proportions mature at age shows strong cyclic patterns related to periods of good recruitment. The
working group believes that the estimated recruitment in the latest years is so high that it will effect growth and
maturation processes. The working group therefore decided to use similar trends in weight-at-age, maturity and natural
mortality as has been observed in previous periods following good recruitment. The input data for making the
prediction was then:

. The estimated recruitment given in Table 4.6.

. The average fishing pattern observed in the 3 last years.

. Observed maturity for 2003, average maturity for the periods 1987-1989 and 1994-1997 (7 years) for 2005 and
maturity-at-age in 2004 as the average between 2003 and 2005

. Weight-at-age in the stock was calculated in the same way as maturity-at-age with the exception that the period
1987-1989 was not used. This due to poor weight data for that period.

. Weight-at-age in the catches for 2003 was set equal to the observed data in 2002,. The 2004 and 2005 numbers
was calculated in the same way as the weight-at-age in the stock (using the average weight-at-age in the catches
in 1994-1997 as the weight-at-age in 2005).

. Natural mortality was calculated similar to the maturity with the exception that natural mortality for 2003 was set
equal to 2002.

. And stock numbers and fishing mortalities from the standard VPA.

4.4 Methods Used in the Assessment

44.1 VPA and tuning

The Extended Survivors Analysis (XSA) was used to tune the VPA to the available index series (Table 4.12). The
settings used by the AFWG in 2002 were used. We quote from the 2001 WG report: “The catchability dependent on
stock size for ages <7 was used instead of 6 because the diagnostics show the age 6 as the last age group in which the
slope differs from 1. In addition, the assessment was made to truncate the older ages (e.g., 1-11+). An age span of ages
1 to 11+ was used because the catchability analysis for the old ages are under-determined. Survivor estimates shrunk
towards the mean F of the final 5 years of the 3 oldest ages, and S.E.D. of the mean to which the estimates are shrunk
was set to 1, due to high variability in the fishing mortality of recent years.

The estimated consumption of NEA haddock by NEA cod is incorporated into the XSA analysis by first constructing a
catch number-at-age matrix, adding the numbers of haddock eaten by cod to the catches for the years where such data
are available (1984-2001) (Table A16). The consumption of NEA haddock by NEA cod is given below:
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Consumption of Haddock by NEA Cod (millions )

1 2 3 4 5 6
1984 [980.0 147 0.1 0.0 0.0 0.0

logs 12035 52 0.0 oo 0.0 (0.0
1986 5639 449 (1680 0.0 0.0 (0.0
1087 [7667 0.0 0.0 oo 0.0 (0.0
loss 171 05 o1 oo o2 oo
1089 12364 00 0.0 o oo 0.0
1990 1423 P64 PBs oo oo oo
1991 1605 [144 Jo.o oo Jo.o 0.0
1992 PR1149 [15t1 L1 oo Jo.o 0.0
1993 13757 [167.7 74 B4 9 .0
1904 [1407.7 [80.8 P51 |77 o9 0.0
1995 28952 [163.7 [12.0 Po.l Bo. |03
1996 |1586.9 [160.9 [40.0 [5.4 P64
1997 9009 P54 57 17 o8 |05
1908 15135 277 0 P9 o5 (0.0
1999 9085 P33 o3 o oo 0.0
hooo 12515 648 19 [0 Jo2 ol
hoot 15740 [51.8 43 o1 oo [o.0
hooy  [4169.4 4105 655 .8 o2 0.0

The fishing mortality estimated by this XSA was split into the mortality caused by the fishing fleet (F) and the mortality
caused by the cod’s predation (M2) according to the ratio of fleet catch and predation “catch”. The new natural
mortality data set was then prepared by adding 0.2 (M1) to the predation mortality. This new M matrix (Table 4.10) was
used in the final XSA. Based on this last run, a conventional VPA was made, which includes age group 3 and older in
order to get a summary table needed for the report. Terminal F’s were set equal to the last year and highest true age (10
years) F’s from the XSA.

The retrospective performance of the XSA is illustrated in Figures 4.5 to 4.7

4.4.2 Recruitment (Tables 4.6)

The recruiting year classes 2000-2002 were estimated using RCT3 (input given in Tables 4.5 and output given in 4.6).
The 0-group index was not used and the indices for the 1996 year class was also removed. This year class was removed
because there is strong evidence that this year class is distributed mainly outside the areas covered by the surveys used.
See also section 4.4.1 of last years report. The 2002 year class estimate was heavily influenced by the “shrinkage” (high

weight given to mean recruitment). The different indices all indicates a year class strength more than twice the 422
millions estimated in Table 4.6.

4.5 Results of the Assessment
4.5.1 Fishing mortality and VPA (Tables 4.13—4.18 and Figures 4.1A-B, 4.1D, 4.5-4.7)
The tuning diagnostics of the final XSA (predation included) are given in Table 4.13.

Natural mortalities, fishing mortalities, and stock numbers of the final VPA are given in Tables 4.10, 4.14, and 4.15,
respectively, while the stock biomass at age and the spawning biomass at age are given in Tables 4.16 and 4.17. A
summary of landings, fishing mortality, spawning stock biomass, and recruitment since 1950 is given in Table 4.18 and
Figures 4.1A, 4.1B, 4.1C, and 4.1D.
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This years assessment revised the 2001fishing mortality slightly upwards. F4; indicates a slightly reduced fishing
mortality relative to the period 1997-1999, but since the assessment is rather uncertain (especially for the 1996 year
class) this cannot be a strong conclusion. We can however, conclude that the fishing mortality in 2002 was well above
F,, (0.35).

The fishery has in 2000 and 2001 mainly been targeting the 1996 year class, but the 1998 yerclass is the most numerous
in the 2002 catches.

The spawning stock biomass was revised through the changes made to the assessment, but the trends are quite similar to
last year's assessment. The maturity ogives used are rather “noisy” and show clear signs of inconsistencies. The
spawning stock biomass seemed to reach the bottom in 2000 and the small decrease in 2002 from the 2001 estimate was
not expected, but could in part be caused by the afore mentioned “noisy” ogives.

4.5.2 Recruitment (Tables 4.6A, 4.6B, 4.15 and Figure 4.1C)

This year’s assessment made the following revisions to the estimated year class strength of the recruiting year classes
(numbers in millions at age 3):

Year Class 2002 2003
1997 58 61
1998 265 309
1999 241 330
2000 199 250
2001 284 277
2002 422

The overall picture is towards higher estimates than the previous assessment. This could be expected as the shrinkage
towards mean recruitment gets less weight.

4.5.3 Yield-per-recruit (Table 4.20, Figure 4.3)
A simple yield-per-recruit plot with updated data is presented in Figure 4.3.
4.54 Catch options for 2004 (Table 4.21)

The catch in 2002 correspond to Fbar=0.44 and the estimated spawning stock biomass will be 120 000 t in the
beginning of 2003. Assuming a status quo F in 2003 the deterministic projection suggests an increase in SSB to 133000
t in the beginning of 2004 (which is well above B,,). Fishing at F,, in 2004 corresponds to total landings of 120000 t,
with a further strengthening of the SSB into the beginning of 2005. A prediction with single option table is shown in
Table 4.22. The input to the prediction is given in Table 4.19.

4.6 Biological reference points.
4.6.1 Biomass reference points (Figures 4.2 and 4.4)

The biomass reference points adopted by ACFM for this stock are B;i=50,000 t and B, =80,000 t. No revisions to
these values were put forward for consideration at this meeting. However, in light of the strong retrospective year class
dependent bias in haddock assessments it appears that the separation between By, and By, is rather small. Therefore, a
more conservative level for By, should be investigated.

4.6.2 Fishing mortality reference points (Figure 4.4)

The fishing mortality reference points adopted by ACFM for this stock are Fj;n=0.49 and F,, =0.35. No revisions to
these values were put forward for consideration at this meeting. However, given the concerns noted above a more
conservative level for F,, also should be investigated.
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4.7 Comments to the assessment and forecasts
As commented on in section 4.9 the tuning is not very stable.

The working groups had problems to estimate reasonable fishing mortalities for the 1996 year class in last year’s
assessment. Our solution was to delete it all together from the tuning and let the fishing mortality be decided by
“shrinkage” to the mean F. The WG groups made runs both with and without this year class in the tuning this year as
well, but came to the same conclusion (the inclusion of tuning indices gave an estimate of F=1.15 for this year class).
The same reasoning was used when we decided to not use the indices from this year class as input to the RCT3.

The problem with the survey coverage of the 1996 year class is not new and similar problems with earlier year classes
can have been a contributing factor to previous assessment problems for this stock.

The forecasts are very much depending on the estimates of the year class strength of the incoming year classes. The
forecasts are also quite depending on the maturity-at-age, natural mortality and weight-at-age numbers used as input.
These parameters are known to vary quite a lot for this stock and we have tried to create a trend towards observations of
such parameters made after period of good recruitment (1987-1989 and 1994-1997). This makes the forecast much
more conservative than the traditional average over some range of most recent years. But the working group believes
this to be amore realistic approach.

4.7.1 Changes from last year
The following changes was made to the assessment compared to last year:

1) Total landings in 2001 were revised slightly.

2) As in the 2002 assessment the tuning data for the 1996 year class was removed.

3) The XSA estimate of the recruiting year class (1999) was accepted. (Last years XSA estimate of the 1998 year
class was replaced with a RCT3 estimate.

4) Age group 4 was not used in the RCT3 run (see 3) and neither was the 0-group index.

4.8 Technical minutes from ACFM
Age 1 and 2

We quote: “It was proposed in the last Technical minutes that the AFWG runs the XSA without the age groups 1 and 2
due to low catches and uncertain predation mortality at these ages. This suggests that population estimates at these ages
will be very noisy. As these estimates contribute to estimation of survivors from the oldest age of the cohort they are
likely to add noise to the survivor estimates. Also it was noted that there are no weight-at-age estimates for theses young
age groups available.

AFWG did not follow this and ran the XSA with age groups 1 and 2. The AFWG is asked to either exclude these age
groups or to explain why they wish to include them in present assessment.”

The working group agree with ACFM in their concern that these agegroups may contribute to increased noise in the
estimate of survivors over the whole age range. We believe however, that this level of noise is negligible relative to
other problems with assessing this stock.

The working group started the preparation of assessing the deletion of ages 1 and 2 from the assessment by comparing
single fleet runs with a combined run of 3 fleets. The combined tuning gave most weight to the fleet that indicated the
lowest SSB in 2002, but the combined run SSB estimate was higher than any of the single fleet runs. See Figure 4.8 top
panel. The estimates are all shrunk towards the mean and we increased the shrinkage from the modest se=1.00 to the
default se=0.5. The effect can be seen in the middle panel of Figure 4.8. And the difference in the regression parameters
in the single fleet runs and the combined run was larger than with the more modest shrinkage. The third attempt was the
removal of all shrinkage and the results can be seen in the bottom panel. The regression parameters did not change
much between the single fleet runs and the combined, but the single fleet runs “spread” out too much.

The working group tried also to assess the effect of removing younger agegroups from the assessment by comparing
retrospective runs. See Figures 4.9 and 4.10. The removal of the youngest agegroups seemed to increase the overall
bias. The observed retrospective bias is clearly year class dependent and it was mainly the year classes 1989-1991 that
was overestimated. Other (and weaker) year classes were typically underestimated. Since we know are entering a period
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with potentially quite high abundance we choose to let the youngest agegroups be included in the assessment for now.
The additional tuning problems without these agegroups contributed to that decision.

0-group data as input to RCT3

We quote: “Also in the technical minutes from last year it was noted that 0 group survey data were of little significance
in estimating recruitment and the AFWG was asked to remove these from the RCT3 data set.

The AFWG did not follow this either. The AFWG is asked to explain why they included the 0-group in the present
assessment.”’

The working group removed the logarithmic 0-group index series and replaced it with an area based 0-group index.
More than one RCT3 run

We quote: ” ACFM could not understand why two RCT3 runs were made using different surveys to estimate population
numbers for the same age group. The reason for this was not explained in the report, so ACFM chose to re-run RCT3
using only one combined set of survey indices, with the 1996 year class included in the RCT3 input file.”

As ACFM raised the question of indices representing younger agegroups being more “noisy” than older agegroups we
tried to remove this potential noise by not using them as input when we had indices representing the year class at age 2,
3 or 4. This year we used the input suggested by ACFM, but we did not include the indices for the 1996 year class (this
year class is distributed mainly outside the survey areas).

Data series

We quote: “By rerunning the RCT3 it was noted that similar values in the input RCT3-Table 4.5A  (column RT1)
could not be found in Table B2.”

The RT1 series used in last year’s assessment was representing only a part of the total survey area. It has been replaced
with the corresponding index representing the total survey area. The labelling was also misleading because this series
represented the 0-group fish late in the year. The labelling of the 2 other indices from this survey was also misleading.
The indices are no labelled RT0, RT1, and RT2 with values taken from Table 4.5.

Missing plots

We quote: “Comments were made that the standard plots summary figures (A-D) are missing.”

By a mistake the plots was not copied from final runs\standard graphs into the report folder.
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Table 4.1 North-East Arctic HADDOCK. Total nominal catch (t) by fishing areas.
(Data provided by Working Group members).

Year Sub-areal Divisionlla Division Ilb Total

1960 125,026 27,781 1,844 154,651
1961 165,156 25,641 2,427 193,224
1962 160,561 25,125 1,723 187,408
1963 124,332 20,956 936 146,224
1964 79,262 18,784 1,112 99,158
1965 98,921 18,719 943 118,578
1966 125,009 35,143 1,626 161,778
1967 107,996 27,962 440 136,397
1968 140,970 40,031 725 181,726
1969 89,948 40,306 566 130,820
1970 60,631 27,120 507 88,257
1971 56,989 21,453 463 78,905
1972 221,880 42,111 2,162 266,153
1973 285,644 23,506 13,077 322,226
1974 159,051 47,037 15,069 221,157
1975 121,692 44,337 9,729 175,758
1976 94,054 37,562 5,648 137,264
1977 72,159 28,452 9,547 110,158
1978 63,965 30,478 979 95,422
1979 63,841 39,167 615 103,623
1980 54,205 33,616 68 87,889
1981 36,834 39,864 455 77,153
1982 17,948 29,005 2 46,955
1983 7,550 13,872 185 21,607
1984 4,000 13,247 71 17,318
1985 30,385 10,774 111 41,270
1986 69,865 26,006 714 96,585
1987 109,425 38,181 3,048 150,654
1988 43,990 47,087 668 91,745
1989 31,116 23,390 353 54,859
1990 15,093 10,344 303 25,741
1991 18,772 14,417 416 33,605
1992 30,746 22177 964 53,887
1993 47,574 27,010 3,037 77,621
1994 75,059 46,329 7,315 128,703
1995 70,390 54,169 14,118 138,677
1996 112,781 57,189 3,294 173,264
1997 78,335 67,917 2,504 148,756
1998 45,471 47,774 701 93,946
1999 36,096 42,036 4,214 82,346
2000 . 25,312 31,857 4,126 61,295
2001 35,071 39,449 7,323 81,842
2002’ 40,390 30,891 12,567 83,848

' Provisional figures, Norwegian catches on Russian quotas are included
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Table 4.2 North-East Arctic HADDOCK.
Total nominal catch (‘000 t) by trawl and other gear for each area.

Sub-area | Division lla Division IIb
Year Trawl Others Trawl Others Trawl
1967 73.7 34.3 20.5 7.5 0.4
1968 98.1 42.9 31.4 8.6 0.7
1969 414 47.8 33.2 7.1 1.3
1970 37.4 23.2 20.6 6.5 0.5
1971 27.5 29.2 15.1 6.7 0.4
1972 193.9 27.9 34.5 7.6 2.2
1973 242.9 42.8 14.0 9.5 13.1
1974 133.1 25.9 39.9 71 15.1
1975 103.5 18.2 34.6 9.7 9.7
1976 77.7 16.4 28.1 9.5 5.6
1977 57.6 14.6 19.9 8.6 9.5
1978 53.9 10.1 15.7 14.8 1.0
1979 47.8 16.0 20.3 18.9 0.6
1980 30.5 23.7 14.8 18.9 0.1
1981 18.8 17.7 21.6 18.5 0.5
1982 11.6 11.5 23.9 13.5 -
1983 3.7 3.8 7.6 6.3 0.2
1984 1.6 24 6.4 6.9 0.1
1985 244 6.0 4.5 6.3 0.1
1986 51.7 18.1 12.8 13.2 0.7
1987 77.8 31.6 22.1 16.1 3.0
1988 27.5 16.5 33.6 13.5 0.7
1989 214 9.7 11.6 11.7 0.4
1990 5.9 9.2 4.8 5.6 0.3
1991 9.8 9.0 7.8 6.6 0.4
1992 21.2 9.5 9.3 12.9 1.0
1993 37.9 9.7 18.0 9.0 3.0
1994 61.3 13.8 31.3 15.1 7.3
1995 57.0 12.1 32.6 20.5 13.9
1996 96.3 14.2 34.0 22.0 3.2
1997 56.9 20.6 42 1 25.1 2.5
1998 26.4 20.0 25.3 235 0.7
1999 28.5 8.5 16.8 23.7 4.9
2000 19.5 5.8 17.1 14.8 4.0
2001 28.4 6.7 21.5 17.9 7.0
2002 ' 30.2 10.2 15.8 15.1 12.5

' Provisional
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Table 4.3

North-East Arctic HADDOCK. Nominal catch (t) by countries

Sub-area | and Divisions lla and IIb combined. (Data provided by Working Group members).

Faroe France German Fed.Re. Norway Poland United Ryssig? Others Total

Year lIslands Dem.Re. Germ. Kingdom

1960 172 - - 5,697 46,263 - 45,469 57,025 125 154,651
1961 285 220 - 6,304 60,862 - 39,650 85,345 5568 193,224
1962 83 409 - 2,895 54,567 - 37,486 91,910 58 187,408
1963 17 363 - 2,554 59,955 - 19,809 63,526 - 146,224
1964 - 208 - 1,482 38,695 - 14,653 43,870 250 99,158
1965 - 226 - 1,568 60,447 - 14,345 41,750 242 118,578
1966 - 1,072 11 2,098 82,090 - 27,723 48,710 74 161,778
1967 - 1,208 3 1,705 51,954 - 24,158 57,346 23 136,397
1968 - - - 1,867 64,076 - 40,129 75,654 - 181,726
1969 2 - 309 1,490 67,549 - 37,234 24,211 25 130,820
1970 541 - 656 2119 37,716 - 20,423 26,802 - 88,257
1971 81 - 16 896 45,715 43 16,373 15,778 3 78,905
1972 137 - 829 1,433 46,700 1,433 17,166 196,224 2,231 266,153
1973 1,212 3,214 22 9,534 86,767 34 32,408 186,534 2,501 322,226
1974 925 3,601 454 23,409 66,164 3,045 37,663 78,548 7,348 221,157
1975 299 5,191 437 15,930 55,966 1,080 28,677 65,015 3,163 175,758
1976 536 4,459 348 16,660 49,492 986 16,940 42,485 5,358 137,264
1977 213 1,510 144 4,798 40,118 - 10,878 52,210 287 110,158
1978 466 1,411 369 1,521 39,955 1 5,766 45,895 38 95,422
1979 343 1,198 10 1,948 66,849 2 6,454 26,365 454 103,623
1980 497 226 15 1,365 61,886 - 2,948 20,706 246 87,889
1981 381 414 22 2,398 58,856 Spain 1,682 13,400 - 77,153
1982 496 53 - 1,258 41,421 - 827 2,900 - 46,955
1983 428 - 1 729 19,371 139 259 680 - 21,607
1984 297 15 4 400 15,186 37 276 1,103 - 17,318
1985 424 21 20 395 17,490 77 153 22,690 - 41,270
1986 893 33 75 1,079 48,314 22 431 45,738 - 96,585
1987 464 26 83 3,106 69,333 99 563 76,980 - 150,654
1988 1,113 116 78 1,324 57,273 72 435 31,293 41 91,745
1989 1,218 125 26 171 31,825 1 590 20,903 - 54,859
1990 875 - 5 128 17,634 - 494 6,605 - 25,741
1991 1,117 60 Greenld 219 19,285 - 514 12,388 22 33,605
1992 1,093 151 1,719 387 30,203 38 596 19,699 1 53,887
1993 546 1,215 880 1,165 36,590 76 1,802 34,700 646 77,620
1994 2,761 678 770 2,412 64,688 22 4,673 51,822 877 128,703
1995 2,833 598 1,351 2,675 72,864 14 3,108 54,516 718 138,677
1996 3,743 537 1,524 942 89,500 669 2,275 73,857 217 173,264
1997 3,327 495 1,877 972 97,789 424 2,340 41,228 304 148,756
1998 1,566 241 854 385 68,747 257 1,241 20,559 96 93,946
1999 1,003 64 252 437 48,632 652 694 30,520 92 82,346
2000 631 169 432 931 34,172 582 814 22,738 823 61,292
2001 1,210 324 553 554 41,269 1,497 1,068 34,307 2,471 81,842
2002 ' 1,564 297 858 627 40,029 1,505 1,129 37,157 2,152 83,848

Provisional figures, Norwegian catches on Russian quotas are included.
2 USSR prior to 1991.
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Table 4.3

North-East Arctic HADDOCK. Nominal catch (t) by countries

Sub-area | and Divisions lla and IIb combined. (Data provided by Working Group members).

Faroe France German Fed.Re. Norway Poland United Ryssig? Others Total

Year lIslands Dem.Re. Germ. Kingdom

1960 172 - - 5,697 46,263 - 45,469 57,025 125 154,651
1961 285 220 - 6,304 60,862 - 39,650 85,345 5568 193,224
1962 83 409 - 2,895 54,567 - 37,486 91,910 58 187,408
1963 17 363 - 2,554 59,955 - 19,809 63,526 - 146,224
1964 - 208 - 1,482 38,695 - 14,653 43,870 250 99,158
1965 - 226 - 1,568 60,447 - 14,345 41,750 242 118,578
1966 - 1,072 11 2,098 82,090 - 27,723 48,710 74 161,778
1967 - 1,208 3 1,705 51,954 - 24,158 57,346 23 136,397
1968 - - - 1,867 64,076 - 40,129 75,654 - 181,726
1969 2 - 309 1,490 67,549 - 37,234 24,211 25 130,820
1970 541 - 656 2119 37,716 - 20,423 26,802 - 88,257
1971 81 - 16 896 45,715 43 16,373 15,778 3 78,905
1972 137 - 829 1,433 46,700 1,433 17,166 196,224 2,231 266,153
1973 1,212 3,214 22 9,534 86,767 34 32,408 186,534 2,501 322,226
1974 925 3,601 454 23,409 66,164 3,045 37,663 78,548 7,348 221,157
1975 299 5,191 437 15,930 55,966 1,080 28,677 65,015 3,163 175,758
1976 536 4,459 348 16,660 49,492 986 16,940 42,485 5,358 137,264
1977 213 1,510 144 4,798 40,118 - 10,878 52,210 287 110,158
1978 466 1,411 369 1,521 39,955 1 5,766 45,895 38 95,422
1979 343 1,198 10 1,948 66,849 2 6,454 26,365 454 103,623
1980 497 226 15 1,365 61,886 - 2,948 20,706 246 87,889
1981 381 414 22 2,398 58,856 Spain 1,682 13,400 - 77,153
1982 496 53 - 1,258 41,421 - 827 2,900 - 46,955
1983 428 - 1 729 19,371 139 259 680 - 21,607
1984 297 15 4 400 15,186 37 276 1,103 - 17,318
1985 424 21 20 395 17,490 77 153 22,690 - 41,270
1986 893 33 75 1,079 48,314 22 431 45,738 - 96,585
1987 464 26 83 3,106 69,333 99 563 76,980 - 150,654
1988 1,113 116 78 1,324 57,273 72 435 31,293 41 91,745
1989 1,218 125 26 171 31,825 1 590 20,903 - 54,859
1990 875 - 5 128 17,634 - 494 6,605 - 25,741
1991 1,117 60 Greenld 219 19,285 - 514 12,388 22 33,605
1992 1,093 151 1,719 387 30,203 38 596 19,699 1 53,887
1993 546 1,215 880 1,165 36,590 76 1,802 34,700 646 77,620
1994 2,761 678 770 2,412 64,688 22 4,673 51,822 877 128,703
1995 2,833 598 1,351 2,675 72,864 14 3,108 54,516 718 138,677
1996 3,743 537 1,524 942 89,500 669 2,275 73,857 217 173,264
1997 3,327 495 1,877 972 97,789 424 2,340 41,228 304 148,756
1998 1,566 241 854 385 68,747 257 1,241 20,559 96 93,946
1999 1,003 64 252 437 48,632 652 694 30,520 92 82,346
2000 631 169 432 931 34,172 582 814 22,738 823 61,292
2001 1,210 324 553 554 41,269 1,497 1,068 34,307 2,471 81,842
2002 ' 1,564 297 858 627 40,029 1,505 1,129 37,157 2,152 83,848

Provisional figures, Norwegian catches on Russian quotas are included.
2 USSR prior to 1991.
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Table 4.4 North-East Arctic HADDOCK. Maturity at age in percent from Russian data

Age

Year 3 4 5 6 7 8 9 10 11 12
1981 1 12 64 73 96 100 100 - - -
1982 9 55 73 93 96 100 93 - - -
1983 17 70 100 99 99 100 - - - -
1984 7 14 35 47 74 82 89 - - -
1985 2 8 80 93 96 91 96 - - -
1986 + 22 53 86 86 100 83 100 - -
1987 - 1 21 53 100 100 - 100 - -
1988 - 3 33 51 - - - - - -
1989 - 4 30 63 82 100 - - - -
1990 - 2 30 54 77 87 80 100 - -
1991 - 7 30 50 80 92 100 100 - -
1992 2 13 50 62 77 80 94 100 - -
1993 2 22 49 76 79 88 88 87 100 100
1994 - 2 13 41 90 88 100 100 97 100
1995 - 2 12 42 81 88 100 87 100 94
1996 - 10 36 78 86 90 93 90 100
1997 - 3 10 29 60 82 100 83 100 100
1998 - 5 28 50 66 81 91 100 - 100
1999 1 17 50 71 81 91 92 100 100 -
2000 10 32 59 72 94 94 96 100 100
2001 6 54 72 87 94 90 100 91 100
2002 1 13 33 73 83 90 100 94 100 100
2003* 0 5 37 63 88 100 92 100 100 100

* Preliminary data, revised in april/may meeting.

(Data provided by Working Group members).
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Table 4.5

North-East Arctic HADDOCK. Input data for recruitment prediction (RCT3).

Yearclass in first column, VPA numbers at age 3 in second.

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

VPA

5

8
260
537
84
43
17
25
82
198
642
281
81
91
101
43
182
62
311
333
-11
-11
-11

R-T-0
-11
-11
-11

29.8
6.4
3
0.2
0.3
1.3
22
44.8
16.7
16.4
3.5
9.1
6.4
6
1.8
10.7
1.7
15.1
20.8
33.2

R-T-1
-11
-11

59.2
58.6
14.4
1.4
0.9
0.3
1.8
14.3
42.9
28.2
4.8
4.9
7.2
23
4.6
29
289
20.7
14.9
19.3
-11

R-T-1 Russian Bottom Trawl Survey
0OGP_A International 0 Group Survey
N-BST1 Norwegian Barents Sea Bottom Trawl Survey
N-BSA1 Norwegian Barents Sea Acoustic Survey

N-BST2 Norwegian Barents Sea Bottom Trawl Survey
N-BST3 Norwegian Barents Sea Bottom Trawl Survey

O \ACFM\WGREPS\AFWG\REPORTS\2003\4-Northeast Arctic Haddock.Doc

R-T-2
-11
9.5

58.4
134.3
10.7
1.7
0.7
24
10.6
17.6
128.6
35.7
5.8
4.2
5.7
1.9
11.5
6.1
26.2
26.1
18.9
-11
-11

N-BST1
3
4
2919
3833
1901
665
164
35
81
644
2006
1659
728
603
1464
310
1268
213
1245
847
1221
1680
3332

area based index

N_BST2 N_BST3 N_BST4 N-BSA1

2
5
515
1594
370
80
15
10
55
300
1376
599
228
179
264
68
138
58
452
460
535
513
-11

age 0
age 0
age 1
age 1
age 2
age 3

3
19
476
385
154
25
14
5
33
151
508
340
54
53
86
23
60
27
296
315
317
-11
-11

2
15
111
290
69
22
3

5
24
106
437
171
48
28
33
12
35
29
185
182
-11
-11
-11

7

9

0
1685
1530
556
85
18
52
270
1890
1135
947
562
1379
249
693
220
856
1024
976
2062
2394

0GP_A
68
30
107
219
293
156
160
72
86
112
227
472
313
240
282
148
196
150
593
184
417
394
412
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Table 4.6

Analysis by RCT3 ver3.1l of data from file
tl 96.txt

NORTHEAST ARCTIC HADDOCK: recruits as 3 year-olds
Data for 8 surveys over 23 years : 1980 - 2002
Regression type = C

Tapered time weighting applied

power = 3 over 20 years

Survey weighting not applied

Final estimates shrunk towards mean
Minimum S.E. for any survey taken as .20

Minimum of 3 points used for regression

Forecast/Hindcast variance correction used.

Year class = 2000
I-————————— Regression---—-—-—-—---- I I-——————————- Prediction
Survey/ Slope Inter- Std Rsquare No. Index Predicted Std
Series cept Error Pts Value Value Error
RT1 .93 2.717 .30 .923 17 2.717 5.34 .349
RT2 .89 2.63 .35 .898 18 2.99 5.28 .409
NT2 .83 .45 .42 .862 19 6.28 5.66 .495
NT3 .79 1.28 .29 .928 19 5.76 5.85 .351
NT4
RTO 1.32 2.16 .91 .562 16 2.78 5.83 1.085
NT1 1.17 -2.64 .92 .559 19 7.11 5.65 1.087
NA1 1.18 -2.43 1.26 .407 19 6.88 5.68 1.470
VPA Mean = 4.83 .951
Year class = 2001
I-—————————- Regression----—------ I I-————————- Prediction
Survey/ Slope Inter- Std Rsquare No. Index Predicted std
Series cept Error Pts Value Value Error
RT1 .93 2.78 .28 .932 17 3.01 5.58 .333
RT2
NT2 .84 .38 .42 .858 19 6.24 5.64 .502
NT3
NT4
RTO 1.36 2.07 .95 .539 16 3.08 6.26 1.174
NT1 1.21 -2.91 .92 .554 19 7.43 6.07 1.124
NAl 1.19 -2.54 1.14 .445 19 7.63 6.53 1.429
VPA Mean = 4.85 .926

WAP
Weights

.277
.202
.137
.274
.029
.029
.016

.037

WAP
Weights

.557
.246
.045
.049

.030

.072
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Table 4.6 (Cont’d)

Year class = 2002
I ______
Survey/ Slope Inter-
Series cept
RT1
RT2
NT2
NT3
NT4
RTO 1.41 1.94
NT1 1.24 -3.11
NAL 1.21 -2.73
Year Weighted
Class Average
Prediction
2000 250
2001 277
2002 422
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Std Rsquare
Error

.98
.91
1.07

Log
WAP

5.52
5.63
6.05

.514
.555
.471

Int
std
Error

.18
.25
.58

No. Index Predicted Std

Pts Value
16 3.53
19 8.11
19 7.78

VPA Mean =

Ext Var

sStd Ratio

Error

.10 .32
.14 .31
.57 .96

Value Error
6.93 1.327
6.95 1.236
6.71 1.402
4.88 .904

VPA Log
VPA

WAP
Weights

.192
.222
172

.414

187



Table 4.7

Run title : NEA Haddock (AFWGO3: Final run)

At 30/04/2003 13:48

Table 1 Catch numbers at age

YEAR

AGE

O W O ~NO O A WN =

+gp

TOTALNUM
TONSLAND
SOPCOF %

Table 1 Catch numbers at age

YEAR

AGE

O W O ~NOO O~ WN =

+gp

TOTALNUM
TONSLAND
SOPCOF %

Table 1 Catch numbers at age

YEAR

AGE

O © oo N OB WN =

+gp

TOTALNUM
TONSLAND
SOPCOF %

188

1950

0
4446
3189

37949
35344
18849
28868
9199
1979
1093
2977
143893
132125
45

1953

392
8031
64528
13013
70781
5431
2867
1080
424
315
1005
167867
123920
57

1963

2143
28466
72736
18969
13579

9257

1239

559
409
375
147735
146224
74

1951

4069
222
65643
9178
18014
13551
6808
6850
3322
1182
1348
130187
120077
65

1954

1726
493
6563
154696
5885
27590
3233
1302
712
319
543
203062
156788
60

1964

149
834
22363
49290
30672
5815
3527
2716
833
104
633
116936
99158
62

Numbers*10**-3

1952

0
13674
6012
151996
13634
9850
4693
3237
2434
606
880
207016
127660
51

Numbers*10**-3

1955

0

989
1154
10689
176678
4993
28273
1445
271
100
100
224692
202286
47

1956

97
3012
16437
5922
14713
127879
3182
8003
450
200
185
180080
213924
55

Numbers*10**-3

1965

0
3498
5936

46356
40201
12631
1679
974
897
123
802
113097
118578
70

1966

2577
26345
22631
63176
29048

5752

582
438
189
242
150980
161778
66

1957

828
243
2074
24704
7942
12535
46619
1087
1971
356
176
98535
123583
57

1967

0

53
15907
41346
13496
25719
8872
1616
218
175
271
107673
136397
79

1958

153
2312
1727
5914
31438

5820
12748
17565

822
1072

601

80172
112672
61

1968

0

33
657
67632
41267
7748
15599
5292
655
182
286
139351
181726
79

1959

169
2425
20318
7826
7243
14040
3154
2237
5918
285
500
64115
88211
80

1969

0
1061
1524
1968

44634
19002
3620
4937
1628
316
109
78799
130820
80

1960

2319
3613
39910
70912
13647
7101
6236
1579
2340
2005
606
150268
154651
84

1970

480
281
23444
2454
1906
22417
8100
2012
2016
740
293
64143
88257
75
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1961

362
5531
15429
56855
63351
8706
3578
4407
788
527
1434
160968
193224
80

1971

15
3535
1978

24358
1257
918
9279
3056
826
1043
534
46799
78905
101

1962

0

4524
39503
30868
48903
33836
3201
1341
1773
242
756
164947
187408
75

1972

133
9399
230942
22315
42981
3206
1611
6758
2638
900
1652
322535
266153
86



Table 4.7 (continued)

Table 1 Catch numbers at age

YEAR

AGE

+gp

TOTALNUM
TONSLAND
SOPCOF %

Table 1 Catch numbers at age

YEAR

AGE

+gp

TOTALNUM
TONSLAND
SOPCOF %

Table 1 Catch numbers at age

YEAR

AGE

+gp

TOTALNUM
TONSLAND
SOPCOF %

O ©W O ~NO O~ WN =

O © 0N O A WN =

O ©W 0N O A WN =

1973

5956
70679
260520
24180
6919
422
426
1692
529
584
371907
322226
83

1983

162
704
1930

1374
3282
906
52

37
172
9503
21607
92

1993

17
455
13398
25902
13154
2784
973
1297
2131
2011
384
62606
77621
100

1974

281
3713
9685

41706
88120
5829
4138

382

618
2043
1870

158385
221157
87

1984

247
447
825
820
301
750

2206
489
69
284
6438
17318
94

1994

11
369
3048
43740
32614
8330
1627
660
1142
1756
1889
95186
128703
111

Numbers*10**-3

1975

1321
4355
10037
14088
33871
49711
2135
1236
92

131
934
117911
175758
81

1976

3475
7499
13994
13454
6810
20796
40057
1247
1350
193
1604
110479
137264
63

Numbers*10**-3

1985

2288
29548
1153

715
316
634
1312
416
113
37042
41270
97

1986

96
690
25596
61470
1013

346
144
295
484
157
90667
96585
920

Numbers*10**-3

1995

111075
138677
105

1996

69
393
1622
5512
34791
70893
10315
1885
417
281
1230
127408
173264
105

1977

184
18456
55967
22043

7368
2586
7781
11043

311

388

379

126506
110158
7

1987

154
3928
88294
52609
586
207
123

74

119
285
146387
150654
98

1997

75
253
2193
6043
11506
32302
47298
4579
530
183
536
105498
148756
105

1978

46
2033
47311
18812
4076
1389
1626
2596
6215
162
400
84666
95422
95

1988

46
794
9031
50869
19465
382
65

35

44
310
81041
91745
99

1998

11
2036
2411

13615
8214
7303

12003

17811
117

227
227
64975
93946
105

1979

0

48
17540
35290
10645
1429
812
546
1466
2310
323
70409
103623
113

1989

179
1045
3932

12246
22922
3407
246
11

36

66
44090
54859
96

1999

136
451
20329
7722
16295
5765
3574
7095
2764
255
139
64525
82346
105

1980

627
22878
21794

2971

250

504

230

842

1460
51556
87889

104

1990

293
516
171
1866
4126
6734
849
388
50

30
16029
25741
96

2000

88
585
939

30029
5458
4489
1686
1206
1390
1830

327
48027
61292
100
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1981

2561
22124
10685

1034

162
162
72
963
38318
77153
99

1991

21
329
3968
1967
1886
2876
4442
4422
398
21

17
20347
33605
96

2001

37
831
12010
5268
35236
4045
2468

493
855
1014
63142
81842
100

1982

29
883
900

3372
12203
2625
344
75

80
649
21162
46955
95

1992

1258
2668
12342
12652
2411
1740
2070
2619
2737
241
18
40756
53887
100

2002

39
392
4821
35977
7384
16254
1672
1039

242
776
68866
83848
100
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Table 4.8

Run title : NEA Haddock (AFWGO3: Final run)

At 30/04/2003 13:48

Table 2 Catch weights at age (kg)

YEAR 1950 1951 1952
AGE

1 0 0 0

2 0 0 0

3 0.66 0.66 0.66

4 1.03 1.03 1.03

5 1.79 1.79 1.79

6 2.38 2.38 2.38

7 2.86 2.86 2.86

8 3.33 3.33 3.33

9 3.7 3.7 3.7

10 4.41 4.41 4.41

+gp 54 54 54

SOPCOFAC 0.4545 0.6514 0.5127

Table 2 Catch weights at age (kg)

YEAR 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962
AGE

1 0 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0 0

3 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66

4 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03

5 1.79 1.79 1.79 1.79 1.79 1.79 1.79 1.79 1.79 1.79

6 2.38 2.38 2.38 2.38 2.38 2.38 2.38 2.38 2.38 2.38

7 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86

8 3.33 3.33 3.33 3.33 3.33 3.33 3.33 3.33 3.33 3.33

9 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7

10 4.41 4.41 4.41 4.41 4.41 4.41 4.41 4.41 4.41 4.41

+gp 54 54 54 54 54 54 54 54 54 54

SOPCOFAC 0.5742 0.6021 0.4731 0.5529 0.5679 0.6146 0.8007 0.8379 0.8026 0.7459

Table 2 Catch weights at age (kg)

YEAR 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972
AGE

1 0 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0 0

3 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66

4 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03

5 1.79 1.79 1.79 1.79 1.79 1.79 1.79 1.79 1.79 1.79

6 2.38 2.38 2.38 2.38 2.38 2.38 2.38 2.38 2.38 2.38

7 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86

8 3.33 3.33 3.33 3.33 3.33 3.33 3.33 3.33 3.33 3.33

9 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7

10 4.41 4.41 4.41 4.41 4.41 4.41 4.41 4.41 4.41 4.41

+gp 5.4 5.4 54 5.4 5.4 5.4 5.4 5.4 5.4 5.4

SOPCOFAC 0.7442 0.6183 0.6978 0.6601 0.7919 0.7921 0.8028 0.7547 1.0105 0.8593
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Table 4.8 (continued)

Table 2 Catch weights at age (kg)

YEAR 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982
AGE

1 0 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0 0

3 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66

4 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03

5 1.79 1.79 1.79 1.79 1.79 1.79 1.79 1.79 1.79 1.79

6 2.38 2.38 2.38 2.38 2.38 2.38 2.38 2.38 2.38 2.38

7 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86

8 3.33 3.33 3.33 3.33 3.33 3.33 3.33 3.33 3.33 3.33

9 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7

10 4.41 4.41 4.41 4.41 4.41 4.41 4.41 4.41 4.41 4.41

+gp 54 54 54 54 54 54 54 54 54 54

SOPCOFAC 0.8281 0.8657 0.8127 0.6296 0.7708 0.9507 1.1278 1.0352 0.9942 0.951

Table 2 Catch weights at age (kg)

YEAR 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
AGE

1 0 0 0 0 0 0 0 0.25 0 0.04

2 0 0 0 0 0 0 0 0.64 0 0.28

3 1.52 1.57 0.92 0.86 0.64 0.58 0.8 0.89 0.77 0.84

4 1.86 1.99 1.66 1.25 0.86 0.84 0.89 1.22 1.31 1.36

5 21 242 2.39 1.88 1.33 1.05 1.17 1.4 1.61 1.7

6 2.38 2.68 2.71 2.41 2.45 1.43 1.37 1.6 1.86 1.96

7 2.86 2.93 2.89 2.66 2.98 1.97 1.7 1.77 211 2.29

8 3.33 3.37 3.22 3.04 2.98 2.52 2.01 2.16 2.34 2.39

9 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 2.93 2.32

10 4.41 4.41 4.41 4.41 4.41 4.41 4.41 4.41 2.34 2.88

+gp 5.4 5.4 5.4 54 5.4 5.4 5.4 5.4 5.4 3.14

SOPCOFAC 0.9205 0.9405 0.9689 0.9019 0.9836 0.995 0.9634 0.9583 0.9589 0.9983

Table 2 Catch weights at age (kg)

YEAR 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
AGE

1 0.09 0.25 0.19 0.1 0.1 0.12 0.1 0.1 0.1 0.104

2 0.3 0.44 0.31 0.24 0.39 0.53 0.23 0.28 0.33 0.303

3 0.59 0.54 0.63 0.64 0.66 0.71 0.73 0.6 0.63 0.573

4 1.06 0.88 0.66 0.79 0.99 0.9 1.06 1.09 0.97 0.979

5 1.52 1.33 1.06 1.04 1.09 1.27 1.27 1.39 1.4 1.379

6 1.84 1.74 1.68 1.34 1.22 1.38 1.55 1.59 1.76 1.62

7 218 2.06 2.1 1.81 1.48 1.54 1.66 1.82 1.95 2114

8 23 22 2.34 2.29 1.99 1.79 1.79 1.91 213 2.208

9 2.52 25 2.67 2.31 2.26 237 2.06 2.07 2.32 2.643

10 2.64 2.58 291 3.18 2.26 251 26 222 241 2.436

+gp 3.1 2.89 3.02 2.62 2.98 2.68 2.85 2.58 2.56 2.695

SOPCOFAC 1.0002 1.1112 1.0541 1.0517 1.049 1.0468 1.0536 0.9991 0.9993 1
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Table 4.9

Run title : NEA Haddock (AFWGO3: Final run)

At 30/04/2003 13:48

Table 3 Stock weights at age (kg)

YEAR 1950 1951 1952
AGE

1 0 0 0

2 0 0 0

3 0.66 0.66 0.66

4 1.03 1.03 1.03

5 1.79 1.79 1.79

6 2.38 2.38 2.38

7 2.86 2.86 2.86

8 3.33 3.33 3.33

9 37 37 37

10 4.41 4.41 4.41

+gp 6.875 6.875 6.875

Table 3 Stock weights at age (kg)

YEAR 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962
AGE

1 0 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0 0

3 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66

4 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03

5 1.79 1.79 1.79 1.79 1.79 1.79 1.79 1.79 1.79 1.79

6 2.38 2.38 2.38 2.38 2.38 2.38 2.38 2.38 2.38 2.38

7 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86

8 3.33 3.33 3.33 3.33 3.33 3.33 3.33 3.33 3.33 3.33

9 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7

10 4.41 4.41 4.41 4.41 4.41 4.41 4.41 4.41 4.41 4.41

+gp 6.875 6.875 6.875 6.875 6.875 6.875 6.875 6.875 6.875 6.875

Table 3 Stock weights at age (kg)

YEAR 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972
AGE

1 0 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0 0

3 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66

4 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03

5 1.79 1.79 1.79 1.79 1.79 1.79 1.79 1.79 1.79 1.79

6 2.38 2.38 2.38 2.38 2.38 2.38 2.38 2.38 2.38 2.38

7 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86

8 3.33 3.33 3.33 3.33 3.33 3.33 3.33 3.33 3.33 3.33

9 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7

10 4.41 4.41 4.41 4.41 4.41 4.41 4.41 4.41 4.41 4.41

+gp 6.875 6.875 6.875 6.875 6.875 6.875 6.875 6.875 6.875 6.875

Table 3 Stock weights at age (kg)

YEAR 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982
AGE

1 0 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0 0

3 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66

4 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03

5 1.79 1.79 1.79 1.79 1.79 1.79 1.79 1.79 1.79 1.79

6 2.38 2.38 2.38 2.38 2.38 2.38 2.38 2.38 2.38 2.38

7 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86

8 3.33 3.33 3.33 3.33 3.33 3.33 3.33 3.33 3.33 3.33

9 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7

10 4.41 4.41 4.41 4.41 4.41 4.41 4.41 4.41 4.41 4.41

+gp 6.875 6.875 6.875 6.875 6.875 6.875 6.875 6.875 6.875 6.875
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Table 4.9

Table 3
YEAR

AGE

+gp

Table 3
YEAR

AGE

*gp

Table 4.10

Run title : NEA Haddock (AFWGO3: Final run)

(continued)

Stock weights at age (kg)
1983

0.052
0.133
0.48
1.043
1.641
2.081
2.592
3.33
3.7
4.41
6.875

O W O ~NOO O~ WN =

Stock weights at age (kg)
1993

0.033
0.101
0.298
0.808
1.43
2.002
2.265
3.045
3.391
34
4.2

O © oo N OBRWN =

At 30/04/2003 13:48

Table 4
YEAR

AGE

+gp

Table 4

YEAR

AGE

+gp

1984

0.036
0.196
0.289
0.964
1.81
2.506
224
3.33
3.7
4.41
6.875

1994

0.028
0.091
0.234

0.54
1.059
1.531
1.939
2.509
2.374
2.621

3.16

Natural Mortality (M) at age

1950

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

O © O N O A WN =

1951

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

Natural Mortality (M) at age

1953

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

O ©W O ~NO O~ WN =

1954

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

1985

0.036
0.133
0.435
0.773
1.874
2.456
1.835
2.345
2,741
2.949
3.777

1995

0.029
0.089
0.215
0.362
0.803
1.444

1.95
2913
2.934
3.033
3.163

1952

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

1955

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

1986

0.042
0.103
0.296
0.776
1.049

1.47
1.835
2.345
2,741
2.949
3.777

1996

0.029
0.094
0.208
0.448
0.685
1.125
1.845

243
2.815
3.323
3.479

1956

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

1987

0.031
0.09
0.241
0.481
0.927
1.47
1.835
3.1
2,741
2.949
3.777

1997

0.033
0.096
0.205
0.388
0.684
1.108
1.468
2.442
3.218
3.333
4.648

1957

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

1988

0.035
0.117
0.214
0.386

0.62
1.124
1.835
2.345
2,741
2.949
3.777

1998

0.024
0.114
0.234
0.459
0.829
1.193
1.462
1.966
3.155
2.815
3.813

1958

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

1989

0.039
0.116
0.279
0.441
0.679
1.005
1.415
2.345
2,741
2.949
3.777

1999

0.027

0.09
0.282
0.592
1.017
1.488
1.653
1.914
2.539
2513
3.813

1959

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

1990

0.043
0.127
0.264

0.73
0.945
1.291
1.557
2.004
2.716
2.949
3.777

2000

0.028
0.106

0.23
0.684
1.059
1.296
1.487
1.608
1.814

221
2978

1960

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

O \ACFM\WGREPS\AFWG\REPORTS\2003\4-Northeast Arctic Haddock.Doc

1991

0.052
0.141
0.373
0.774
1.438

1.63
1.793
2.233
2731
3.092
3.777

2001

0.029
0.108
0.308
0.492
1.174
1.555
2.026
2.488
2.625
2.648
3.817

1961

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

1992

0.045
0.135
0.342

0.82
1.519
1.962

224

2.32
2.568
3.525
3.777

2002

0.028
0.093
0.194
0.578
0.973
1.518
2.049
2.469
2.704
2.867
3.817

1962

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
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Table 4.10 (continued)

Table 4 Natural Mortality (M) at age

YEAR 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972
AGE

1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

4 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

5 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

6 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

7 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

8 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

9 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

10 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

+gp 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Table 4 Natural Mortality (M) at age

YEAR 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982
AGE

1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

4 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

5 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

6 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

7 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

8 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

9 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

10 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

+gp 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Table 4 Natural Mortality (M) at age

YEAR 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
AGE

1 0.2 1.0446 1.5641 2.5793 3.7031 0.6136 1.1214 0.601 0.5621 1.7289

2 0.2 0.2498 0.2086 1.49 0.2 0.2264 0.2 0.5356 0.263 0.3925

3 0.2 0.2103 0.2 0.6375 0.2 0.4749 0.2 0.3741 0.2 0.2062

4 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

5 0.2 0.2 0.2 0.2 0.2 0.2023 0.2 0.2 0.2 0.2

6 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

7 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

8 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

9 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

10 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

+gp 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Table 4 Natural Mortality (M) at age

YEAR 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
AGE

1 2.2293 1.8749 2.4694 2.9958 1.6293 2.8288 1.2645 1.4198 0.7375 2.3652

2 0.6311 0.8445 1.1588 1.0901 0.7438 0.3276 0.4772 0.3811 0.3286 14727

3 0.2672 0.3043 0.3816 0.8662 0.5339 0.2519 0.2021 0.2332 0.2167 0.4413

4 0.2281 0.219 0.3845 0.3259 0.2577 0.2664 0.2 0.2099 0.2014 0.2098

5 0.3031 0.2132 0.3159 0.2272 0.2321 0.2299 0.2 0.2113 0.2 0.2062

6 0.2 0.2009 0.2102 0.2258 0.2114 0.2 0.2 0.2086 0.2 0.2013

7 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

8 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

9 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

10 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

+gp 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
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Table 4.11

Run title : NEA Haddock (AFWGO3: Final run)

At 30/04/2003 13:48

Table 5
YEAR

AGE

*gp

Table 5
YEAR

AGE

+gp

Table 5

YEAR

AGE

+gp

Table 5

YEAR

AGE

*gp

Proportion mature at age

1950 1951

1 0 0
2 0 0
3 0 0
4 0.05 0.05
5 0.23 0.23
6 0.53 0.53
7 0.88 0.88
8 0.98 0.98
9 1 1
10 1 1
1 1

Proportion mature at age

1953 1954

1 0 0
2 0 0
3 0 0
4 0.05 0.05
5 0.23 0.23
6 0.53 0.53
7 0.88 0.88
8 0.98 0.98
9 1 1
10 1 1
1 1

Proportion mature at age
1963 1964
1 0 0
2 0 0
3 0 0
4 0.05 0.05
5 0.23 0.23
6 0.53 0.53
7 0.88 0.88
8 0.98 0.98
9 1 1
10 1 1
1 1

Proportion mature at age
1973 1974
1 0 0
2 0 0
3 0 0
4 0.05 0.05
5 0.23 0.23
6 0.53 0.53
7 0.88 0.88
8 0.98 0.98
9 1 1
10 1 1
1 1

1952

0.05
0.23
0.53
0.88
0.98

1955

0.05
0.23
0.53
0.88
0.98

1965

0.05
0.23
0.53
0.88
0.98

1975

0.05
0.23
0.53
0.88
0.98

1956

0.05
0.23
0.53
0.88
0.98

1966

0.05
0.23
0.53
0.88
0.98

1976

0.05
0.23
0.53
0.88
0.98

1957

0.05
0.23
0.53
0.88
0.98

1967

0.05
0.23
0.53
0.88
0.98

1977

0.05
0.23
0.53
0.88
0.98

1958

0.05
0.23
0.53
0.88
0.98

1968

0.05
0.23
0.53
0.88
0.98

1978

0.05
0.23
0.53
0.88
0.98

1959

0.05
0.23
0.53
0.88
0.98

1969

0.05
0.23
0.53
0.88
0.98

1979

0.05
0.23
0.53
0.88
0.98

1960

0.05
0.23
0.53
0.88
0.98

1970

0.05
0.23
0.53
0.88
0.98

1980

0.05
0.23
0.53
0.88
0.98
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1961

0.05
0.23
0.53
0.88
0.98

1971

0.05
0.23
0.53
0.88
0.98

1981

0.01
0.12
0.64
0.73
0.96

[N

1962

0.05
0.23
0.53
0.88
0.98

1972

0.05
0.23
0.53
0.88
0.98

1982

0.09
0.55
0.73
0.93
0.96

[N
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Table 4.11 (continued)

Table 5
YEAR

AGE

+gp

Table 5
YEAR

AGE

+gp

196

Proportion mature at age
1983

0.17
0.7

O W 0N O~ WN =

[

Proportion mature at age
1993

0.015
0.219
0.49
0.76
0.79
0.88
0.88
0.87

O © oo N WN =

1984

0.07
0.14
0.35
0.47
0.74

[N

1994

0.017
0.13
0.41

0.9
0.88

0.97

1985

0.02
0.08

0.8
0.93
0.96

[N

1995

1986

0.22
0.53
0.86
0.86

[N

1996

o o o

0.36
0.78
0.86

0.9
0.93

1987

0.01
0.21
0.53

NN

1997

1988

0.03
0.33
0.51

NN

1998

0.05
0.28

0.5
0.66
0.81
0.91

1989

0.04

0.3
0.63
0.82

[N

1999

0.01
0.17

0.5
0.71
0.81
0.91
0.92

1990

0.02
0.3
0.54
0.77
0.87
0.8

2000

0.1
0.32
0.59
0.72
0.94
0.94
0.96
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1991

0.07
0.3
0.5
0.8

0.92

2001

0.004
0.06
0.54
0.72
0.87
0.94

0.9

0.91

1992

0.02
0.13

0.5
0.62
0.77

0.8
0.94

2002

0.008
0.13
0.33
0.73
0.83



Table 4.12

Northeast Arctic haddock

105

FLTOl: Russian bottom trawl survey,

1983 2002
11 0.90 1.00
17
592.
586.
144.
14.
9.
3.
18.
143.
429.
282.
48.
49.
2.
23.
46.
29.
289.
207.
149.
193.

PR R RPRRPRPRPRPRRRRRPRRERERRRRRE R
[eNeNeNeNoNeNeoNoNoNoloNoNeoNoNoNololeoNeNe)

FLT02: Norwegian acoustic survey,

1980 2002
110.99 1.00
17
140
20
50
1730
7760
2660
170
40
50
350
2520
8680
6260
1930
2850
2290
240
1220
460
5090
3160
2820
2790

PR RRPRPRRRRRRRPRRPRRERRRRRBE R

95.
584.
1343.
107.
17.

24.
106.
176.

1286.
357.

58.

42.

57.

19.
115.

61.
262.
261.
189.

50
30
20
60
2150
4520
490
80
60
30
450
1340
5630
2550
360
440
510
200
570
320
2100
2160
1450

[cNeoNeoRoleoNoNolNololNoNoNoNoNoNoNoNoNo o Ne]

210
40
30
20
50

1890
1710

230

110
30
80

230

1300
6310
1110

310

170

280

130

650

230

1490
1980

15.
900.
363.

83.

17.

73.
62.
346.
1985.
442.
31.
28.
32.
38.
196.
60.
334.
399.

[eNeoNeoBoNeoNoNoNoloNeoloNoNololNeoNoNeoNoNeoNe)

164.
225.
40.
14.
42.

50.
356.
1014.
123.
49.
32.
46.
39.
109.
40.
450.

600
40
10
10

500
460
200
40
30
20
130
1110
3870
760
120
120
140
190
220
140
1690

cNeoNeoReoleoNoNolNololNoNoNoloNoNoNoNoNo e Ne]

210
70
30

120
420
1510
430
50
40
110
10
120
170

total area,

== o

1l1le6.
370.
362.

10.

37.
26.
65.
47.

Barents sea,

Nov-Dec,
.1
.0
.0
0
.0
.0
.0 8
0 7
0
0
.0
0 15.
0 40.
0 334.
0 27.
0
0
0 11.
0 11.
0 24.
Jan-Mar,
10
60
40
0
0
0
0
0
20
110
30
0
0
0
20
80
430
130
10
20
10
10
50

[e¢]

OO P 0O O OO

age 1-7
0
1
0
1
1
0
0 1
0 5
0 1
0
0
0
0
0 2
0 1
0 1
0
0
0
0
age 1-7,
0
0
20
0
0
0
0
0
0
20
60
10
0
0
0
0
20
160
20
10
0
0
0

cNeoNoRoNeoNoNoNolNoNoNoNolNoNolN Sl sl oo Ne]

shifted
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Table 4.12 (continued)

FLT04: Norwegian bottom trawl survey,

1982 2002

110.99 1.00
18

48
5146
15938
3703
799
153
95
546
3003
13755
5990
2280
1793
2636
679
1379
576
4522
4603
5347
5131

PR R RRPRPRRRERRRRPRRRERRRRRPR B

198

31
189
4759
3846
1544
253
141
45
334
1505
5077
3395
536
525
861
227
598
272
2960
3147
3174
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24
15
147
1108
2902
689
216
34
51
244
1056
4366
1711
481
280
332
122
354
293
1853
1820

Jan-Mar,
9 19
8 2
5 5
6 2
529 0
1164 138
340 327
50 92
42 27
21 6
105 6
497 34
3395 345
1486 2528
194 467
132 34
102 28
84 40
251 17
176 82
736 55

age 1-7,

shifted

116
622
80
10

23

P OR JFRF JdJFRP OFRPNDPMWODOOOORFN»EFEO



Table 4.13

Lowestoft VPA Version 3.1

30/04/2003 13:47

Extended Survivors Analysis

NEA Haddock (AFWGO03: Final run)

CPUE data from file fleet

Catch data for 53 years. 1950 to 2002. Ages 1to 11.

Fleet First Last
year year
FLTO1: Russia 1983
FLT02: Norwe: 1980
FLTO04: Norwe: 1982

Time series weights :

Tapered time weighting applied
Power = 3 over 20 years

Catchability analysis :

First Last Alpha Beta

age age
2002 1 7 0.9 1
2002 1 7 0.99 1
2002 1 8 0.99 1

Catchability dependent on stock size for ages < 7

Regression type = C

Minimum of 5 points used for regression

Survivor estimates shrunk to the population mean for ages < 7

Catchability independent of age for

Terminal population estimation :

ages>= 9

Survivor estimates shrunk towards the mean F

of the final 5 years or the 3 oldest ages.

S.E. of the mean to which the estimates are shrunk = 1.000

Minimum standard error for populat

estimates derived from each fleet =

Prior weighting not applied

ion

.300

Tuning had not converged after 30 iterations

Total absolute residual between iterations

29and 30= .00343

Final year F values

Age 1
Iteration 29 0
Iteration 30 0

Regression weights
0.751

2 3 4 5 6 7 8
0.0011 0.0182 0.1825 0.2708 0.7992 0.5105 0.8078
0.0011 0.0182 0.1824 0.2708 0.799 0.5103 0.807

0.82 0.877 0.921 0.954 0.976 0.99 0.997
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0.6324
0.631

10
0.8419
0.8412
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Table 4.13 (continued)

Fishing mortalities

Age

O © 0 N O O b~ 0N =

o

1993

0.001
0.024
0.215
0.469
0.537
0.374
0.382
0.487
0.305

1994

0.003
0.013
0.107
0.472
0.668
0.707
0.471
0.695
0.999

XSA population numbers (Thousands)

YEAR

Estimated population abundance at 1st Jan 2003

1993
1994
1995
1996
1997
1998
1999
2000
2001
2002

AGE

1.75E+06
1.89E+06
3.55E+06
1.81E+06
1.30E+06
1.69E+06
1.61E+06
1.92E+06
1.29E+06
4.04E+06

0.00E+00

5.28E+05
1.88E+05
2.90E+05
3.00E+05
9.06E+04
2.55E+05
1.00E+05
4.56E+05
4.64E+05
6.16E+05

3.79E+05

1995

0.001
0.019

0.08
0.275

0.62
0.632
0.333
0.398
0.654

6.42E+05
2.81E+05
8.06E+04
9.08E+04
1.01E+05
4.29E+04
1.82E+05
6.17E+04
3.11E+05
3.33E+05

1.91E+05

Taper weighted geometric mean of the VPA populations:

1.60E+06

2.46E+05

1.23E+05

Standard error of the weighted Log(VPA populations) :

0.77

Log catchability residuals.

Fleet : FLTO1: Russian botto

Age

200

© N o g A W N

1983
1.7
274
0.99
0.13

-1.82

99.99
99.99

No data for this fleet at this age

0.9146

1984
0.82
0.8
1.14
0.06
-0.22
-1.73
99.99

O \ACFM\WGREPS\AFWG\REPORTS\2003\4-Northeast Arctic Haddock.Doc

0.9621

1985
0.13
0.77
0.79

-0.13
0.32
0.22

99.99

1996

0.002
0.028
0.128
0.362
0.534
0.773
0.927
0.796
0.841

1.50E+05
4.80E+05
2.04E+05
5.40E+04
3.71E+04
5.73E+04
3.12E+04
1.31E+05
4.80E+04
2.40E+05

2.11E+05

7.47E+04

1.0217

1986
-0.02

0.26
-0.35
-0.12
-0.54
-1.14
-1.59

1997

0.004
0.029
0.205
0.473
0.701
0.872
1.001
0.743
1.055

4.09E+04
9.64E+04
3.46E+05
1.28E+05
3.43E+04
2.34E+04
3.20E+04
1.86E+04
7.88E+04
3.45E+04

1.62E+05

4.21E+04

1.0299

1987
0.25
-0.29
0.1
-0.19
-0.18
-2.17
-1.15

1998

0.009
0.066
0.316
0.501
0.648
0.622
1.022
0.719

0.86

7.41E+03
1.89E+04
4.86E+04
1.92E+05
7.13E+04
1.69E+04
1.13E+04
1.15E+04
1.01E+04
3.27E+04

2.14E+04

2.09E+04

1.0838

1988
-0.28
-0.11
-0.22
-0.51
-0.59
-0.52
-2.47

1999

0.006
0.132
0.319
0.827
0.833
0.787
0.976
0.412
0.348

3.45E+03
3.55E+03
7.93E+03
2.12E+04
8.98E+04
2.86E+04
7.25E+03
4.01E+03
5.26E+03
4.62E+03

1.20E+04

8.79E+03

1.1383

1989
-0.48
0.54
-0.54
-0.47
-0.08
0.1
0.84

2000

0.002
0.017
0.295
0.396

0.57
0.625
0.681
0.504
0.531

4.51E+03
1.94E+03
1.43E+03
3.45E+03
8.00E+03
3.07E+04
1.26E+04
2.70E+03
1.76E+03
2.07E+03

2.27E+03

3.95E+03

1.1748

1990
0.72
0.48
1.33
1.09
1.14
0.74
0.75

2001

0.002
0.044
0.129
0.681
0.583
0.731
0.813
0.667
0.677

6.11E+03
2.52E+03
9.93E+02
8.40E+02
1.12E+03
2.41E+03
9.05E+03
3.88E+03
1.12E+03
6.38E+02

7.59E+02

1.73E+03

1.154

1991
0.31
0.08
-0.1
-0.43
-0.57
-0.49
0.31

2002

0.001
0.018
0.182
0.271
0.799

0.51
0.807
0.631
0.841

10

8.45E+03
3.07E+03
1.03E+03
5.46E+02
3.10E+02
4.35E+02
9.60E+02
4.91E+03
1.92E+03
4.70E+02

2.79E+02

8.38E+02

1.2884

1992
0.3
0.52
0.31
-0.23
-0.55
0.31
0.45



Table 4.13 (continued)

Age 1993
-0.22
0.24
0.44
0.59
0.3
0.47
0.48

©® N o g A W N =

1994
-0.56
-0.06
0.17
0.23
0.05
0.14
-0.62

No data for this fleet at this age

1995
-0.42
-0.51
-0.49
-0.61
-0.43
-0.04

0.12

1996
-0.27
-0.35
-0.34
-0.08
0.55
0.23
1.03

Mean log catchability and standard error of ages with catchability

independent of year class strength and constant w.r.t. time

Age 7
Mean Log q -6.6953
S.E(Log q) 0.7767

Regression statistics :

Ages with g dependent on year class strength

Age Slope t-value

0.81
0.82
0.74
0.86
0.75

0.8

o g A~ W N =

1.195
1.53
1.749
1.083
1.42
1.192

Intercept

9.29
8.08
7.99
712
7.45
7.15

RSquare

0.82
0.89
0.83
0.86
0.79

0.8

Ages with q independent of year class strength and constant w.r.t. time.

Age Slope t-value

Fleet : FLT02: Norwegian aco

Age 1980
99.99
99.99
99.99
99.99
99.99
99.99
99.99

©® N o A W N

Age 1983
0.21
1.02
0.87
0.29

99.99

99.99

99.99

©® N o g A W N

0.102

1981
99.99
99.99
99.99
99.99
99.99
99.99
99.99

No data for this fleet at this age

1984
0.42
0.22

0.9
99.99
99.99
99.99
99.99

No data for this fleet at this age
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Intercept

6.75

1982
99.99
99.99
99.99
99.99
99.99
99.99
99.99

1985
0.06
0.05
0.25

99.99
99.99
99.99
99.99

RSquare

0.69

1986
-0.27
-0.08
-0.27
-0.27
99.99
99.99
99.99

No Pts

No Pts

1997
99.99
-0.33
-0.57
-0.06
-0.75
-0.68
-1.39

19
19
19
19
19
18

1987
-0.75
-0.38
-0.26
-0.69
-0.7
99.99
99.99

Regs.e

Regs.e

1998
-0.14
99.99

0.24
-0.09
-0.52
-0.65
-0.08

0.4
0.35
0.47
0.44
0.58
0.59

0.8

1988
-0.12
0.32
0.05
-0.11
-0.54
-0.16
99.99

1999
0.57
0.33

99.99
0.33
0.53
0.28

-0.16

Mean Log q

Mean Q

-8.13
-7.15
-6.69
-6.44
-6.42
-6.47

1989
-0.35
-0.56
-0.19
-0.35
-0.34
-0.07

0.69

2000
0.25
-0.07
0.16
99.99
0.51
0.32
-0.12

1990
0.64
0.14
0.28
0.07

-0.16

-0.39
0.04

2001
-0.15
-0.13
-0.18
-0.23
99.99
0.45
0.4

1991
0.26
0.14

-0.24

-0.44

99.99
99.99
-1.04

2002
0.17
-0.02
0.02
0.28
0.24
99.99
0.32

1992
0.3
-0.02
0.2
-0.34
99.99
99.99
99.99

201



Table 4.13 (continued)

Age 1993 1994 1995 1996
1 0.33 0.28 -0.07 -0.68
2 0.16 -0.09 -0.14 -0.12
3 0.22 -0.24 0.11 -0.09
4 0.37 0.04 -0.2 -0.23
5 0.3 0.28 -0.15 -0.06
6 99.99 -0.02 0.1 0.01
7 99.99 99.99 99.99 -0.09
8 No data for this fleet at this age

Mean log catchability and standard error of ages with catchability

independent of year class strength and constant w.r.t. time

Age 7
Mean Log q -5.9101
S.E(Log q) 0.6085

Regression statistics :

Ages with g dependent on year class strength

Age Slope t-value Intercept RSquare
1 0.74 1.73 7.47 0.83
2 0.74 4.334 7.1 0.97
3 0.75 4.25 6.79 0.97
4 0.73 2.519 6.83 0.91
5 0.72 1.602 6.94 0.81
6 0.79 1.746 6.77 0.91

Ages with q independent of year class strength and constant w.r.t. time.

Age Slope t-value Intercept RSquare

7 0.93 0.212 6.2 0.73

Fleet : FLT04: Norwegian bot

Age 1980 1981 1982
1 99.99 99.99 99.99
2 99.99 99.99 99.99
3 99.99 99.99 99.99
4 99.99 99.99 99.99
5 99.99 99.99 99.99
6 99.99 99.99 99.99
7 99.99 99.99 99.99
8 99.99 99.99 99.99

Age 1983 1984 1985 1986
1 0.73 0.77 0.07 0.61
2 1.67 0.57 -0.3 0.54
3 0.44 1.56 -0.23 0.08
4 0.07 0.24 -0.39 -0.14
5 0.58 1 0.98 99.99
6 -0.63 0.44 0.5 99.99
7 -0.78 -0.83 0.27 99.99
8 -0.83 0.05 0.05 99.99
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No Pts

No Pts

1997
99.99
0.14
-0.06
0.15
-0.2
0.17
0.65

19
19
19
17
13
11

1987
-0.05
0.27
0.46
0.12
-0.12
-0.01
99.99
99.99

Regs.e

Reg s.e

1998
-0.25
99.99
0.03
-0.08
0.04
-0.47
-0.54

0.38
0.19
0.18
0.35
0.48
0.33

0.64

1988
-0.14
0.75
0.42
0.35
-0.18
0.31
-0.26
99.99

1999
0.42
0.19

99.99
0.7
0.67
0.63
0.31

Mean Log q

-5.07

-5.2
-5.19
-5.24
-5.41
-5.86

Mean Q

-5.91

1989
-0.39
-0.44
-0.29
-0.18
0.07
-0.05
1.25
99.99

2000
0.01
-0.02
0.04
99.99
-0.8
-0.14
99.99

1990
0.47
-0.29
-0.24
0.31
0.15
-0.56
0.35
99.99

2001
-0.18
-0.05
-0.16
-0.09
99.99
-0.01
99.99

1991
0.39
0.01

-0.33

-0.43

-0.06

-0.36

0.1
0.35

2002
-0.13
-0.01
0.13
0.17
0.51
99.99
99.99

1992

0.07
-0.32
-0.04
-0.47
-0.26

0.07
-0.74
-0.62



Table 4.13 (continued)

Age 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
1 0.23 -0.32 -0.17 -0.16 99.99 -0.36 0.09 0.06 0.03 0.15
2 0.15 -0.01 -0.23 0.05 0.03 99.99 -0.13 0.01 0 0.33
3 -0.1 0.02 0.34 0.18 -0.05 -0.17 99.99 0.1 -0.07 0
4 -0.13 0.09 0.42 0.18 0.26 -0.28 0.13 99.99 0.12 -0.34
5 -0.29 0.18 0.02 0.01 -0.15 0.13 0.2 -0.01 99.99 -0.01
6 -0.47 0.39 0.34 0.01 -0.23 -0.18 0.2 0.1 0.15 99.99
7 -1 99.99 0.62 1.14 0.63 -0.03 -0.23 -0.9 0.03 -0.46
8 -0.43 -0.19 99.99 -0.31 0.87 -0.01 0.39 -0.31 99.99 0.08

Mean log catchability and standard error of ages with catchability

independent of year class strength and constant w.r.t. time

Age 7 8
Mean Log q -6.5769 -6.7136
S.E(Log q) 0.6959 0.4485

Regression statistics :

Ages with g dependent on year class strength

Age Slope t-value Intercept RSquare No Pts Regs.e Mean Log q
1 0.8 1.933 6.67 0.91 19 0.27 -4.73
2 0.73 3.233 6.96 0.94 19 0.26 -4.91
3 0.78 3.088 6.48 0.96 19 0.22 -5.04
4 0.77 2.535 6.68 0.93 19 0.31 -5.32
5 0.59 7.074 7.78 0.97 18 0.19 -5.84
6 0.65 3.997 7.52 0.93 18 0.3 -6.2

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

Age Slope t-value Intercept RSquare No Pts Regs.e Mean Q

7 0.72 2.198 7.32 0.87 17 0.43 -6.58
8 0.87 0.904 6.97 0.88 13 0.4 -6.71

Terminal year survivor and F summaries :

Age 1 Catchability dependent on age and year class strength

Year class = 2001

Fleet Estir Int Ext Var N Scaled Estimated
Surv  se s.e Ratio Weights F
FLTO1: Russia 450930 0.447 0 0 1 0.207 0
FLT02: Norwe: 332942 0.414 0 0 1 0.241 0
FLTO04: Norwe 441042 0.3 0 0 1 0.46 0
P shrinkage r 246393 0.91 0.05 0
F shrinkage r 106227 1 0.041 0

Weighted prediction :

Survivors Int Ext N Var F
atend of year s.e s.e Ratio
379200 0.2 0.16 5 0.791 0
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Table 4.13 (continued)

Age 2 Catchability dependent on age and year class strength

Year class = 2000

Fleet Estir Int Ext Var N Scaled Estimated
Surv  s.e s.e Ratio Weights F
FLTO1: Russia 176538 0.282 0.065 0.23 2 0.232 0.001
FLT02: Norwe: 177664 0.241 0.081 0.34 2 0.319 0.001
FLTO04: Norwe 229027 0.212 0.15 0.71 2 0.411 0.001
P shrinkage r 123071 0.96 0.02 0.002
F shrinkage r 44871 1 0.019 0.005

Weighted prediction :

Survivors Int Ext N Var F
atend of year s.e s.e Ratio
190558 0.14 0.1 8 0.751 0.001

Age 3 Catchability dependent on age and year class strength

Year class = 1999

Fleet Estir Int Ext Var N Scaled Estimated
Surv  s.e s.e Ratio Weights F
FLTO1: Russia 217243 0.245 0.115 0.47 3 0.207 0.018
FLT02: Norwe, 218015 0.188 0.058 0.31 3 0.354 0.018
FLTO04: Norwe: 215043 0.173 0.018 0.1 3 0.415 0.018
P shrinkage r 74689 1.02 0.012 0.05
F shrinkage r 64633 1 0.013 0.058

Weighted prediction :

Survivors Int Ext N Var F
atend of year s.e s.e Ratio
210539 0.11 0.06 11 0.571 0.018

Age 4 Catchability dependent on age and year class strength

Year class = 1998

Fleet Estir Int Ext Var N Scaled Estimated
Surv  s.e s.e Ratio Weights F
FLTO1: Russia 187916 0.22 0.169 0.77 4 0.205 0.159
FLT02: Norwe: 170400 0.169 0.118 0.7 4 0.347 0.174
FLTO04: Norwe: 151470 0.154 0.091 0.59 4 0.423 0.194
P shrinkage r 42055 1.03 0.012 0.571
F shrinkage r 111852 1 0.012 0.254

Weighted prediction :

Survivors Int Ext N Var F
atend of year s.e s.e Ratio
161876 0.1 0.08 14 0.75 0.182
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Table 4.13 (continued)

Age 5 Catchability dependent on age and year class strength

Year class = 1997

Fleet Estir
Surv

FLTO1: Russia 23154
FLT02: Norwe: 22893
FLTO4: Norwe: 20244
P shrinkage r 20899
F shrinkage r 8462

Weighted prediction :

Survivors Int
atend of year s.e
21418 0.09

Age 6 Catchability dependent on age and year class strength

Year class = 1996

Fleet Estir
Surv

FLTO1: Russia 1
FLTO2: Norwe: 1
FLTO4: Norwe: 1
P shrinkage r 8790
F shrinkage r 15298

Weighted prediction :

Survivors Int
atend of year s.e
12017 0.75

Age 7 Catchability constant w.r.t. time and dependent on age

Year class = 1995

Fleet Estir
Surv

FLTO1: Russia 2659
FLTO02: Norwe: 2274
FLTO4: Norwe, 2211
F shrinkage r 1395

Weighted prediction :

Survivors Int
atend of year s.e
2274 0.1

s.e

Ext

s.e

s.e

Ext
s.e

s.e

Ext

0.205
0.159
0.137

0.06

1.14

9.4

0.221
0.159
0.137

0.07
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Ext

0.114
0.108
0.086

Var
Ratio

0.56
0.68
0.63

0.63

12.51

0.727

Scaled
Weights
5 0.199
5 0.327
5 0.452
0.011
0.012
0.271
Scaled
Weights
0 0
0 0
0 0
0.436
0.564
0.799
Scaled
Weights
7 0.194
6 0.3
7 0.471
0.035
0.51

F

F

Estimated

0.253

0.255

0.284

0.277

0.581

Estimated

0.983

0.673

Estimated

F

0.45
0.51
0.521

0.735
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Table 4.13 (continued)

Age 8 Catchability constant w.r.t. time and dependent on age

Year class = 1994

Fleet

FLTO1: Russia

FLTO2: Norwe,

FLTO4: Norwe:

F shrinkage r

Weighted prediction :

Survivors Int

atend of year s.e
759

Age 9 Catchability constant w.r.t. time and dependent on age

Year class = 1993

Fleet

FLTO1: Russia

FLTO2: Norwe,

FLTO4: Norwe:

F shrinkage r

Weighted prediction :

Survivors Int

atend of year s.e
279

Age 10 Catchability constant w.r.t. time and age (fixed at the value for age) 9

Year class = 1992
Fleet
FLTO1: Russia
FLTO2: Norwe,
FLTO04: Norwe,

F shrinkage r
Weighted prediction :
Survivors Int

atend of year s.e
166

206

Estir

Surv

728
790

635

0.15

Estir
Surv
219
340
267

288

0.2

Estir
Surv
123
153
150

237

0.28

Int

s.e

Ext
s.e

Int

s.e

Ext
s.e

Int

s.e

Ext
s.e

0.247
0.173
0.193

0.05

0.238
0.16
0.146

0.07

0.227
0.168
0.18

0.07
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Ext

Ext

s.e

Ext
s.e

0.159
0.098
0.044

0.118
0.139
0.147

0.103
0.117
0.084

23

Var
Ratio

Var

Ratio

Ratio

Ratio

0.64
0.57
0.23

0.308

0.49
0.87
1.01

0.373

0.45
0.7
0.47

0.255

Scaled
Weights
7 0.146
6 0.221
8 0.538

0.095

0.807

Scaled
Weights
7 0.168
6 0.256
7 0.393

0.183

0.631

Scaled
Weights
7 0.117
7 0.211
8 0.408

0.264

0.841

Estimated
F
0.791
0.829
0.784

0.908

Estimated
F
0.75
0.542
0.649

0.614

Estimated
F
1.023
0.886
0.899

0.655



Table 4.14

Run title : Arctic Haddock (run: Standard VPA AFWGO03)

At 1/05/2003 13:16

Traditional vpa using file input for terminal F

Table 8 Fishing mortality (F) at age

YEAR 1950 1951
AGE

3 0.0547 0.14

4 0.5936 0.2196

5 0.8245 0.6341

6 0.8125 0.9135

7 1.157 0.8053

8 1.0055 1.0036

9 0.6504 1.4256

10 0.946 1.0901

+gp 0.946 1.0901

FBAR 4-7 0.8469 0.6431

Table 8 Fishing mortality (F) at age

YEAR 1953 1954
AGE

3 0.072 0.0619

4 0.3926 0.246

5 0.5373 0.3091

6 0.4899 0.4146

7 0.7145 0.6139

8 0.6589 0.8609

9 0.5162 1.3582

10 0.6331 0.9584

+gp 0.6331 0.9584

FBAR 4-7 0.5336 0.3959

Table 8 Fishing mortality (F) at age

YEAR 1963 1964
AGE

3 0.1219 0.0811

4 0.6784 0.3193

5 0.9366 0.6929

6 1.0265 0.871

7 1.0012 0.8437

8 0.6536 0.9605

9 1.3586 1.3821

10 1.0158 1.0779

+gp 1.0158 1.0779

FBAR 4-7 0.9107 0.6817

Table 8 Fishing mortality (F) at age

YEAR 1973 1974
AGE

3 0.3385 0.2252

4 0.6042 0.3429

5 0.9919 0.4214

6 0.4782 0.6968

7 0.2982 0.5926

8 0.2728 0.4829

9 0.2772 0.8009

10 0.2829 0.6318

+gp 0.2829 0.6318

FBAR 4-7 0.5931 0.5134

Table 8 Fishing mortality (F) at age

YEAR 1983 1984
AGE

3 0.1807 0.061

4 0.4425 0.3323

5 0.4101 0.3415

6 0.363 0.2376

7 0.39 0.3452

8 0.3612 0.4957

9 0.184 0.3381

10 0.3129 0.395

+gp 0.3129 0.395

FBAR 4-7 0.4014 0.3141
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1952

0.1163
0.5485
0.5849
0.8887
0.9961
1.2502
1.3695
1.2251
1.2251
0.7546

1955

0.0254
0.1356
0.4901
0.4691
1.0131
0.6211
0.43
0.6948
0.6948
0.527

1965

0.0671
0.2401
0.4682
0.6985
0.6762
0.5955
1.0492
0.7832
0.7832
0.5208

1975

0.2573
0.5905
0.5184
0.4478
0.6002
0.3512
0.2027
0.3856
0.3856
0.5392

1985

0.1355
0.2214
0.3832
0.5655
0.4198
0.5519
0.6258
0.5389
0.5389
0.3975

1956

0.1141
0.1753
0.2792
0.8125
0.6249
0.9345
0.3985
0.6588
0.6588

0.473

1966

0.1303
0.3875
0.5962
0.7436
0.8235
0.5278
0.5925
0.6549
0.6549
0.6377

1976

0.3213
0.6487

0.644
0.7091
0.8046
0.8775
0.8145
0.8431
0.8431
0.7016

1986

0.0671
0.4569
0.3087
0.4976
0.5964
0.3435
0.5424
0.4987
0.4987
0.4649

1957

0.0454
0.2502
0.3751
0.4072
0.8167
0.4513
0.6298
0.6371
0.6371
0.4623

1967

0.0615
0.3091
0.4224
0.5206
0.5329
0.5806

0.384
0.5027
0.5027
0.4462

1977

0.7669
1.2663
0.9363
0.5447
0.6391
0.5411
0.5624
0.5857
0.5857
0.8466

1987

0.0533
0.4589
0.9187
0.2952
0.5675
0.4385
0.2976
0.4392
0.4392
0.5601

1958

0.0287

0.176
0.5789
0.5215
0.9643
0.8693

0.743
0.8688
0.8688
0.5602

1968

0.0421
0.3971
0.5791
0.4594
0.7022

0.716
0.4946
0.6449
0.6449
0.5344

1978

1988

0.0239
0.1666
0.5272
1.1343
0.3192
0.3482
0.2132
0.2901
0.2901
0.5368

1959

0.0719

0.175
0.3383
0.5583
0.6025
0.4321
0.8446
0.6304
0.6304
0.4185

1969

1979

0.1542
0.5041
0.9687
0.8883
0.5124
0.7128
0.5064
0.5817
0.5817
0.7184

1989

0.0706

0.185
0.3557
0.4826
0.6064
0.3504
0.0904
0.3536
0.3536
0.4074

1960

0.2012
0.3802
0.5192
0.6531
0.5207
0.7026
1.1478
0.7976
0.7976
0.5183

1970

0.1708
0.2355
0.2483

0.504
0.5298
0.4139
0.3945
0.4494
0.4494
0.3794

1980

0.0378
0.3077
0.6793
0.8177
0.3687
0.7048
0.7646
0.6192
0.6192
0.5434

1990

0.0257
0.1055
0.1255
0.1939
0.2529
0.2945
1.5752
0.7338
0.7338
0.1694

1961

0.1697
0.4876
0.6974
0.7516
0.8335
0.8825
0.9636
0.9015
0.9015
0.6925

1971

1981

0.0928
0.2125
0.5514
0.8689
0.7727
0.4347
0.5159
0.5803
0.5803
0.6014

1991

0.0552
0.1424
0.2463
0.2889
0.3295
0.2623
0.2185

0.299

0.299
0.2518

1962

0.1995
0.5958
1.0616
1.0617
0.7002

0.904
1.1812
0.9374
0.9374
0.8548

1972

0.2858

0.392
1.0699
0.9505
0.5516

0.581
0.6928
0.6151
0.6151

0.741

1982

0.1263
0.2478
0.4766
0.6823
0.5406
0.6437
0.3684
0.5228
0.5228
0.4868

1992

207



Table 4.14 (continued)

Table 8 Fishing mortality (F) at age

YEAR

AGE

O ©Woo~NOO U~ W

-

+gp
FBAR 4-7

208

1993

0.0243
0.2161
0.4681

0.538

0.375

0.384
0.4903
0.3051
0.3051
0.3993

1994

0.0128
0.1082
0.4735
0.6688
0.7076
0.4723
0.6949
0.9987
0.9987
0.4896

1995

1996

0.0274
0.1287
0.3631

0.535
0.7736
0.9258

0.798
0.8411
0.8411
0.4501

1997

0.0289
0.2058
0.4741
0.7005
0.8718
0.9964
0.7441
1.0553
1.0553

0.563

1998

0.0662
0.3177
0.5016
0.6489
0.6239
1.0171
0.7161
0.8599
0.8599

0.523

1999

0.1326
0.3203
0.8258

0.832
0.7869
0.9724
0.4123
0.3475
0.3475
0.6912

2000

0.0173
0.2966
0.3963
0.5715
0.6258
0.6812
0.5049
0.5307
0.5307
0.4726

2001

0.0441
0.1296

0.682
0.5826
0.7316
0.8119
0.6685
0.6774
0.6774
0.5315
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2002

0.0182
0.1824
0.2708

0.799
0.5103

0.807

0.631
0.8412
0.8412
0.4406

FBAR **-**

0.0265
0.2029
0.4497

0.651
0.6226
0.7667
0.6015
0.6831



Table 4.15

Run title : Arctic Haddock (run: Standard VPA AFWGO03)

At 1/05/2003 13:16

Traditional vpa using file input for terminal F

Table 10 Stock number at age (start of year)

YEAR

AGE

O OWooO~NO U H»W

-

+gp
TOTAL

1950

66026
92622
68513
36893
45596
15745
4518
1941
5287
337141

1951

553019
51179
41886
24596
13404
11738

4716
1930
2201

704669

1952

60283
393614
33641
18190
8078
4905
3523
928
1348
524510

Table 10  Stock number at age (start of year)

YEAR

AGE

O OWoO~NO O~ W

=

+gp
TOTAL

1953

1023249
43935
186200
15346
6123
2442
1150
733
2339
1281518

1954

120542
779545
24292
89074
7697
2454
1035
562
957
1026158

1955

50765
92769
499066
14600
48176
3411
849
218
218
710071

Table 10  Stock number at age (start of year)

YEAR

AGE

O OWooO~NO O AW

=

+gp
TOTAL

1963

273037
161110
33898
22960
15885
2818
812
696
638
511853

1964

316145
197881
66931
10878
6735
4779
1200
171
1040
605760

1965

100872
238663
117722
27406
3728
2372
1497
247
1609
494115

Table 10  Stock number at age (start of year)

YEAR

AGE

O OWoO~NOOUH»W

-

+gp
TOTAL

1973

270065
627516
41726
19925
1797
1959
7676
2358
2603
975624

1974

52805
157622
280766

12670

10112

1092
1221
4763
4359
525410
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1975

48611
34517
91589
150824
5168
4578
551
449
3200
339488

Numbers*10**-3

Numbers*10**-3
1956

167878
40521
66319

250291

7478
14321
1501
452
418
549179

Numbers*10**-3
1966

237489
77231
153693
60348
11159
1552
1070
429
550
543521

Numbers*10**-3
1976

55887
30772
15658
44651
78910
2322
2638
369
3064
234270

1957

51537
122627
27842
41068
90933
3277
4605
825
408
343123

1967

293825
170693
42919
69323
23488
4010
750
485
750
606242

1977

113858
33183
13169

6733
17990
28896

790
956
934
216510

1958

67410
40323
78175
15665
22377
32898
1709
2009
1126
261691

1968

17580
226209
102594

23033

33723

11286

1837
418
657

417336

1978

170999
43296
7658
4228
3197
7774
13772
369
911
252202

1959

322648
53631
27687
35875
7613
6985
11292
665
1168

467564

1969

17380
13800
124511
47073
11912
13681
4516
917
316
234107

1979

135116
97521
18633

2640
2216
1168
4037
5723
800
267854

1960

240840
245830
36860
16162
16806
3412
3712
3973
1201
568796

1970

164303
12855
9526
61952
21540
6504
6778
2239
886
286584

1980

18656
94820
48229
5790
889
1087
469
1992
3454
175386

1961

108736
161251
137614
17956
6886
8175
1384
964
2624
445591

1971

94306
113403
8317
6084
30640
10382
3520
3740
1915
272308

1981

6039
14708
57071
20019

2093

503
440
179
2390
103441

1962

240221
75127
81075
56095

6934
2450
2769
432
1350
466453

1972

1020049
75425
70941
5677
4155
16760
5757
2140
3927

1204831

1982

8193
4506
9737
26921
6874
791
267
215
1744
59248
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Table 4.15 (continued)

Table 10  Stock number at age (start of year)

YEAR 1983 1984 1985
AGE

3 4686 8370 256679

4 5912 3202 6381

5 2879 3110 1881

6 4950 1564 1809

7 11141 2819 1010

8 3278 6176 1634

9 340 1870 3080

10 151 232 1092

+gp 703 954 297

TOTAL 34040 28297 273863

Table 10  Stock number at age (start of year)

YEAR 1993 1994 1995
AGE

3 634499 277171 79624

4 148450 474041 201845

5 40318 95207 341759

6 7317 18646 47909

7 3411 3498 7814

8 4460 1920 1411

9 6018 2487 980

10 8395 3018 1016

+gp 1603 3246 2190

TOTAL 854472 879233 684549

Numbers*10**-3

1986 1987
531455 83414
183519 262700

4187 95144

1050 2517

842 522
543 380
770 316

1349 367

438 878
724152 446237

Numbers*10**-3

1996 1997
89684 99341
53313 36698
126851 33839
189240 70293
20862 88428
3393 7880
826 1101
538 304

2353 892

487058 338775

1988

42171
64748
135925
31082
1534
242
200
192
1352
277447

1998

42504
56587
23087
16700
28242
30278
2382
428
428
200637

1989

16887
25608
44876
65536
8185
913
140
133
243
162522

1999

180336
30922
31555
11109

7146
12391
8965
953
519
283896

1990

24337
12883
17425
25744
33115
3655
526
105

63
117853

2000

61329
129034
18379
11313
3958
2664
3836
4860
868
236241

1991

81501
16316
9492
12585
17362
21055
2229
89

72
160701

2001

309488
47739
77755
10010

5185
1733
1103
1896
2248
457158

1992

196086
63146
11586
6074
7718
10224
13261
1467
110

309672

2002

330393
238443
34286
32186
4577
2043
630
463
1485
644505
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2003 GMST 50-** AMST 50-**

0
208676
161085

21279
11837
2249
746
274
688
406835

93510
65672
37635
18268
8419
3818
1731
737

180362
125373
71803
35027
16234
6844
2974
1356



Table 4.16

Run title : Arctic Haddock (run: Standard VPA AFWGO03)

At 1/05/2003 13:16

Traditional vpa using file input for terminal F

Table 14 Stock biomass at age with SOP (start of year)

YEAR

AGE

O OWooO~NO U HA»W

=

+gp
TOTALBIO

Table 14 Stock biomass at age with SOP (start of year)

YEAR

AGE

O Wo~NO O W

=

+gp
TOTALBIO

Table 14 Stock biomass at age with SOP (start of year)

YEAR

AGE

+gp
TOTALBIO

1950

19804
43355
55734
39904
59263
23827
7596
3890
16519
269894

1953

387813
25986
191395
20973
10057
4671
2444
1857
9236
654431

1963

134114
123500
45158
40668
33811
6985
2237
2284
3264
392020

1951

237753
34338
48839
38131
24971
25461
11367

5545
9858
436263

1954

47898
483407
26179
127633
13254
4920
2305
1492
3960
711048

1964

129020
126029
74082
16009
11910
9840
2746
466
4422
374524
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1952

20398
207854
30873
22195
11844
8374
6682
2098
4751
315070

1955

15852
45207
422644
16440
65187
5374
1487
454
708
573353

1965

46459
171543
147049

45517

7440
5511
3866
759
7717
435861

Tonnes

Tonnes
1956

61258
23075
65632
329341
11824
26366
3070
1103
1591
523259

Tonnes
1966

103472
52513
181611
94815
21067
3412
2615
1250
2495
463249

1957

19316
71725
28301
55505
147685
6198
9677
2066
1592
342063

1967

153559
139218
60834
130647
53192
10573
2196
1692
4086
555997

1958

27344
25527
86005
22915
39334
67331
3886
5444
4758
282543

1968

9191
184567
145472

43424
76402
29771

5384

1460

3577
499249

1959

170497
44228
39680
68363
17433
18622
33452

2350
6427
401051

1969

9209
11411
178927
89943
27350
36575
13414
3247
1746
371822

1960

133185
212155
55284
32229
40273
9521
11508
14680
6917
515752

1970

81845
9994
12869
111285
46495
16347
18929
7452
4600
309815

1961

57597
133299
197698

34299

15807

21848

4109
3414

14481

482552

1971

62897
118034
15044
14633
88554
34936
13162
16669
13304
377234

1962

118254
57716
108244
99578
14791
6085
7642
1422
6924
420654

1972

578504
66757
109117
11611
10210
47958
18304
8108
23202
873771
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Table 4.16 (continued)

Table 14  Stock biomass at age with SOP (start of year)  Tonnes

YEAR 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982
AGE

3 147607 30172 26075 23225 57920 107298 100578 12746 3963 5142

4 535248 140551 28894 19956 26343 42397 113288 101100 15061 4413

5 61852 435089 133241 17647 18169 13032 37618 89368 101562 16574

6 39271 26106 291733 66913 12350 9566 7086 14266 47367 60931

7 4255 25038 12012 142101 39656 8693 7147 2632 5951 18696

8 5403 3147 12389 4868 74166 24610 4387 3746 1667 2505

9 23518 3912 1658 6146 2254 48444 16847 1796 1618 939

10 8610 18184 1609 1024 3251 1546 28467 9094 784 901

+gp 14818 25947 17881 13264 4951 5951 6205 24582 16338 11399

TOTALBIO 840583 708146 525492 295144 239061 261537 321622 259331 194309 121501

Table 14 Stock biomass at age with SOP (start of year)  Tonnes

YEAR 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
AGE

3 2070 2275 108183 141876 19772 8979 4539 6200 29150 67949

4 5676 2903 4779 128438 124280 24867 10880 9076 12110 52465

5 4349 5294 3415 3961 86748 83851 29356 15892 13088 17832

6 9481 3687 4306 1391 3640 34761 63454 32074 19670 12076

7 26581 5938 1796 1393 943 2801 11158 49759 29851 17517

8 10047 19343 3713 1149 1157 566 2062 7068 45084 24034

9 1159 6508 8180 1905 851 547 370 1380 5837 34505

10 614 961 3120 3587 1064 563 377 298 264 5238

+gp 4447 6168 1085 1490 3263 5080 884 229 262 419

TOTALBIO 64424 53078 138577 285191 241716 162015 123081 121977 155317 232036

Table 14  Stock biomass at age with SOP (start of year)  Tonnes

YEAR 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
AGE

3 189485 72174 18054 19632 21379 10538 53660 14133 95577 64193

4 120204 284858 77057 25135 14948 27520 19316 88428 23550 138029

5 57778 112198 289416 91445 24298 20279 33861 19500 91528 33411

6 14681 31767 72958 224049 81761 21109 17441 14690 15608 48933

7 7743 7548 16069 40507 136274 43748 12464 5897 10534 9392

8 13609 5359 4336 8676 20201 63071 25024 4291 4323 5051

9 20451 6570 3032 2447 3718 7962 24018 6973 2904 1706

10 28606 8802 3251 1880 1065 1277 2527 10762 5034 1329

+gp 6747 11416 7304 8616 4351 1730 2090 2591 8605 5675

TOTALBIO 459304 540693 491478 422388 307995 197235 190400 167265 257664 307720
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Table 4.17

Run title : Arctic Haddock (run: Standard VPA AFWGO03)
At 1/05/2003 13:16

Traditional vpa using file input for terminal F

Table 15 Spawning stock biomass with SOP (spawning time) Tonnes

YEAR 1950 1951 1952
AGE

3 0 0 0

4 2168 1717 10393

5 12819 11233 7101

6 21149 20209 11764

7 52152 21975 10423

8 23351 24952 8207

9 7596 11367 6682

10 3890 5545 2098

+gp 16519 9858 4751

TOTSPBIO 139644 106855 61418

Table 15 Spawning stock biomass with SOP (spawning time) Tonnes

YEAR 1953 1954 1955
AGE

3 0 0 0

4 1299 24170 2260

5 44021 6021 97208

6 11116 67646 8713

7 8850 11664 57364

8 4577 4821 5267

9 2444 2305 1487

10 1857 1492 454

+gp 9236 3960 708

TOTSPBIO 83400 122079 173462
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1956

0

1154
15095
174551
10405
25839
3070
1103
1591
232807

1957

0

3586
6509
29417
129963
6074
9677
2066
1592
188884

1958

0

1276
19781
12145
34613
65985
3886
5444
4758
147888

1959

0

2211
9126
36232
15341
18250
33452
2350
6427
123389

1960

0
10608
12715
17082
35440

9330
11508
14680

6917

118280

1961

0
6665
45471
18179
13910
21411
4109
3414
14481
127639

1962

0
2886
24896
52776
13016
5963
7642
1422
6924
115524
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Table 4.17 (continued)

Run title : Arctic Haddock (run: Standard VPA AFWGO03)
At 1/05/2003 13:16
Traditional vpa using file input for terminal F

Table 15 Spawning stock biomass with SOP (spawning time) Tonnes

YEAR 1963 1964 1965 1966 1967
AGE

3 0 0 0 0 0

4 6175 6301 8577 2626 6961

5 10386 17039 33821 41771 13992

6 21554 8485 24124 50252 69243

7 29754 10481 6547 18539 46809

8 6845 9643 5401 3344 10362

9 2237 2746 3866 2615 2196

10 2284 466 759 1250 1692

+gp 3264 4422 7717 2495 4086

TOTSPBIO 82499 59583 90813 122890 155341

Table 15 Spawning stock biomass with SOP (spawning time) Tonnes

YEAR 1973 1974 1975 1976 1977
AGE

3 0 0 0 0 0

4 26762 7028 1445 998 1317

5 14226 100070 30645 4059 4179

6 20814 13836 154619 35464 6546

7 3745 22034 10571 125049 34897

8 5295 3084 12141 4770 72683

9 23518 3912 1658 6146 2254

10 8610 18184 1609 1024 3251

+gp 14818 25947 17881 13264 4951

TOTSPBIO 117788 194095 230569 190774 130078

Table 15 Spawning stock biomass with SOP (spawning time) Tonnes

YEAR 1983 1984 1985 1986 1987
AGE

3 352 159 2164 0 0

4 3973 406 382 28256 1243

5 4349 1853 2732 2099 18217

6 9481 1733 4004 1197 1929

7 26581 4394 1724 1198 943

8 10047 19343 3713 1149 1157

9 1159 6508 8180 1905 851

10 614 961 3120 3587 1064

+gp 4447 6168 1085 1490 3263

TOTSPBIO 61003 41526 27104 40882 28666

Table 15 Spawning stock biomass with SOP (spawning time) Tonnes

YEAR 1993 1994 1995 1996 1997
AGE

3 2842 0 0 0 0

4 26325 4843 1541 0 448

5 28311 14586 34730 9145 2430

6 11157 13024 30642 80658 23711

7 6117 6794 13016 31595 81764

8 11976 4716 3816 7462 16565

9 17997 6570 3032 2202 3718

10 24887 8802 2828 1749 884

+gp 6747 11073 7304 7755 4351

TOTSPBIO 136360 70408 96910 140565 133871
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1968

0

9228
33459
23015
67233
29176
5384
1460
3577
172533

1978

0
2120
2997
5070
7650

24118
48444
1546
5951
97896

1988

746
27671
17728

2801

566

547

563

5080
55702

1998

0

1376
5678
10555
28874
51088
7246
1277
1730
107823

1969

0

571
41153
47670
24068
35843
13414
3247
1746
167712

1979

5664
8652
3755
6289
4299
16847
28467
6205
80180

1989

435
8807
39976
9150
2062
370
377
884
62061

1999

537
3284
16930
12383
10096
22772
22096
2527
2090
92714

1970

0

500
2960
58981
40915
16020
18929
7452
4600
150357

1980

5055
20555
7561
2316
3671
1796
9094
24582
74630

1990

182
4767
17320
38314
6149
1104
298
229
68364

2000

8843
6240
8667
4246
4034
6554
10331
2591
51506

1971

5902
3460
7756
77928
34237
13162
16669
13304
172417

1981

40
1807
65000
34578
5713
1667
1618
784
16338
127542

1991

848
3926
9835

23881
41477
5837
264
262
86330

2001

382
1413
49425
11238
9164
4064
2614
5034
7831
91165

1972

0
3338
25097
6154
8985
46999
18304
8108
23202
140187

1982

463
2427
12099
56665
17948
2505
939
901
11399
105348

1992

1359
6820
8916
7487
13488
19228
32435
5238
419
95391

2002

514
17944
11025
35721

7795
4546
1706
1250
5675
86176



Table 4.18

Run title : Arctic Haddock (run: Standard VPA AFWGO03)

At 1/05/2003 13:16

Table 17

Summary  (with SOP correction)

Traditional vpa using file input for terminal F

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002

Avrith.
Mean
Units

RECRUITS TOTALBIO TOTSPBIO LANDINGS YIELD/SSB SOPCOFAC FBAR 4-7

Age 3
66026
553019
60283
1023249
120542
50765
167878
51537
67410
322648
240840
108736
240221
273037
316145
100872
237489
293825
17580
17380
164303
94306
1020049
270065
52805
48611
55887
113858
170999
135116
18656
6039
8193
4686
8370
256679
531455
83414
42171
16887
24337
81501
196086
634499
277171
79624
89684
99341
42504
180336
61329
309488
330393

185629
(Thousands

269894
436263
315070
654431
711048
573353
523259
342063
282543
401051
515752
482552
420654
392020
374524
435861
463249
555997
499249
371822
309815
377234
873771
840583
708146
525492
295144
239061
261537
321622
259331
194309
121501

64424

53078
138577
285191
241716
162015
123081
121977
155317
232036
459304
540693
491478
422388
307995
197235
190400
167265
257664
307720

363543
(Tonnes)
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139644
106855
61418
83400
122079
173462
232807
188884
147888
123389
118280
127639
115524
82499
59583
90813
122890
155341
172533
167712
150357
172417
140187
117788
194095
230569
190774
130078
97896
80180
74630
127542
105348
61003
41526
27104
40882
28666
55702
62061
68364
86330
95391
136360
70408
96910
140565
133871
107823
92714
51506
91165
86176

112812
(Tonnes)

132125
120077
127660
123920
156788
202286
213924
123583
112672
88211
154651
193224
187408
146224
99158
118578
161778
136397
181726
130820
88257
78905
266153
322226
221157
175758
137264
110158
95422
103623
87889
77153
46955
21607
17318
41270
96585
150654
91745
54859
25741
33605
53887
77621
128703
138677
173264
148756
93946
82346
61292
81842
83848

120372
(Tonnes)

0.9462
1.1237
2.0785
1.4859
1.2843
1.1662
0.9189
0.6543
0.7619
0.7149
1.3075
1.5138
1.6222
1.7724
1.6642
1.3057
1.3164
0.8781
1.0533
0.78
0.587
0.4576
1.8986
2.7356
1.1394
0.7623
0.7195
0.8469
0.9747
1.2924
114777
0.6049
0.4457
0.3542
0.417
1.56226
2.3626
5.2555
1.6471
0.8839
0.3765
0.3893
0.5649
0.5692
1.828
1.431
1.2326
1.1112
0.8713
0.8882
1.19
0.8977
0.973

1.1841

0.4545
0.6514
0.5127
0.5742
0.6021
0.4731
0.5529
0.5679
0.6146
0.8007
0.8379
0.8026
0.7459
0.7442
0.6183
0.6978
0.6601
0.7919
0.7921
0.8028
0.7547
1.0105
0.8593
0.8281
0.8657
0.8127
0.6296
0.7708
0.9507
1.1278
1.0352
0.9942

0.951
0.9205
0.9405
0.9689
0.9019
0.9836

0.995
0.9634
0.9651
0.9589
1.0132
1.0021
1.1128
1.0546
1.0524
1.0498
1.0595
1.0552
1.0019
1.0027
1.0015

.5324

0.8469
0.6431
0.7546
0.5336
0.3959

0.527

0.473
0.4623
0.5602
0.4185
0.5183
0.6925
0.8548
0.9107
0.6817
0.5208
0.6377
0.4462
0.5344
0.4139
0.3794
0.2589

0.741
0.5931
0.5134
0.5392
0.7016
0.8466
0.6903
0.7184
0.5434
0.6014
0.4868
0.4014
0.3141
0.3975
0.4649
0.5601
0.5368
0.4074
0.1694
0.2518
0.3084
0.3993
0.4896
0.4026
0.4501

0.563

0.523
0.6912
0.4726
0.5315
0.4406
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Table 4.19

PREDICTION WITH MANAGEMENT OPTION TABLE: INPUT DATA
MFDP version 1a
Run: had03_final
Time and date: 20:50 01.05.2003
Fbar age range: 4-7

Input units are thousands and kg - output in tonnes

216

N

250000
208676
161085
21279
11837
2249
746
274
688

277000

422000

M

M

Mat
0.4413
0.2098
0.2062
0.2013
0.2
0.2
0.2
0.2
0.2

Mat
0.432
0.233
0.217
0.204
0.2
0.2
0.2
0.2
0.2

Mat
0.423
0.255
0.227
0.207
0.2
0.2
0.2
0.2
0.2

0.003
0.047

0.37
0.629
0.881

0.923

0.002
0.034
0.277

0.54
0.863

0.96
0.962

0.021
0.184
0.45
0.844
0.92

PF

PF

PF

PM

[eNeoNeoNeNoNoNolNolNo]

PM

[eNeoNeoNoNoNelNolNolNo]

PM

[cNeoNeoNolNoNelNolNolNo]

OO OO OO0OO0OO0oOO0o OO O OO0 OO0OOo

OO OO OOO0OO0OO0o

SWit

SWt

SWit

0.241
0.475
1.074

1.44
1.953
2.484
2.784
2.962
4.655

0.228
0.455
0.941
1.371
1.877
2.529

2.81

3.02
4.134

0.216
0.435
0.808
1.302
1.801
2.574
2.835
3.078
3.613

Sel
2.65E-02
0.202867

0.4497
0.651033
0.622567

0.7667
0.601467

0.6831

0.6831

Sel
2.65E-02
0.202867

0.4497
0.651033
0.622567

0.7667
0.601467

0.6831

0.6831

Sel
2.65E-02
0.202867

0.4497
0.651033
0.622567

0.7667
0.601467

0.6831

0.6831
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Cwt

0.573
0.979
1.379

1.62
2114
2.208
2.643
2.436
2.695

Cwt
0.595
0.905
1.255
1.558

1.99
2.207
2.539
2.584
2.786

CWt

0.618

0.83

1.13
1.495
1.865
2.205
2.435
2.733
2.878



Table 4.20

Yield-per-recruit. Input data and results.

MFYPR version 2a
Run: NEA Haddock
NEA Haddock (AFWGO03: Final run)
Time and date: 15:58 02.05.2003

Fbar age range: 4-7

Age
3

= =2 OO ~NOOPA

0
1

M
0.36984
0.25027
0.23389
0.20582
0.2

0.2

0.2

0.2

0.2

Mat PF
0.000
0.080
0.290
0.550
0.780
0.880
0.950
0.940
0.980

Weights in kilograms

Yield per results

FMult Fbar CatchNos

0
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
0.45
0.5
0.55
0.6
0.65
0.7
0.75
0.8
0.85
0.9
0.95
1

0 O
0.0241
0.0482
0.0722
0.0963
0.1204
0.1445
0.1685
0.1926
0.2167
0.2408
0.2648
0.2889
0.313
0.3371
0.3612
0.3852
0.4093
0.4334
0.4575
0.4815

0
0.0765
0.1341
0.1793
0.2158
0.246
0.2715
0.2933
0.3123
0.3289
0.3437
0.357
0.3689
0.3798
0.3897
0.3989
0.4073
0.4151
0.4224
0.4293
0.4357

PM

[eclololoNoeNoNoNoNe

(Jan)

4.5661 7.3993 2.2067 5.8174 2.2067 5.8174
0.1515 4.1891 6.1879 1.8582 4.6658 1.8582 4.6658

0.2563
0.3314
0.3868
0.4285
0.4605
0.4855
0.5052
0.5209
0.5337
0.5441
0.5526
0.5597
0.5656
0.5706
0.5748
0.5783
0.5814
0.5839
0.5862

SWit

0.2408
0.5351
0.9713
1.4260
1.8144
2.3784
2.7569
2.8763
3.6888

Yield StockNos Biomass

Sel CWwit
0.0265
0.2029
0.4497
0.6510
0.6226
0.7667
0.6015
0.6831
0.6831

(Spawn)

3.9059
3.685

3.5075
3.3613
3.2388
3.1343
3.0441
2.9652
2.8956
2.8336
2778

2.7278
2.6821
2.6404
2.6021
2.5668
2.534

2.5036
2.4752

5.3085 1.6005
4.6457 1.4026
4.1314 1.2462
3.7229 1.1198
3.392 1.0156
3.1195 0.9284
2.8919 0.8545
2.6995 0.7911
2.5351 0.7362
2.3932 0.6882
2.2696 0.646
2.1612 0.6085
2.0655 0.5751
1.9803 0.5452
1.9041 0.5182
1.8355 0.4937
1.7735 0.4715
1.7172 0.4512
1.6658 0.4326

Reference point F multiplier Absolute F
Fbar(4-7) 1 0.4815
Frmax 2.2591 1.0879
Fo1 0.3902 0.1879
F35%SPR 0.306 0.1473
Weights in kilograms
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0.6303
0.9379
1.2749
1.5720
1.8724
2.0948
2.3723
2.5746
2.7985

3.8368 1.6005
3.2176 1.4026
2.7417 1.2462
2.3676 1.1198
2.0679 1.0156
1.8239 0.9284
1.6226 0.8545
1.4545 0.7911
1.3127 0.7362
1.192 0.6882
1.0882 0.646
0.9985 0.6085
0.9203 0.5751
0.8518 0.5452
0.7914 0.5182
0.7378 0.4937
0.6901 0.4715
0.6474 0.4512
0.609 0.4326

SpwnNos SSBJan SpwnNos SSBSpwn

3.8368
3.2176
2.7417
2.3676
2.0679
1.8239
1.6226
1.4545
1.3127
1.192

1.0882
0.9985
0.9203
0.8518
0.7914
0.7378
0.6901
0.6474
0.609
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Table 4.21

PREDICTION WITH MANAGEMENT OPTION TABLE
MFDP version 1a

Run: had03_final

North East Arctic Haddock

Time and date: 20:50 01.05.2003

Fbar age range: 4-7

2003
Biomass SSB FMult FBar Landings
397813 120009 1 0.4815 140376
2004 2005

Biomass SSB FMult FBar Landings Biomass SSB

414230 132733 0.25 0.1204 46234 527838 194135
132733 0.3 0.1445 54822 519564 188889
132733 0.35 0.1685 63204 511503 183796
132733 0.4 0.1926 71386 503649 178851
132733 0.45 0.2167 79374 495998 174049
132733 0.5 0.2408 87172 488544 169387
132733 0.55 0.2648 94786 481280 164860
132733 0.6 0.2889 102220 474201 160464
132733 0.65 0.313 109480 467303 156195
132733 0.7 0.3371 116571 460579 152049
132733 0.75 0.3612 123496 454026 148023
132733 0.8 0.3852 130261 447638 144113
132733 0.85 0.4093 136869 441412 140316
132733 0.9 0.4334 143326 435341 136627
132733 0.95 0.4575 149634 429422 133045
132733 1 0.4815 155798 423651 129564
132733 1.05 0.5056 161821 418024 126184
132733 1.1 0.5297 167708 412536 122900
132733 1.15 0.5538 173462 407184 119710
132733 1.2 0.5779 179087 401964 116610
132733 1.25 0.6019 184585 396873 113599

Input units are thousands and kg - output in tonnes
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Table 4.22

Prediction single option table

MFDP version 1a
Run: had03_final

Time and date: 20:50 01.05.2003

Fbar age range: 4-7

Year:

Age

Total

Year:

Age

Total

Year:

Age

Total

ENEEN

-

RN

- O © 0 N O O b W - O © 00 N O O d W

- O © O N O U b W

n

n

2003

0.0265
0.2029
0.4497

0.651
0.6226
0.7667
0.6015
0.6831
0.6831

2004

0.0199
0.1522
0.3373
0.4883
0.4669

0.575
0.4511
0.5123
0.5123

2005

0.0199
0.1522
0.3373
0.4883
0.4669

0.575
0.4511
0.5123
0.5123

F multiplier:
CatchNos
5298
34686
53126
9323
5023
1105
309
124
312
109306

F multiplier:
CatchNos
4435
19773
35762
29456
3092
2081
284
123
146
95152

F multiplier:
CatchNos

6785
22033
27460
27921
14256
1864
794
163
132
101408

1

Yield
3036
33957
73261
15103
10619
2440
816
303
841
140376

0.75
Yield
2639
17895
44882
45893
6153
4592
720
317
406
123496

0.75
Yield
4193
18288
31029
41742
26587
4109
1934
447
379
128708

Input units are thousands and kg - output in tonnes

Fbar:

StockNos
250000
208676
161085
21279
11837
2249
746
274
688
656834

Fbar:

StockNos
277000
156589
138119
83599
9074
5200
855
335
398
671169

Fbar:

StockNos
422000
176288
106535
79348
41836
4657
2396
446
359
833865

0.4815
Biomass
60250
99121
173005
30642
23118
5587
2077
812
3203
397813

0.3612
Biomass
63156
71248
129970
114614
17031
13151
2404
1011
1644
414230

0.3612
Biomass
91152
76685
86081
103311
75347
11988
6792
1373
1298
454026

SSNos(Jan) SSB(Jan)
750 181
9808 4659
59601 64012
13384 19274
10428 20367
2249 5587
689 1917
274 812
688 3203
97872 120009

SSNos(Jan) SSB(Jan)
554 126
5324 2422
38259 36002
45143 61892
7831 14698
4992 12625
823 2312
335 1011
398 1644
103659 132733

SSNos(Jan) SSB(Jan)
0 0
3702 1610
19603 15839
35707 46490
35310 63593
4285 11029
2396 6792
446 1373
359 1298
101806 148023
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SSNos(ST)

750
9808
59601
13384
10428
2249
689
274
688
97872

SSNos(ST)
554
5324
38259
45143
7831
4992
823
335
398
103659

SSNos(ST)
0
3702
19603
35707
35310
4285
2396
446
359
101806

SSB(ST)
181
4659
64012
19274
20367
5587
1917
812
3203
120009

SSB(ST)
126
2422
36002
61892
14698
12625
2312
1011
1644
132733

SSB(ST)
0

1610
15839
46490
63593
11029
6792
1373
1298
148023
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Figure 4.1 A Landings of Northeast Arctic Haddock
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Figure 4.1 B Fishing mortality of Northeast Arctic Haddock
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Figure 4.1C Recruitment of Northeast Arctic Haddock
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Figure 4.1D Spawning stock biomass of Northeast Arctic haddock
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Figure 4.4 Northeast Arctic haddock
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Retrospective plots

Figure 4.5. NEA Haddock, retrospective Fa.7
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Figure 4.6. NEA Haddock, retrospective recruitement age 3
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Figure 4.8 Ilustration of the observed instability of the XSA tuning after the deletion of agegroups 1 and 2.

The top panel shows the single fleet tuning results compared with a combined tuning with the
same settings as with the final XSA run, but with agegroups 1 and 2 deleted. The second panel
illustrates the effect of increasing the shrinkage from the se=1.00 in the top panel down to se=0.50.
The lower panel is results after tuning with no shrinkage.
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Figure 4.9
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The “retrospective”effect of keeping all ages, deleting age 1 or deleting both age 1 and 2 from the
assessment. Points on the graph represents mean percentage change of F at age from the
assessment year relative to the converged (last assessment)
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Figure 4.10 “Overall bias” in numbers-at-age. Residual numbers-at-age (ass. year minus converged) added

together and presented as a percentage of the sum of numbers-at-age from the converged series.
The top panel shows the overall effect while the bottom panel shows the effect of removing the
year classes 1989, 1990 and 1991 from the calculations.
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Table B1 North-East Arctic HADDOCK. Results from the Norwegian bottom trawl survey in the Barents Sea

in January-March. Index of number of fish at age. Indices for 1983-1998 revised August 1999.

Age
Year 1 2 3 4 5 6 7 8 9 10+ Total
1981 3.1 7.3 2.3 7.8 1.8 5.3 0.5 0.2 - 28.3
1982 3.9 1.5 1.7 1.8 1.9 4.8 2.4 0.2 - 18.2
1983 2919.3 4.8 3.1 2.4 0.9 1.9 2.5 0.7 - - 29356
1984 3832.6 514.6 18.9 1.5 0.8 0.2 0.1 0.4 0.1 - 4369.2
1985 1901.1 1593.8 4759 14.7 0.5 0.5 0.1 0.1 0.4 0.3 3987.4
1986 665.0 3703 384.6 110.8 0.6 0.2 0.1 0.1 0.1 0.1 1531.9
1987 163.8 799 1544 2902 52.9 0.0 - - - 0.3 741.5
1988 354 15.3 253 689 1164 13.8 0.1 - - - 275.2
1989 81.2 9.5 14.1 21.6 34.0 32.7 34 0.1 - - 196.6
1990 644.1 54.6 4.5 34 5.0 9.2 11.8 1.8 - 734.4
1991 2006.0 300.3 334 5.1 42 2.7 1.7 42 - - 23576
1992 1659.4 1375.5 150.5 24.4 2.1 0.6 0.7 1.6 2.3 3217.1
1993 7279 599.0 507.7 105.6 10.5 0.6 0.4 0.3 0.4 1.1 1953.5
1994 603.2 228.0 3395 436.6 49.7 34 0.2 0.1 0.2 0.6 1661.5
1995 1463.6 179.3 53.6 171.1 3395 345 2.8 0.1 2244.5
1996 309.5 263.6 52.5 48.1 148.6 252.8 11.6 0.9 - 0.1 1087.7
1997 1268.0 67.9 86.1 28.0 19.4 46.7 62.2 35 0.1 - 1581.9
1998" 2129 1379 22.7 33.2 13.2 3.4 8.0 8.1 0.7 0.1 440.2
1999 1244.9 57.6 59.8 12.2 10.2 2.8 1.0 1.7 1.1 1391.3
2000 847.2 4522 27.2 354 8.4 4.0 0.8 0.3 0.7 0.2 1376.4
2001 1220.5 4603 296.0 29.3 25.1 1.7 0.9 0.1 0.1 0.3 2034.3
2002 1680.3 5347 314.7 1853 17.6 8.2 0.8 0.3 + 0.3 2742.2
2003 3332.1 513.1 3174 182 73.6 5.5 2.3 0.2 0.1 0.2 4426.5

" Indices adjusted to account for limited area coverage.

Survey area extended from 1993 onwards.
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Table B2 North-East Arctic HADDOCK. Results from the Russian trawl survey in the Barents Sea and
adjacent waters in late autumn (numbers per hour trawling).

228

Age
Year 0 1 2 3 4 5 6 7 8 9 Older Total
Sub-area I
1983 39.9 97.3 16.5 0.8 0.7 + 1.1 156.3
1984 9.7 100.2 110.6 2.8 0.4 0.2 + 0.7 224.6
1985 3.9 19.1 2134 168.8 0.8 0.2 0.1 - 0.3 406.6
1986 0.2 2.3 16.6 58.1 27.6 0.1 + + + - 105.0
1987 0.4 1.4 2.5 12.5 34.2 8.6 + + - + 59.8
1988 1.9 0.4 1.1 2.8 6.2 11.6 1.1 + + + 25.2
1989 3.3 3.0 3.6 0.7 2.5 7.1 13.9 1.8 0.1 + 36.0
1990 71.7 22.2 18.6 13.2 7.5 13.2 13.3 10.3 0.6 0.1 170.7
1991 15.9 61.5 27.5 10.8 1.6 0.6 1.0 3.3 2.6 0.3 125.1
1992 19.6 442  180.6 52.1 8.4 0.7 1.0 1.6 1.3 0.2 309.7
1993 5.5 8.1 69.2 371.5 78.4 10.2 1.4 0.7 0.8 1.8 547.7
1994 13.5 6.7 8.0 65.9 146.0 15.9 1.7 0.1 0.2 0.7 258.8
1995 9.9 12.7 6.5 4.0 26.8 77.6 7.3 1.0 0.1 0.5 146.3
1996 5.0 3.1 5.6 34 7.7 62.3 56.5 4.8 04 0.6 149.3
1997 2.7 6.9 3.2 5.3 5.5 1.5 4.5 1.7 1.5 - 32.7
1998 10.5 2.9 17.2 6.7 7.8 0.6 09 2.1 0.7 + 494
1999 6.9 34.9 8.8 34.0 5.3 5.6 1.2 0.3 0.9 0.3 98.2
2000 18.0 254 37.5 9.3 13.0 32 1.1 0.2 0.1 04 108.3
2001 30.5 18.6 42.3 58.9 5.8 6.8 0.8 0.5 0.1 0.1 164.5
2002 39.7 29.2 29.4 69.2 74.7 6.7 3.2 0.6 0.1 0.2 252.7
Division ITa
1983 54 5.5 0.1 0.2 0.3 0.1 1.0 12.6
1984 4.9 14.4 5.6 0.1 0.1 0.1 - 0.2 25.4
1985 3.8 7.0 11.7 4.1 0.1 - + - 0.1 26.8
1986 04 0.3 35 10.4 2.9 0.1 + + - - 17.6
1987 - - - - 0.3 0.3 - - - - 0.6
1988 1.0 0.1 - + 0.2 0.5 0.2 - - - 2.1
1989 0.1 0.7 2.7 + 0.1 0.1 0.1 - - - 38
1990 6.1 0.9 0.9 0.1 0.1 0.1 0.1 0.1 - - 8.4
1991 5.7 3.8 0.6 0.1 + - - - - - 10.2
1992 1.2 2.3 5.6 2.3 3.0 0.3 0.3 0.4 04 - 15.9
1993 1.8 1.1 1.5 4.5 2.5 0.8 0.2 0.1 0.2 0.2 12.8
1994 1.0 0.6 0.5 3.1 15.9 44 1.5 + 0.1 0.1 27.2
1995 5.0 8.5 6.3 5.3 6.2 23.9 4.1 0.6 + 0.2 60.1
1996 29.2 4.1 25.0 8.1 49 9.1 13.4 1.3 0.4 0.1 95.7
1997 1.2 2.8 0.8 1.3 0.7 0.6 0.9 0.5 0.1 - 8.9
1998 232 7.8 15.5 1.1 2.4 32 0.5 2.8 0.8 0.1 57.3
1999 34.8 34.1 43 16.9 39 6.3 1.7 0.9 1.2 0.5 104.6
2000 27.9 23.9 13.5 1.8 9.3 2.0 0.9 0.2 0.2 04 80.1
2001 39.0 13.5 7.6 8.4 2.2 7.9 1.4 0.3 0.1 04 80.8
2002° 61.9 16.6 5.3 10.2 29.9 6.0 33 0.3 0.1 0.2 133.7

O:\ACFM\WGREPS\AFWG\REPORTS\2003\4-Northeast Arctic Haddock.Doc



Table B3. North-East Arctic HADDOCK. Results from the Norwegian acoustic survey in the Barents Sea
in January-March. Stock numbers in millions. New TS and rock-hopper gear (1981-1988 back-

calculated from bobbins gear). Corrected for length dependent effective spread of the trawl.

Age
Year 1 2 3 4 5 6 7 8 9 10+ Total
1981 7 14 5 21 60 18 1 + + + 126
1982 9 2 3 4 4 10 6 + + + 38
1983 0 5 2 3 1 1 4 2 + + 18
1984 1,685 173 6 2 1 + + + + + 1,867
1985 1,530 776 215 5 + + + + + + 2,526
1986 556 266 452 189 + + + + + + 1,463
1987 85 17 49 171 50 + + + - + 372
1988 18 4 8 23 46 7 + - - + 106
1989 52 5 6 11 20 21 2 - - - 117
1990 270 35 3 3 4 7 11 2 + + 335
1991 1,890 252 45 8 3 3 3 6 + - 2,210
1992 1,135 868 134 23 2 + + 1 2 + 2,165
1993 947 626 563 130 13 + + + + 3 2,282
1994 562 193 255 631 111 12 + + + + 1,764
1995 1,379 285 36 111 387 42 2 + + + 2,242
1996 249 229 44 31 76 151 8 + - + 788
1997 693 24 51 17 12 43 43 2 + + 885
1998’ 220 122 20 28 12 5 13 16 1 + 437
1999 856 46 57 13 14 4 1 2 2 + 994
2000 1,024 509 32 65 19 11 2 1 2 + 1,664
2001 976 316 210 23 22 1 1 + + 1 1,549
2002 2,062 282 216 149 14 12 1 + + 1 2,737
2003 2394 279 145 198 169 17 5 + + 1 3208

" Indices adjusted to account for limited area coverage.

Survey area extended from 1993 onwards.
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Table B4a. North-East Arctic HADDOCK. Results from the Russian trawl-acoustic survey in the Barents Sea

and adjacent waters in late autumn 1985-2001 (old method). Index of number of fish at age.

Age
Year 0 1 2 3 4 5 6 7 8 9 10+ Total
1985 194 434 1,468 636 3 1 + R - - 1 2,737
1986' 34 37 208 917 910 2 + + + - + 2,109
1987° 6 16 29 62 197 61 + - - + 12 383
1988° 2 1 3 18 83 301 46 - - - + 454
1989" 41 32 94 2 14 35 67 9 1 + - 295
1990" 594 176 75 28 17 23 43 44 4 1 - 1,004
1991 240 368 143 65 11 4 7 21 17 2 + 878
1992' 199 245 758 218 35 3 4 7 6 + + 1,475
1993! 20 26 199 1,076 228 31 5 2 3 2 3 1,595
1994' 118 51 39 252 591 76 9 + 1 1 3 1,141
1995' 38 40 18 18 77 225 23 3 1 1 + 443
1996 281 44 148 93 69 280 242 19 3 1 1 1,181
1997 70 138 41 207 82 48 41 25 20 - - 671
1998° 107 27 82 22 25 7 3 9 3 + + 284
1999" 222 330 43 129 25 29 7 3 7 2 + 798
2000 246 292 238 49 86 23 9 2 1 2 2 949
2001" 256 122 200 229 24 45 7 3 1 2 + 888
2002 462 166 127 263 267 31 20 3 1 1 1 1340

" October-December

: September-October

3
November-January

* Adjusted data based on average 1985-1995 distribution
> Adjusted data based on 2001 distribution

Table B4b. North-East Arctic HADDOCK. Results from the Russian trawl-acoustic survey in the Barents Sea
and adjacent waters in late autumn 1996-2001 (new method). Index of number of fish at age.

Age
Year 0 1 2 3 4 5 6 7 8 9 10+ Total
1996 992 245 291 91 63 206 187 17 1 + + 2,092
1997" 185 104 21 121 94 48 47 31 20 + + 671
1998° 257 44 83 20 20 6 2 7 2 + + 442
1999! 632 499 60 123 14 16 4 1 4 1 + 1,355
2000' 524 395 287 54 57 14 6 1 1 2 + 1,340
2001" 491 160 227 221 19 35 5 2 1 1 1 1,163
2002 1062 204 140 268 237 26 15 2 1 + 1 1955

" October-December
* November-J anuary

® Adjusted data based on average 1985-1995 distribution
* Adjusted data based on 2001 distribution
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Norway

Russia

Table BS North-East Arctic HADDOCK. Length data (cm) from Norwegian surveys

in January-March and Russian surveys in November-December.

Year Age

1 2 3 4 5 6 7
1983 16.8 25.2 34.9 44.7 52.5 58.0 62.4
1984 16.6 27.5 32.7 - 56.6 62.4 61.8
1985 15.7 23.9 35.6 41.9 58.5 61.9 63.9
1986 15.1 22.4 31.5 43.0 54.6 - -
1987 15.4 22.4 29.2 37.3 46.5 - -
1988 13.5 24.0 28.7 34.7 41.5 47.9 54.6
1989 16.0 23.2 31.1 36.5 41.7 46.4 52.9
1990 15.7 24.7 32.7 43.4 46.1 50.1 52.4
1991 16.8 24.0 35.7 44.4 52.4 54.8 55.6
1992 15.1 23.9 33.9 45.5 53.1 59.2 60.6
1993 14.5 214 31.8 42.4 50.6 56.1 59.4
1994 14.7 21.0 29.7 38.5 47.8 54.2 56.9
1995 15.4 20.1 28.7 342 42.8 51.2 55.8
1996 15.4 21.6 28.6 37.8 42.0 46.7 55.3
1997 16.1 27.7 27.7 354 39.7 47.5 50.1
1998 14.4 29.2 29.2 35.8 41.3 48.4 50.9
1999 14.7 20.8 323 39.4 45.5 52.3 54.6
2000 15.8 22.5 30.3 41.6 47.7 50.8 51.1
2001 22.2 222 322 37.8 47.2 51.2 58.7
2002 21.1 21.1 29.6 40.2 442 50.9 58.4
2003 16.5 24.1 28 37.2 46.5 49.6 54.7

0 1 2 3 4 5 6 7 8 9
1984 - 24.1 35.8 44.4 56.4 62.8 64.8 - - -
1985 16.5 22.4 30.9 44.1 53.8 61.3 64.7 - - -
1986 17.0 20.7 28.1 354 46.7 62.0 - 68.0 - -
1987 12.1 21.5 27.8 323 37.3 48.6 - - - -
1988 13.7 232 29.7 33.7 39.3 46.2 51.2 - - -
1989 14.9 22.2 26.5 38.5 44.5 49.3 53.0 57.7 64.1 -
1990 17.0 24.5 30.9 40.4 50.6 532 55.7 59.7 63.8 67.7
1991 17.2 242 30.5 39.7 53.4 55.4 58.3 60.5 62.7 70.2
1992 16.0 22.8 31.1 44.6 53.8 63.8 61.2 66.4 69.0 69.6
1993 15.3 21.7 28.7 383 48.3 54.3 60.9 64.2 63.2 65.0
1994 15.7 22.5 28.1 33.0 44.1 54.9 61.5 67.5 67.7 67.8
1995 15.5 22.5 28.5 333 39.7 49.9 58.2 63.1 66.3 69.5
1996° 15.8 22.8 28.4 33.7 42.0 48.7 54.8 63.4 69.3 72.0
1997° 13.8 23.5 29.3 36.1 453 50.0 54.6 58.9 69.4 66.0
1998 15.0 22.0 29.0 38.3 47.7 52.1 54.5 57.8 63.4 -
1999 - 22.8 27.4 40.1 47.4 50.9 54.6 559 58.0 61.6
2000 15.0 22.7 30.4 35.2 49.3 55.1 57.8 62.4 63.3 63.6
2001 15.1 224 29.8 37.8 48 55.3 58.8 62.1 63.6 65.4
2002 14.6 23.8 30.1 35.6 48.2 55.1 60.2 60.5 63.3 66.8

! Lengths adjusted to account for limited area coverage.

2. .
Limited area coverage.
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Norway

Russia

232

Table B6 North-East Arctic HADDOCK. Weight data (g) from Norwegian surveys
in January-March and Russian surveys in November-December.

Year Age

1 2 3 4 5 6 7
1983 52 133 480 1,043 1,641 2,081 2,592
1984 36 196 289 964 1,810 2,506 2,240
1985 35 138 432 731 1,970 2,517 -
1986 47 100 310 734 - - -
1987 24 91 273 542 934 - -
1988 23 139 232 442 743 1,193 1,569
1989 43 125 309 484 731 1,012 1,399
1990 34 148 346 854 986 1,295 1,526
1991 41 138 457 880 1,539 1,726 1,808
1992 32 136 392 949 1,467 2,060 2,274
1993 26 93 317 766 1,318 1,805 2,166
1994 25 86 250 545 1,041 1,569 1,784
1995 30 71 224 386 765 1,286 1,644
1996 30 93 220 551 741 1,016 1,782
1997 35 88 200 429 625 1,063 1,286
1998 25 112 241 470 746 1,169 1,341
1999 27 85 333 614 947 1,494 1,616
2000 32 108 269 720 1,068 1,341 1,430
2001 28 106 337 556 1,100 1,429 2,085
2002 30 84 144 623 848 1,341 2,032
2003 38 127 202 493 981 1189 1613

0 1 2 3 4 5 6 7 8 9 10
1984 36 127 438 815 1,777 2,395 2,688 - - - -
1985 37 105 282 817 1,530 2,262 2,263 - - - -
1986 38 88 209 419 919 2,240 - 3,100 - - -
1987 - 95 196 330 497 1,055 - - - - -
1988 35 106 248 398 627 997 1,431 - - - -
1989 52 105 181 606 903 1,287 1,587 2,004 2,716 - -
1990 62 143 288 667 1,337 1,533 1,778 2,233 2,731 3,092 -
1991 57 133 292 690 1,570 1,863 2,206 2,320 2,568 3,525 -
1992 40 108 279 850 1,542 2,199 2363 3,045 3,391 3,400 4,200
1993 31 96 217 535 1,077 1,493 2,094 2,509 2374 2,621 3,160
1994 27 106 205 337 841 1,602 2256 2913 2934 3,033 3,163
1995 28 95 196 345 628 1,234 1,908 2430 2,815 3,323 3479
1996 30 103 209 347 743 1,152 1,650 2,442 3,218 3,333 4,648
1997° 22 115 227 447 911 1,216 1,583 1,966 3,155 2,815 -
1998 27 94 230 569 1,087 1,482 1,690 1914 2,539 - -
1999 - 104 191 648 1,049 1,251 1,544 1,608 1,814 2,210 2,978
2000 29 110 278 427 1,249 1,681 1,966 2,488 2,625 2,648 -
2001 26 102 244 533 1,097 1,695 2,065 2,469 2,704 2867 -
2002 25 127 280 457 1166 1690 2293 2484 2784 2962 4655

' Lengths adjusted to account for limited area coverage.

2. .
Limited area coverage.
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5 NORTHEAST ARCTIC SAITHE (SUBAREAS I AND II)
51 Status of the Fishery
5.1.1 Landings prior to 2003 (Tables 5.1-5.2, Figure 5.6)

Landings of saithe were highest in 1970-1976 with an average of 238,000 t and a maximum of 265,000 t in 1970. This
period was followed by a sharp decline to a level of about 160,000 t in the years 1978-1984. Another decline followed
and from 1985 to 1991 the landings ranged from 70,000-122,000 t (Table 5.1). An increasing trend was seen after 1990
to 171,498 t in 1996. Since then the annual landings have been between 134,000 and 154,000 t.

The TAC for 2002 was initially set at 152,000 t. Based on last year’s assessment results Norwegian authorities
increased the TAC for 2002 by 10,000 tonnes. Provisional figures show that the landings in 2002 were approximately
154,000 t, which is also the level expected by the WG last year.

5.1.2 Expected landings in 2003

Last year ACFM advised that the fishing mortality should be below F,,, corresponding to catch in 2003 of less than
168,000 t. Due to the increased TAC for 2002 Norwegian authorities set the TAC for 2003 to 164,000 t. Official
landings in 2003 are expected to be around the TAC of 164,000 t, not accounting for problems with by-catch and
discards of saithe in the cod fishery.

5.2 Status of Research
5.21 Fishing Effort and Catch-per-unit-effort (Tables C1-C2)

Until 1992, all Norwegian trawl CPUE observations were first averaged for each month and then averaged over the year
to calculate a yearly index. The CPUE indices were split on age groups by quarterly weight, length and age data from
the trawl fishery. In the present analysis, all CPUE observations were first averaged for each quarter, and then averaged
over the year to calculate a yearly index. The CPUE indices are finally split on age groups by yearly catch in numbers
and weight-at-age data from the trawl fishery. The new approach is less influenced by short periods with poor data but
still smooths out seasonal variations.

In 1992, the Directorate of Fishery changed the format of the logbook data. The trawl CPUE analyses show some
discrepancies in the results when merging the time-series based on old and new data format. All data have been revised
and updated to the latest format and the CPUE have been recalculated backwards to 1980, (Mehl and Fotland, WD 15).
Updated 2002 XSA-analysis resulted in relatively small changes (F3-6 in 2001 of 0.24 compared to 0.22).

5.2.2 Survey results (Tables C3-C4)

The results from the survey in autumn 2002 showed a stock in sound condition with some year class differences, e.g.,
fewer 3-, 5- and 6+ year old fish than 2001 (Korsbrekke and Mehl, WD 20).

5.3 Data used in the Assessment
5.3.1 Catch numbers-at-age (Table 5.3)

The age composition of Norwegian landings in 2001 was revised, resulting in only minor changes in the catch numbers-
at-age. Age composition data for 2002 was available from Norway, Russia (Subarea I and Division IIA) and Germany
(Division IIA). These countries accounted for 98% of the landings. Russian length compositions were available for
Division IIB, and were applied on the Russian landings together with an age-length-key from the Norwegian trawl
landings. Other countries were assumed to have the same age composition as Norwegian trawlers.

5.3.2 Weight-at-age (Table 5.4)

Constant weight-at-age values were used for the period 1960-1979. For subsequent years, annual estimates of weight-at-
age in the catches were used. Weight-at-age in the stock was assumed to be the same as weight-at-age in the catch. An
increase in individual weights is observed for age groups 7-9, while a slight decrease is observed for the younger
compared with recent previous years.
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5.3.3 Natural mortality

A fixed natural mortality of 0.2 was used both in the assessment and the forecast.
534 Maturity-at-age (Table 5.14)

The same ogive was used for all years.

5.3.5 Tuning data (Table 5.5)

The tuning is based on three data series: indices from the Norwegian acoustic survey on saithe, data from the purse
seine fishery and a CPUE series from the trawl fisheries (see chapter 5.2.1). The time span in the Norwegian acoustic
survey series included data from 1992 — 2002 only because area coverage was extended from 1992 and onwards. Age 2
data were not included from this series in the current assessment. The CPUE series from the Norwegian trawl fishery,
used in WG 2002, was revised and used in the current assessment.

5.3.6 Recruitment indices

Reliable recruitment indices are crucial for the predictions. Attempts at establishing year class strength at age 0 or 1
have so far failed. An observer program aimed at establishing a 0-group index series has started (2000) (Borge and
Mehl, WD 21 2002). The accuracy of the recruitment indices varies from year to year according to the extent to which 2
year old saithe (and in some years even 3 year olds) have migrated out from the near coast areas and become available
to the acoustic saithe survey on the banks.

5.3.7 Prediction data (Table 5.14)

The input data to the predictions based on results from the XSA-analysis are given in Table 5.14. The stock number-at-
age in 2003 was taken from the XSA for age 5 and older. The recruitment at ages 2 and 3 in 2002 (1999 and 2000 year
classes) was estimated using RCT3 (Section 5.5.2). The corresponding numbers-at-age 3 and 4 in 2003 was calculated
applying a natural mortality of 0.2 and fishing mortalities according to the catches taken of these year classes. The long-
term geometric mean recruitment (1960-1998) of 211 million was used for the 2001 and subsequent year classes. The
natural mortality and the maturity ogive are the same as were used in the assessment. For the exploitation pattern the
average of 2000-2002 has been used, scaled to the 2002 level. For ages 3 to 9 the changes in exploitation pattern in
2002 have increased compared to the most recent years. For weight-at-age in the catch and stock, the average weight-at-
age for the last three years in the VPA has been used.

5.4 Methods used in the Assessment
54.1 XSA and tuning (Table 5.6, Figures 5.2A-C, 5.3)

Extended Survivors Analysis (XSA) was used for the assessment with the same settings as the last year in the analyses
and the revised tuning fleets as described above. Figures 5.2A-C show plots of the tuning indices versus stock numbers
from the XSA, and Figure 5.3 shows how the three tuning fleets separately assess the stock. The tuning fleet diagnostics
are given in Table 5.6.

5.4.2 Recruitment (Tables 5.12-5.13, C.3 and 5.3, Figures 5.2A-C)

Estimates of the recruiting year classes up to the 1998 year class from the XSA were accepted. Catches of age group 2
have declined to very low levels in recent years except for an increase in 2000, probably due to a strong 1998 year class
(Tables 5.3, Table C3). RCT3-runs were therefore conducted to estimate both the 1999- and 2000- year classes, with 2
and 3 year olds from the survey as input for the estimation.

5.5 Results of the Assessment
5.5.1 Fishing mortalities and VPA (Tables 5.7-5.11, Figures 5.1, 5.5,5.6)

The fishing mortality (F3) in 2001 was 0.19 which is below the value of 0.21 from last year’s assessment (Figure 5.1).
Using the RCT3 estimation of the 1999 year class gives a fishing mortality (Fs) in 2002 of 0.22, i.e lower than current
F,.. Fishing mortalities and stock size tend to be over- and underestimated, respectively, in the assessment year as is
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illustrated by the retrospective plots in Figure 5.5. The retrospective analysis carried out fleet by fleet all show the same
trend (Mehl and Fotland, WD 15).

The XSA-estimates of the 1999-2000 year classes are not considered to be valid and these estimates are therefore put in
brackets (Tables 5.8-5.9). In Table 5.11 the long-term average recruitment and recalculated total biomass are presented.
The 1992 and 1996 year classes have been well represented in the catches over several years. These year classes
appeared to be above average in the current assessment. The 1997 year class has shown up as being weaker than the
1996 year class both in the catches and in the assessment.

The total biomass (ages 2+) has been at a stable and high level above the long-term (1960-2001) mean since 1993.
Likewise, the SSB has been above the long-term mean since 1996 (Tables 5.9-5.11).

5.5.2 Recruitment (Tables 5.12-5.13)

The RCT3 estimate (with 2 year olds as input, Table 5.12) of the 2000 year class is 192 million individuals, while the
RCT3 estimate (with 3 year olds as input and back calculating the strength as 2 year olds, Table 5.13) of the 1999 year
class gives 244 million individuals. Thus, the 1999-year class is estimated to be of similar strength as the 1997-year
class at age 2, while the 2000-year class is estimated to be somewhat weaker and below the long-term mean. It was
decided to use the RCT3 estimates for ages 2 and 3 in 2002, and the long-term geometric mean of 211 million
individuals for the 2001 and subsequent year classes in the predictions.

5.6 Reference points
5.6.1 Biomass reference points

In 1995 MBAL for Northeast Arctic saithe was set at 170,000 t. (ICES 1996/Assess:4). This was also proposed as a
suitable level for B, by The Study Group on the Precautionary Approach to Fisheries Management (SGPAFM, ICES
1998/ACFM:10). Based on a examination of the stock-recruitment plot ACFM reduced the By, to 150,000 t (ICES
1998).

5.6.2 Fishing mortality reference points (Tables 5.14, 5.15, Figures 5.1A, 5.4)

Yield and SSB per recruit were based on the parameters in Table 5.14 and are presented in Table 5.15. Fy; and Fp.x
were estimated to be 0.11 and 0.24, respectively, which is as obtained last year. The plot of SSB versus recruitment is
shown in Figure 5.5. The values of Fiyy, Fieq and Fyg, obtained in 1999 were 0.18, 0.34 and 0.70, respectively, while
the values that were recalculated by WG 2002 were 0.1113, 0.3438 and 0.6945, respectively. ACFM estimated F,, using
the formula F,,=F;,, -¢***° with 6 = 0.3 giving a F,, = 0.26 based on an estimated Fj;,, = 0.45 (ICES 1998). Since then
the fishing pattern has changed due to the introduction of new minimum catch sizes effective 1 March 1999. A revision
of the present fishing mortality reference points will be conducted if and when the new regulation has manifested itself
in a stable and improved fishing pattern.

5.7 Catch options for 2004 (short-term predictions) (Table 5.16)

The management option table (Table 5.16) shows that the expected catch of 164,000 t in 2003 will keep the fishing
mortality below F,. A catch in 2004 corresponding to Fy; (status quo) level of 0.22 will give 159,000 t, while a catch
corresponding to Fy,, which is also close to Fyy, in 2003, will give 183,000 t. It should be kept in mind when deciding
upon catch level for 2004 that the fishing mortality in the assessment year still tends to be overestimated for this stock.
The SSB is expected to increase to 438,000 t in the beginning of 2004 which is above the prediction made by last year’s
working group. The 1996 year class is now fully represented in the spawning stock and this can explain much of the
increase in SSB.

5.8 Medium-term forecasts and management scenarios (Table 5.17A,B, Figures 5.1B, 5.4A,B)

The input data were the same as used for the short-term predictions (Table 5.14). At Fypus quo the catch will decrease to
159,000 t in 2006-2007. Assuming the F(status quo) fishing mortality for this period the SSB will stay at a stable level
of about 430.000-438,000 t. At F,, the catch will increase to 183,000 t in 2004, and stay above 160,000 t during the
forecast period. At the same fishing mortality the SSB will increase to about 438,000 t in 2004 and decrease to 385,000
in the years 2006-2007. Results from a projection using RISK is shown for Fy, for SSB and catch as for F, for SSB and
catch up to 2007 (Figure 5.4).
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5.9 Comparison of this year’s assessment with last year’s assessment.

The current assessment estimated the total stock and SSB for 2002 to be about 13% higher than in the previous
assessment while the F in 2001 is estimated to be marginally lower.

Total stock (2+) by |SSB by 1 January [F3-6 in 2002 F3-6 in 2001
1 January 2002 2002
WG 2002 798380 388289 0.22 (prediction)  [0.21
WG 2003 908668 447221 0.22 0.20
5.10 Comments on the assessment and the forecast

The AFWG WG should further investigate the data from purse seine tuning series to clarify the use of this tuning fleet
series in the assessment. Trial XSA-runs using only the fishery independent acoustic survey series gave positive log q
residuals. Relying only on the acoustic series therefore tends to give the highest stock. In general, the working group
tends to put greater reliance in the survey, especially for ages 4 and 5, compared with purse seine commercial CPUEs.
The applicability of only using the survey or together with the trawl series should therefore be further investigated.

In order to enhance the reliability of the assessment, the area of saithe distribution should be covered by the acoustic
surveys as completely as possible. This coverage would include the Russian EEZ where much of the saithe are
distributed (Drevetnyak, WD 16). Standardization of trawling performance, acoustic methods, scrutinizing data and
estimation methods needs to be undertaken before different surveys can be combined.

The new increased minimum landing size together with growing interest to fish bigger saithe will probably improve the
exploitation patterns further. Current fishing mortality reference points should be updated accordingly when an
improved exploitation pattern are realised, and the retrospective assessment trend can be dealt with in the new
estimation framework.

Prediction of growth has been a small problem in some periods, especially for abundant year classes. In the last years,
however, the prediction of the weight-at-age the next year has been close to the actual weights used in the following
years’ assessments. Difficulty in estimating initial stock size due to the widely divergent indices of abundance used in
the tuning of the XSA is, in addition to recruitment, at present the major problem in the forecast. This may also be the
cause for underestimating the stock size in the assessment year Prediction of catches beyond the TAC year will, to a
large extent, be dependent on assumptions of average recruitment.
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Table 5.1

Northeast Arctic saithe. Nominal catch (t) by countries as officially reported to ICES. (Sub-area | and Divisions Ila and Ilb combined.)

Year Faroe France Germany Fed.Rep. Norway Poland Portugal Russia® Spain UK UK (Scotland) Others®  Total all
Islands Dem.Rep Germany (England & countries
Wales)
1960 23 1,700 - 25,948 96,050 - - - - 9,780 - 14 133,515
1961 61 3,625 - 19,757 77,875 - - - - 4,595 20 18 105,951
1962 2 544 - 12,651 101,895 - - 912 - 4,699 - 4 120,707
1963 - 1,110 - 8,108 135,297 - - - - 4,112 - - 148,627
1964 - 1,525 - 4,420 184,700 - - 84 - 6,511 - 186 197,426
1965 - 1,618 - 11,387 165,531 - - 137 - 6,741 5 181 185,600
1966 - 2,987 813 11,269 175,037 - - 563 - 13,078 - 41 203,788
1967 - 9,472 304 11,822 150,860 - - 441 - 8,379 - 48 181,326
1968 - - 70 4,753 96,641 - - - - 8,781 2 - 110,247
1969 20 193 6,744 4,355 115,140 - - - - 13,585 - 23 140,060
1970 1,097 - 29,362 23,466 151,759 - - 43,550 - 15,469 221 - 264,924
1971 215 14,536 16,840 12,204 128,499 6,017 - 39,397 13,097 10,361 106 - 241,272
1972 109 14,519 7,474 24,595 143,775 1,111 - 1278 13,125 8,223 125 - 214,334
1973 7 11,320 12,015 30,338 148,789 23 - 2,411 2,115 6,593 248 - 213,859
1974 46 7,119 29,466 33,155 152,699 2,521 - 38,931 7,075 3,001 103 5 274,121
1975 28 3,156 28,517 41,260 122,598 3,860 6,430 13,389 11,397 2,623 140 55 233,453
1976 20 5,609 10,266 49,056 131,675 3,164 7,233 9,013 21,661 4,651 73 47 242,468
1977 270 5,658 7,164 19,985 139,705 1 783 989 1,327 6,853 82 - 182,817
1978 809 4,345 6,484 18,190 121,069 35 203 381 121 2,790 37 - 154,464
1979 1,117 2,601 2,435 14,823 141,346 - - 3 685 1,170 - - 164,180
1980 532 1,016 - 12,511 128,878 - - 43 780 794 - - 144,554
1981 236 194 - 8,431 166,139 - - 121 - 395 - - 175,516
1982 339 82 - 7,224 159,643 - - 14 - 731 1 - 168,034
1983 539 418 - 4,933 149,556 - - 206 33 1,251 - - 156,936
1984 503 431 4,532 152,818 - - 161 - 335 - - 158,786
1985 490 657 11 1,873 103,899 - - 51 - 202 - - 107,183
1986 426 308 - 3,470 66,152 - - 27 - 54 21 - 70,458
1987 712 576 - 4,909 85,710 - - 426 - 54 3 1 92,391
1988 441 411 - 4574 108,244 - - 130 - 436 6 - 114,242
1989 388 460 2 - 606 119,625 - - 23 506 - 702 - 122,310
1990 1,207 340 ? - 1,143 92,397 - - 52 - 681 28 - 95,848
1991 963 77  Greenland 2,003 103,283 - 504 * - 449 42 5 107,326
1992 165 1,890 2 734 3,451 119,765 - - 964 6 516 25 - 127,516
1993 31 566 > 78 3,687 139,288 - 1 9,509 4 408 7 5 153,584
1994 67 151 2 15 1,863 141,589 - 1 1,640 655 548 9 6 146,544
1995 172 2 222 2 53 872 165,001 - 4 1,144 - 589 99 18 168,174
1996 248 2 365 ° 176 2 2,615 166,149 - 24 1,159 92 690 16 47 171,498
1997 193 2 560 363 2 2,915 137,054 - 12 1,774 45 2 676 123 45 143,760
1998 366 ° 932 437 2 2,936 144,468 - 49 ? 3,836 407 2 355 36 153,822
1999 181 2 638 2 655 ° 2,473 141,828 - 18 2 3,929 35 2 339 178 150,274
2000 224 2 237 2 651 2 2,573 126,336 - 46 4,452 167 2 443 41 135,170
2001 519 1279 701 2,690 125,495 - 75 4,951 119 352 162 59 136,402
2002 ' 520 2 972 ' 823 2 2,642 143,941 - 122 5,081 38 2 420 72 154,631

o o~ w N o

Provisional figures.
As reported to Norwegian authorities.
USSR prior to 1991.
Includes Estonia.
Includes Denmark,Netherlands, Iceland, Ireland and Sweden
As reported by Working Group members
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Table 5.2  Northeast Arctic saithe. Landings ('000 tonnes) by gear category for
Sub-area |, Division lla and Division lIb combined.

Year Purse Seine Trawl Gill Net Others Total
1977 75.2 69.5 19.3 12.7 176.7 2
1978 62.9 57.7 21.1 13.9 155.6 2
1979 74.7 52.0 21.6 15.9 164.2
1980 61.3 46.8 21.1 154 144.6
1981 64.3 724 24.0 14.8 175.5
1982 76.4 59.4 16.7 15.5 168.0
1983 54.1 68.2 19.6 15.0 156.9
1984 36.4 85.6 23.7 13.1 158.8
1985 31.1 49.9 14.6 11.6 107.2
1986 7.9 36.2 12.3 8.2 64.6 °
1987 34.9 28.0 19.0 10.8 9277
1988 43.5 45.4 15.3 10.0 114.2
1989 48.6 44.8 16.8 12.1 122.3
1990 24.6 44.0 19.3 7.9 95.8
1991 38.9 40.1 18.9 9.4 107.3
1992 27.1 66.9 21.2 12.3 127.5
1993 33.1 83.5 21.2 15.8 153.6
1994 30.2 81.7 21.1 13.5 146.5°
1995 21.8 103.5 26.9 15.9 168.2 4
1996 46.9 72.7 31.6 20.3 171.5
1997 44 .4 56.1 24.4 19.0 143.8
1998 44 4 58.2 27.6 23.6 153.8
1999 39.2 57.9 29.7 23.5 150.3
2000 28.2 52.2 29.6 25.1 135.2
2001 28.1 58.3 28.1 21.9 136.4
2002 ' 27.4 75.4 30.3 21.5 154.6

Provisional figures.

Unresolved discrepancy between Norwegian catch by gear figures and the total reported to ICES for these years.
Includes 4,300 tonnes not categorized by gear, proportionally adjusted.

Reduced by 1,200 tonnes not categorized by gear, proportionally adjusted.

A 0N =
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Table 5.3 Catch numbers at age

Run title : North-East Arctic saithe

At 25/04/2003 9:38

Table 1 Catch numbers at age
YEAR 1960 1961 1962
AGE
2 7381 4936 1246
3 10509 17824 37266
4 13083 9131 11131
5 13545 12506 4421
6 5064 3799 8290
7 4883 1332 2427
8 2401 968 1024
9 1315 520 938
10 743 405 451
+gp 1525 1229 1728
0 TOTAL 60449 52650 68922
TONSL 133515 105951 120707
SOPCC 126 138 123
Table 1 Catch numbers at age
YEAR 1973 1974 1975
AGE
2 13829 21159 81601
3 76296 36782 60832
4 25206 44027 11691
5 26911 15671 16366
6 16031 20419 4436
7 7114 12148 7808
8 3935 4802 6789
9 2871 3258 2914
10 2610 2505 2350
+gp 3924 3821 4140
0 TOTAL 178727 164592 198927
TONSL 213859 274121 233453
SOPCC 81 101 102
Table 1 Catch numbers at age
YEAR 1983 1984 1985
AGE
2 11638 14624 2216
3 17244 41466 48917
4 23768 33233 11974
5 32700 12064 7189
6 3226 11204 5279
7 3008 1135 3740
8 1177 1772 775
9 760 560 878
10 247 557 134
+gp 760 897 701
0 TOTAL 94528 117512 81803
TONSL 156936 158786 107183
SOPCC 101 100 99
Table 1 Catch numbers at age
YEAR 1993 1994 1995
AGE
2 3379 1432 70
3 26933 9369 16402
4 63451 38499 48351
5 26254 48587 37268
6 3427 17617 32240
7 1636 1772 4842
8 1263 517 572
9 950 305 139
10 650 275 280
+gp 106 697 305
0 TOTAL 128049 119070 140469
TONSL 153584 146544 168174
SOPCC 100 100 100

Numbers*10**-3

1963 1964 1965
2815 20308 30430
42050 9001 37115
28925 59601 5001
5888 13154 26300
4650 2718 10142
3861 3472 2861
1099 2655 2110
1075 1251 2733
697 1221 699
1777 3559 3593
92837 116940 120984
148627 197426 185600
121 116 108
Numbers*10**-3
1976 1977 1978
54151 31662 45758
125030 99049 48969
30576 34317 27685
7947 10140 12476
8712 2062 4534
3435 4332 1468
3212 1456 1848
2679 1606 938
1724 963 976
2880 1134 2150
240346 186721 146802
242486 182817 154464
100 101 103
Numbers*10**-3
1986 1987 1988
3311 3867 5017
22115 17869 8126
12895 49829 35847
6062 4339 32827
4525 3118 4560
2805 3490 2328
1399 755 1219
351 620 966
454 257 320
285 797 102
54202 84941 91312
70458 92391 114242
99 102 99
Numbers*10**-3
1996 1997 1998
961 326 35
10225 14827 3100
57448 13295 16261
18667 43309 11981
17805 13029 31918
17861 11219 8405
2765 5837 5556
485 755 2881
202 63 731
443 160 397
126862 102820 81265
171498 143760 153822
100 100 100

1966

7450
22392
54537
13124
12899

4652

1374

933
965
2900
121226
203788
111

1979

28334
61963
23328
14122
4400
2901
963
1356
438
1192
138997
164180
114

1989

11157
12378
19915
32643
18751
1939
377
191
179
149
97679
122310
99

1999

91
9644
12220
22804
10321
18932
3384
3335
2293
589
83613
150274
100

1967

6952
29664
24836
35956

4125

5616

2916

1413

1397

3493

116368
181326

1980

18226
40796
36644
9211
6379
3200
1338
147
730
1629
118300
144554

1990

11543
21002
13463
8996
9152
7735
1126
154
121
253
73545
95848
100

2000

1192
9397
22921
7865
11282
5806
8177
2330
2526
1210
72706
135170
100

1968

5297
25196
18384

5101

8282

787

1913

900
577

1166

67603
110247
117

1981

10467
83954
21822
21528
3619
2550
2008
369
279
629
147225
175516
100

1991

6135
73878
11619

5395

5066

2988

2009

272

132
107575
107326

99

2001

246
4101
8795

27411
8610
6858
3041
4625
1834
2076

67597

136402
100

1969

4090
77333
11949
16939

4747

4798

1126

1711

675
511
123879
140060
97

1982

17225
34733
65052
13060
8212
1054
1251
461
263
448
141759
168034

1992

14333
49750
26640
4865
5594
4850
3353
1480
291
267
111423
127516
100

2002

92
6669
17827
11640
26258
4639
4104
2343
3431
2477
79480
154631
100
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1970

25952
43540
62846
13987
16189
5122
7950
2504
3697
2799
184586
264924
97

1971

19842
77019
59280
26961
9556
9592
2901
4352
2195
5490
217188
241272
78

1972

11608
65178
52389
29146
10186
5616
3547
1865
2140
3149
184824
214334
84
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Table 5.4 Catch weight at age

Run title : North-East Arctic saithe

At 25/04/2003 9:38

Table 2 Catch weights at age (kg)

YEAR 1960

AGE

0.34
0.71
1.1
1.63
2.33
3.16
4.03
4.87
5.63
+gp 8.03

O WOWoO~NOOH»WN

-

0 SOPCC  1.2559

1961

0.34
0.71
1.1
1.63
2.33
3.16
4.03
4.87
5.63
8.039
1.3848

1962

0.34
0.71
1.1
1.63
2.33
3.16
4.03
4.87
5.63
7.924
1.2272

Table 2 Catch weights at age (kg)

YEAR 1973

AGE

0.34
0.71
1.1
1.63
2.33
3.16
4.03
4.87
5.63
+gp 7.385

O W oO~NOOOH»WN

-

0 SOPCC  0.8099

Table 2 Catch weights at age (kg)

YEAR 1983

AGE
0.6
1.05
1.33
1.86
2.8
4
4.18
5.33
5.68
+gp 8.665

O OWoO~NOOOH»WN

-

0 SOPCC  1.0089

Table 2 Catch weights at age (kg)

YEAR 1993

AGE

O ©WoO~NOOOH»WN
N
[}

-

+gp 8.175

0 SOPCC  1.0008

240

1974 1975
0.34 0.34
0.71 0.71
1.1 1.1
1.63 1.63
2.33 2.33
3.16 3.16
4.03 4.03
4.87 4.87
5.63 5.63
7.217 7.127
1.0131 1.0155
1984 1985
0.53 0.38
0.71 0.75
1.26 1.33
2.02 2.07
2.7 2.63
3.88 3.28
4.47 3.96
5.36 4.54
6.06 5.55
7.19 8.012
0.9997 0.9933
1994 1995
0.35 0.5
0.52 0.56
0.74 0.78
1.22 1.21
2.16 1.74
3.19 2.8
3.97 3.74
4.62 4.4
5.28 5.28
6.072 7.451
1.0038 0.9999

1963

0.34
0.71
1.1
1.63
2.33
3.16
4.03
4.87
5.63
7.851
1.2075

1976

0.34
0.71
1.1
1.63
2.33
3.16
4.03
4.87
5.63
7.32
1.002

1986

0.32
0.59
1.22
1.97

2.87
3.72

4.69
6.597
0.9929

1996

0.4
0.59
0.82
1.32
1.83
247
3.72
4.49

53

7.016
0.9999

1964

0.34
0.71
1.1
1.63
2.33
3.16
4.03
4.87
5.63
7.781
1.1644

1977

0.34
0.71
1.1
1.63
2.33
3.16
4.03
4.87
5.63
7.394
1.0062

1987

0.34
0.53
0.84
1.66
2.32
297

4.72
5.44
6.904
1.0233

1997

0.38
0.62
0.92
1.19
1.66
2.31
3.1
4.34
6.04
7.62
1.0011

1965

0.34
0.71
1.1
1.63
2.33
3.16
4.03
4.87
5.63
7.959
1.0782

1978

0.34
0.71
1.1
1.63
2.33
3.16
4.03
4.87
5.63
7.527
1.0278

1988

0.33
0.62
0.87
1.31
243
3.87
5.38
5.83
5.36
7.448
0.9879

1998

0.35
0.68

1
1.48
1.87
2.58
3.07
4.12
5.45
8.052
1.0015

1966

0.34
0.71
1.1
1.63
2.33
3.16
4.03
4.87
5.63
8.106
1.1067

1979

0.34
0.71
1.1
1.63
2.33
3.16
4.03
4.87
5.63
7.809
1.1384

1989

0.45
0.74
0.97
1.39
1.81
3.02
3.76
4.64
4.75
75
0.9949

1999

0.64
0.67
1.05
1.45
1.93
2.28
297
3.6
4.1
5.513
1.0003

1967

0.34
0.71
1.1
1.63
2.33
3.16
4.03
4.87
5.63
7.994
0.9475

1980

0.45
0.79
1.27
2.03
2.55
3.29
4.34
5.15
5.75
6.937
0.9355

1990

2000

0.37
0.61
1.02
1.61
212
2.66
3.21
3.74
4.35
5.975
1.0031

1968

0.34
0.71
1.1
1.63
2.33
3.16
4.03
4.87
5.63
7.716
1.1662

1981

0.43
0.73
14
2.05
2.76
3.3
4.38
5.95
6.39
6.841
0.9975

1991

0.4
0.72
1.19
1.78
2.24
2.86
3.32
4.53

7.125
0.9912

2001

0.426
0.752
1.108
1.531
2.037
2.62
3.172
3.657
4.585
5.37
0.9991

1969

0.34
0.71
1.1
1.63
2.33
3.16
4.03
4.87
5.63
7.479
0.9734

1982

0.51
0.77
1.12
2.02
2.61
3.27
3.91
4.69
5.63
7.558
0.9794

1992

2002

0.4
0.69
1.009
1.48
1.957
2.627
3.258
3.865
4.274
5.758
0.999
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1970

0.34
0.71
1.1
1.63
2.33
3.16
4.03
4.87
5.63
7.404
0.9741

1971

0.34
0.71
1.1
1.63
2.33
3.16
4.03
4.87
5.63
7.052
0.7841

1972

0.34
0.71
1.1
1.63
2.33
3.16
4.03
4.87
5.63
7477
0.8362



Table 5.5 Tuning data

Northeast Arctic saithe

103
FLT08: Norway Purse Seine reviced 2000 (Catch: Unknown) (Effort: Unknown)
1989 2002
11 0.00 1.00
37
119.2 5250 8521 18211 2880 24
56.4 7207 3319 2582 1845 673
98.5 43110 1907 453 162 95
88.8 29527 5214 89 45 38
71.9 8010 24251 1302 39 23
79.3 6365 16182 8997 1151 90
52.2 5524 13357 4368 1335 105
81.9 4053 36274 6022 2610 589
92.0 9665 6691 18403 1852 1329
130.1 1994 9690 5302 10330 1226
133.0 6420 5990 10422 2275 2749
126.6 8000 13543 1316 1247 281
104.5 2420 4321 11502 651 279
77.7 4825 9963 3220 3091 307
FLT12: Nor new trawl revised 2000 (Catch: Unknown) (Effort: Unknown)
1994 2002
11 0.00 1.00
59
1 395.06 260.4 37.4 8.2 4.2
1 293.8 359.1 65.8 11.1 1.2
1 139.5 205.0 293.0 32.9 8.5
1 371.4 194.1 183.4 112.0 16.9
1 55.3 244 .0 93.1 56.6 16.1
1 105.5 80.0 187.5 43.0 30.8
1 78.7 170.1 100.2 156.2 44 .5
1 276.4 194.4 183.1 77.1 109.9
1 122.7 396.0 84.9 78.9 39.5
FLT13: Norway Ac Survey extended 2000 (Catch: Unknown) (Effort: Unknown)
1992 2002
11 0.75 0.85
3 6
1 273.6 57.5 6.2 8.8
1 227.7 103.9 12.7 3.2
1 87.8 112.4 39.5 10.0
1 165.2 87.0 46.8 20.0
1 118.9 214.7 32.1 19.3
1 36.7 185.8 79.8 61.7
1 96.5 200.6 70.0 96.7
1 233.8 72.9 62.2 47.8
1 142.5 176.3 11.6 26.5
1 275.9 45.9 53.8 20.1
1 206.1 88.1 18.2 14.9

(Subareas I and II)
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Table 5.6 Tuning Diagnostics
Lowestoft VPA Version 3.1
Extended Survivors Analysis
North-East Arctic saithe

CPUE data from file fleetall.dat

25/04/2003 9:35

Catch data for 43 years. 1960 to 2002. Ages 2to 11.

Fleet Firs Last First
year year age
FLTO8: Nc 1989 2002
FLT12: Nc 1994 2002
FLT13: Nc 1992 2002

Time series weights :
Tapered time weighting applied

Power = 3 over 20 years

Catchability analysis :

Last

age
3 7
5 9
3 6

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 5 years or the 5 oldest ages.

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

Minimum standard error for population

estimates derived from each fleet = .300
Prior weighting not applied
Tuning converged after 42 iterations
1
Regression weights
0.751 0.82 0.877 0.921
Fishing mortalities
Age 1993 1994 1995 1996
2 0.015 0.003 0.001 0.005
3 0.117 0.054 0.05 0.094
4 0.293 0.245 0.429 0.245
5 0.481 0.383 0.397 0.291
6 0.553 0.706 0.474 0.335
7 0.658 0.629 0.423 0.529
8 0.584 0.445 0.423 0.457
9 0.738 0.267 0.203 0.79
10 0.592 0.488 0.42 0.511
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Alpha

.500

0.954

1997

0.003
0.105

0.17
0.295

0.34
0.366
0.326
0.215
0.212

Beta

0.85

0.976

1998

0.039

0.16
0.228

0.37
0.384
0.311
0.264
0.333

0.99

1999

0.001
0.044
0.215
0.352
0.314
0.392
0.262
0.311
0.348

0.997

2000

0.007
0.106
0.141
0.209
0.294
0.292
0.292
0.289
0.412

2001

0.001
0.029
0.137
0.251
0.373
0.293
0.244
0.267

0.39

2002

0.002

0.05
0.168
0.272
0.406
0.353
0.286
0.302
0.324



Table 5.6 Tuning Diagnostics (Cont'd)

1
XSA population numbers (Thousands)

AGE
YEAR 2 3 4 5 6 7 8

9

1993 2.45E+05 2.69E+05 2.76E+05 7.60E+04 8.91E+03 3.75E+03 3.15E+03 2.01E+03
1994 4.60E+05 1.97E+05 1.96E+05 1.69E+05 3.84E+04 4.20E+03 1.59E+03 1.44E+03
1995 1.54E+05 3.75E+05 1.53E+05 1.26E+05 9.43E+04 1.55E+04 1.83E+03 8.35E+02
1996 2.03E+05 1.26E+05 2.92E+05 8.17E+04 6.91E+04 4.81E+04 8.33E+03 9.82E+02
1997 1.09E+05 1.65E+05 9.41E+04 1.87E+05 5.00E+04 4.05E+04 2.32E+04 4.32E+03
1998 3.00E+05 8.86E+04 1.22E+05 6.50E+04 1.14E+05 2.91E+04 2.30E+04 1.37E+04
1999 1.26E+05 2.45E+05 6.97E+04 8.50E+04 4.24E+04 6.45E+04 1.63E+04 1.38E+04
2000 1.97E+05 1.03E+05 1.92E+05 4.60E+04 4.89E+04 2.54E+04 3.57E+04 1.02E+04
2001 1.85E+05 1.60E+05 7.57E+04 1.37E+05 3.06E+04 2.98E+04 1.55E+04 2.18E+04
2002 4.09E+04 1.51E+05 1.27E+05 5.40E+04 8.70E+04 1.72E+04 1.82E+04 9.95E+03

Estimated population abundance at 1st Jan 2003

0.00E+00 3.34E+04 1.18E+05 8.83E+04 3.37E+04 4.75E+04 9.91E+03 1.12E+04

Taper weighted geometric mean of the VPA populations:

1.79E+05 1.64E+05 1.17E+05 6.93E+04 3.87E+04 1.75E+04 8.03E+03 3.62E+03

Standard error of the weighted Log(VPA populations) :

0.6773 0.5377 0.6271 0.7376 0.8138 0.9236 1.1211 1.2673

1

Log catchability residuals.

Fleet : FLT08: Norway Purse

Age 1989 1990 1991 1992
3 0.63 1.74 1.66 0.73
4 0.44 0.7 -0.25 -0.56
5 1.64 1 -0.84 -2.19
6 0.83 1.64 -1.09 -1.63
7 -1.4 1.61 -0.63 -1.06
8 No data for this fleet at this age
9 No data for this fleet at this age

Age 1993 1994 1995 1996 1997 1998 1999 2000
3 -0.01 -0.06 -0.42 -0.07 0.42 -0.92 -0.79 0.38
4 0.38 0.2 0.75 0.57 -0.13 -0.37 -0.29 -0.48
5 -0.8 0.19 0.19 0.44 0.61 0.05 0.49 -0.98
6 -1.5 0.39 -0.04 0.43 0.29 0.86 0.28 -0.42
7 -0.55 0.6 -0.23 -0.04 0.76 0.67 0.66 -0.68

8 No data for this fleet at this age
9 No data for this fleet at this age

Mean log catchability and standard error of ages with catchability

independent of year class strength and constant w.r.t. time

Age 3 4 5 6 7
Mean Log -7.6287 -6.8517 -7.2178 -7.8541  -8.4253
S.E(Log q 0.8012 0.4632 0.8538 0.8445 0.7568
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10

1.61E+03
7.87E+02
9.02E+02
5.58E+02
3.65E+02
2.85E+03
8.61E+03
8.27E+03
6.28E+03
1.37E+04

6.02E+03

1.66E+03

1.3754

2001
-1.1
-0.5
0.31
-0.37
-0.66

2002
-0.05
0.13
0.27
0.45
0.31
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Table 5.6 Tuning Diagnostics (Cont'd)

Regression statistics :

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

Age Slope t-value Intercept RSquare No Pts
3 1.19 -0.337 6.78 0.24 14
4 0.83 0.868 7.66 0.74 14
5 0.59 2.268 8.86 0.76 14
6 0.57 3.02 9.06 0.84 14
7 0.78 1.078 8.73 0.72 14
1

Fleet : FLT12: Nor new trawl

Age 1993 1994 1995 1996 1997
3 No data for this fleet at this age
4 No data for this fleet at this age

5 99.99 0.34 0.35 -0.02 0.13
6 99.99 0.76 0.08 -0.23 0.04
7 99.99 0.75 -0.08 0.33 -0.04
8 99.99 0.27 0.43 0.01 0.16
9 99.99 -0.37 -1.11 0.94 -0.1

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age 5 6 7 8 9
MeanLog -6.1194 -53345 -50837  -5238  -5238
SE(logq 03529 04681  0.3704 03179  0.7338

Regression statistics :

Reg s.e

1
0.39
0.42
0.36
0.59

1998

-0.74
-0.54
-0.38
-0.52
-1.29

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

Age Slope t-value Intercept RSquare No Pts
5 0.77 1.239 7.36 0.81 9
6 1.73 -1.14 1.23 0.27 9
7 1.43 -2.088 2.89 0.78 9
8 1.19 -1.708 4.44 0.92 9
9 1.07 -0.305 5.29 0.75 9
1

Fleet : FLT13: Norway Ac Sur

Age 1989 1990 1991 1992
3 99.99 99.99 99.99 -0.1
4 99.99 99.99 99.99 -0.48
5 99.99 99.99 99.99 0.04
6 99.99 99.99 99.99 0.85

Regs.e

0.26
0.79
0.44
0.34
0.77

Mean Q

-7.63
-6.85
-7.22
-7.85
-8.43

1999

-0.31
-0.69
-0.48
-0.47
-0.62

Mean Q

-6.12
-5.33
-5.08
-5.24

-5.5

2000

-0.05
-0.09
-0.21
0.04
0.03
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2001

0.13
0.55
0.23
0.15
0.17

2002

0.26
0.23
0.03
0.03
-0.05



Table 5.6 Tuning Diagnostics (Cont'd)

7 No data for this fleet at this age
8 No data for this fleet at this age
9 No data for this fleet at this age

Age 1993 1994 1995 1996 1997 1998 1999
3 0.07 -0.62 -0.64 0.16 -1.28 0.26 0.13
4 -0.69 -0.31 -0.17 -0.06 0.87 0.68 0.27
5 -0.72 -0.46 0.02 -0.01 0.07 0.94 0.66
6 -0.21 -0.41 -0.8 -0.64 0.85 0.5 0.74
7 No data for this fleet at this age
8 No data for this fleet at this age
9 No data for this fleet at this age

Mean log catchability and standard error of ages with catchability
independent of year class strength and constant w.r.t. time

Age 3 4 5 6
Mean Log q -6.8925  -6.7984  -7.4344  -7.1188
S.E(Log q) 0.6162 0.4747 0.4923 0.6917

Regression statistics :

Ages with q independent of year class strength and constant w.r.t. time.

Age Slope t-value Intercept RSquare No Pts Reg s.e Mean Q
3 2.03 -1.218 1.53 0.15 11 1.22 -6.89
4 1.63 -1.202 3.64 0.32 11 0.75 -6.8
5 1.01 -0.051 7.38 0.63 11 0.53 -7.43
6 1.41 -0.978 5.65 0.42 11 0.98 -712
1

Terminal year survivor and F summaries :
Age 2 Catchability constant w.r.t. time and dependent on age

Year class = 2000

Fleet [ Int Ext Var N Scaled Estimated
' s.e s.e Ratio Weights F

FLTO8: Norway Purse 1 0 0 0 0 0 0

FLT12: Nor new trawl 1 0 0 0 0 0 0

FLT13: Norway Ac Sur 1 0 0 0 0 0 0

F shrinkage mean 33375 0.5 1 0.002

Weighted prediction :
Survivors Int Ext N Var F

at end of year s.e s.e Ratio
33375 0.5 0 1 0 0.002
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2000
0.56
0.08

-0.52

-0.01

2001
0.71
-0.34
-0.04
0.25

2002

0.5
-0.18
-0.18
-1.07
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Table 5.6 Tuning Diagnostics (cont'd)

Age 3 Catchability constant w.r.t. ime and dependent on age

Year class = 1999

Fleet

FLTO8: Norway Purse
FLT12: Nor new trawl 1

FLT13: Norway Ac Sur 193078
F shrinkage mean 90032
Weighted prediction :
Survivors Int
at end of year s.e
117577 0.36

1

Age 4 Catchability constant w.r.t. time and dependent on age

Year class = 1998
Fleet

FLTO8: Norway Purse
FLT12: Nor new trawl 1

FLT13: Norway Ac Sur 101797
F shrinkage mean 89689
Weighted prediction :
Survivors Int
at end of year s.e
88254 0.25

Age 5 Catchability constant w.r.t. time and dependent on age

Year class = 1997

112395

74207

Fleet

FLTO8: Norway Purse 28226

FLT12: Nor new trawl 43651

FLT13: Norway Ac Sur 30725
F shrinkage mean 34204

Weighted prediction :

Survivors Int

at end of year s.e

33712 0.19

1

Age 6 Catchability constant w.r.t. time and dependent on age

Year class = 1996

Fleet

FLTO8: Norway Purse 38929

FLT12: Nor new trawl 56516

FLT13: Norway Ac Sur 39155
F shrinkage mean 58641
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Int
s.e
0.836

0.646

0.5

Ext
s.e
0.31

Int
s.e
0.418

0.395

0.5

Ext
s.e
0.21

Int

s.e
0.38
0.373
0.315

0.5

Ext
s.e
0.12

Int

s.e
0.353
0.3
0.292

0.5

Ext
s.e
0
0
0

3

Ext
s.e
0.529
0
0.431

5

Ext
s.e
0.284

0.238

8

Ext

s.e
0.271
0.047
0.263

Var
Ratio

o

Var
Ratio
0.878

Var
Ratio
1.26
0
1.09

Var
Ratio
0.857

Var
Ratio
0.75

0.75

Var
Ratio
0.629

Var
Ratio
0.77
0.16
0.9

1
0
1

0.05

2
0
2

0.168

3
1
3

0.272

4
2
4

Scaled
Weights
0.178
0
0.298

0.524

Scaled
Weights
0.339
0
0.379

0.282

Scaled
Weights
0.221
0.26
0.33

0.19

Scaled

Weights
0.197
0.314
0.294

0.195

Estimated
F
0.052
0
0.031

0.065

Estimated
F
0.197
0
0.147

0.165

Estimated
F
0.317
0.216
0.295

0.268

Estimated
F
0.476
0.351
0.474

0.34
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Table 5.6 Tuning Diagnostics (Cont'd)
Weighted prediction :
Survivors Int

at end of year s.e
47479 0.17

Age 7 Catchability constant w.r.t. time and dependent on age

Year class = 1995

Fleet \
FLTO8: Norway Purse 7444
FLT12: Nor new trawl 11137
FLT13: Norway Ac Sur 9879

F shrinkage mean 10104

Weighted prediction :
Survivors Int

at end of year s.e
9914 0.16

1

Age 8 Catchability constant w.r.t. time and dependent on age

Year class = 1994

Fleet \
FLTO8: Norway Purse 8432
FLT12: Nor new trawl 11388
FLT13: Norway Ac Sur 13880

F shrinkage mean 11103

Weighted prediction :

Survivors Int
at end of year s.e
11213 0.15

Ext
s.e
0.12

Int

s.e
0.338
0.245
0.293

0.5

Ext
s.e
0.09

Int

s.e
0.342
0.205
0.298

0.5

Ext
s.e
0.1

11

Ext

s.e
0.225
0.161
0.214

13

Ext

s.e
0.202
0.097
0.398

14

Var
Ratio
0.688

Var

Ratio
0.66
0.66
0.73

Var
Ratio
0.578

Var

Ratio
0.59
0.47
1.34

Var
Ratio
0.619

F

Age 9 Catchability constant w.r.t. time and age (fixed at the value for age) 8

Year class = 1993

Fleet

FLTO8: Norway Purse 4987

FLT12: Nor new trawl 5069

FLT13: Norway Ac Sur 12828
F shrinkage mean 6818

Weighted prediction :

Survivors Int
at end of year s.e
6023 0.16

Int
s.e
0.34
0.2
0.298

0.5

Ext
s.e
0.12

Ext

s.e
0.167
0.173
0.153

15

Var

Ratio
0.49
0.87
0.51

Var
Ratio
0.741

0.406
Scaled
Weights
5 0.185
3 0.431
4 0.201
0.184
0.353
Scaled
Weights
5 0.128
4 0.572
4 0.137
0.162
0.286
Scaled
Weights
5 0.118
5 0.568
4 0.128
0.186
0.302

Estimated

F

Estimated

F

Estimated

F
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0.447
0.32
0.354

0.347

0.365
0.282
0.237

0.289

0.354
0.349
0.153

0.271
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Table 5.6 Tuning Diagnostics (Cont'd)
Age 10 Catchability constant w.r.t. time and age (fixed at the value for age) 8

Year class = 1992

Fleet [ Int Ext Var N Scaled Estimated
's.e s.e Ratio Weights F

FLTO8: Norway Purse 14185 0.355 0.165 0.46 5 0.095 0.198

FLT12: Nor new trawl 7314 0.206 0.136 0.66 5 0.539 0.354

FLT13: Norway Ac Sur 8359 0.305 0.201 0.66 4 0.1 0.316

F shrinkage mean 8066 0.5 0.265 0.326

Weighted prediction :

Survivors Int Ext N Var F
at end of year s.e s.e Ratio
8103 0.18 0.08 15 0.467 0.324
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Table 5.7
Run title : North-East Arctic saithe

At 25/04/2003 9:38
Terminal Fs derived using XSA (With F shrinkage)

Table 8 Fishing mortality (F) at age

YEAR 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972

AGE
2 0.0694 0.0259 0.0039 0.0259 0.0628 0.1742 0.0347 0.0409 0.016 0.0131 0.0785 0.1052 0.0472
3 0.1412 0.2383 0.2772 0.1747 0.108 0.1562 0.1876 0.1886 0.2041 0.3402 0.188 0.3511 0.5893
4 0.1843 0.1755 0.2297 0.3606 0.4012 0.0805 0.3616 0.3278 0.1709 0.1406 0.5146 0.4216 0.4299
5 0.5007 0.2695 0.1204 0.1825 0.276 0.3093 0.3131 0.4319 0.1024 0.2354 0.2432 0.4348 0.3782
6 0.2407 0.2519 0.2882 0.1797 0.1198 0.3557 0.2447 0.1522 0.1649 0.1307 0.3709 0.261 0.2894
7 0.3847 0.0915 0.253 0.2108 0.1978 0.1786 0.2736 0.1595 0.0391 0.1356 0.2034 0.3929 0.2409
8 0.4184 0.1206 0.0942 0.1734 0.2195 0.1772 0.1219 0.2757 0.0747 0.0721 0.348 0.1697 0.2451
9 0.3585 0.1479 0.1645 0.1355 0.3055 0.369 0.1106 0.1777 0.1274 0.0885 0.2271 0.3262 0.1569
10 0.3832 0.177 0.1849 0.1771 0.2248 0.2795 0.2138 0.2406 0.102 0.133 0.28 0.3188 0.2635

+gp 0.3832 0.177 0.1849 0.1771 0.2248 0.2795 0.2138 0.2406 0.102 0.133 0.28 0.3188 0.2635

0 FBAR 3  0.2667 0.2338 0.2289 0.2244 0.2262 0.2254 0.2767 0.2751 0.1606 0.2117 0.3292 0.3671 0.4217

Terminal Fs derived using XSA (With F shrinkage)

Table 8 Fishing mortality (F) at age

YEAR 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982
AGE

2 0.1396 0.1204 0.2763 0.2181 0.2178 0.1964 0.2067 0.0582 0.0788 0.1461

3 0.4905 0.6669 0.5962 0.9053 0.7860 0.6157 0.4446 0.5172 0.4112 0.4041

4 0.4766 0.5911 0.4590 0.6942 0.6807 0.5240 0.6834 0.5183 0.5842 0.6566

5 0.4110 0.6230 0.4556 0.6609 0.5207 0.5675 0.5606 0.6404 0.6680 0.8678

6 0.3693 0.6370 0.3552 0.4704 0.3522 0.4670 0.3990 0.5356 0.5631 0.5849

7 0.3373 0.5334 0.5379 0.5163 0.4538 0.4574 0.6257 0.5720 0.4245 0.3133

8 0.2654 0.4017 0.6559 0.4431 0.4306 0.3556 0.6248 0.6730 0.8954 0.3811

9 0.3210 0.3673 0.4563 0.5920 0.4163 0.5508 0.4824 0.1765 0.3907 0.5211

10 0.3429 0.5166 0.4960 0.5409 0.4378 0.4833 0.5429 0.5237 0.5934 0.5380

+gp 0.3429 0.5166 0.4960 0.5409 0.4378 0.4833 0.5429 0.5237 0.5934 0.5380
0 FBAR 3 0.4369 0.6295 0.4665 0.6827 0.5849 0.5435 0.5219 0.5529 0.5567 0.6284

Table 8 Fishing mortality (F) at age

YEAR 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
AGE

2 0.1145 0.1249 0.0090 0.0181 0.0421 0.0725 0.1483 0.0442 0.0140 0.0471

3 0.2136 0.7502 0.7847 0.1174 0.1279 0.1169 0.2570 0.4581 0.4363 0.1509

4 0.5382 0.8220 0.5011 0.4840 0.4199 0.4069 0.4640 0.4931 0.4987 0.2756

5 0.8438 0.5834 0.4108 0.5146 0.2955 0.5446 0.8178 0.3941 0.3740 0.4014

6 0.5393 0.8088 0.5505 0.4953 0.5496 0.5822 0.7033 0.5680 0.4039 0.8541

7 0.4394 0.3670 0.7087 0.6471 0.9259 1.1028 0.5281 0.7217 0.3638 0.8719

8 0.6968 0.5058 0.4617 0.6372 0.3555 1.0505 0.5077 0.6802 0.4089 0.9198

9 0.4220 0.8805 0.5082 0.3924 0.6585 1.1001 0.4397 0.4005 0.3389 0.6061

10 0.5933 0.6347 0.5323 0.5417 0.5617 0.8854 0.6045 0.5575 0.3804 0.7491

+gp 0.5933 0.6347 0.5323 0.5417 0.5617 0.8854 0.6045 0.5575 0.3804 0.7491
0 FBAR 3  0.5337 0.7411 0.5618 0.4028 0.3482 0.4127 0.5605 0.4783 0.4282 0.4205

Table 8 Fishing mortality (F) at age

YEAR 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 FBAR **-**
AGE
2 0.0154 0.0034 0.0005 0.0053 0.0033 0.0001 0.0008 0.0067 0.0015 0.0025 0.0036
3 0.1172 0.0539 0.0496 0.0938 0.1045 0.0394 0.0444 0.1064 0.0287 0.0500 0.0617
4 0.2926 0.2448 0.4289 0.2450 0.1698 0.1597 0.2153 0.1414 0.1374 0.1679 0.1489
5 0.4813 0.3826 0.3974 0.2911 0.2953 0.2278 0.3519 0.2093 0.2508 0.2719 0.2440
6 0.5534 0.7065 0.4743 0.3352 0.3397 0.3699 0.3136 0.2942 0.3729 0.4058 0.3576
7 0.6577 0.6289 0.4227 0.5288 0.3659 0.3839 0.3919 0.2917 0.2930 0.3530 0.3126
8 0.5844 0.4448 0.4234 0.4571 0.3260 0.3109 0.2615 0.2919 0.2443 0.2861 0.2741
9 0.7384 0.2668 0.2033 0.7896 0.2148 0.2644 0.3111 0.2895 0.2668 0.3016 0.2860
10 0.5924 0.4882 0.4199 0.5111 0.2117 0.3331 0.3484 0.4119 0.3898 0.3244 0.3754

+gp 0.5924 0.4882 0.4199 0.5111 0.2117 0.3331 0.3484 0.4119 0.3898 0.3244
0 FBAR 3  0.3611 0.3469 0.3376 0.2413 0.2273 0.1992 0.2313 0.1878 0.1975 0.2239
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Table 5.8
Run title : North-East Arctic saithe

At 25/04/2003 9:38

Terminal Fs derived using XSA (With F shrinkage)

Table 10  Stock number at age (start of year) Numbers*10**-3
YEAR 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972
AGE

2 121650 213269 355505 121815 368899 210354 241202 191872 367843 347431 379816 219524 278465
3 88173 92920 170143 289935 97187 283654 144689 190738 150801 296372 280751 287484 161778
4 85921 62681 59948 105582 199330 71425 198653 98200 129322 100667 172675 190463 165683
5 38001 58508 43057 39010 60271 109269 53953 113296 57927 89246 71608 84509 102299
6 26165 18857 36586 31252 26611 37443 65664 32298 60225 42811 57741 45971 44795
7 16897 16840 12001 22453 21379 19328 21479 42090 22711 41814 30755 32626 28992
8 7761 9416 12582 7630 14890 14362 13236 13376 29379 17882 29893 20546 18033
9 4823 4181 6833 9375 5252 9788 9850 9593 8313 22322 13622 17281 14197
0 2580 2759 2953 4746 6703 3168 5541 7220 6576 5992 16728 8887 10210

+gp 5253 8334 11260 12044 19432 16183 16565 17951 13243 4518 12585 22073 14934
0 TOT/ 397223 487765 710869 643841 819953 774974 770831 716635 846340 969055 1066173 929364 839385

N

Terminal Fs derived using XSA (With F shrinkage)

Table 10 Stock number at age (start of year) Numbers*10**-3
YEAR 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982
AGE
2 117299 206220 373549 305466 178777 283593 167696 356258 152604 140075
3 217485 83523 149693 232001 201097 117721 190783 111660 275188 115470
4 73477 109026 35101 67515 76814 75021 52073 100133 54506 149340
5 88246 37350 49426 18160 27611 31839 36371 21526 48825 24880
6 57383 47900 16400 25658 7677 13431 14779 17000 9289 20495
7 27458 32476 20741 9413 13124 4420 6893 8119 8147 4331
8 18655 16044 15597 9916 4599 6825 2290 3019 3751 4363
9 11554 11713 8790 6627 5212 2448 3916 1004 1261 1255
10 9936 6862 6642 4560 3002 2814 1155 1979 689 699
+gp 14828 10361 11586 7538 3503 6140 3111 4371 1535 1177
0 TOT/ 636321 561475 687525 686855 521416 544252 479068 625068 555795 462085
Table 10 Stock number at age (start of year) Numbers*10**-3
YEAR 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
AGE

118922 137604 271883 204561 103694 79271 89466 294803 486337 344503
99098 86835 99428 220594 164485 81399 60362 63153 230920 392628
63111 65532 33574 37143 160596 118500 59291 38220 32702 122214
63408 30165 23582 16654 18742 86398 64584 30524 19110 16261

22326 13781 12803 8150 11419 41034 23340 16851 10765

COWoO~NOOOBDWN
©
(4.
a
w

9350 4083 8141 6506 6388 3851 5223 16629 10828 9212
2592 4933 2316 3281 2789 2072 1047 2522 6616 6162
2440 1057 2436 1195 1420 1600 593 516 1046 3599
1 610 1310 359 1200 661 602 436 313 283 610
+gp 1855 2084 1858 745 2027 189 359 647 457 552
0 TOT/ 369939 355929 457358 504681 468953 385301 322394 470667 805150 906505
Table 10 Stock number at age (start of year) Numbers*10**-3
YEAR 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 GMST 60-** AMST 60-**
AGE
2 244946 459563 154241 202688 108559 299688 125751 197051 [184676]  [40865] [0] 211082 234700
3 269086 197488 374963 126219 165077 88586 245332 102874 160253 [150977] [33375] 158200 177994
4 276441 195939 153212 292153 94087 121738 69723 192135 75723 127494 [117577] 94610 111216
5 75955 168918 125586 81689 187213 65002 84957 46027 136567 54039 88254 50245 61219
6 8911 38431 94335 69100 49991 114090 42378 48923 30567 87009 33712 26685 33942
7 3752 4195 15524 48063 40464 29140 64528 25358 29846 17236 47479 14155 18920
8 3154 1591 1831 8329 23189 22977 16253 35701 15508 18231 9914 7368 10766
9 2011 1439 835 982 4317 13704 13785 10245 21830 9945 11213 3844 6157
10 1607 787 902 558 365 2852 8613 8269 6279 13688 6023 2095 3725
+gp 259 1975 975 1211 922 1538 2196 3927 7050 9813 13912

0 TOT/ 886123 1070327 922405 830991 674185 759314 673516 670508 [668300] [529296] [361458]
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Table 5.9

Run title : North-East Arctic saithe

At 25/04/2003 9:38

Terminal Fs derived using XSA (With F shrinkage)

Table 12 Stock biomass at age (start of year)

YEAR

AGE

CQOWoO~NOOOhAWN

-

+gp
0 TOTAL

AGE

CwWwoo~NOUOAWN

-

+gp
0 TOTAL

Table 12
YEAR

AGE

O OWoO~NOOUAWN

-

+gp
0 TOTAL

Table 12
YEAR

AGE

CwWwoo~NOOUAWN

-

+gp
0 TOTAL

1960 1961 1962 1963
41361 72511 120872 41417
62603 65973 120802 205854
95372 69576 66543 117196
61942 95368 70183 63586
60964 43936 85246 72817
53395 53214 37924 70952
31275 37946 50706 30748
23490 20363 33278 45655
14524 15534 16625 26719
42179 66999 89227 94556

487106 541421 691404 769500

39882 70115 127007 103859
154414 59301 106282 164721
81559 121019 38962 74942
143841 60881 80564 29601
133703 111606 38212 59783
86767 102624 65541 29747
75179 64656 62856 39963
56270 57041 42810 32273
55938 38634 37392 25675
109507 74775 82570 55177
937060 760652 682197 615738
Stock biomass at age (start of year)

1983 1984 1985 1986

71353 72930 103315 65460

104053 61653 74571 130150
83938 82570 45661 45315
117938 60933 49287 32808
23948 60279 36244 29446
37399 15844 26702 18673
10835 22051 9196 12206
13005 5666 11033 5139

3465 7938 1988 5626

16077 14985 15213 4915
482011 404850 373211 349738

Stock biomass at age (start of year)

1993

112675
169524
281970
129124
22278
10805
9745
7440
9948
2118
755628

1994

160847
102694
144995
206080
83011
13382
6317
6650
4154
11992
740123

1995

77121
209979
119505
151959
164143

43468

6849
3674
4765
7262
788725

1996

81075
74469
239565
107830
126453
118715
30984
4408
2957
8498
794954

Tonnes
1964

125426
69002
221257
98241
62003
67559
60005
25578
37737
151201
918009

60784
142779
85264
45005
17888
41471
18534
25385
16899
25903
479912

Tonnes
1987

35256
87177
134901
31112
18907
18971
11156
6705
3595
13997
361777

Tonnes
1997

41253
102348
86560
222784
82985
93471
71887
18737
2204
7026
729255

1965

71520
201394
79282
178108
87243
61076
57880
47669
17837
128800
930808

96422
83582
83273
51898
31293
13967
27505
11921
15845
46217
461923

1988

26160
50467
103095
113181
27748
14904
11146
9329
3227
1406
360663

1998

104891
60238
121738
96203
213347
75181
70540
56461
15541
12380
826522

1966

82009
102729
220505

87943
152998

67874

53339

47968

31196
134275
980836

57016
135456
57801
59286
34435
21783
9231
19070
6505
24295
424877

1989

40260
44668
57512
89772
74271
15773
3914
2753
2071
2691
333685

1999

80481
164372
73209
123187
81790
147124
48271
49626
35400
12107
815568

1967

65237
135424
109002
184673

75254
133004

53906

46718

40649
143498
987365

160316
88211
127169
43697
43351
26710
13102
5170
11379
30321
549427

1990

159194
47997
41278
47617
49481
39909

9204
1857
1993
3103
401633

2000

72909
62753
195977
74104
103716
67452
114599
38315
35968
23466
789259

1968

125067
107069
143548
94421
140323
71766
118396
40485
37021
102186
980281

65620
200887
76308
100092
25638
26884
16431
7503
4402
10504
534269

1991

194535
166262
38916
34016
37745
30969
21964
4737
1613
3259
534016

2001

[78672]
120510
83901
209084
62266
78197
49190
79834
28791
37860
[828305

1969

118126
210424
111741
145470
99750
132132
72064
108710
33734
33794
1065944

71438
88912
167261
50258
53493
14161
17058
5884
3933
8899
481297

1992

155026
274840
134435
32197
25189
25886
20026
14610
3776
4071
690057

2002

[16346]
(104174
128641
79977
170276
45278
59395
38437
58504
56502
(757533

ON\ACFM\WGREPS\AFWG\REPORTS\2003\5-Northeast Arctic Saithe.Doc

1970

129137
199334
191669
116720
134537
97187
120469
66337
94178
93178
1242746

1971

74638
204114
211414
137749
107113
103098

82800

84158

50032
155657

1210774

1972

94678
114862
183908
166748
104371

91613

72672

69137

57485
111663

1067137
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Table 5.10
Run title : North-East Arctic saithe

At 25/04/2003 9:38

Terminal Fs derived using XSA (With F shrinkage)

Table 13 Spawning stock biomass at age (spawning time)  Tonnes
YEAR 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972
AGE
2 0 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0 0
4 954 696 665 1172 2213 793 2205 1090 1435 1117 1917 2114 1839
5 34068 52452 38601 34972 54033 97959 48369 101570 51932 80009 64196 75762 91711
6 51820 37346 72459 61894 52703 74156 130048 63966 119275 84787 114356 91046 88716
7 52327 52150 37165 69533 66208 59854 66516 130344 70331 129489 95244 101036 89781
8 31275 37946 50706 30748 60005 57880 53339 53906 118396 72064 120469 82800 72672
9 23490 20363 33278 45655 25578 47669 47968 46718 40485 108710 66337 84158 69137
10 14524 15534 16625 26719 37737 17837 31196 40649 37021 33734 94178 50032 57485
+gp 42179 66999 89227 94556 151201 128800 134275 143498 102186 33794 93178 155657 111663
0 TOTSF 250637 283486 338725 365250 449677 484948 513917 581741 541060 543704 649874 642605 583004
Table 13 Spawning stock biomass at age (spawning time)  Tonnes
YEAR 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982
AGE
2 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0
4 816 1210 390 749 853 833 578 1272 763 1673
5 79112 33485 44310 16280 24753 28544 32607 24033 55051 27642
6 113647 94865 32481 50815 15205 26599 29269 36848 21792 45469
7 85032 100572 64231 29152 40642 13688 21348 26176 26347 13878
8 75179 64656 62856 39963 18534 27505 9231 13102 16431 17058
9 56270 57041 42810 32273 25385 11921 19070 5170 7503 5884
10 55938 38634 37392 25675 16899 15845 6505 11379 4402 3933
+gp 109507 74775 82570 55177 25903 46217 24295 30321 10504 8899
0 TOTSF 575501 465237 367039 250083 168173 171152 142903 148302 142793 124436
Table 13  Spawning stock biomass at age (spawning time)  Tonnes
YEAR 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
AGE
2 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0
4 839 826 457 453 1349 1031 575 413 389 1344
5 64866 33513 27108 18044 17112 62250 49374 26189 18709 17708
6 20356 51237 30808 25029 16071 23586 63130 42059 32084 21411
7 36651 15527 26168 18300 18592 14606 15458 39111 30350 25369
8 10835 22051 9196 12206 11156 11146 3914 9204 21964 20026
9 13005 5666 11033 5139 6705 9329 2753 1857 4737 14610
10 3465 7938 1988 5626 3595 3227 2071 1993 1613 3776
+gp 16077 14985 15213 4915 13997 1406 2691 3103 3259 4071
0 TOTSF 166093 151744 121970 89713 88576 126581 139966 123929 113104 108315
Table 13  Spawning stock biomass at age (spawning time)  Tonnes
YEAR 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
AGE
2 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0
4 2820 1450 1195 2396 866 1217 732 1960 839 1286
5 71018 113344 83578 59307 122531 52912 67753 40757 114996 43988
6 18937 70560 139521 107485 70537 181345 69522 88159 52926 144735
7 10589 13115 42599 116341 91601 73678 144181 66103 76633 44373
8 9745 6317 6849 30984 71887 70540 48271 114599 49190 59395
9 7440 6650 3674 4408 18737 56461 49626 38315 79834 38437
10 9948 4154 4765 2957 2204 15541 35400 35968 28791 58504
+gp 2118 11992 7262 8498 7026 12380 12107 23466 37860 56502
0 TOTSF 132615 227582 289443 332375 385390 464076 427592 409326 441069 447221
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Table 5.11

Run title : North-East Arctic saithe
At 25/04/2003 9:38

Table 16 Summary

1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002

Arith.
Mean
0 Units

(without SOP correction)

Terminal Fs derived using XSA (With F shrinkage)

RECRUITS TOTALBIO TOTSPBIO

Age 2
121650 487106
213269 541421
355505 691404
121815 769500
368899 918009
210354 930808
241202 980836
191872 987365
367843 980281
347431 1065944
379816 1242746
219524 1210774
278465 1067137
117299 937060
206220 760652
373549 682197
305466 615738
178777 479912
283593 461923
167696 424877
356258 549427
152604 534269
140075 481297
118922 482011
137604 404850
271883 373211
204561 349738
103694 361777

79271 360663
89466 333685
294803 401633
486337 534016
344503 690057
244946 755628
459563 740123
154241 788725
202688 794954
108559 729255
299688 826522
125751 815568
197051 789259
244552 888181
192000 908668
233936 700679
(Thousar (Tonnes
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250637
283486
338725
365250
449677
484948
513917
581741
541060
543704
649874
642605
583004
575501
465237
367039
250083
168173
171152
142903
148302
142793
124436
166093
151744
121970

89713

88576
126581
139966
123929
113104
108315
132615
227582
289443
332375
385390
464076
427592
409326
441069
447221

315603
(Tonnes

LANDINGS YIELD/SSB

133515
105951
120707
148627
197426
185600
203788
181326
110247
140060
264924
241272
214334
213859
274121
233453
242486
182817
154464
164180
144554
175516
168034
156936
158786
107183

70458

92391
114242
122310

95848
107326
127516
153584
146544
168174
171498
143760
153822
150274
135170
136402
154631

159724
(Tonnes)

0.5327
0.3737
0.3564
0.4069

0.439
0.3827
0.3965
0.3117
0.2038
0.2576
0.4077
0.3755
0.3676
0.3716
0.5892

0.636
0.9696
1.0871
0.9025
1.1489
0.9747
1.2292
1.3504
0.9449
1.0464
0.8788
0.7854
1.0431
0.9025
0.8739
0.7734
0.9489
1.1773
1.15681
0.6439

0.581

0.516

0.373
0.3315
0.3514
0.3302
0.3093
0.3458

0.6601

FBAR 3-6

0.2667
0.2338
0.2289
0.2244
0.2262
0.2254
0.2767
0.2751
0.1606
0.2117
0.3292
0.3671
0.4217
0.4369
0.6295
0.4665
0.6827
0.5849
0.5435
0.5219
0.5529
0.5567
0.6284
0.56337
0.7411
0.5618
0.4028
0.3482
0.4127
0.5605
0.4783
0.4282
0.4205
0.3611
0.3469
0.3376
0.2413
0.2273
0.1992
0.2313
0.1878
0.1975
0.2208

0.3835
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Table 5.12 Input to RCT3 analysis program

NORTHEAST ARCTIC SAITHE : recruits as 2 year-olds
1 11 2 (No. of surveys No. of years VPA Column No.)
'Yearcl' 'VPA' '"Ac-surv'

1990 345 163.5
1991 245 106.9
1992 460 34.4
1993 154 38.7
1994 203 37.0
1995 109 5.1
1996 300 43.6
1997 126 61.1
1998 197 164.8

1999 -11 104.7
2000 -11 21.9

NORTHEAST ARCTIC SAITHE : recruits as 3 year-olds
1 11 2 (No. of surveys, No. of years, VPA Column No.)
'Yearcl' 'VPA' 'Ac-surv'

1989 393 273.6
1990 269 227.7
1991 198 87.8
1992 375 165.2
1993 126 118.9
1994 165 36.7
1995 89 96.5
1996 246 233.8

1997 103 142.5
1998 160 275.9
1999 -11 206.1
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Table 5.13 Analysis by RCT3 program

Analysis by RCT3 ver3.1l of data from file
rct2-02. txt

NORTHEAST ARCTIC SAITHE : recruits as 2 year-olds
Data for 1 surveys over 11 years : 1990 - 2000
Regression type = C

Tapered time weighting applied

power = 3 over 20 years

Survey weighting not applied

Final estimates shrunk towards mean

Minimum S.E. for any survey taken as .20

Minimum of 3 points used for regression

Forecast/Hindcast variance correction used.

Year class = 1999
I-—————————- Regression---------- I I-—--——————- Prediction--------- I
Survey/ Slope Inter- Std Rsquare No. Index Predicted Std WAP
Series cept Error Pts Value Value Error Weights
Ac-sur 1.09 1.09 1.08 .182 9 4.66 6.17 1.341 .111
VPA Mean = 5.36 .473 .889
Year class = 2000
I-—————————- Regression---------- I I————————- Prediction--------- I
Survey/ Slope Inter- Std Rsquare No. Index Predicted Std WAP
Series cept Error Pts Value Value Error Weights
Ac-sur 1.09 1.08 1.09 .179 9 3.13 4.50 1.370 .106
VPA Mean = 5.35 .473 .894
Year Weighted Log Int Ext Var VPA Log
Class Average WAP Std Std Ratio VPA
Prediction Error Error
1999 232 5.45 .45 .25 .32
2000 192 5.26 .45 .26 .35
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Table 5.13 Analysis by RCT3 program (Cont.d)
Analysis by RCT3 ver3.1 of data from file

rct3-02.txt

NORTHEAST ARCTIC SAITHE : recruits as 3 year-olds
Data for 1 surveys over 11 years : 1989 - 1999
Regression type = C

Tapered time weighting applied

power = 3 over 20 years

Survey weighting not applied

Final estimates shrunk towards mean

Minimum S.E. for any survey taken as .20

Minimum of 3 points used for regression

Forecast/Hindcast variance correction used.

Year class = 1992
I-— - Regression---—------- I I-——————————- Prediction--------- I
Survey/ Slope Inter- Std Rsquare No. Index Predicted Std WAP
Series cept Error Pts Value Value Error Weights
Ac-sur .62 2.40 .22 .823 3 5.11 5.58 .450 .366
VPA Mean = 5.62 .342 .634
Year class = 1993
I-———————- Regression---------- I I-—————————- Prediction--------- I
Survey/ Slope Inter- Std Rsquare No. Index Predicted Std WAP
Series cept Error Pts Value Value Error Weights
Ac-sur .84 1.34 .33 .580 4 4.79 5.38 .566 .241
VPA Mean = 5.70 .319 .759
Year class = 1994
I-——————————- Regression---—------- I I-——————————- Prediction--------- I
Survey/ Slope Inter- Std Rsquare No. Index Predicted Std WAP
Series cept Error Pts Value Value Error Weights
Ac-sur 1.45 -1.83 .54 .503 5 3.63 3.42 1.356 .108
VPA Mean = 5.53 .473 .892
Year class = 1995
I-—————————= Regression---------- I I--—————————- Prediction--------- I
Survey/ Slope Inter- Std Rsquare No. Index Predicted std WAP
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Table 5.13 Analysis by RCT3 program (Cont.d)
Series cept Error Pts
Ac-sur .93 .98 .55 .461 6
VPA
Year class = 1996
I-—————————- Regression---------- I
Survey/ Slope Inter- Std Rsquare No
Series cept Error Pts
Ac-sur 1.38 -1.31 .81 .358 7
VPA
Year class = 1997
I-———————- Regression---------- I
Survey/ Slope Inter- Std Rsquare No
Series cept Error Pts
Ac-sur 1.30 -1.01 .75 .358 8
VPA
Year class = 1998
I-—————————- Regression---------- I
Survey/ Slope Inter- Std Rsquare No
Series cept Error Pts
Ac-sur 1.69 -3.02 .97 .259 9
VPA
Year class = 1999
I-—————————- Regression--—-------- I
Survey/ Slope Inter- Std Rsquare No.
Series cept Error Pts
Ac-sur 1.90 -4.19 1.16 .176 10
VPA

Value Value Error
4.58 5.22 .741
Mean = 5.45 .456
I-—————————- Prediction
Index Predicted Std
Value Value Error
5.46 6.23 1.109
Mean = 5.31 .552
I-——————————- Prediction
Index Predicted std
Value Value Error
4.97 5.45 .926
Mean = 5.33 .516
I-———————- Prediction
Index Predicted Std
Value Value Error
5.62 6.51 1.269
Mean = 5.25 .535
I-————————=—- Prediction
Index Predicted std
Value Value Error
5.33 5.94 1.408
Mean = 5.22 .505
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Table 5.13 Analysis by RCT3 program (Cont.d)

Year Weighted Log Int Ext Var VPA Log
Class Average WAP Std Std Ratio VPA
Prediction Error Error

1992 272 5.61 .27 .02 .01 376 5.93
1993 276 5.62 .28 .14 .24 127 4 .84
1994 200 5.30 .45 .65 2.15 165 5.11
1995 219 5.39 .39 .11 .07 90 4.50
1996 243 5.49 .49 .37 .55 247 5.51
1997 212 5.36 .45 .05 .01 104 4.64
1998 229 5.44 .49 .45 .84 160 5.08
1999 200 5.30 .47 .23 .23
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Table 5.14 Prediction with management option table: input data

MFDP version 1a
Run: 03

Time and date: 16:50 28.04.2003

Fbar age range: 2-11

2003
Age N
2 211340
3 157113
4 157726
5 88254
6 33712
7 47479
8 9914
9 11213
10 6023
11 13912
2004
Age N
2 211340
3.
4.
5.
6 .
7.
8.
9.
10 .
1.
2005
Age N
2 211340
3.
4.
5.
6 .
7.
8.
9.
10 .
1.

Input units are thousands and kg - output in tonnes

M

M

Mat
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

Mat
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

Mat
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

0.01
0.55
0.85
0.98

—_

0.01
0.55
0.85
0.98

—_

0.01
0.55
0.85
0.98

—_

PF

PF

PF

PM

[eNeoNeoNolNoNoNoNolNolNe)

PM

[eNeoNoNeNoNoNolNolNolNo

PM

[eNeoNeoNolNolNoNolNolNolNo)

[eNeNolNollolollolNolNollo] OO O OO0 OCOO0oOOo

OO O OO0 O0OO0OOOo

SWt
0.3987
0.6840
1.0457
1.5403
2.0380
2.6357
3.2133
3.7540
4.4030
5.7010

SWt
0.3987
0.6840
1.0457
1.5403
2.0380
2.6357
3.2133
3.7540
4.4030
5.7010

SWt
0.3987
0.6840
1.0457
1.5403
2.0380
2.6357
3.2133
3.7540
4.4030
5.7010

Sel

Sel

Sel

ON\ACFM\WGREPS\AFWG\REPORTS\2003\5-Northeast Arctic Saithe.Doc

0.0030
0.0629
0.1627
0.2666
0.3908
0.3416
0.2995
0.3125
0.4102
0.4102

0.0030
0.0629
0.1627
0.2666
0.3908
0.3416
0.2995
0.3125
0.4102
0.4102

0.0030
0.0629
0.1627
0.2666
0.3908
0.3416
0.2995
0.3125
0.4102
0.4102

Cwit
0.3987
0.6840
1.0457
1.5403
2.0380
2.6357
3.2133
3.7540
4.4030
5.7010

CWt
0.3987
0.6840
1.0457
1.5403
2.0380
2.6357
3.2133
3.7540
4.4030
5.7010

CWwit
0.3987
0.6840
1.0457
1.5403
2.0380
2.6357
3.2133
3.7540
4.4030
5.7010
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Table 5.15 Yield per recruit: summary table
MFYPR version 2a

Run: sop

Time and date: 12:14 29.04.2003

Yield per results

FMult Fbar CatchNos Yield StockNos Biomass SpwnNosJan SSBJan SpwnNosSpwn SSBSpwn
0.0000 0.0000 0.0000 0.0000 5.5167 12.3715 2.7126 10.1818 2.7126 10.1818
0.1000 0.0221 0.0942 0.2906 5.0475 10.1438 2.2575 7.9756 2.2575 7.9756
0.2000 0.0442 0.1630 0.4661 4.7051 8.5989 1.9288 6.4516 1.9288 6.4516
0.3000 0.0662 0.2159  0.5760 4.4425 7.4725 1.6795 5.3455 1.6795 5.3455
0.4000 0.0883 0.2580 0.6462 4.2334 6.6200 1.4834 4.5127 1.4834 4.5127
0.5000 0.1104 0.2926 0.6916 4.0622 5.9558 1.3249 3.8675 1.3249 3.8675
0.6000 0.1325 0.3215  0.7209 3.9190 5.4259 1.1941 3.3561 1.1941 3.3561
0.7000 0.1545 0.3462 0.7396 3.7970  4.9951 1.0842 2.9432 1.0842 2.9432
0.8000 0.1766 0.3676  0.7511 3.6916  4.6389 0.9907 2.6045 0.9907 2.6045
0.9000 0.1987 0.3863 0.7578 3.5995  4.3403 0.9100 2.3228 0.9100 2.3228
1.0000 0.2208 0.4028 0.7611 3.5181 4.0870 0.8399 2.0860 0.8399 2.0860
1.1000 0.2428 0.4176  0.7621 3.4455 3.8698 0.7783 1.8847 0.7783 1.8847
1.2000 0.2649 0.4309 0.7615 3.3803 3.6817 0.7239 1.7122 0.7239 1.7122
1.3000 0.2870 0.4429 0.7598 3.3213 3.5174 0.6755 1.5631 0.6755 1.5631
1.4000 0.3091 0.4539 0.7574 3.2677 3.3729 0.6321 1.4333 0.6321 1.4333
1.5000 0.3311 0.4639 0.7545 3.2186 3.2448 0.5931 1.3196 0.5931 1.3196
1.6000 0.3532 0.4732 0.7512 3.1735 3.1305 0.5579 1.2193 0.5579 1.2193
1.7000 0.3753 0.4817 0.7476 3.1318 3.0280 0.5259 1.1304 0.5259 1.1304
1.8000 0.3974 0.4897  0.7440 3.0932 2.9356 0.4967 1.0512 0.4967 1.0512
1.9000 0.4194 0.4971 0.7403 3.0573 2.8517 0.4700 0.9804 0.4700 0.9804
2.0000 0.4415 0.5040  0.7366  3.0237 2.7754 0.4456 0.9167 0.4456 0.9167
Reference point  F multiplier Absolute F

Fbar(3-6) 1.0000 0.2208

FMax 1.1077 0.2445

FO0.1 0.4918 0.1086

F35%SPR 0.5567 0.1229

Weights in kilograms
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Table 5.16 Prediction with management optin table

MFDP version 1a
Run: 03
North-East Arctic saithe

Time and date: 12:11 29.04.2003

Fbar age range: 3-6

2003
Biomass SSB FMult FBar Landings_
866212 437232 1.0201 0.2252 164000
2004 2005
Biomass SSB FMult FBar Landings Biomass SSB
859129 438371 0.0000 0.0000 0 1039643 592614
43