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Introduction

The lack of precise age determinations to split size compositions of commercial landings and scientific survey catches has prevented the formulation of classical age structured production models (VPA) for the stock unit of Sebastes marinus in ICES Sub-divisions Va, Vb and XIVb. The ICES North-Western Working Group applies the BORMICON model with certain growth assumptions (ICES 2003). Recent S. marinus age reading comparisons between four participating readers revealed relatively poor percent agreement rates of <30% that increased to about 60% when allowing for ± 1 year tolerance (Björnsson and Sigurðsson 2003, Stransky et al. 2003). This observation of uncertainty in age determinations motivated an exploratory age-based assessment of S. marinus in Va, Vb and XIVb applying the XSA method based on three-year intervals of age and year groups. The longevity of the species (max. recorded 44 years; Nedreaas, 1990) and related imprecision in age determination justifies this approach.
Landings

Annual landings 1989-2002 for Sub-Divisions Va, Vb and XIVb were adopted from the North-western WG report (ICES 2003) and represent working group estimates. The provisional landings figure in 2003 from these areas amounts to 38,500 t. The landings were grouped into three-year intervals and are shown in Fig. 1 and listed in Table 1. The landings in 3 years intervals dropped from 180,000 t to below 130,000 t since the mid 1990s. More than 90 % of the landings stemmed from Sub-division Va.

Landings (catch) at age

Length frequency data were selected from the Icelandic commercial sampling database and represent Sub-division Va only. They were aggregated by year for the period 1989-2003. On average, 34,900 (range 9,180-74,218) fish were measured each year. The annual size compositions of the landings were summed into three-year intervals and raised to the according landings applying the factors derived from the landing weights and the weights of the length frequencies of the samples. The sample weights were calculated by means of a length weight regression derived from the data base of the EU-project REDFISH comprising 1,851 individual weight at length measurements. The length weight regression reads: f(x)=0.0000137x3.0187643, r2=0.97.

The age-length key used to convert length compositions of the landings into age compositions (Table 2) is based on the Icelandic age readings of S. marinus performed within the EU REDFISH project on material from Sub-Division Va collected in March 1997 (Stransky et al. 2001). Incorporating the uncertainty observed in age readings, three-year intervals were used in the assessment. Overall, the material comprised 265 individual age determinations covering the length range from 0 to 60 cm and 11 age groups from 0-2 to 30-32 years. This age-length key was applied to all size compositions of the landings since 1989 under the assumption that there is no growth variation between years and relative representation of age group in the length groups is constant. This reasonable assumption for a long-lived species implies that inter-annual variation in strength of the cohort groups will be determined by variations in the size compositions only.

The age compositions of the landings in three-year intervals are very similar and dominated by the age group 12-14 years (Figure 2). However, older age groups were underrepresented in the three most recent time intervals since the mid 1990s compared to earlier periods. The age compositions of commercial landings were used as proxies for catches at age and accordingly used in the assessment (Table 3).

The catch curve analyses (Figure 3) of the age composition of the time series of landings illustrate that the age group 12-14 years is the first fully recruited age group to the fishery and indicate a total mortality rate in the order of Z=0.53 for three-year intervals, of which one third represents the usual annual rates Z=0.18. 

Weights at age in the catch and in the stock

Weight at age data were calculated from mean length at age of the age groups (Table 3) in three-year time intervals using the length-weight relationship shown above. The resulting data were used for the weights at age in the catch and in the stock (Table 3).

Natural Mortality

A standard value of M=0.2 was applied in the assessment for each time and age interval. This implies a annual natural mortality rate of M=0.067.

Maturity ogive

Regarding the maturity at age, a knife-edged ogive was used identifying fish at the age of 9-11 years as being fully mature (Table 3). This age group corresponds to fish sizes around 30 cm.

Tuning data

The results of the Icelandic spring and German autumn bottom trawl surveys covering the shelves and continental slopes around Iceland and Greenland were used to calibrate the terminal fishing mortality estimated in the assessment. The joint survey results are a product of the EU-project REDFISH and regularly presented as WDs to the ICES North-Western WG (Rätz and Sigurdsson 2001 and 2002, Rätz et al. 2003). The derived survey abundance indices at length were converted into age structured indices by applying the same age-length key as used to calculate the catch at age matrix. The resulting time series of indices at age groups over three years were grouped in three-year intervals, in accordance with the commercial data handling.

The time series of survey indices at age groups in three-year intervals are given in Table 3.

XSA Tuning 

As the XSA programme does not accept time intervals other than years, dummies were used to code the three-year intervals of the time series and age groups. The final tuning formulation is listed in Table 4. The assessment is calibrated by means of only one single survey and no commercial CPUE series, the taper to weighting the time series of the tuning series has not been used. The tuning covers five time intervals and nine age groups from 3-5 to 27-29 years, respectively. Decimal Alpha and Beta values to delimit the season of the survey series have been set to 0.3 (March) to 0.9 (November). Catchability is declared to be independent of age for age groups ≥ 12-14 years, a decision which is based on the results of the catch curve analyses which indicated this age group as the first fully recruited one. The model default is used to define only the first age group, ages 3-5 years, as being catchability dependent on stock size. The statistical shrinkage of the model estimates has also been set to model defaults.

The tuning formulation certainly suffers from the shortness of the time series. The year effect in 1992-94 on the log transformed catchabilities (all are negative, Table 4 and Figure 4) is certainly due to the sudden drop of the landings by almost 20 %. However, there occurred no further pronounced trends in the most recent time intervals and the standard errors vary among 0.3 with the exception of the youngest age group only.

The regression statistics of the catchabilites indicate the second age group 6-8 years being poorly estimated as indicated from the negative slope and the low r2. Such statistics improve significantly with increasing age, and the survey series gains by far the dominant scaled weight in the determination of F for all age groups for which catchability is defined as independent of year class strength.

The shortness of the time series prevented retrospective analyses.

Assessment results

Resulting XSA estimates are listed in Table 5. The exploitation patterns by time intervals over age groups are illustrated in Figure 5. They are consistently flat top shaped and indicate fishing mortalities around Fref5-8=0.5 for all fully recruited age groups. Such fishing mortalities are triennial and amount to Fref5-8=0.17 for the annual interval. They imply triennial exploitation rates of 28 % or 9 % annually in terms of spawning stock and catch weights.

Stock parameters are illustrated in Figures 6 and 7 and do show low variation over time. Fishing mortality varies among Fref5-8=0.5 without a trend while the spawning stock size is estimated to have declined by about 20 % from 580,000 t. However, an increasing trend in spawning stock size from the lower level is recognizable. Recruitment at ages 0-2 years varies among 500 million.

Assessment quality remarks

This exploratory age structured assessment of S. marinus in Sub-divisions Va, Vb and XIVb should be carefully interpreted in terms of real stock size. The lack of retrospective analyses prevents the judgement about over- or underestimation of parameters. The underlying data show little contrast in a short time series given the longevity of S. marinus and thus there is little experience regarding stock dynamics. The age-structured assessment still suffers from uncertainty in precision of age determination.

However, the trends in the resulting stock parameters from this exploratory assessment are very similar compared with the independent trends in the CPUE of Icelandic trawlers and the BORMICON model (ICES 2003).
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Table 1. S. marinus landings in weight (t) by area, by three-year intervals. Data for 2001-2003 are provisional.

Year group
Area



Va
Vb
VI
XIV
Total

1989-1991
164,685
8,687
1,047
5,627
180,046

1992-1994
136,023
8,355
270
3,927
148,575

1995-1997
111,416
7,736
1,812
158
121,123

1998-2000
117,782
5,499
1,928
205
125,415

2001-2003
120,100
4,500
1,400
300
126,300

Table 2. S. marinus in Va. Age-length key used in the assessment.


Age group (years)

Total length
Sum
0-2
3-5
6-8
9-11
12-14
15-17
18-20
21-23
24-26
27-29
30-32

0.5
1
1











1.5
1
1











2.5
1
1











3.5
1
1











4.5
1
1











5.5
1
1











6.5
1
1











7.5
1
1











8.5
1
1











9.5
1
1











10.5
2

2










11.5
2

2










12.5
1

1










13.5
1

1










14.5
1

1










15.5
1

1










16.5
1


1









17.5
1


1









18.5
1


1









19.5
1


1









20.5
1


1









21.5
6

3
3









22.5
1


1









23.5
2


2









24.5
5


4
1








25.5
1


1









26.5
1


1









27.5
1



1








28.5
1



1








29.5
2



2








30.5
2



2








31.5
6


1
3
2







32.5
10



4
6







33.5
12



5
7







34.5
26



9
17







35.5
19



2
17







36.5
25



2
17
6






37.5
14



1
5
8






38.5
9




4
5






39.5
8



1
1
4
1
1




40.5
8





4
3
1




41.5
7





3
2
2




42.5
6





1
1
3

1


43.5
4






3

1



44.5
5





2
1

1

1

45.5
2






1

1



46.5
2








1
1


47.5
2








1
1


48.5
1







1




49.5
1








1



50.5
3






1


2


51.5
1










1

52.5
1









1


53.5
1










1

54.5
1









1


55.5
1










1

56.5
1










1

57.5
1










1

58.5
1










1

59.5
1










1

60.5
1










1

Sum
265
10
11
18
34
76
33
13
8
6
7
49

Table 3 Assessment input tables 1-7, catch in numbers, stock and catch weights at age, natural mortality, proportion mature at age, proportion of M and F before spawning and tuning data. Note that time series and age groups cover three-year intervals, respectively.
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    Run title : „SMAR Va Vb VI XIVb - Landings“                                                 

    At 21/04/2004  11:56   

                                                                                                 

       Table  1    Catch numbers at age                              Numbers*10**-3

       YEAR 1989-91 1992-94 1995-97 1998-2000 2001-2003

       AGE

0-2 0 0 25 9 31

3-5 13 28 70 12 16

6-8 1335 1732 1880 1155 1580

9-11 24326 25292 23206 23868 27447

12-14 56086 49808 55245 54387 63912

15-17 46211 41487 34048 36005 35059

18-20 23983 19950 13486 14044 12503

21-23 15605 12658 8560 8810 7949

24-26 12494 8997 5345 5700 5135

27-29 8386 5435 3275 3395 3093

30-32 4048 2585 1613 1893 1402

0    TOTALNUM 192487 167972 146753 149278 158127

     TONSLAND 180046 148575 121123 125415 126300

     SOPCOF % 101 101 101 101 101

1

    Run title : „SMAR Va Vb VI XIVb - Landings“                                                 

    At 21/04/2004  11:56   

                                                                                                 

       Table  2    Catch weights at age (kg)                                

       YEAR 1989-91 1992-94 1995-97 1998-2000 2001-2003

       AGE

0-2 0 0 0.001 0 0.001

3-5 0.144 0.134 0.101 0.112 0.144

6-8 0.331 0.327 0.265 0.367 0.334

9-11 0.545 0.516 0.55 0.545 0.55

12-14 0.667 0.667 0.661 0.661 0.655

15-17 0.905 0.898 0.877 0.877 0.871

18-20 1.136 1.12 1.112 1.112 1.104

21-23 1.153 1.12 1.104 1.104 1.104

24-26 1.452 1.433 1.423 1.423 1.433

27-29 1.579 1.509 1.5 1.49 1.509

30-32 2.027 1.888 1.956 2.248 1.865

0    SOPCOFAC 1.0129 1.0135 1.0113 1.0136 1.0084

1

    Run title : „SMAR Va Vb VI XIVb - Landings“                                                 

    At 21/04/2004  11:56   

                                                                                                 

       Table  3    Stock weights at age (kg)                                

       YEAR 1989-91 1992-94 1995-97 1998-2000 2001-2003

       AGE

0-2 0 0 0.001 0 0.001

3-5 0.144 0.134 0.101 0.112 0.144

6-8 0.331 0.327 0.265 0.367 0.334

9-11 0.545 0.516 0.55 0.545 0.55

12-14 0.667 0.667 0.661 0.661 0.655

15-17 0.905 0.898 0.877 0.877 0.871

18-20 1.136 1.12 1.112 1.112 1.104

21-23 1.153 1.12 1.104 1.104 1.104

24-26 1.452 1.433 1.423 1.423 1.433

27-29 1.579 1.509 1.5 1.49 1.509

30-32 2.027 1.888 1.956 2.248 1.865

1

    Run title : „SMAR Va Vb VI XIVb - Landings“                                                 

    At 21/04/2004  11:56   

                                                                                                 

       Table  4    Natural Mortality (M) at age                             

       YEAR 1989-91 1992-94 1995-97 1998-2000 2001-2003

       AGE

0-2 0.2 0.2 0.2 0.2 0.2

3-5 0.2 0.2 0.2 0.2 0.2

6-8 0.2 0.2 0.2 0.2 0.2

9-11 0.2 0.2 0.2 0.2 0.2

12-14 0.2 0.2 0.2 0.2 0.2

15-17 0.2 0.2 0.2 0.2 0.2

18-20 0.2 0.2 0.2 0.2 0.2

21-23 0.2 0.2 0.2 0.2 0.2

24-26 0.2 0.2 0.2 0.2 0.2

27-29 0.2 0.2 0.2 0.2 0.2

30-32 0.2 0.2 0.2 0.2 0.2

1
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    At 21/04/2004  11:56   

                                                                                                 

       Table  5    Proportion mature at age                                 

       YEAR 1989-91 1992-94 1995-97 1998-2000 2001-2003

       AGE

0-2 0 0 0 0 0

3-5 0 0 0 0 0

6-8 0 0 0 0 0

9-11 1 1 1 1 1

12-14 1 1 1 1 1

15-17 1 1 1 1 1

18-20 1 1 1 1 1

21-23 1 1 1 1 1

24-26 1 1 1 1 1

27-29 1 1 1 1 1

30-32 1 1 1 1 1

1

    Run title : „SMAR Va Vb VI XIVb - Landings“                                                 

    At 21/04/2004  11:56   

                                                                                                 

       Table  6    Proportion of M before Spawning                          

       YEAR 1989-91 1992-94 1995-97 1998-2000 2001-2003

       AGE

0-2 0 0 0 0 0

3-5 0 0 0 0 0

6-8 0 0 0 0 0

9-11 0 0 0 0 0

12-14 0 0 0 0 0

15-17 0 0 0 0 0

18-20 0 0 0 0 0

21-23 0 0 0 0 0

24-26 0 0 0 0 0

27-29 0 0 0 0 0

30-32 0 0 0 0 0

1

    Run title : „SMAR Va Vb VI XIVb - Landings“                                                 

    At 21/04/2004  11:56   

                                                                                                 

       Table  7    Proportion of F before Spawning                          

       YEAR 1989-91 1992-94 1995-97 1998-2000 2001-2003

       AGE

0-2 0 0 0 0 0

3-5 0 0 0 0 0

6-8 0 0 0 0 0

9-11 0 0 0 0 0

12-14 0 0 0 0 0

15-17 0 0 0 0 0

18-20 0 0 0 0 0

21-23 0 0 0 0 0

24-26 0 0 0 0 0

27-29 0 0 0 0 0

30-32 0 0 0 0 0

1


Tuning data, joint Icelandic-German survey indices.

[image: image3.emf]1989-91 1992-94 1995-97 1998-2000 2001-2003

effort 100 100 100 100 100

0-2 0 0 0 0 0

3-5 85697 11870 11074 16892 23319

6-8 875511 283662 220918 331859 472576

9-11 682425 430653 406148 712188 704930

12-14 556298 266399 434018 572815 669449

15-17 298395 165264 206203 262590 230354

18-20 148298 75390 83092 97219 89036

21-23 93283 47942 50940 61454 55860

24-26 69051 29168 31713 36035 38501

27-29 46433 17918 17628 22190 27268

30-32 25195 7978 7265 7639 13392


Table 4 Final XSA tuning of the assessessment.
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   21/04/2004  11:55   

 Extended Survivors Analysis

 „SMAR Va Vb VI XIVb - Landings“                                                 

 CPUE data from file c:\smar\smartu.csv                                                              

 Catch data for   5 year groups. 1989-91 to 2001-2003. Ages  0-2 to  30-32.

      Fleet             First  Last  First  Last  Alpha   Beta

                         year  year   age    age

 IceGermSurv 1989-91 2001-2003 3-5 27-29 0.3 0.9

 Time series weights : 

      Tapered time weighting not applied

 Catchability analysis :

      Catchability dependent on stock size for ages <    6-8

         Regression type = C

         Minimum of   5 points used for regression

         Survivor estimates shrunk to the population mean for ages <  6-8

      Catchability independent of age for ages >=    12-14

 Terminal population estimation :

      Survivor estimates shrunk towards the mean F

      of the final   4 years or the   5 oldest ages.

      S.E. of the mean to which the estimates  are shrunk =    .500

      Minimum standard error for population

      estimates derived from each fleet =    .300

      Prior weighting not applied

 Tuning converged after   30 iterations

1

 Regression weights 

        1 1 1 1 1

 Fishing mortalities

    Age 1989-91 1992-94 1995-97 1998-2000 2001-2003

 

0-2 0 0 0 0 0

3-5 0 0 0 0 0

6-8 0.005 0.007 0.006 0.004 0.005

9-11 0.127 0.127 0.116 0.095 0.11

12-14 0.403 0.411 0.449 0.436 0.393

15-17 0.54 0.595 0.553 0.599 0.563

18-20 0.499 0.474 0.389 0.466 0.428

21-23 0.543 0.54 0.383 0.478 0.528

24-26 0.685 0.708 0.46 0.477 0.573

27-29 0.588 0.739 0.613 0.604 0.52

1


Table 4 continued.

[image: image5.emf] XSA population numbers (Thousands)

                                AGE

 YEAR  0-2 3-5 6-8 9-11 12-14 15-17 18-20 21-23 24-26 27-29

1989-91 5.35E+05 3.51E+05 2.88E+05 2.26E+05 1.87E+05 1.22E+05 6.75E+04 4.12E+04 2.79E+04 2.09E+04

1992-94 5.33E+05 4.38E+05 2.87E+05 2.34E+05 1.63E+05 1.02E+05 5.84E+04 3.36E+04 1.96E+04 1.15E+04

1995-97 5.15E+05 4.36E+05 3.59E+05 2.33E+05 1.69E+05 8.86E+04 4.62E+04 2.97E+04 1.60E+04 7.90E+03

1998-2000 4.74E+05 4.22E+05 3.57E+05 2.92E+05 1.70E+05 8.83E+04 4.17E+04 2.56E+04 1.66E+04 8.28E+03

2001-2003 5.18E+05 3.88E+05 3.45E+05 2.91E+05 2.18E+05 9.00E+04 3.97E+04 2.14E+04 1.30E+04 8.43E+03

 Estimated population abundance at 1st Jan 2003

     0.00E+00 4.24E+05 3.17E+05 2.81E+05 2.14E+05 1.20E+05 4.20E+04 2.12E+04 1.04E+04 6.01E+03

 Taper weighted geometric mean of the VPA populations: 

     5.15E+05 4.06E+05 3.25E+05 2.54E+05 1.80E+05 9.75E+04 4.96E+04 2.96E+04 1.80E+04 1.06E+04

 Standard error of the weighted Log(VPA populations) :

     0.0492 0.0951 0.1149 0.1279 0.1163 0.1408 0.227 0.2498 0.2842 0.4078

1

 Log catchability residuals.

 Fleet : IceGermSurv

  Age   1989-91 1992-94 1995-97 1998-2000 2001-2003

3-5 -0.02 -0.01 0 -0.01 0.03

6-8 0.94 -0.18 -0.66 -0.25 0.14

9-11 0.3 -0.19 -0.25 0.07 0.07

12-14 0.11 -0.49 -0.01 0.25 0.14

15-17 -0.01 -0.39 -0.05 0.22 0.05

18-20 -0.14 -0.68 -0.4 -0.1 -0.16

21-23 -0.08 -0.55 -0.45 -0.06 0.05

24-26 0.09 -0.41 -0.27 -0.16 0.2

27-29 -0.07 -0.34 -0.06 0.12 0.26

 

 Mean log catchability and standard error of ages with catchability

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

    Age  6-8 9-11 12-14 15-17 18-20 21-23 24-26 27-29

 Mean Log q -4.3113 -3.6093 -3.2673 -3.2673 -3.2673 -3.2673 -3.2673 -3.2673

 S.E(Log q) 0.5982 0.2253 0.2876 0.2276 0.4136 0.3597 0.2788 0.2289

 


Table 4 continued.

[image: image6.emf] Regression statistics :

 Ages with q dependent on year class strength

 Age  Slope   t-value   Intercept  RSquare  No Pts  Reg s.e  Mean Log q

3-5 -0.12 -8.892 13.55 0.95 5 0.02 -7.43

 

 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

6-8 -0.44 -1.389 16.41 0.24 5 0.24 -4.31

9-11 0.75 0.334 5.82 0.37 5 0.19 -3.61

12-14 0.46 0.944 8.06 0.5 5 0.13 -3.27

15-17 2.15 -0.619 -6.15 0.09 5 0.53 -3.3

18-20 1.54 -0.586 -0.32 0.28 5 0.42 -3.56

21-23 1.74 -0.762 -1.52 0.26 5 0.48 -3.49

24-26 1.05 -0.102 3.03 0.54 5 0.3 -3.38

27-29 1.29 -0.772 1.52 0.7 5 0.31 -3.29

1

 Terminal year survivor and F summaries :

 Age  0-2   Catchability dependent on age and year class strength

 Year class = 2001-2003

 Fleet                  Estimated     Int        Ext     Var     N  Scaled   Estimated

                        Survivors     s.e        s.e    Ratio       Weights     F    

 IceGermSurv 1 0 0 0 0 0 0

   P shrinkage mean   405524 0.1 0.965 0

   F shrinkage mean   1497005 0.5 0.035 0

 Weighted prediction :

 Survivors         Int       Ext     N     Var      F

 at end of year    s.e       s.e          Ratio      

424437 0.09 12.96 2   ****** 0

1

 Age  3-5   Catchability dependent on age and year class strength

 Year class = 1998-2000

 Fleet                  Estimated     Int        Ext     Var     N  Scaled   Estimated

                        Survivors     s.e        s.e    Ratio       Weights     F    

 IceGermSurv 328595 0.3 0 0 1 0.122 0

   P shrinkage mean   325476 0.11 0.834 0

   F shrinkage mean   180362 0.5 0.044 0

 Weighted prediction :

 Survivors         Int       Ext     N     Var      F

 at end of year    s.e       s.e          Ratio      

317491 0.1 0.09 3 0.85 0


Table 4 continued.

[image: image7.emf] Age  6-8   Catchability constant w.r.t. time and dependent on age

 Year class = 1995-97

 Fleet                  Estimated     Int        Ext     Var     N  Scaled   Estimated

                        Survivors     s.e        s.e    Ratio       Weights     F    

 IceGermSurv 285486 0.273 0.058 0.21 2 0.77 0.005

   F shrinkage mean   268238 0.5 0.23 0.005

 Weighted prediction :

 Survivors         Int       Ext     N     Var      F

 at end of year    s.e       s.e          Ratio      

281419 0.24 0.04 3 0.175 0.005

1

 Age  9-11   Catchability constant w.r.t. time and dependent on age

 Year class = 1992-94

 Fleet                  Estimated     Int        Ext     Var     N  Scaled   Estimated

                        Survivors     s.e        s.e    Ratio       Weights     F    

 IceGermSurv 216088 0.202 0.063 0.31 3 0.846 0.109

   F shrinkage mean   200887 0.5 0.154 0.117

 Weighted prediction :

 Survivors         Int       Ext     N     Var      F

 at end of year    s.e       s.e          Ratio      

213672 0.19 0.05 4 0.268 0.11

 Age  12-14   Catchability constant w.r.t. time and dependent on age

 Year class = 1989-91

 Fleet                  Estimated     Int        Ext     Var     N  Scaled   Estimated

                        Survivors     s.e        s.e    Ratio       Weights     F    

 IceGermSurv 122598 0.17 0.108 0.64 4 0.845 0.386

   F shrinkage mean   108332 0.5 0.155 0.428

 Weighted prediction :

 Survivors         Int       Ext     N     Var      F

 at end of year    s.e       s.e          Ratio      

120272 0.16 0.09 5 0.548 0.393

1

 Age  15-17   Catchability constant w.r.t. time and age (fixed at the value for age)  12-14

 Year class = 1986-88

 Fleet                  Estimated     Int        Ext     Var     N  Scaled   Estimated

                        Survivors     s.e        s.e    Ratio       Weights     F    

 IceGermSurv 42306 0.153 0.084 0.55 5 0.819 0.56

   F shrinkage mean   40662 0.5 0.181 0.577

 Weighted prediction :

 Survivors         Int       Ext     N     Var      F

 at end of year    s.e       s.e          Ratio      

42003 0.15 0.07 6 0.444 0.563


Table 4 continued.

[image: image8.emf] Age  18-20   Catchability constant w.r.t. time and age (fixed at the value for age)  12-14

 Year class = 1983-85

 Fleet                  Estimated     Int        Ext     Var     N  Scaled   Estimated

                        Survivors     s.e        s.e    Ratio       Weights     F    

 IceGermSurv 21826 0.176 0.125 0.71 5 0.752 0.418

   F shrinkage mean   19345 0.5 0.248 0.46

 Weighted prediction :

 Survivors         Int       Ext     N     Var      F

 at end of year    s.e       s.e          Ratio      

21184 0.18 0.1 6 0.557 0.428

1

 Age  21-23   Catchability constant w.r.t. time and age (fixed at the value for age)  12-14

 Year class = 1980-82

 Fleet                  Estimated     Int        Ext     Var     N  Scaled   Estimated

                        Survivors     s.e        s.e    Ratio       Weights     F    

 IceGermSurv 9991 0.181 0.106 0.59 5 0.729 0.542

   F shrinkage mean   11389 0.5 0.271 0.49

 Weighted prediction :

 Survivors         Int       Ext     N     Var      F

 at end of year    s.e       s.e          Ratio      

10352 0.19 0.09 6 0.457 0.528

 Age  24-26   Catchability constant w.r.t. time and age (fixed at the value for age)  12-14

 Year class = 1977-79

 Fleet                  Estimated     Int        Ext     Var     N  Scaled   Estimated

                        Survivors     s.e        s.e    Ratio       Weights     F    

 IceGermSurv 6081 0.185 0.119 0.65 5 0.747 0.568

   F shrinkage mean   5810 0.5 0.253 0.588

 Weighted prediction :

 Survivors         Int       Ext     N     Var      F

 at end of year    s.e       s.e          Ratio      

6011 0.19 0.09 6 0.496 0.573

1

 Age 27-29   Catchability constant w.r.t. time and age (fixed at the value for age)  12-14

 Year class = 1974-76

 Fleet                  Estimated     Int        Ext     Var     N  Scaled   Estimated

                        Survivors     s.e        s.e    Ratio       Weights     F    

 IceGermSurv 4047 0.176 0.149 0.85 5 0.777 0.526

   F shrinkage mean   4308 0.5 0.223 0.501

 Weighted prediction :

 Survivors         Int       Ext     N     Var      F

 at end of year    s.e       s.e          Ratio      

4104 0.18 0.12 6 0.672 0.52


Table 5 Final XSA results from tuning specified in Table 4.

[image: image9.emf]1

    Run title : „SMAR Va Vb VI XIVb - Landings“                                                 

    At 21/04/2004  11:57   

                                                                                                 

       Table  8    Fishing mortality (F) at age                             

       YEAR 1989-91 1992-94 1995-97 1998-2000 2001-2003        FBAR **-**

       AGE

0-2 0 0 0.0001 0 0.0001 0

3-5 0 0.0001 0.0002 0 0 0.0001

6-8 0.0051 0.0067 0.0058 0.0036 0.0051 0.0048

9-11 0.1265 0.1271 0.1164 0.0947 0.11 0.107

12-14 0.4029 0.4114 0.4487 0.436 0.3926 0.4258

15-17 0.5403 0.5946 0.5533 0.5993 0.5626 0.5717

18-20 0.4988 0.4745 0.3893 0.4656 0.4279 0.4276

21-23 0.5428 0.5395 0.383 0.4777 0.5276 0.4628

24-26 0.6847 0.7084 0.4602 0.4773 0.5727 0.5034

27-29 0.5876 0.7388 0.613 0.604 0.52 0.579

30-32 0.5876 0.7388 0.613 0.604 0.52

  FBAR  12-14 to 21-23 0.4962 0.505 0.4436 0.4947 0.4777

1

    Run title : „SMAR Va Vb VI XIVb - Landings“                                                 

    At 21/04/2004  11:57   

                                                                                                 

       Table  9    Relative F at age                                        

       YEAR 1989-91 1992-94 1995-97 1998-2000 2001-2003        MEAN **-**

       AGE

0-2 0 0 0.0001 0 0.0001 0.0001

3-5 0.0001 0.0001 0.0004 0.0001 0.0001 0.0002

6-8 0.0104 0.0133 0.0131 0.0072 0.0106 0.0103

9-11 0.255 0.2517 0.2624 0.1914 0.2302 0.228

12-14 0.8119 0.8147 1.0116 0.8814 0.8219 0.905

15-17 1.0888 1.1774 1.2472 1.2115 1.1778 1.2122

18-20 1.0053 0.9396 0.8777 0.9413 0.8958 0.905

21-23 1.0939 1.0683 0.8634 0.9658 1.1045 0.9779

24-26 1.3798 1.4029 1.0375 0.965 1.1989 1.0671

27-29 1.1842 1.4631 1.382 1.221 1.0885 1.2305

30-32 1.1842 1.4631 1.382 1.221 1.0885

0     REFMEAN 0.4962 0.505 0.4436 0.4947 0.4777

1

    Run title : „SMAR Va Vb VI XIVb - Landings“                                                 

    At 21/04/2004  11:57   

                                                                                                 

       Table 10    Stock number at age (start of year)               Numbers*10**-3

       YEAR 1989-91 1992-94 1995-97 1998-2000 2001-2003 2004-2006       GMST **-**    AMST **-**

       AGE

0-2 535322 532795 515417 473679 518446 0 527770 527845

3-5 350539 438285 436215 421965 387807 424437 406192 408346

6-8 287540 286985 358812 357080 345465 317491 309367 311112

9-11 226225 234210 233397 292069 291307 281419 231249 231277

12-14 186931 163206 168869 170091 217529 213672 172712 173002

15-17 122355 102297 88554 88271 90048 120272 103490 104402

18-20 67484 58362 46215 41694 39691 42003 56672 57354

21-23 41173 33550 29731 25635 21429 21184 34502 34818

24-26 27854 19589 16015 16597 13016 10352 20597 21153

27-29 20858 11500 7898 8276 8431 6011 12373 13418

30-32 9955 5394 3844 4561 3782 5945

0       TOTAL 1876235 1886174 1904967 1899917 1936951 1442786

1


Table 5 continued.

[image: image10.emf]    Run title : „SMAR Va Vb VI XIVb - Landings“                                                 

    At 21/04/2004  11:57   

                                                                                                 

       Table 11    Spawning stock number at age (spawning time)      Numbers*10**-3

       YEAR 1989-91 1992-94 1995-97 1998-2000 2001-2003

       AGE

0-2 0 0 0 0 0

3-5 0 0 0 0 0

6-8 0 0 0 0 0

9-11 226225 234210 233397 292069 291307

12-14 186931 163206 168869 170091 217529

15-17 122355 102297 88554 88271 90048

18-20 67484 58362 46215 41694 39691

21-23 41173 33550 29731 25635 21429

24-26 27854 19589 16015 16597 13016

27-29 20858 11500 7898 8276 8431

30-32 9955 5394 3844 4561 3782

1

    Run title : „SMAR Va Vb VI XIVb - Landings“                                                 

    At 21/04/2004  11:57   

                                                                                                 

       Table 12    Stock biomass at age (start of year)               Tonnes

       YEAR 1989-91 1992-94 1995-97 1998-2000 2001-2003

       AGE

0-2 0 0 515 0 518

3-5 50478 58730 44058 47260 55844

6-8 95176 93844 95085 131048 115385

9-11 123293 120852 128368 159178 160219

12-14 124683 108859 111623 112430 142482

15-17 110731 91863 77662 77414 78431

18-20 76662 65366 51391 46364 43819

21-23 47472 37577 32823 28301 23657

24-26 40443 28072 22790 23617 18653

27-29 32935 17353 11846 12331 12722

30-32 20178 10185 7519 10253 7054

0    TOTALBIO 722050 632699 583681 648196 658785

1

    Run title : „SMAR Va Vb VI XIVb - Landings“                                                 

    At 21/04/2004  11:57   

                                                                                                 

       Table 13    Spawning stock biomass at age (spawning time)      Tonnes

       YEAR 1989-91 1992-94 1995-97 1998-2000 2001-2003

       AGE

0-2 0 0 0 0 0

3-5 0 0 0 0 0

6-8 0 0 0 0 0

9-11 123293 120852 128368 159178 160219

12-14 124683 108859 111623 112430 142482

15-17 110731 91863 77662 77414 78431

18-20 76662 65366 51391 46364 43819

21-23 47472 37577 32823 28301 23657

24-26 40443 28072 22790 23617 18653

27-29 32935 17353 11846 12331 12722

30-32 20178 10185 7519 10253 7054

0    TOTSPBIO 576397 480125 444022 469888 487037

1

    Run title : „SMAR Va Vb VI XIVb - Landings“                                                 

    At 21/04/2004  11:57   

                                                                                                 

       Table 14    Stock biomass at age with SOP (start of year)      Tonnes

       YEAR 1989-91 1992-94 1995-97 1998-2000 2001-2003

       AGE

0-2 0 0 521 0 523

3-5 51128 59524 44557 47905 56315

6-8 96401 95113 96163 132835 116358

9-11 124880 122486 129823 161348 161570

12-14 126288 110330 112888 113963 143683

15-17 112157 93105 78542 78469 79093

18-20 77649 66249 51973 46996 44189

21-23 48084 38084 33195 28687 23857

24-26 40964 28451 23048 23939 18810

27-29 33359 17587 11981 12499 12829

30-32 20438 10322 7604 10393 7114

0    TOTALBIO 731348 641251 590295 657035 664338


Table 5 continued.

[image: image11.emf]1

    Run title : „SMAR Va Vb VI XIVb - Landings“                                                 

    At 21/04/2004  11:57   

                                                                                                 

       Table 15    Spawning stock biomass with SOP (spawning time)    Tonnes

       YEAR 1989-91 1992-94 1995-97 1998-2000 2001-2003

       AGE

0-2 0 0 0 0 0

3-5 0 0 0 0 0

6-8 0 0 0 0 0

9-11 124880 122486 129823 161348 161570

12-14 126288 110330 112888 113963 143683

15-17 112157 93105 78542 78469 79093

18-20 77649 66249 51973 46996 44189

21-23 48084 38084 33195 28687 23857

24-26 40964 28451 23048 23939 18810

27-29 33359 17587 11981 12499 12829

30-32 20438 10322 7604 10393 7114

0    TOTSPBIO 583819 486614 449054 476295 491143

1

    Run title : „SMAR Va Vb VI XIVb - Landings“                                                 

 

    At 21/04/2004  11:57   

        Table 16    Summary     (without SOP correction)           

                                                                                                 

 

            RECRUITS     TOTALBIO     TOTSPBIO     LANDINGS    YIELD/SSB   FBAR  12-14 to 21-23

               Age 0-2

1989-91 535322 722050 576397 180046 0.3124 0.4962

1992-94 532795 632699 480125 148575 0.3095 0.505

1995-97 515417 583681 444022 121123 0.2728 0.4436

1998-2000 473679 648196 469888 125415 0.2669 0.4947

2001-2003 518446 658785 487037 126300 0.2593 0.4777

 

 Arith.

   Mean    515132 649082 491494 140292 0.2842 0.4834

0 Units    (Thousands)     (Tonnes)     (Tonnes)     (Tonnes)

1

    Run title : „SMAR Va Vb VI XIVb - Landings“                                                 

 

    At 21/04/2004  11:57   

        Table 17    Summary     (with SOP correction)              

                                                                                                 

 

            RECRUITS     TOTALBIO     TOTSPBIO     LANDINGS    YIELD/SSB     SOPCOFAC   FBAR  12-14 to 21-23

               Age 0-2

1989-91 535322 731348 583819 180046 0.3084 1.0129 0.4962

1992-94 532795 641251 486614 148575 0.3053 1.0135 0.505

1995-97 515417 590295 449054 121123 0.2697 1.0113 0.4436

1998-2000 473679 657035 476295 125415 0.2633 1.0136 0.4947

2001-2003 518446 664338 491143 126300 0.2572 1.0084 0.4777

 

 Arith.

   Mean    515132 656853 497385 140292        .2808                      .4834

0 Units    (Thousands)     (Tonnes)     (Tonnes)     (Tonnes)

1
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Figure 1. S. marinus landings in weight (t) in Va and total (Va, Vb and XIVb), by three-year intervals.
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Figure 2. S. marinus in Div. Va, Vb, XIVb. Catch in numbers (‘000) for three-year age groups by three-year time intervals.
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Figure 3. S. marinus in Div. Va, Vb, XIVb.. Catch curves for three-year age groups by three-year time intervals.
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Figure 4. S. marinus in Div. Va, Vb, XIVb. Trends in log catchability residuals.
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Figure 5. S. marinus in Div. Va, Vb, XIVb. Exploitation pattern of age groups by time intervals.
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Figure 6. S. marinus in Div. Va, Vb, XIVb. Trends in SSB and recruitment.
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Figure 7. S. marinus in Div. Va, Vb, XIVb. Trends in landings and fishing mortality.
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