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Summary

This document reports refinements to the survey-based SCAA assessments reported at an earlier
meeting in Vigo, and attempts to provide results for the set of future analyses requested there.
Particular attention has been paid to attempting to reduce the residual patterning evident in earlier
assessments through taking further account of serial correlation. These efforts seem to have been
reasonably successful for the overall survey indices and commercial catch-at-age proportions, but
less so for the survey catch-at-age proportions, which consequently remain somewhat overweighted
in the fitting process. A simpler age-structured production model is also fitted to the data, and gives
similar results to the New Baseline SCAA assessment that is developed, with Bayesian estimates of
precision computed for both these approaches. Despite these efforts to incorporate serial correlation,
some conflict remains amongst the different sets of input data, and partly in consequence the
absolute scale of biomass is poorly determined by assessments. The most pessimistic (in stock status
terms) of the SCAA variants considered produce biomass estimates that do not differ that greatly
from those from XSA. Importantly however, even in those cases the SCAA assessments provide
results for recent years more in line with survey index (and CPUE) trends, and give more positive
projections for future abundance: for example all SCAA projections under a constant TAC of 22750
tons increase, whereas XSA projects a decrease in those circumstances.

Introduction

This paper continues the development of the application of Statistical Catch-at-Age (SCAA) methodology to the
2J3K-O Greenland halibut resource beyond the results presented in Butterworth and Rademeyer (2009a).
Updates include:

1) Taking the modelled population age structure to a plus-group age of 20 rather than 14 so that any
decreasing selectivity trend continues to a larger age. For the commercial selectivity, the estimated decrease
from ages 11 to 12 are assumed to continue exponentially to age 20+. Similarly for the survey selectivities,
the estimated decrease from ages 10 to 11 (7 to 8 for the Canadian spring survey) is assumed to continue
exponentially to age 20+.

2) The inclusion of correlation, in both year and age, in survey proportions-at-age data. Butterworth and
Rademeyer (2009a) noted the non-randomness of the residuals for the fits of the survey proportions-at-age
data. To allow for serial correlation between the survey proportion-at-age residuals, equation B21 of
Butterworth and Rademeyer (2009b) is replaced by:
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Pes Adage is the age serial correlation coefficient for survey series i, which is estimated, and

P is the year serial correlation coefficient for survey series 7, which is estimated.

The second term in the likelihood has been added so that the average predicted proportion-at-age is close to
that observed. This is necessary here because taking account of serial correlation loses the information
otherwise in the likelihood to fit to data for the youngest age-class.

Results
New Baseline

Extending the model to age 20 (compared to 14 in Rademeyer and Butterworth, 2009a) has little effect on the
results (Case 1, Table 1). Residual patterns for the survey catch-at-age data are improved by allowing for serial
correlation in both age and year as described above (Cases 2 and 3, Table 1). For both the age and the year serial
correlations, a series specific correlation parameter is warranted in terms of AIC. These two specifications
provide the basis for a revised baseline assessment (Case 4, “New Baseline”). Fig. 1 compares the biomass
trajectories estimated for Cases 1 to 4, while the standardised residual patterns for the fits to the survey catch
proportions-at-age for these four cases are shown in Fig. 2.

Figs 3-5 show results for the New Baseline, respectively the survey and commercial (average) selectivities, the
fit to the survey abundance indices and the corresponding survey standardised residuals. The estimated
numbers-at-age and fishing mortalities matrices are shown in Tables 8 and 9 respectively.

As previous assessments presented in Rademeyer and Butterworth (2009a), the New Baseline includes serial
correlation in the survey abundance indices. The serial correlation parameter is not series specific as it is not
warranted in terms of AIC criteria (Case 5, Table 1). Introduction of serial correlation does improve the
randomness of the residuals (see Fig.5).

Variation in assumptions concerning the stock-recruitment relationship

Table 2 shows sensitivities to a number of variations in the New Baseline assumptions of a Beverton-Holt stock
recruitment function with steepness # = 0.9 and recruitment variability set on input to oz = 0.2. First lower
values of / are considered. Next a refinement of the Ricker form is considered which can also produce shapes
similar to Beverton-Holt, as described in Butterworth and Rademeyer (2009a). This is implemented estimating
both /2 and y. Finally oy is set to 0.3. The resulting stock-recruitment curves, and time series of standardised
stock-recruitment residuals and recruitment are shown in Fig. 6, while the biomass trajectories are shown in Fig.
7.

Variation in assumptions concerning the annual catches and commercial selectivity

Table 3 shows sensitivities to the 1990-1994 annual catch assumptions, as well as assumptions concerning the
commercial selectivity. Fig. 8 plots the biomass trajectories for these four sensitivities. Fig. 9 compares the



commercial selectivity estimated for the New Baseline, the XSA assessment and Case 10 with flat selectivity
from age 10. To coincide with known changes in the operation or regulation of the fishery, an alternative
commercial selectivity is considered in Case 11. The selectivity is divided into four periods (1960-1987, 1989-
1995, 1996-2003, 2007-2008), with linear trends between the periods. The selectivity estimated for each period
is shown in Fig. 10.

Sensitivities on the extent of selectivity variation

Cases 12a-c in Table 4 investigate the effect of changing the extent of selectivity variation, first in the
commercial selectivity (more and less variation allowed in 12a and 12b respectively) and then in the survey
selectivities (og increased to 1 in 12c). Fig. 11 compares the biomass trajectories and Fig. 12 the standardised
residuals for the commercial and survey proportions-at-age.

Sensitivities on the extent of natural mortality

Case 13 fixes the natural mortality to 0.15 instead of 0.2 in the New Baseline assessment (Table 4). The biomass
trajectories are shown in Fig. 13.

Start in 1975 with data as in XSA

Cases 14a-c use the same data in fitting as used in the current XSA, i.e. excluding the pre-1995 Canadian fall
survey information (biomass index and catch-at-age data) and the pre-1995 EU survey index. In 14a, the model
starts in 1960 assuming unexploited equilibrium (as in the New Baseline) and is brought forward under the
annual catches. Stock-recruitment residuals are estimated from 1975 onwards. In 14b, the model starts in 1975
and 6 and ¢ are estimated; while in 14c, the XSA estimated proportions-at-age in 1975 are used as input and 6
is estimated. Results for these three sensitivities are shown in Table 4, while the biomass trajectories are
compared in Fig. 14.

The estimated numbers-at-age and fishing mortalities matrices are shown in Tables 10 and 11 respectively for
14a.

Retrospective assessments
The results of retrospective assessments for the New Baseline are shown in Table 6 and Fig.16.
Production-type model

Table 7 gives results of two production-type models with no stock-recruitment variations and no variations in
selectivities. These models nevertheless have to be age-structured as account has to be taken of the different age
“ranges” to which catches and the various surveys correspond. Case 1 fits to both survey indices and
commercial and survey proportions-at-age, and selectivities are estimated, though with % fixed at 0.9 as
otherwise parameter estimation becomes confounded. The purpose of this exercise is merely to estimate the
selectivities at values which can be fixed when % is freed. Case 2 fits to the survey indices only and the
selectivities are fixed to the values estimated in Case 1. Fig. 15 compares the biomass trajectories for
production-type model 2, the New Baseline and the XSA.

Key results are summarised for the XSA, the New Baseline and all the sensitivities to this assessment, and the
Production-type Model 2 in Table 12.

Projections results

20-year biomass projections for the New Baseline are plotted in Fig.17 under a series of catch scenarios: three
constant catch (0, 16000t and 22750t) and a F0.1 strategy. The constant catch projections of 16000t and 22750t
are compared across four models in Fig. 18: the New Baseline, a more pessimistic SCAA (Case 14a, start in
1975), the Production-type Model 2 and XSA.

The catches expected under the FO.1 strategy for the New Baseline, Case 14a and the Production-type Model 2
are plotted in Fig. 19. The reason for the sharp initial peak in estimates of the F0.1 strategy TAC for the New
Baseline SCAA and the production model 2 is that both these assessments estimate current biomass to be
appreciably above the MSY level, so that TACs are set with the intent to decrease current abundance.

MCMC results

For the New Baseline and the Production-type Model 2, MCMC has been used to compute posterior
distributions. The contribution from equations B25 and B27 in Rademeyer and Butterworth (2009b) then
correspond to priors on the distribution of the recruitment and selectivity residuals respectively. Other priors on
the parameters (K, the serial correlation parameters and the selectivity parameters) are taken to be uniform
over wide and/or feasible ranges with the intent that they be uninformative.



The initial parameter vector used to start the MCMC computational process was the mode of the posterior. The
chain was “thinned” by taking every 1000™ value in the chain, and the results of the first one million iterations
were discarded to allow for a “burn-in” period. A chain of 10 million iterations (including the burn-in period)
was run.

Tables 14 and 15 compare the Maximum Likelihood Estimate (MLE), the median and 90%-iles for the New
Baseline and the Production-type Model 2 respectively. The simple approach of comparing results for the first
and second halves of the parts of the chains retained showed little difference, broadly suggesting that the chain
was sufficiently long to achieve convergence.

Note that the treatments of the SCAA and the production model in this assessment of estimation precision have
differed. For the SCAA the steepness parameter 4 was fixed at 0.9, consistent with most other SCAA variants
for which results are reported here, whereas 4 was treated as an estimable parameter (with an uninformative
prior) for the production model MCMC Bayesian computations. In retrospect, it is evident that as the value of /
has an important influence on values of some other quantities of importance to management, it might have been
better to include / as an estimable parameter with a prior in the SCAA Bayesian computations, but there was
insufficient time to do this.

Discussion
Some key features of the results are as follows.

In Table 1 the selection of the New Baseline assessment was determined by the best AIC. It is important though
to note that taking account of further serial correlation has the effect of decreased precision (larger Hessian-
based CVs) for the resultant estimates.

Table 2 shows that the negative log likelihood does not increase very much for lower values of steepness /4, and
these in turn reflect greater extents of depletion. Together with that, however, comes a poorer fit to the survey
series. In contrast, if recruitment variability is increased, abundance estimates also increase.

Tables 3 and 4 show that a lower value of M, or a decrease in 1990-94 catches leads to greater extents of
depletion estimates, but that the reverse holds if the extent permitted of variation permitted for selectivity is
increased. Assuming asymptotically flat selectivity does not lead to an especially pessimistic appraisal as in
earlier work, but this flat level estimated is rather low, and so still suggests a large cryptic component of the
biomass.

Omission of pre-1975 data leads (Table 5) to much greater estimates for the extent of depletion. Additional
analyses (not shown here) indicate that it is chiefly the inclusion or otherwise of the pre-1995 Canadian fall
CAA that determines whether or not the estimated extent of depletion of the halibut resource is large. Although
these Table 5 results for abundance are quite close to those from the XSA in absolute terms, they also show very
different behaviour close to the end of the assessment period, with their estimated biomass trends more positive
than for XSA.

Table 6 yields a preferred production model assessment (model 2) with results similar to those of the New
Baseline SCAA assessment. However the Hessian-based CV’s for the production model are rather high,
probably because this model treats /# as an estimable parameter, whereas the SCAA fixes 4. This qualitative
comparison is borne out by the corresponding Bayesian results shown in Tables 12 and 13.

For the retrospective analysis, aside from a more negative appraisal for the assessment with only the most recent
year’s data removed, the plots in Fig. 16 are very consistent and provide no indication of any systematic pattern

In summary

The most important (and problematic) feature of the assessment of this Greenland halibut resource is the conflict
between trends in the survey indices of abundance (or equally the CPUE) and information contained in the
catch-at-age proportions for the surveys. The former fit better with an appraisal of a relatively large resource
which is not substantially depleted below its pre-exploitation level, while the latter suggest the opposite. It is
very evident for all variants where the SCAA suggests a highly depleted resource that the —InL contribution
from the survey indices deteriorates to an important extent.

Our efforts have concentrated particularly on trying to take due account of serial correlation in these data to
discover whether this removes this conflict, to provide more correct relative weighting of the contributions of
these two data sources to the negative log likelihood, and to provide a more defensible basis for estimates of



precision such as Bayesian probability intervals. In this regard (and these are matters of relevance also to VPA
approaches) we have been only partially successful. Our sense is that we have adequately accounted for serial
correlation in the time trends of the survey indices and the commercial catch-at-age proportions, but only
partially so for the survey catch-at-age proportions. This then suggests that in a statistical context our
computations reflect an over-weighting of the survey catch-at-age proportions, and with that results for resource
status that are negatively biased to some extent.

It is unsurprising that there is a wide range of absolute biomass scale across the various SCAA variants reported,
as the conflict indicated would contribute to such an effect. Our view is that for more reliable results priority in
assessments should first be given to having models fit the trends in indices of overall abundance, provided due
account is taken of serial correlation effects and attention given to possible non-comparability over time.

The most pessimistic (in stock status terms) of the SCAA variants reported produce biomass estimates that do
not differ that greatly from those from XSA. Importantly however, even in those cases the SCAA assessments
provide results for recent years more in line with survey index (and CPUE) trends, and give more positive
projections for future abundance: for example all SCAA projections under a constant TAC of 22750 tons
increase, whereas XSA indicates a decrease.
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Table 1: Results of fits of various SCAA variants to the commercial catch and survey data compared to the Baseline assessment B2 of Butterworth and Rademeyer (2009a).
Biomass units are ‘000t. Values fixed on input rather than estimated are shown in bold. Quantities shown in parenthesis are Hessian-based CVs. —InL values in parenthesis

are for repeating case 1) but fitting to the same number of data points as the sensitivity concerned (see text for details).

Bagseline B2
(Rademever and

1) As B2 but max age = 20

and with extra InL"**

2) As 1) with senal correlation
m age for the survey CAA

3) As 1) with senal correlation
n year for the survey CAA

4) as 1) zeral correlation by age
and year for the survey CAA

5) as New Baseline (NB) with a
survey o for each series

Butterworth, 2009a) sununation New Baseline
No of parameters 503 503 507 511 515 518
No of data points 1024 1024 965 977 924 924
"-InL:overall -500.4 -498.2 -573.2 -(516.8) -5253  -(476.0) -602.2  -{497.4) -603.2
"InL:Survey -49.3 -49.4 490 -(47.3) -46.9  -(49.9) -47.1  -{48.1) -49.4
InL:CAA -225.0 -224.5 -216.3  -(223.1) -226.4  -(227.5) -220.2  -(216.5) -220.3
"L CAAsury -367.2 -367.8 -423.2 -(376.8) -438.4  -(338.0) -478.2  -(350.3) -478.9
"InL:RecRes 30.1 30.0 239 (26.2) 316 (29.8) 23.0 (26.0) 241
"InL:SelPen 111.1 113.5 01.4  (104.3) 154.7  (109.6) 1204 (101.5) 121.3
h 0.90 0.90 0.90 0.90 0.90 0.90
g 1 1 1 1 1 1
& 0 0 0 0 0 0
O - SWIVEYS 0.63 0.63 0.62 0.67 0.65 0.24 0.59 078 0.69
OChbag 1] 1] 0.64 014 015 030 0 0.70 024 024 038 | 070 025 023 037
Ochbyr 0 0 0 -0.20  -0.78 -0.28 -0.51| -0.35 0.73  -0.25 -0.53| -0.36 -0.73 025 054
¥ 576 {0.19) 601 (0.20) 687 (0.29) 508 (0.23) 506 0.27) 645 (0.29)
B¥ s 372 (0.42) 402 0.42) 497 0.53) 371 0.50) 353 (0.60) 412 (0.58)
B¥ 'K 0.65  (0.24) 0.67 (0.23) 072 (0.25) 0.62  (0.28) 0.50 (0.34) 0.64 (0.30)
MSYL¥ 017 (0.62) 0.17 (0.12) 017  (0.12) 017 (0.14) 0.17 (0.15) 0.17 (0.14)
B ey 100 (0.68) 101 (0.30) 115 (0.38) 100 (0.35) 100 (0.41) 108 (0.41)
MSY 43 (0.18) 44 0.19) 49 0.28) 44 0.22) 43 0.26) 47 (0.28)
= TR 0.07 0.07 0.07 0.07 0.07 0.07
Survey g's :10°  CTom  Tncas g's (10°  Tow  Tomcas g's 0% T Taucan g's 510° T Toucan g's ©0°  Tauw  Temcas q's £10° T Tumcas
CanFalll| 118 0.29 0.06 116 0.29 0.06 97 029  0.04 120 029  0.06 116 0.29 0.4 106 027  0.04
CanFall2| 197 0.15 0.05 189 0.15 0.05 176 015 0.03 199 018 0.03 213 017 0.02 196 017 0.02
EU| 69290  0.29 0.07 | 67058  0.29 0.07 56604 0.290  0.06 68255 029 0.06 67045 029 0.06 62109 0.29  0.06
CanSpr| 11 0.39 0.05 10 0.39 0.05 o 040 0.05 11 040 004 11 040  0.05 10 040  0.05
ap_out 0.22 0.22 0.20 0.23 0.20 0.20




Table 2: Results of fits of various SCAA variants related to aspects of the stock-recruitment relationship assumed (see text for details) to the commercial catch and survey
data, compared to the New Baseline assessment. Biomass units are ‘000t. Values fixed on input rather than estimated are shown in bold. Quantities shown in parenthesis are
Hessian-based CVs (note cases 6b and 8 have not fully converged so that Hessian-based CVs are not available).

New Baseline 6a) 1 =0.7 6b) i =0.5 K Rld;z::illﬂ:te(::) il 8) @z =03
No of parameters 515 515 517 515
No of data points 024 924 024 024
“InL:overall -602.2 -601.4 -605.1 -618.0
InL:Survey 471 477 -41.6 -49.5
Sl CAA -220.2 -220.2 22151 -221.6
"L:CAAsurv -478.2 -476.4 -486.4 -482.7
-Inl RecRes 23.0 229 234 lal
"-InL:SelPen 120.4 120.0 114.6 119.8
h 0.90 0.70 0.50 0.64 0.90
£ 1 1 1 1 1
& 0 0 0 0 1]
O - Surveys 0.65 0.64 0.65 0.65 0.63
Ok bage 0.70 0.24 0.24  0.38 0.70 0.25 0.24  0.38 0.69 0.24 024 037 0.68 0.24 0.24  0.35 0.71 0.23 0.22 037
OChbyr -0.35 073 -0.25 -0.53| 036 073 -0.24 053] 036 0.73 026 -0.54| -0.38 074 2029 0.55| -0.35 074 026 0.54
¥ 506 (0.27) 611 (0.27) 542 * 431 (0.10) 897 ¥
B s 353 (0.60) 342 (0.67) 169 * 44 (0.38) 703 t
BV ye'K 0.59 (0.34) 0.56 (0.40) 0.31 * 0.10 0.33) 0.78 i
MSYLY 0.17 (0.15) 0.28 (0.13) 0.37 ! 0.26 (0.22) 0.17 !
B sy 100 0.41) 170 (0.39) 202 * 113 0.17) 150 I
MSY 43 (0.26) 33 (0.26) 21 * 22 (0.13) 64 g
Toamihi 0.07 0.07 0.07 0.07 0.07
Survey g's (100 Towr  Tomcas g's 5100 Towr  Tewcas g's 100 T Temcas g's £10°  Goar  Temcss q's 10° Ty Tamoss
CanFalll| 116 0.29 0.04 116 0.29 0.04 142 0.30 0.04 187 0.31 0.04 81 28 0.04
CanFall2| 213 017 0.02 128 0.16 0.02 334 015 0.02 450 0.15  0.02 137 A6 0.02
EU| 67945  0.20  0.06 69465 030 0.06 96177 034 0.06 138111 0.39 0406 44456 028 006
CanSpr| 11 040  0.05 12 0.39  0.05 17 0.39  0.05 22 040 0.05 7 040  0.05
ag_out 0.20 0.20 0.20 0.20 0.25




Table 3: Results of fits of various SCAA variants related to aspects of the commercial catches and selectivity (see text for details) to the commercial catch and survey data,
compared to the New Baseline assessment. Biomass units are ‘000t. Values fixed on input rather than estimated are shown in bold. Quantities shown in parenthesis are

Hessian-based CVs.

9a) 1990-1994 catches mereased

9b) 1990-1994 catches decreased

10) Flat conunercial selectivity

11) Four conunercial selectivity

New Baseline by 10 000 t by 10 000 t from age 10 periods
No of parameters 515 515 515 514 533
No of data points 924 024 024 024 924
"-InL:overall -602.2 -601.4 -608.7 -595.7 -616.7
"InL:Survey -47.1 -47.3 -41.6 -46.9 -49.0
-220.2 -220.4 -215.1 -219.6 -233.2
C 4782 4779 -480.5 A78.6 478.6
"-InL:RecRes 23.0 23.0 24.0 23.0 237
"-InL:SelPen 1204 1212 113.5 126.4 120.4
h 0.90 0.90 0.90 0.90 0.90
& 1 1 1 1 1
¢ 0 0 0 0 0
£ - SUrveys 0.65 0.65 0.67 0.65 0.63
OChbage 0.70 0.24 0.24  0.38 0.70 0.25 0.24 0.38 0.68 0.24 0.22 0.35 0.70 0.25 0.24 038 0.71 0.24 0.23 038
CChlyr -0.35 -0.73  -0.25 -0.53| -0.36 0.73  -0.25 -0.53| -0.36 0.75 <031 -0.55| -0.36  -0.73  -0.25 -0.54| -0.34 073 025 -0.54
x¥ 506 (0.27) 725 (0.24) 334 (0.05) 520 0.27) 801 (0.36)
B 333 (0.60) 192 (0.46) 26 (0.42) 285 (0.66) 637 (0.60)
BT /K 0.59  (0.34) 0.68 0.23) .08 (0.40) 0.54  (0.40) 0.80  (0.24)
MSYL? 017 (0.15) 0.17 (0.11) 0.18 (0.18) 0.17  (0.18) 0.17  (0.12)
B ey 100 (0.41) 122 (0.33) 50 (0.20) 01 (0.44) 133 (0.45)
MSY 43 (0.26) 52 0.24) 27 0.04) 39 0.25) 57 (0.36)
Toomthh 0.07 0.07 0.07 0.07 0.07
Survey g's x10°  Ta  Temcss g's x10°  Toww  Tewmcas q's 10" Toww  Temcss q's x10° T Tomcan q's x10° T Tomcan
CanFalll| 116 0.29 0.04 94 0.29 0.04 226 0.32 0.04 132 0.30 0.04 84 0.29 0.04
CanFall2| 213 0.17  0.02 174 0.17  0.02 441 016 0.02 242 0.17  0.02 154 016 0.02
EU| 67945 020  0.06 54621 0.29  0.06 157491 037 0.06 77098 030 0.06 47307 028  0.06
CanSpr 11 0.40 0.05 9 0.40 0.05 23 0.41 0.05 13 0.40 0.05 8 0.39 0.05
ap_out 0.20 0.20 0.20 0.20 0.20




Table 4: Results of fits of various SCAA variants related to the choice of the o and M parameters (see text for details) to the commercial catch and survey data, compared to
the New Baseline assessment. Biomass units are ‘000t. Values fixed on input rather than estimated are shown in bold. Quantities shown in parenthesis are Hessian-based
CVs.

New Baseline 12a) comumercial ag =4.0 12b) commercial o =10.5 12¢) survey ag=1.0 13y M4=0.15
No of parameters 515 515 515 513 515
No of data pomnts 924 924 924 924 924
"-InL:overall -002.2 -609.9 -558.3 -727.6 -6004.0
"InL:Survey -47.1 -47.1 -40.0 -48.5 -39.2
L:CAA -220.2 -221.8 -186.9 22171 -213.5
InL:CAAsuv -478.2 -478.2 -402.1 -560.9 -487.6
-InL-RecRes 23.0 230 234 204 228
InL:SelPen 120.4 114.3 137.3 78.5 113.5
h 0.90 0.90 0.90 0.90 0.90
&g 1 1 1 1 1
& 0 0 0 0 0
O£ - suIveys 0.65 0.65 0.69 0.59 0.69
PChbage 0.70 024 024 038 070 024 038 | 0.69 023 035 0.57 023  0.08 029 | 067 024 023 035
PChbyr -0.35 -0.73  -0.25 -0.53| -0.35 -0.25 -0.53 | -0.37 -0.32 -0.55 | -0.54 076 045 -0.72| -0.38 -0.74 <030 -0.55
¥ 500 (0.27) 610 353 388 (0.44) 572 0.06)
B¥ s 353 (0.60) 370 29 769 (0.67) 58 (0.41)
B 'K 0.50  (0.34) 0.61 087  (0.24) 010 (0.37)
MSYLY 0.17 (0.15) 0.17 .18 0.17 (0.11) 0.19 0.17)
B sy 100 (0.41) 102 62 148 (0.53) 106 (0.20)
MSY 43 (0.26) 44 (0.26) 8 63 (0.43) 28 (0.05)
Toamihi 0.07 0.07 0.08 0.07 0.07
Survey q's x10°  Tow  Tamoss q's x10°  Tuw  Temcas q's $10°  Tewr  Temcas g's 10 Com  Temcan g's 10° Ty Temcas
CanFalll| 116 020 004 113 0.29  0.04 204 032  0.04 82 020 0.03 232 032 004
CanFall2| 213 017  0.02 208 017  0.02 415 017  0.02 140 0.18  0.02 519 019 0.02
EU| 67945  0.20  0.06 66156 0,29 0.06 146920 038  0.06 43641 028 005 156148 038  0.06
CanSpr| 11 040  0.05 11 0.40  0.05 22 041  0.05 7 037 0.04 26 042 0.05

ag_out 0.20 0.20 0.20 0.18 0.19




10

Table 5: Results of fits of various SCAA variants starting in 1975 (see text for details) to the commercial catch and survey data, compared to the New Baseline assessment.
Biomass units are ‘000t. Values fixed on input rather than estimated are shown in bold. —InL values in parenthesis in the New Baseline column are for the data as the XSA

data. Quantities shown in parenthesis are Hessian-based CVs.

. 14c) XSA data only, start in
15?1:5?:)lifx:]il(ol::(loéiisﬁi::iilhl 14b) XSA (}ata only, start in 19?:‘: )estimate &, %tal)‘t with XSX
New Baseline 1060 1975: estimate & and £, estunated pro;fiwus-at-age m
No of parameters 515 500 502 501
No of data pomts 924 714 714 714
"-InL:overall -602.2  -(381.6) -444.4 -445.5 -447.4
"InL:Survey 471 -(31.9) -31.0 -31.0 -31.0
Llnl:CAA -220.2 -(220.2) -210.5 22132 -223.6
InL:CAAsuv -478.2  -(272.7) -2940.3 -200.1 -290.0
"-InL:RecRes 23.0 (23.0) 20.7 21.2 6.2
"-InL:SelPen 1204 (120.4) 66.7 67.0 711
h 0.90 0.90 0.90 0.90
& 1 1 0.34 0.04
¢ 0 0 0.27 0
& - surveys 0.65 0.62 0.62 0.62 062 | 0.60
P Chhage 0.70 0.24 024 038 | -0.02 024 016 035 ] 0.00 024 016 036 | 012 024 016 035
OChhy -0.35 -0.73  -0.25 -0.53| -0.06 0.75 038 -0.57| 0.00 075  -0.38 -056| -0.03 0.75  -0.38 -0.56
& 596 (0.27) 350 (0.05) 339 (0.06) 357 (0.07)
B% 300 353 {0.60) 37 (042) 3 (0.49) 23 (049
B yyueK 0.59 (0.34) 0.10 (0.38) 0.12 0.42) 0.06 (0.48)
MSYLF 0.17  {0.1%) 017 (0.16) 018  (0.17) 0.18  (0.19)
B sy 100 (0.41) 61 (0.19) 59 0.19) 63 (0.20)
MSY 43 (0.26) 28 0.04) 27 (0.035) 20 (0.07)
Toomlhh 0.07 0.07 0.07 0.07
Survey g's x10°  Tar  Temcss g's $10° T Tamcas q's 10° T Temcss g's x10°  Tow  Tamcan
CanFalll| 116 0.20  0.04 178 031 014 167 030 013 182 031 013
CanFall2| 213 017 0.02 421 0.16  0.02 420 016  0.02 447 015 0.02
EU| 67945 0.29 0.06 215975 0.28 0.06 214345 0.28 0.06 235079 0.29 0.06
CanSpr| 11 0.40  0.05 22 041  0.05 22 041 0.05 23 040  0.05
op_out 0.20 0.22 0.23 0.26
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Table 6: Results of five retrospective on the New Baseline compared to the New Baseline assessment. Biomass units are ‘000t. Values fixed on input rather than estimated
are shown in bold.

Ifl;‘:a 1;;01;%1:;? 15a) data to 2006 15b) data to 2005 15¢) data to 2004 15d) data to 2003 15¢) data to 2002
No of parameters 515 514 488 459 449
No of data points 924 882 850 808 767
"-InL:overall -602.2 -590.4 -562.4 -568.0 -333.1
InL:Survey -47.1 -42.6 -38.4 -38.1 -39.0
LnL:CAA -220.2 -210.1 -201.7 11924 -184.0
L:CAAsuwry -478.2 -482.5 -456.6 -468.4 -433.4
"IiL:RecRes 23.0 25.8 222 20.9 216
"-InL:SelPen 1204 118.9 112.0 110.0 101.7
h 0.90 0.90 0.90 0.90 0.90 0.90
& 1 1 1 1 1 1
¢ 0 0 0 0 0 0
2 - swveys 0.65 0.65 0.67 0.59 0.62 0.63
PChbege 0.70 024 024 0338 | 070 0.13 018 035| 0.70 0.14 013 038 | 071 -0.08 010 004 | 0.70 0.05 016 -0.03| 0.70 <012 025 -0.23
Fohby -0.35 073 -0.25 053] -0.35 0.84 027 -0.66| -0.35 091 024 -0.68| -0.36 0.77 -016 -083| 036 078 -008 -081| 038 -073 -0.09 -096
¥ 506 739 760 797 765 670
B s 353 536 549 613 590 510
B /X 0.5 0.72 0.72 0.77 0.77 0.76
MSYLT 0.17 0.17 0.17 0.17 0.17 0.17
B ey 100 126 130 137 132 116
MSY 43 52 55 58 57 50
[= T 0.07 0.07 0.07 0.07 0.07 0.08
Survey g's x10°  Towe  Tewmcss q's 10" Towr  Towcas g's x10° T Temcss g's 0% T Temcss g's x10° T Tomchn g's x10°  Tam  Tomcan
CanFalll| 116 0.29 0.04 92 0.29 0.04 89 0.29 0.04 86 0.20 0.04 90 0.29 0.04 106 0.29 0.04
CanFall2| 213 017 0.02 167 021  0.02 164 026 0.02 183 022  0.02 201 022 0.02 265 0.30  0.03
EU| 67945  0.29 0.06 532119 029 0.06 52381 030 0.06 48240 030 0.06 47364 025 0.06 54091 0.23 0.06
CanSpr| 11 040  0.05 9 040 0.04 0 038 0.04 9 037  0.02 10 037  0.03 12 0.27  0.00
op_out 0.20 0.21 0.20 0.19 0.20 0.22
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Table 7: Results of fits of various production model-type assessments to the commercial catch and
survey data (see text for details). Biomass units are ‘000t. Values fixed on input rather than estimated
are shown in bold. Quantities shown in parenthesis are Hessian-based CVs.

1) Production-ty lel, .
) Froduction type m_c‘v “e 2) Production-type model,
fittmg to survey and CAA . L
(F and selectivity fitting to survey indices only
New Baseline ) T y (X and ki estunated,
parameters estimated, /1 .
selectrvity fixed to PM1)
fixed) -
No of parameters 515 45 3
No of data points 924 924 G0
"InL:overall -602.2 99.1 =391
InL:Survey -47.1 -39.1 -39.1
InL:CAA -220.2 -354 -
"InL:CAAsurv -478.2 173.6 -
"InL:RecRes 23.0 - -
InL:SelPen 120.4 - -
i 0.9 0.0 080  (0.2%)
g 1 1 1
P 0 0 0
O - smveys 0.65 0.64 0.64
OChhsge 0.70 0.24 024 038 - -
PChhyy -0.35 073 -0.25 -0.53 - -
e 506 (0.27) 507 (0.12) 500 (0.31)
B 353 (0.60) 252 (0.27) 250 {0.78)
B ool 0.59  (0.34) 0.50  (0.16) 050  (0.47)
MSYL? 017 (0.1%) 017 (0.10) 013  (0.01)
B sy 100 (0.41) 88 (0.21) 67 (0.31)
MSY 43 0.26) 38 (0.11) 41 (031
TeomCh b 0.07 0.15 -
Survey q's £10°  Tam  Tsuwcans q's x10 Towy TsunCats [ 's x10 Tsurv TsurCa s
CanFalll| 116 0.29 0.04 112 0.31 0.12 114 0.32 -
CanFall2| 213 017 0.02 222 0.25 0.10 221 0.25 -
EU| 67945 020 0.06 72049 031 0.16 72271 031 -
CanSpr| 11 040  0.05 14 0.48 0.18 14 0.48 -
op_out 0.20 - -




Table 8: Numbers-at-age (in millions) matrix for the New Baseline.
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0 1 2 5 6 8 9 10 11 12 13 14 15 16 17 18 19 20+

1960 | 318.7 2609 213.6 117.2 96.0 643 327 431 353 289 237 194 159 130 106 8.7 7.1 32.2
1961 | 317.9 2609 213.6 117.2 96.0 641 525 431 353 289 237 194 159 130 106 8.7 7.1 32.2
1962 | 320.2 260.3 2136 117.2 96.0 64.1 524 429 352 2890 236 194 159 130 106 8.7 7.1 322
1963 | 3240 2621 2131 1172 96.0 641 523 428 351 288 236 194 159 130 106 87 7.1 322
1964 | 330.3 2652 2146 117.2 959 639 522 427 350 287 236 193 158 130 106 8.7 7.1 32.2
1965 | 292.2 2704 217.2 117.2 959 631 515 424 348 286 235 193 158 130 106 8.7 7.1 32.2
1966 | 346.9 239.2 2114 116.9 958 6l4 499 414 344 283 233 192 158 119 106 8.7 7.1 322
1967 | 3456 2840 1959 117.7 953 584 469 393 333 278 230 190 156 129 106 87 7.1 322
1968 | 380.4 2829 2325 1191 958 554 433 364 314 268 225 187 154 117 105 8.6 7.1 321
1969 | 307.0 3189 231.7 1214 96.7 526 399 331 288 251 216 182 152 126 104 8.6 7.1 321
1970 | 3024 2514 261.1 1074 984 506 369 300 260 230 202 175 148 114 103 8.5 7.0 310
2079 2476 2058 1274 870 501 353 7 236 207 185 163 142 120 101 84 69 319

300.5 2439 2027 127.0 1036 539 368 272 220 190 168 150 133 116 98 82 6.8 318

3054 3197 199.7 1431 1031 476 387 281 216 176 153 136 122 108 9.4 8.0 6.7 3L.6

3452 3137 2618 112.8 1163 56.5 344 206 223 173 141 124 110 99 88 7.7 6.6 314

3221 2827 2650 1111 917 572 413 265 236 179 139 115 101 9.0 8.1 72 6.3 3L.0

308.8 263.7 2314 2170 1094 908 688 422 301 199 187 143 113 94 7.3 6.6 5.9 305

261.2 2528 2159 1895 1435 894 56.7 517 313 229 159 151 116 9.1 6.7 6.0 54 208

1978 | 304.2 2139 207.0 176.8 1453 116.0 514 401 397 248 184 128 122 9.4 6.2 5.5 49 288
1979 | 367.0 2491 1751 1695 1268 1171 466 350 303 311 198 148 104 929 7.7 6.1 51 4.5 27.6
1980 | 303.3 3005 2039 1433 1184 102.7 639 334 256 224 250 160 120 8.4 8.1 6.3 5.0 42 262
1981 | 287.2 2483 246.0 166.9 1135 956 65.1 446 240 186 179 202 130 9.7 6.9 6.6 5.1 4.1 248
1982 | 286.9 2352 2033 2014 96.0 925 571 448 327 184 148 144 163 105 7.9 5.6 54 421 2306
1983 | 277.6 2349 1925 1664 1649 1118 783 556 408 336 255 148 119 117 133 8.6 6.5 4.6 44 228
1984 | 311.2 2273 1923 1576 1362 1349 910 528 390 305 266 205 120 9.7 9.5 10.8 7.0 5.3 3.7 222
1985 | 315.6 2548 186.1 157.5 1290 111.5 109.7 439 364 289 241 214 166 9.7 7.9 7.8 8.8 5.7 4.3 21.2
1986 | 2839 2584 2086 1524 1289 1056 901 533 323 284 232 195 174 135 79 6.5 6.3 72 47 209
1987 | 236.0 2324 2116 1708 1247 1055 854 64.7 395 253 228 188 158 142 110 6.5 5.3 5.2 9 210
1988 | 2209 193.2 1903 1732 1398 102.0 86.1 474 446 302 200 183 151 128 115 9.0 53 4.3 42 220
1980 | 195.0 1809 158.2 1558 141.8 1144 834 48.1 348 349 2421 1621 148 123 104 9.4 7.3 4.3 3.5 215
1990 | 232.5 1597 1481 1295 1275 116.0 934 501 360 271 275 194 130 120 100 8.5 7.7 6.0 3.5 204
1991 | 248.5 1904 130.7 121.2 106.0 1042 943 405 326 259 202 214 153 104 9.7 8.1 6.9 6.2 49 19.6
1992 | 2495 2034 1559 107.0 99.2  86.5 436 243 211 185 154 166 121 8.3 7.8 6.6 5.6 5.1 20.0
1993 | 370.8 2043 166.6 1276 876 810 414 253 154 149 140 119 131 97 6.7 6.3 53 46 205
1994 | 463.0 303.6 167.2 1364 1044 715 327 246 173 114 114 109 9.4 10.5 7.8 54 5.1 43 204
1995 | 440.5 248.6 1369 1116 85.2 213 192 166 127 8.7 8.9 8.6 7.5 8.5 6.3 44 42 202
1996 | 265.7 3104 2035 1121 912 205 156 146 131 100 6.9 72 7.0 6.1 69 51 36 200
1997 | 254.5 2053 2541 166.6 916 73 232 147 118 115 103 8.0 5.6 58 57 5.0 56 42 19.3
1998 | 298.3 178.1 2418 208.0 1362 72.7 357 164 109 9.1 9.1 8.2 6.4 4.5 4.7 4.6 4.1 4.6 19.2
1999 | 358.3 170.6 1458 197.9 170.1 108.6 389 257 123 8.5 7.2 7.3 6.7 52 3.7 38 38 3.3 194
2000 | 412.4 199.9 1397 119.4 161.7 137.3 362 2835 197 9.6 6.7 5.7 5.9 54 42 3.0 3.1 3.1 18.6
2001 | 453.5 240.2 163.7 1143 975 1303 515 260 216 153 7.5 5.3 4.6 4.7 44 34 24 2.5 17.7
2002 | 361.9 276.4 196.6 1340 935 778 64.5 373 204 1721 122 6.0 4.3 3.7 38 3.6 28 2.0 16.6
2003 | 2447 2963 3040 2263 161.0 1096 747 610 471 294 162 137 98 49 35 30 31 29 23 152
2004 | 251.1 2003 2426 2489 1853 1316 852 336 431 370 236 130 110 7.9 4.0 28 2.5 2.6 24 14.3
2005 | 198.8 2056 164.0 1986 203.7 1516 103.4 328 244 3421 298 189 105 9.0 6.5 3.2 23 2.0 21 13.6
2006 | 333.2 1627 1683 1343 1626 1667 1223 413 232 188 274 241 154 8.5 73 53 26 19 1.7 129
2007 | 3097 2728 133.2 137.8 1099 1331 1347 945 543 205 179 151 2221 196 123 7.0 6.0 4.3 22 1.5 11.9
2008 | 311.0 253.5 2233 1091 1128 90.0 1084 1069 666 396 231 143 122 181 159 10.2 5.7 4.9 3.5 1.8 11.0




Table 9 fishing mortality-at-age matrix for the New Baseline.
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Age

0

1

2

3

4

5

6

8

9

10

11

12

13

14

15

16

17

18

19

20

avi-10

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
1094
1995
1996
1997
1098
1909
2000
2001
2002
2003
2004
2005
2006
2007
2008

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0001
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0001
0.0001
0.0001
0.0001
0.0002
0.0001
0.0001
0.0001
0.0001
0.0002
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0003
0.0004
0.0004
0.0004
0.0004
0.0002
0.0002
0.0002
0.0002
0.0002
0.0003
0.0002
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0000

0.0000
0.0000
0.0000
0.0000
0.0001
0.0003
0.0005
0.0008
0.0010
0.0012
0.0012
0.0008
0.0010
0.0010
0.0009
0.0013
0.0011
0.0009
0.0012
0.0008
0.0009
0.0012
0.0010
0.0007
0.0008
0.0005
0.0005
0.0010
0.0006
0.0010
0.0024
0.0032
0.0034
0.0030
0.0031
0.0016
0.0018
0.0015
0.0013
0.0017
0.0020
0.0013
0.0012
0.0010
0.0008
0.0006
0.0005
0.0005
0.0004

0.0002
0.0002
0.0001
0.0004
0.0009
0.0022
0.0044
0.0062
0.0079
0.0094
0.0097
0.0067
0.0081
0.0077
0.0070
0.0021
0.0018
0.0125
0.0155
0.0115
0.0135
0.0048
0.0038
0.0058
0.0063
0.0131
0.0124
0.0026
0.0017
0.0030
0.0072
0.0418
0.0455
0.2511
0.2634
0.0193
0.0227
0.0307
0.0264
0.0138
0.0163
0.0257
0.0238
0.0513
0.0417
0.0143
0.0131
0.0049
0.0035

0.0016
0.0013
0.0010
0.0029
0.0073
0.0180
0.0354
0.0507
0.0648
0.0780
0.0801
0.0551
0.0666
0.0631
0.0574
0.0252
0.0210
0.0641
0.0800
0.0504
0.0590
0.0418
0.0333
0.0378
0.0416
0.0422
0.0398
0.0479
0.0306
0.0326
0.0803
0.1138
0.1243
0.3459
0.3637
0.0688
0.0813
0.0839
0.0717
0.0741
0.0880
0.1122
0.1034
0.1552
0.1250
0.0636
0.0581
0.0314
0.0223

0.0035
0.0028
0.0022
0.0061
0.0161
0.0388
0.0771
0.1113
0.1435
0.1741
0.1791
0.1213
0.1475
0.1395
0.1266
0.0667
0.0555
0.1482
0.1870
0.1162
0.1368
0.1270
0.1003
0.1267
0.1402
0.0924
0.0870
0.2029
0.1259
0.1104
0.2894
0.2814
0.3008
0.3913
0.4120
0.1607
0.1915
0.1701
0.1445
0.2257
0.2721
0.2685
0.2460
0.3378
0.2670
0.1988
0.1804
0.1499
0.1042

0.0032
0.0025
0.0020
0.0055
0.0145
0.0349
0.0691
0.0997
01283
0.1554
0.1598
0.1085
0.1318
0.1247
0.1132
0.1047
0.0867
0.1463
0.1846
0.1354
0.1596
0.1730
0.1360
0.1552
0.1720
0.1067
0.1003
01713
0.1069
0.0899
0.2314
03105
0.3423
0.3196
0.3358
0.1108
0.1313
0.1500
0.1277
0.1110
0.1322
0.1234
0.1138
0.1470
0.1185
0.1493
0.1358
0.1154
0.0807

0.0018
0.0014
0.0011
0.0031
0.0081
0.0195
0.0383
0.0548
0.0701
0.0844
0.0867
0.0595
0.0719
0.0682
0.0621
0.1169
0.0968
0.0647
0.0807
0.1106
0.1301
0.1109
0.0878
0.0907
0.1002
0.0485
0.0457
0.0696
0.0443
0.0524
0.1310
02328
0.2536
0.1825
0.1911
0.0692
0.0817
0.1007
0.0860
0.0643
0.0763
0.0411
0.0380
0.0410
0.0334
0.0629
0.0575
0.0466
0.0329

0.0008
0.0007
0.0005
0.0015
0.0038
0.0001
0.0179
0.0255
0.0325
0.0380
0.0400
0.0277
0.0333
0.0316
0.0288
0.0884
0.0733
0.0339
0.0422
0.1037
0.1220
0.0621
0.0494
0.0349
0.0385
0.0193
0.0182
0.0330
0.0212
0.0381
0.0942
0.1344
0.1468
0.1036
0.1083
0.0369
0.0435
0.0600
0.0514
0.0448
0.0530
0.0314
0.0200
0.0202
0.0165
0.0189
0.0173
0.0277
0.0196

0.0006
0.0005
0.0004
0.0010
0.0026
0.0063
0.0123
0.0175
0.0222
0.0266
0.0273
0.0190
0.0228
0.0216
0.0197
0.0202
0.0244
0.0214
0.0266
0.0181
0.0212
0.0270
0.0215
0.0154
0.0169
0.0119
0.0113
0.0226
0.0145
0.0220
0.0538
0.0732
0.0798
0.0696
0.0727
0.0354
0.0417
0.0347
0.0298
0.0395
0.0467
0.0286
0.0265
0.0229
0.0187
0.0125
0.0114
0.0112
0.0080

0.0004
0.0003
0.0002
0.0007
0.0018
0.0043
0.0084
0.0120
0.0153
0.0183
0.0187
0.0130
0.0156
0.0149
0.0136
0.0200
0.0167
0.0147
0.0182
0.0124
0.0145
0.0185
0.0148
0.0106
0.0116
0.0082
0.0077
0.0155
0.0100
0.0151
0.0367
0.0498
0.0542
0.0474
0.0495
0.0243
0.0285
0.0237
0.0204
0.0270
0.0319
0.0196
0.0181
0.0157
0.0128
0.0086
0.0078
0.0077
0.0055

0.0003
0.0002
0.0002
0.0005
0.0012
0.0030
0.0058
0.0082
0.0105
0.0125
0.0129
0.0089
0.0107
0.0102
0.0093
0.0137
0.0115
0.0101
0.0125
0.0086
0.0100
0.0127
0.0102
0.0073
0.0080
0.0056
0.0053
0.0107
0.0069
0.0104
0.0251
0.0340
0.0370
0.0324
0.0338
0.0166
0.0195
0.0163
0.0140
0.0185
0.0219
0.0134
0.0124
0.0108
0.0088
0.0059
0.0054
0.0053
0.0038

0.0002
0.0001
0.0001
0.0003
0.0009
0.0020
0.0040
0.0057
0.0072
0.0086
0.0088
0.0061
0.0074
0.0070
0.0064
0.0094
0.0079
0.0069
0.0086
0.0059
0.0069
0.0087
0.0070
0.0050
0.0055
0.0039
0.0037
0.0073
0.0047
0.0071
0.0172
0.0233
0.0253
0.0222
0.0231
0.0114
0.0134
0.0112
0.0096
0.0127
0.0150
0.0092
0.0086
0.0074
0.0061
0.0041
0.0037
0.0037
0.0026

0.0001
0.0001
0.0001
0.0002
0.0006
0.0014
0.0027
0.0039
0.0049
0.0059
0.0061
0.0042
0.0051
0.0048
0.0044
0.0065
0.0054
0.0048
0.0059
0.0040
0.0047
0.0060
0.0048
0.0034
0.0038
0.0027
0.0025
0.0050
0.0032
0.0049
0.0118
0.0160
0.0174
0.0152
0.0159
0.0078
0.0092
0.0077
0.0066
0.0087
0.0103
0.0064
0.0059
0.0051
0.0042
0.0028
0.0026
0.0025
0.0018

0.0001
0.0001
0.0001
0.0002
0.0004
0.0010
0.0019
0.0027
0.0034
0.0041
0.0042
0.0029
0.0035
0.0033
0.0030
0.0045
0.0037
0.0033
0.0041
0.0028
0.0032
0.0041
0.0033
0.0024
0.0026
0.0018
0.0017
0.0035
0.0022
0.0034
0.0081
0.0110
0.0119
0.0105
0.0109
0.0054
0.0063
0.0053
0.0045
0.0060
0.0071
0.0044
0.0040
0.0035
0.0029
0.0019
0.0018
0.0017
0.0012

0.0001
0.0000
0.0000
0.0001
0.0003
0.0007
0.0013
0.0018
0.0023
0.0028
0.0029
0.0020
0.0024
0.0023
0.0021
0.0031
0.0026
0.0023
0.0028
0.0019
0.0022
0.0028
0.0023
0.0016
0.0018
0.0013
0.0012
0.0024
0.0015
0.0023
0.0056
0.0075
0.0082
0.0072
0.0075
0.0037
0.0044
0.0036
0.0031
0.0041
0.0049
0.0030
0.0028
0.0024
0.0020
0.0013
0.0012
0.0012
0.0008

0.0000
0.0000
0.0000
0.0001
0.0002
0.0005
0.0009
0.0013
0.0016
0.0019
0.0020
0.0014
0.0017
0.0016
0.0014
0.0021
0.0018
0.0016
0.0019
0.0013
0.0015
0.0020
0.0016
0.0011
0.0012
0.0009
0.0008
0.0016
0.0011
0.0016
0.0038
0.0052
0.0056
0.0049
0.0052
0.0026
0.0030
0.0025
0.0021
0.0028
0.0033
0.0021
0.0019
0.0017
0.0014
0.0009
0.0008
0.0008
0.0006

0.0000
0.0000
0.0000
0.0001
0.0001
0.0003
0.0006
0.0009
0.0011
0.0013
0.0014
0.0009
0.0011
0.0011
0.0010
0.0015
0.0012
0.0011
0.0013
0.0009
0.0011
0.0013
0.0011
0.0008
0.0008
0.0006
0.0006
0.0011
0.0007
0.0011
0.0026
0.0036
0.0039
0.0034
0.0035
0.0018
0.0021
0.0017
0.0015
0.0020
0.0023
0.0014
0.0013
0.0011
0.0009
0.0006
0.0006
0.0006
0.0004

0.0000
0.0000
0.0000
0.0000
0.0001
0.0002
0.0004
0.0006
0.0008
0.0009
0.0009
0.0007
0.0008
0.0007
0.0007
0.0010
0.0008
0.0007
0.0009
0.0006
0.0007
0.0000
0.0007
0.0005
0.0006
0.0004
0.0004
0.0008
0.0005
0.0008
0.0018
0.0025
0.0027
0.0023
0.0024
0.0012
0.0014
0.0012
0.0010
0.0013
0.0016
0.0010
0.0000
0.0008
0.0006
0.0004
0.0004
0.0004
0.0003

0.0019
0.0015
0.0012
0.0032
0.0085
0.0204
0.0404
0.0580
0.0745
0.0900
0.0926
0.0631
0.0765
0.0725
0.0659
0.0673
0.0558
0.0783
0.0983
0.0880
0.1035
0.0866
0.0684
0.0752
0.0831
0.0537
0.0506
0.0879

[0.0551

[0.0544

[0.1380

[0.1858

[0.2040

[0.2657

[0.2701

[0.0776

[0.0020

[ 0.0002

[ 0.0846

[ 0.0800

[0.1063

[0.1004

[0.0023

[0.1254

[0.1004

[ 0.0846

[0.0770

[0.0627

[0.0439
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Table 10: Numbers-at-age (in millions) matrix for case 14a — starting in 1975 assuming equilibrium in 1960.

1 2 3 4 § [ 7 8 9 10 11 12 13 14 15 16 17 18 19 20+
1960 | 187.1 1532 1254 1027 841 688 564 461 378 309 253 07 170 139 114 9.3 7.6 6.2 5.1 4.2 18.9
1961 | 187.1 1532 1254 1027 841 688 563 461 376 308 252 207 170 139 114 93 6.2 51 42 189
1962 | 187.1 1532 1254 1027 841 688 363 461 376 307 251 206 169 139 114 93 6.2 51 4.2 189
1963 | 187.1 1532 1254 1027 841 688 563 401 376 307 251 206 169 138 113 93 6.2 5.1 42 189
1964 | 187.1 153.2 1254 1027 841 688 563 460 374 305 250 204 168 138 113 9.3 6.2 5.1 4.2 18.9
1965 | 187.1 1532 1254 1027 841 688 563 458 369 300 246 202 166 137 113 92 6.2 51 42 189
1966 | 187.1 1532 1254 1027 841 688 562 453 357 187 236 197 163 135 111 92 6.2 51 4.2 189
1967 | 187.0 1532 1254 1027 841 688 561 445 336 263 217 185 156 131 108 9.0 6.1 5.1 42 188
1968 | 186.9 153.1 1254 1027 841 688 559 436 314 235 191 166 144 124 105 8.7 6.0 5.0 41 188
1969 | 186.8 153.0 1254 1027 840 687 558 428 204 208 165 144 128 113 9.8 84 59 4.9 4.1 18.7
1970 | 186.5 1529 1253 1026 840 687 556 420 274 184 140 121 109 2.9 8.9 78 5.7 48 4.0 186
1971 | 186.2 1527 1252 1026 840 687 555 417 263 167 122 102 9.1 8.4 7.8 7.1 54 4.6 39 184
1972 | 185.8 1525 1250 1025 840 687 557 427 283 176 118 9.2 7.9 7.2 6.7 6.3 51 4.4 38 18.2
1973 | 185.3 1521 1248 1024 839 686 556 422 278 181 120 8.8 7.0 6.2 5.7 54 4.6 4.1 3.6 17.9
1974 | 184.7 151.7 1245 1022 838 686 556 422 276 178 124 8.0 6.7 5.5 4.9 4.5 4.1 3.8 34 17.6
1975 | 1894 1513 1242 1020 837 685 556 423 278 178 123 92 6.8 52 43 39 3.5 33 31 17.1
1976 | 1951 1550 1238 1017 835 684 3550 437 305 180 110 8.0 7.0 3.3 4.1 3.5 3.0 28 27 16.4
1977 | 153.5 159.7 1269 1014 832 682 558 442 310 205 116 7.4 6.1 5.5 4.2 33 28 25 24 23 156
1978 | 184.7 1256 130.7 1039 830 681 546 408 279 1908 144 8.7 5.7 4.8 4.4 34 27 23 21 2.0 14.6
1970 2226 151.2 1029 107.0 851 67.8 541 385 236 157 133 105 6.6 4.4 3.8 3.5 2.7 22 1.8 1.7 13.5
1980 | 187.4 1823 1238 842 876 696 544 399 246 141 98 82 8.1 52 35 3.0 28 22 18 1.5 124
1981 | 184.5 1334 1492 1014 689 71.6 555 300 235 132 8.1 5.6 6.3 6.3 4.1 28 2.5 23 18 14 114
1982 | 201.3 151.0 1256 1222 830 563 582 424 246 118 7.0 5.0 4.2 4.8 4.9 33 23 20 18 1.5 10.4
1983 | 178.2 1648 123.7 1028 1000 67.8 458 452 285 139 6.9 4.6 3.8 3.2 3.8 4.0 2.6 18 1.6 1.5 9.7
1984 | 198.1 1459 1350 101.2 842 817 550 351 203 168 8.8 4.9 3.5 3.0 26 3.0 3.2 21 1.5 1.3 9.1
1985 | 2200 1622 1194 1105 829 688 663 421 226 171 105 6.2 37 2.7 24 20 24 26 1.7 12 8.5
1986 | 199.0 180.1 1328 978 905 678 551 504 202 149 125 82 4.9 3.0 22 19 1.7 2.0 21 14 7.9
1987 | 165.4 163.0 147.5 1087 80.0 740 544 423 355 107 110 9.8 0.4 3.9 24 18 15 13 1.0 1.7 7.6
1988 | 150.7 1354 1334 1207 89.0 654 603 416 241 204 138 8.4 7.5 5.0 3.1 1.9 1.4 12 11 1.3 7.6
1980 | 137.7 1234 1108 1092 988 728 534 472 274 159 152 108 6.6 6.0 4.0 25 1.5 12 1.0 0.9 7.3
1990 | 1061 1127 1010 907 894 808 593 416 324 191 117 113 8.4 52 48 32 20 13 09 08 6.7
1991 | 106.4 869 923 827 743 730 655 429 212 175 119 7.6 8.1 6.2 4.0 3.7 2.6 16 1.0 08 6.1
1992 11221 871 711 756 7.7 605 56.6  46.0 228 9.1 8.1 6.8 5.0 5.7 4.6 3.0 29 20 1.3 08 5.6
1993 | 187.8 1000 71.3 382 618 551 465 386 222 8.3 3.7 4.3 4.3 3.5 4.2 3.5 23 23 1.6 1.0 5.2
1994 | 2340 1337 819 3584 476 503 303 223 161 9.1 3.5 1.8 2.7 3.0 2.5 31 2.7 18 1.8 1.3 5.0
1995 | 2302 1916 1259 670 478 388 258 131 8.1 5.7 34 1.6 11 18 21 19 24 21 15 14 51
1996 | 139.8 1885 1569 103.0 348 3890 304 182 7.5 4.8 3.6 23 1.0 0.8 1.4 16 1.3 19 1.7 12 5.3
1997 | 137.5 1145 1543 1284 843 447 304 2009 9.6 4.2 29 24 15 0.7 0.6 1.0 1.3 11 1.5 13 5.3
1998 | 158.3 1126 93.7 1263 1051 68.7 345 2006 103 4.8 23 1.8 1.6 1.1 0.5 04 0.8 1.0 0.9 12 5.4
1990 | 1841 1296 921 76.7 1034 857 533 1237 106 5.3 28 1.5 1.2 1.2 0.8 04 0.3 0.6 0.8 0.7 5.3
2000 | 2064 1507 1061 754 628 842 683 370 106 53 29 18 1.0 09 09 0.6 03 03 0.5 0.6 4.9
2001 | 223.8 169.0 1234 868 617 511 668 459 141 4.7 2.6 18 11 0.7 0.6 0.6 0.5 0.3 0.2 04 4.5
2002 (1769 1833 1383 1010 711 503 401 436 168 6.0 3.0 1.7 1.2 0.8 0.5 0.5 0.5 04 0.2 0.2 4.0
2003 [ 119.7 1448 150.0 1133 817 579 396 267 173 8.3 4.4 2.0 1.2 0.9 0.6 04 0.4 04 0.3 0.2 34
2004 [ 121.3 98.0 1186 1228 9017 674 432 137 9.5 7.1 4.9 3.0 1.3 0.8 0.6 04 0.3 0.3 0.3 0.2 2.0
2005 [ 963 993 802 1005 756 510 273 101 4.5 4.5 3.5 20 1.0 0.6 0.5 03 02 02 03 25
2006 | 160.2 788 813 794 821 602 365 133 4.6 2.5 31 2.5 1.5 0.7 0.5 0.4 0.3 0.2 0.2 23
2007 [ 1441 1312 645 537 649 655 437 191 6.0 2.7 18 23 1.9 1.2 0.6 0.4 0.3 0.2 0.2 2.0
2008 [ 148.1 118.0 1074 545 439 526 501 247 107 4.3 1.8 1.3 1.8 1.5 0.9 0.5 0.3 0.3 0.2 1.8
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Table 11: Fishing mortality-at-age matrix for case 14a — starting in 1975 assuming equilibrium in 1960.

Age 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 av5-10
1960 [ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0016 0.0044 0.0047 0.0035 0.0021 0.0015 0.0010 0.0007 0.0005 0.0004 0.0003 0.0002 0.0001 0.0001 0.0001 | 0.0028
1961 |0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0013 0.0033 0.0037 0.0028 0.0016 0.0012 0.0008 0.0006 0.0004 0.0003 0.0002 0.0001 0.0001 0.0001 0.0001 [0.0022
1962 |0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0010 0.0028 0.0030 0.0022 0.0013 0.0000 0.0006 0.0005 0.0003 0.0002 0.0002 0.0001 0.0001 0.0001 0.0000 [0.0017
1963 |0.0000 0.0000 0.0000 0.0000 0.0001 0.0004 0.0028 0.0076 0.0082 0.0062 0.0036 0.0025 0.0018 0.0013 0.0009 0.0006 0.0005 0.0003 0.0002 0.0002 0.0001 [0.0048
1964 | 0.0000 0.0000 0.0000 0.0000 0.0002 0.0011 0.0073 0.0202 0.0218 0.0163 0.0094 0.0067 0.0047 0.0033 0.0024 0.0017 0.0012 0.0008 0.0006 0.0004 0.0003 [0.0127
1965 [0.0000 00000 0.0000 0.0001 0.0004 00026 00175 0.0491 00530 00394 0.0227 00160 00113 0.0080 0.0057 0.0040 0.0029 0.0020 00014 0.0010 0.0007 [0.0307
1966 |0.0000 0.0000 0.0000 0.0001 0.0007 0.0050 0.0347 0.0989 0.1070 0.0789 0.0451 0.0318 0.0224 0.0158 0.0112 0.0079 0.0056 0.0040 0.0028 0.0020 0.0014 [0.0616
1967 |0.0000 0.0000 0.0000 0.0002 0.0011 0.0073 0.0505 0.1462 0.1585 0.1162 0.0658 0.0462 0.0325 0.0230 0.0162 0.0115 0.0081 0.0058 0.0041 0.0029 0.0020 [ 0.0907
1968 | 0.0000 0.0000 0.0000 0.0002 0.0014 0.0095 0.0662 0.19490 02117 0.1540 0.0865 0.0606 0.0426 0.0300 0.0212 00150 0.0106 0.0075 0.0053 0.0038 0.0027 [ 0.1205
1969 |0.0000 0.0000 0.0000 0.0003 0.0017 0.0117 0.0826 0.2475 0.2695 0.1945 0.1083 0.0756 0.0330 0.0373 0.0263 0.0186 0.0131 0.0093 0.0066 0.0047 0.0033 [0.1524
1970 |0.0000 0.0000 0.0000 0.0003 0.0018 0.0126 0.0880 0.2681 0.2922 0.2102 0.1166 0.0813 0.0560 0.0400 0.0282 0.0199 0.0141 0.0100 0.0071 0.0050 0.0035 [0.1648
1971 | 0.0000 0.0000 0.0000 0.0002 0.0013 0.0090 0.0632 0.1854 02013 0.1467 0.0825 0.0578 0.0406 0.0287 0.0202 0.0143 0.0101 0.0072 0.0051 0.0036 0.0025 [0.1147
1972 | 0.0000 0.0000 0.0000 0.0002 00016 0.0109 00760 02288 02480 01802 0.1006 0.0703 00493 0.0347 00245 00173 0.0122 0.0087 00061 0.0043 0.0031 [0.1411
1973 |0.0000 0.0000 0.0000 0.0002 0.0016 0.0108 0.0762 0.2266 0.2465 0.1785 0.0997 0.0697 0.0480 0.0344 0.0243 0.0172 0.0121 0.0086 0.0061 0.0043 0.0031 [0.1307
1974 |0.0000 0.0000 0.0000 0.0002 0.0015 0.0104 0.0732 0.2170 02360 0.1711 0.0958 0.0670 0.0470 0.0331 0.0234 0.0165 0.0117 0.0083 0.0059 0.0041 0.0029 [0.1339
1975 | 0.0000 0.0000 0.0000 0.0002 0.0017 0.0034 0.0411 0.1286 02335 02825 02319 0.0736 00516 0.0363 0.0256 00181 0.0128 0.0091 0.0064 0.0045 0.0032 [0.1535
1976 |0.0000 0.0000 0.0000 0.0002 0.0014 00020 00333 01097 01976 02381 0.1963 00631 00443 0.0312 00220 00156 0.0110 0.0078 00055 0.0039 0.0028 [0.1300
1977 |0.0000 0.0000 0.0000 0.0002 0.0013 0.0233 0.1142 0.2588 02814 0.1538 0.0908 0.0589 0.0414 0.0292 0.0206 0.0146 0.0103 0.0073 0.0052 0.0037 0.0026 [ 0.1537
1978 | 0.0000 0.0000 0.0000 0.0003 0.0017 0.0209 0.1485 0.3448 03765 02013 0.1176 0.0760 0.0533 0.0375 0.0264 0.0187 0.0132 0.0093 0.0066 0.0047 0.0033 [ 0.2031
1979 | 0.0000 0.0000 0.0000 0.0002 0.0012 0.0208 0.1042 0.2401 03168 0.2659 02812 0.0543 0.0382 0.0269 0.0190 0.0134 0.0095 0.0067 0.0048 0.0034 0.0024 [0.2063
1980 |0.0000 0.0000 0.0000 0.0002 0.0016 0.0264 01339 0.3272 04211 03303 0.3714 0.0692 0.0486 0.0342 0.0241 0.0170 0.0121 0.0085 0.0060 0.0043 0.0030 [0.2717
1981 |0.0000 0.0000 0.0000 0.0003 0.0021 0.0073 0.0684 0.2584 0.4942 04365 02819 0.0921 00644 0.0453 0.0319 0.0225 0.0159 0.0112 0.0080 0.0056 0.0040 [0.2578
1982 | 0.0000 0.0000 0.0000 0.0002 0.0016 0.0058 0.0537 0.1985 0.3636 0.3280 0.2160 0.0721 0.0506 0.0356 0.0251 0.0177 0.0125 0.0080 0.0063 0.0045 0.0032 [0.1951
1983 [0.0000 00000 0.0000 0.0002 0.0015 00093 00660 02330 03258 02378 0.1458 00680 00477 0.0336 00237 00168 0.0119 0.0084 00059 0.0042 0.0030 [0.1730
1984 [0.0000 0.0000 0.0000 0.0002 0.0016 0.0096 0.0682 0.2416 0.3385 02675 0.1509 0.0703 0.0403 0.0347 0.0245 0.0173 0.0122 0.0087 0.0061 0.0043 0.0031 [0.1704
1985 | 0.0000 0.0000 0.0000 0.0002 0.0011 0.0211 0.0733 0.1664 0.2153 0.1108 0.0509 0.0461 0.0325 0.0229 0.0162 0.0115 0.0081 0.0057 0.0041 0.0020 0.0020 [0.1063
1986 | 0.0000 0.0000 0.0000 0.0001 0.0010 0.0192 0.0663 0.1408 01934 01000 0.0461 0.0418 0.0204 00208 0.0147 0.0104 0.0074 0.0052 0.0037 0.0026 0.0019 [0.0958
1987 [0.0000 00000 0.0000 0.0002 0.0015 00040 00698 03613 03554 01321 0.0760 0.0659 00463 0.0326 00230 00163 0.0115 0.0081 00058 0.0041 0.0029 [0.1609
1988 [0.0000 0.0000 0.0000 0.0001 0.0010 0.0025 0.0445 0.2176 0.2142 0.0054 0.0489 0.0420 0.0206 0.0200 0.0148 0.0104 0.0074 0.0052 0.0037 0.0026 0.0019 [0.1039
1980 |0.0000 0.0000 0.0000 0.0002 0.0013 0.0044 0.0515 0.1765 0.1586 0.1098 0.0909 0.0559 0.0393 0.0277 0.0196 0.0138 0.0098 0.0069 0.0049 0.0035 0.0025 [0.0986
1990 [ 0.0000 0.0000 0.0001 0.0004 0.0030 0.0103 0.1246 0.4741 04189 02779 0.2266 0.1357 0.0943 0.0659 0.0463 0.0326 0.0230 0.0163 0.0115 0.0081 0.0058 | 0.2554
1991 [ 0.0000 0.0000 0.000L 0.0007 0.0046 0.0549 0.1540 04322 0.6459 0.5695 0.3544 0.2148 0.1474 0.1022 0.0714 0.0501 0.0353 0.0249 0.0176 0.0124 0.0088 | 0.3685
1992 [ 0.0000 0.0000 0.0001 0.0008 0.0053 0.0645 0.1825 0.5280 0.8123 0.7083 04290 0.2561 0.1746 0.1206 0.0840 0.0588 0.0413 0.0201 0.0206 0.0145 0.0103 | 0.4541
1993 [ 0.0000 0.0000 0.0001 0.0008 0.0054 0.3985 0.5345 0.6709 0.6916 0.6530 0.5185 0.2591 0.1766 0.1219 0.0849 0.0594 0.0418 0.0294 0.0208 0.0147 0.0104 | 0.5778
1994 [ 0.0000 0.0000 0.0001 0.0009 0.0062 0.4701 0.6398 0.8161 0.8436 0.7925 06196 03018 0.2043 0.1404 0.0975 0.0681 0.0478 0.0337 0.0238 0.0168 0.0112 | 0.6970
1995 (0.0000 0.0000 0.0001 0.0006 0.0042 0.0413 0.1471 0.3579 03176 02454 01751 0.1964 0.1352 0.0940 0.0657 0.0461 0.0325 0.0229 0.0162 0.0115 0.0081 | 0.2141
1996 [ 0.0000 0.0000 0.0001 0.0007 0.0050 0.0491 01763 04394 03880 02973 02105 02367 01619 01120 0.0781 0.0548 0.0385 0.0272 00192 00136 0.0096 | 0.2601
1997 [ 0.0000 0.0000 0.0001 0.0006 0.0041 0.0585 0.1896 0.5056 0.4982 0.3721 0.2752 0.1933 0.1331 0.0925 0.0647 0.0455 0.0320 0.0226 0.0160 0.0113 0.0080 | 0.3165
1998 [ 0.0000 0.0000 0.0001 0.0006 0.0039 0.0547 0.1763 0.40642 0.4576 03436 0.2551 0.1798 0.1240 0.0863 0.0604 0.0425 0.0299 0.0211 0.0149 0.0106 0.0075 | 0.2919
1999 (0.0000 0.0000 0.0001L 0.0007 0.0040 0.0272 0.1634 0.6012 0.4963 03958 02505 0.2347 0.1605 0.1111 0.0775 0.0543 0.0382 0.0269 0.0190 0.0135 0.0095 | 0.3224
2000 | 0.0000 0.0000 0.0001 0.0009 00058 00322 01965 07647 0.6214 04888 03040 0.2842 01929 01328 00923 00646 00454 0.0320 00225 0.0159 0.0113 | 0.4013
2001 | 0.0000 0.0000 0.0001 0.0006 0.0044 0.0420 0.2255 0.8076 0.5610 0.2323 0.2196 0.2041 0.1403 0.0974 0.0681 0.0478 0.0337 0.0237 0.0168 0.0119 0.0084 | 0.3480
2002 | 0.0000 0.0000 0.0001 0.0006 0.0040 0.0389 0.2078 0.7235 0.5091 0.2140 0.2024 0.1882 0.1297 0.0902 0.0631 0.0443 0.0312 0.0220 0.0156 0.0110 0.0078 | 0.3160
2003 | 0.0000 0.0000 0.0001 0.0007 0.0047 0.0925 03147 0.8372 0.6881 03206 0.1766 0.2211 0.1516 0.1051 0.0733 0.0514 0.0362 0.0255 0.0180 0.0128 0.0090 | 0.4050
2004 | 0.0000 0.0000 0.0001 0.0006 0.0040 0.0777 0.2593 0.6534 0.5463 02640 0.1473 0.1837 0.1267 0.0881 0.0617 0.0433 0.0305 0.0216 0.0152 0.0108 0.0076 | 0.3247
2005 | 0.0000 0.0000 0.0001 0.0004 0.0028 0.0280 0.1355 0.5167 0.5853 03691 0.1733 0.1260 0.0877 0.0614 0.0431 0.0304 0.0214 0.0152 0.0107 0.0076 0.0054 | 0.3013
2006 | 0.0000 0.0000 0.0001 0.0004 0.0025 0.0249 0.1200 0.4463 0.5030 03221 0.1531 0.1116 0.0778 0.0546 0.0384 0.0271 0.0191 0.0135 0.0096 0.0068 0.0048 | 0.2616
2007 | 0.0000 0.0000 0.0000 0.0003 0.0018 0.0102 0.0683 03706 0.3761 0.1298 0.1804 0.0792 0.0555 0.0390 0.0275 0.0194 0.0137 0.0097 0.0069 0.0040 0.0035 | 0.2074
2008 | 0.0000 0.0000 0.0000 0.0002 0.0016 0.0090 0.0597 03173 0.3219 0.1988 0.1643 0.0692 0.0486 0.0342 0.0241 0.0170 0.0121 0.0085 0.0060 0.0043 0.0030 | 0.1785
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Table 12: Summary key statistics for XSA and all the SCAA sensitivities (4 to 14 and Production-type
model 2)

By B¥ue’X By MSYLY MSY
%SA 15 68
353 0.59 320 0.17 43
New Baseline {0.60) 0.34) 0.15) (0.26)
5} as New Baseline (NB) with 412 0.64 328 0.17 47
a smrvey o for each series (0.58) (0.30) 0.14) (0.28)
342 0.56 290 0.28 33
Ga) b =0.7
(0.67) (040 0.13) (0.26)
169 0.31 181 0.37 21
abyh =0.5
4 4 ¥ ¥
44 0.10 120 0.26 22
7} Racker ke (4 and ¥ estunated)
(0.38)  (0.33) 0.22)  (0.13)
703 0.78 548 0.17 G4
8) o =03 | | | |
9a) 1990-1994 catches mereased 492 0.68 412 0.17 32
by 10 000 ¢ 0.46)  (0.23) ©.11)  (0.24)
9b) 1990-1994 catches decreased 26 0.08 126 0.18 27
by 10 000 ¢ (0.42) (0.40) {0.18) (0.04)
10} Flat conunercial selectivity 285 0.54 282 0.17 39
from age 10 (0.66) (0.40) (0.18) (0.25)
11} Four conmereial selectivity 637 0.80 465 0.17 57
periods (0.60)  (0.24) ©12)  (0.36)
370 0.01 335 0.17 44
12a) commercial o5 =4.0
(057 (03D (0.15) (0.26)
20 0.08 136 0.18 28
12b) commercial o =0.5
027) (024 {0.13) {0.04)
769 0.87 498 0.17 63
1l¢) swrvey o = 1.0
(0.67)  (0.24) ©.11)  (0.43)
58 0.10 133 0.19 28
13) =015
(041) (037 0.17) (0.0%)
14a) start mn 1975: unexploited 37 0.10 135 0.17 28
equilibrium in 1960 (0.42) (0.38) 0.16) 0.04)
14b) start m 1975: estunate 39 0.12 135 0.18 27
Gand & (0.4%) (0.42) 0.17) {0.0%)
14¢) start m 1975: estunate &, 23 0.06 122 0.18 20
start with 3SA estunated
proportions-at-age m 1975 (0.48) (0.48) (0.19) (0.07)
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Table 13: MCMC medians and 90% probability intervals of projected spawning biomass (in absolute
terms and relative to pre-exploitation level) in 2008, 2013, 2018 and 2018 under a series of catch
scenarios. The expected catches are also shown for a series of years.

Median lower UPPEL | loweri%- upperi%- Median lower5%- uppers%- Median loweri%- upperi%e-
3%-ile 5%-ile i ile i ile ile

B g 263 132 491 263 132 491 263 132 491 263 132 401
B g/ 0.51 0.32 0.71 0.51 0.32 0.71 0.51 0.32 0.71 0.51 0.32 0.71
B s 338 195 590 338 195 590 338 195 590 266 143 433
BP i3/ K 0.66 0.47 0.85 0.66 0.47 0.85 0.66 0.47 0.85 0.52 0.34 0.70
B% 15 433 205 674 433 205 074 433 205 674 181 111 302
B¥igK 0.84 0.70 0.98 0.84 0.70 0.98 0.84 0.70 0.98 0.35 0.27 0.44
B g 549 421 769 549 421 769 549 421 769 132 100 189
B /K 1.06 1.02 1.10 1.06 1.02 1.10 1.06 1.02 1.10 0.26 0.24 0.27
Fo.1 043 0.37 0.48 0.43 0.37 0.48 043 0.37 0.48 0.43 0.37 0.48
C'anng 24175 24175 24175 24175 24175 24175 24175 24175 24175 24175 24175 24175
C'anon Q 0 0 16000 16000 16000 22750 22750 22750 66560 44719 102391
Canin 0 0 0 16000 16000 16000 22750 22750 22750 47236 33886 GO586
Canpy 0 0 0 16000 16000 16000 22750 22750 22750 38723 28184 56606
Cangz [ 0 0 16000 16000 16000 22750 22750 22750 34807 25605 50873
Caniz 0 0 0 16000 16000 16000 22750 22750 22750 37899 27537 55590
Cang 0 0 0 16000 16000 16000 22750 22750 22750 40001 31318 54924
Clomg 0 0 0 16000 16000 16000 22750 22750 22750 38944 31023 53115

Table 14: Maximum likelihood estimates (MLE) and MCMC medians and 90% probability intervals
for New Baseline SCAA assessment. Note that 4 was fixed at 0.9 for the MCMC computations.

Total
MLE Median low.eri":;- upp.eri‘?'ia-
ile
E¥ 576 516 410 708
h 0.90 0.90 0.90 0.90
B 0 372 262 132 494
B gl ¥ 0.65 0.51 0.32 0.71
MSYL? 0.17 0.17 0.17 0.17
MSY 43 38 31 51

Table 15: Maximum likelihood estimates (MLE) and MCMC medians and 90% probability intervals
for the Production-type Model 2.

Total
MLE Median low.eri""b- upp.eri‘?'i:-

ile
E¥ 500 1003 483 1827
h 0.89 0.72 0.37 093
B g 250 813 107 2064
BT el K 0.50 0.82 0.40 1.05
MSYL? 0.13 0.27 0.15 0.45
MSY 41 53 25 167
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Fig. 1. Total, exploitable (5-9) and spawning (10+) biomass trajectories for the Baseline B2 of
Butterworth and Rademeyer (2009a) cases 1 and 4 (New Baseline), and XSA (Healey and Mahé¢, 2008)
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Fig. 2: Standardised residual plots for the survey proportions-at-age data for a series of SCAA

assessments.
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Fig. 3: Survey and commercial fishing selectivities-at-age estimated for the New Baseline assessment.
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1.5 1.5
Canadian Fall survey ps Canadian Fall survey Eps
1.0 4 —o— lambda 1.0 —o—lambida
05 B A DS -
0.0 3 oo ?\ e ‘ . 00 . ; . |Mr A
Yo LTS Vst et
1975 B0 1985 19904/ 1985 2000 2005 2010 1975 1980 1985 1990 1995 2000 2010
-0.5 0.5 4
1.0 1.0 4
-15 1.5
1.5 1.5
EU survey ops Canadian Spring B
1.0 4 —o— lambda 1.0+ —o—lambida
A
0.0 T T 0o T T T T A j\
19175 1980 1985 o0 1995 EWZDDS 2010 19775 1980 1985 1980 1995 0 0% 2010
0.5 -0.5 4
1.0 -1.0 A
1.5 -1.5

Fig. 5: Survey standardised residuals for the New Baseline assessment. Residuals are shown both
before (“eps”) and after (“lambda”) adjustment for serial correlation.
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Fig. 7: Comparison of total (1+), exploitable (5-9) and spawning (10+) biomass trajectories for the
New Baseline, alternative assumptions regarding the stock-recruitment relationship and XSA (Healey
and Mahé, 2008) assessments.
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