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Summary

This document reports refinements to the survepth&SCAA assessments reported at an
earlier meeting in Vigo, and attempts to providsufes for the set of future analyses
requested there. Particular attention has been foaigttempting to reduce the residual
patterning evident in earlier assessments throaighg further account of serial correlation.
These efforts seem to have been reasonably suscéssthe overall survey indices and
commercial catch-at-age proportions, but less safe survey catch-at-age proportions,
which consequently remain somewhat overweightethénfitting process. A simpler age-
structured production model is also fitted to tlaad and gives similar results to the New
Baseline SCAA assessment that is developed, withe®an estimates of precision
computed for both these approaches. Despite tHémeseo incorporate serial correlation,
some conflict remains amongst the different setmpfit data, and partly in consequence
the absolute scale of biomass is poorly determinedssessments. The most pessimistic (in
stock status terms) of the SCAA variants considgredluce biomass estimates that do not
differ that greatly from those from XSA. Importanthowever, even in those cases the
SCAA assessments provide results for recent year® nm line with survey index (and
CPUE) trends, and give more positive projectionsféaure abundance: for example all
SCAA projections under a constant TAC of 22750 tonsease, whereas XSA projects a
decrease in those circumstances.

Introduction

This paper continues the development of the appdicaof Statistical Catch-at-Age (SCAA)
methodology to the 2J3K-O Greenland halibut reseureyond the results presented in Butterworth

and Rademeyer (2009a). Updates include:

1)

2)

Taking the modelled population age structure tdua-group age of 20 rather than 14 so that any
decreasing selectivity trend continues to a laeggs. For the commercial selectivity, the estimated
decrease from ages 11 to 12 are assumed to comtipamentially to age 20+. Similarly for the

survey selectivities, the estimated decrease frgas d0 to 11 (7 to 8 for the Canadian spring

survey) is assumed to continue exponentially to2{ye

The inclusion of correlation, in both year and agesurvey proportions-at-age data. Butterworth
and Rademeyer (2009a) noted the non-randomnesBeofesiduals for the fits of the survey
proportions-at-age data. To allow for serial catieh between the survey proportion-at-age

residuals, equation B21 of Butterworth and Rademg@09b) is replaced by:
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,O(i:AAElge is the age serial correlation coefficient fonayr series, which is estimated, and

,o(i:AAyr is the year serial correlation coefficient fonay series, which is estimated.

The second term in the likelihood has been addetadhe average predicted proportion-at-age is
close to that observed. This is necessary hereubedaking account of serial correlation loses the
information otherwise in the likelihood to fit t@th for the youngest age-class.

Results
New Baseline

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

Figs 3-5 show results for the New Baseline, respelgt the survey and commercial (average)

selectivities, the fit to the survey abundance dedi and the corresponding survey standardised
residuals. The estimated numbers-at-age and fighiogalities matrices are shown in Tables 8 and 9
respectively.

As previous assessments presented in Rademey@&udtedworth (2009a), the New Baseline includes
serial correlation in the survey abundance inditée. serial correlation parameter is not seriesifipe
as it is not warranted in terms of AIC criteria §8&b, Table 1). Introduction of serial correlatioes
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 variaion the New Baseline assumptions of a Beverton-
Holt stock recruitment function with steepndsss 0.9 and recruitment variability set on inputdig=

0.2. First lower values df are considered. Next a refinement of the Rickemfes considered which
can also produce shapes similar to Beverton-Hsltescribed in Butterworth and Rademeyer (2009a).
This is implemented estimating bdthand y. Finally or is set to 0.3. The resulting stock-recruitment
curves, and time series of standardised stock-tewnt residuals and recruitment are shown in €jg.
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 anmath assumptions, as well as assumptions
concerning the commercial selectivity. Fig. 8 plibts biomass trajectories for these four senggivit
Fig. 9 compares the commercial selectivity estiohdte the New Baseline, the XSA assessment and
Case 10 with flat selectivity from age 10. To cddiec with known changes in the operation or
regulation of the fishery, an alternative commédrséectivity is considered in Case 11. The selégti

is divided into four periods (1960-1987, 1989-199%96-2003, 2007-2008), with linear trends
between the periods. The selectivity estimateckémh period is shown in Fig. 10.



Sensitivities on the extent of selectivity variation

Cases 12a-c in Table 4 investigate the effect ahghng the extent of selectivity variation, firatthe
commercial selectivity (more and less variatiomatd in 12a and 12b respectively) and then in the
survey selectivitiesdq increased to 1 in 12c). Fig. 11 compares the bésnteajectories and Fig. 12
the standardised residuals for the commercial angeyg proportions-at-age.

Sensitivities on the extent of natural mortality

Case 13 fixes the natural mortality to 0.15 instetd.2 in the New Baseline assessment (Tablelp. T
biomass trajectories are shown in Fig. 13.

Start in 1975 with data asin XSA

Cases 14a-c use the same data in fitting as useékeirturrent XSA, i.e. excluding the pre-1995
Canadian fall survey information (biomass index aatth-at-age data) and the pre-1995 EU survey
index. In 14a, the model starts in 1960 assumirexpioited equilibrium (as in the New Baseline) and
is brought forward under the annual catches. Steckditment residuals are estimated from 1975
onwards. In 14b, the model starts in 1975 @rahde are estimated; while in 14c, the XSA estimated
proportions-at-age in 1975 are used as inputéhisdestimated. Results for these three sensitiviie
shown in Table 4, while the biomass trajectoriesampared in Fig. 14.

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

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

Table 7 gives results of two production-type modweith no stock-recruitment variations and no
variations in selectivities. These models nevee$elhave to be age-structured as account has to be
taken of the different age “ranges” to which catched the various surveys correspond. Case lofits t
both survey indices and commercial and survey ptap-at-age, and selectivities are estimated,
though withh fixed at 0.9 as otherwise parameter estimatiomimes confounded. The purpose of this
exercise is merely to estimate the selectivitiegaites which can be fixed whéris freed. Case 2 fits

to the survey indices only and the selectivities fixed to the values estimated in Case 1. Fig. 15
compares the biomass trajectories for productipe-tpodel 2, the New Baseline and the XSA.

Key results are summarised for the XSA, the NeweBas 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 Baseling piotted in Fig.17 under a series of catch
scenarios: three constant catch (0, 16000t and @p#nd a FO.1 strategy. The constant catch
projections of 16000t and 22750t are compared acdims models in Fig. 18: the New Baseline, a
more pessimistic SCAA (Case 14a, start in 197%) Rfoduction-type Model 2 and XSA.

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

MCMC results

For the New Baseline and the Production-type M@&eMCMC has been used to compute posterior
distributions. The contribution from equations Ba3d B27 in Rademeyer and Butterworth (2009b)
then correspond to priors on the distribution @& thcruitment and selectivity residuals respectivel
Other priors on the parameteks™ the serial correlation parameters and the sglgcparameters) are
taken to be uniform over wide and/or feasible rangih the intent that they be uninformative.

The initial parameter vector used to start the MCRi@nputational process was the mode of the
posterior. The chain was “thinned” by taking ev&000" value in the chain, and the results of the first



one million iterations were discarded to allow fofburn-in” period. A chain of 10 million iteratign
(including the burn-in period) was run.

Tables 14 and 15 compare the Maximum Likelihoodniate (MLE), the median and 90%-iles for the
New Baseline and the Production-type Model 2 retbpedg. The simple approach of comparing results
for the first and second halves of the parts of ¢hains retained showed little difference, broadly
suggesting that the chain was sufficiently longc¢bieve convergence.

Note that the treatments of the SCAA and the prtdmcmodel in this assessment of estimation
precision have differed. For the SCAA the steeppasameteh was fixed at 0.9, consistent with most
other SCAA variants for which results are reporteste, whereas was treated as an estimable
parameter (with an uninformative prior) for the gwotion model MCMC Bayesian computations. In
retrospect, it is evident that as the valuehdhas an important influence on values of some other
guantities of importance to management, it mightehbdeen better to include as an estimable
parameter with a prior in the SCAA Bayesian compaite, 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 assens wasdetermined by the best AIC. It is
important though to note that taking account ottfer serial correlation has the effect of decreased
precision (larger Hessian-based CVs) for the rasukstimates.

Table 2 shows that the negative log likelihood does increase very much for lower values of
steepnesh, and these in turn reflect greater extents ofetepl. Together with that, however, comes a
poorer fit to the survey series. In contrast, dreitment variability is increased, abundance esti®
also increase.

Tables 3 and 4 show that a lower valuévfor a decrease in 1990-94 catches leads to grexsttmts
of depletion estimates, but that the reverse hdldkse extent permitted of variation permitted for
selectivity is increasedAssuming asymptotically flat selectivity does nead to an especially
pessimistic appraisal as in earlier work, but flaislevel estimated is rather low, and so stijgests a
large cryptic component of the biomass.

Omission of pre-1975 data leads (Table 5) to mucaatgr estimates for the extent of depletion.
Additional analyses (not shown here) indicate that chiefly the inclusion or otherwise of the pre
1995 Canadian fall CAA that determines whetherairthe estimated extent of depletion of the halibut
resource is large. Although these Table 5 resalt@bundance are quite close to those from the XSA
in absolute terms, they also show very differertaviour close to the end of the assessment period,
with their estimated biomass trends more positiaatfor XSA.

Table 6 yields a preferred production model assessifmodel 2) with results similar to those of the
New Baseline SCAA assessment. However the HessiaeehCV's for the production model are rather
high, probably because this model treats an estimable parameter, whereas the SCAA lix€his

gualitative comparison is borne out by the corresiing Bayesian results shown in Tables 12 and 13.

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

In summary

The most important (and problematic) feature ofdbsessment of this Greenland halibut resource is
the conflict between trends in the survey indicealundance (or equally the CPUE) and information
contained in the catch-at-age proportions for tiwesys. The former fit better with an appraisalaof
relatively large resource which is not substantidiépleted below its pre-exploitation level, whihe
latter suggest the opposite. It is very evident dtirvariants where the SCAA suggests a highly
depleted resource that the —InL contribution frina $urvey indices deteriorates to an importantnéxte

Our efforts have concentrated particularly on tgyto take due account of serial correlation in ¢hes
data to discover whether this removes this conftiwtprovide more correct relative weighting of the
contributions of these two data sources to the thegbog likelihood, and to provide a more defefesib



basis for estimates of precision such as Bayesiahapility intervals. In this regard (and these are
matters of relevance also to VPA approaches) we baen only partially successful. Our sense is that
we have adequately accounted for serial correldtiotihe time trends of the survey indices and the
commercial catch-at-age proportions, but only plytiso for the survey catch-at-age proportiondsTh
then suggests that in a statistical context ourprdations reflect an over-weighting of the survey
catch-at-age proportions, and with that resultsrésource status that are negatively biased to some
extent.

It is unsurprising that there is a wide range ofcdbte biomass scale across the various SCAA \arian
reported, as the conflict indicated would contrébtdg such an effect. Our view is that for moreatale
results priority in assessments should first begito having models fit the trends in indices ofrail
abundance, provided due account is taken of seoiglation effects and attention given to possible
non-comparability over time.

The most pessimistic (in stock status terms) ofSB&AA variants reported produce biomass estimates
that do not differ that greatly from those from XSWnportantly however, even in those cases the
SCAA assessments provide results for recent years in line with survey index (and CPUE) trends,
and give more positive projections for future abamzk: for example all SCAA projections under a
constant TAC of 22750 tons increase, whereas X8k ates a decrease.
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Table 1: Results of fits of various SCAA variants to themercial catch and survey data compared to thelidasassessment B2 of Butterworth and Rademeg&9og).
Biomass units are ‘000t. Values fixed on input eatthan estimated are shownhbald. Quantities shown in parenthesis are Hessian-b@ssd —InL values in parenthesis

are for repeating case 1) but fitting to the sanmaler of data points as the sensitivity concersed {ext for details).

Baseline B2
{Rademeyer and

1) As B2 but max age = 20
and with extra -In1.“**

2) As 1) with senal correlation
in age for the swrvey CAA

3) As 1) with serial correlation
mn year for the swrvey CAA

4) as 1) senal correlation by age
and year for the survey CAA
New Baseline

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

Butterworth, 2009a) summation
No of parameters 503 503 507 511 515 518
No of data points 1024 1024 965 977 924 924
"-InL:overall -500.4 -198.2 -573.2  -(516.8) -525.3  -(476.0) -602.2  -(497.4) -603.2
"ol :Survey -49.3 -49.4 490 -(47.3) 469 -(49.9) 471 -{48.1) -40.4
InL:CAA -225.0 -224.5 -216.3 -(223.1) 22264 -(227.5) -220.2 -(220.5) -220.3
"l :CAAsury -367.2 -367.8 -423.2 -(376.8) -438.4 -(338.0) -478.2  -(350.3) -478.9
InL-RecRes 301 30.0 239 (26.2) 316 (29.8) 13.0 (26.0) 241
"Inl:SelPen 111.1 113.5 91.4  (104.3) 1547 (109.6) 1204 (10L.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
& - surveys 0.63 0.63 0.62 0.67 0.65 0.24 0.59 078 0.69
PChbag 0 0 0.64 0.14 015 030 0 0.70 024 024 038 070 025 023 037
JalaTe 0 0 0 0.20  -0.78 -0.28 -0.51| -0.35 0.73  -0.25 -0.53| -0.36 0.73  -0.25 -0.54
E¥ 576 (0.19) 601 (0.20) 687 0.29) 508 0.23) 500 (0.27) 645 0.29)
B 0g 372 (0.42) 402 (0.42) 497 0.53) 371 (0.50) 353 (0.60) 412 0.38)
B¥ el K 0.65  (0.24) 0.67 (0.23) 072 (0.25) 0.62  (0.28) 0.50 (0.34) 0.64 (0.30)
MSYT? 0.17  {0.62) 0.17 (0.12) 017  (0.12) 017 (0.14) 0.17 (0.15) 0.17 (0.14)
B sr 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)
Toomthh 0.07 0.07 0.07 0.07 0.07 0.07
Survey g's 10°  Torv  Tomcas g's €10° o Towcsa g's 10°  Tar  Tomcss g's $10°  Towv  Tewcas g's 110°  Tewr  Temcss g's 10°  Cewv  Cemcas
CanFalll| 118 0.29 0.06 116 0.20 0.06 07 0.20  0.04 120 0.20  0.06 116 020 0.04 106 027 0.04
CanFall2| 197 0.15 0.05 189 0.15 0.05 176 015 0.03 199 018 0.03 213 017 002 196 017  0.02
EU| 69290 0.29 0.07 | 67058  0.29 0.07 | 56604 0.29 0.06 68255  0.29  0.06 67945 029 0.06 62109  0.29  0.06
CanSpr| 11 0.39 0.05 10 0.39 0.05 9 0.40  0.05 11 040  0.04 11 040  0.05 10 040 005
ap_out 0.22 0.22 0.20 0.23 0.20 0.20




Table 2: Results of fits of various SCAA variants relatedaspects of the stock-recruitment relationshgua®d (see text for details) to the commerciallcatwd survey
data, compared to the New Baseline assessment.aB&units are ‘000t. Values fixed on input rathantestimated are shownbold. Quantities shown in parenthesis are
Hessian-based CVs (note cases 6b and 8 have hotdulverged so that Hessian-based CVs are noiaie).

New Baseline 6a) i =0.7 6b) h =0.5 K Rld;ziil]ﬁ;c(;!) md 8) oz =03
No of parameters 515 515 515 517 515
No of data points 024 024 024 024 024
"-InL:overall -602.2 -601.4 -601.2 -605.1 -618.0
"InL:Survey 47.1 A47.7 -45.2 -41.6 -49.5
InT:CAA -220.2 -220.2 -218.5 -215.1 -221.6
"InL:CAAsuv 4782 -476.4 -479.2 -486.4 -482.7
"-In:RecRes 23.0 229 234 234 16.1
-InT:SelPen 120.4 120.0 118.4 114.6 119.8
I 0.90 0.70 0.50 0.64 0.90
=4 1 1 1 1 1
& 0 0 0 0 0
2 - suveys 0.65 0.64 0.65 0.65 0.63
PChbag 0.70 024 024 038 0.70 025 024 038 069 024 024 037| 068 024 024 035] 071 023 022 037
PCbby 0.35 0.73 -0.25 -0.53| -0.30 073 024 053 0306 073 026 -0.54| 038 -0.74  -0.29 -0.55| -0.35 074 -0.26 -0.54
x? 506 0.27) 611 0.27) 542 k 431 (0.10) 897 k
B s 353 (0.60) 342 (0.67) 169 4 44 (0.38) 703 4
B el'K 0.59 (0.34) 0.56 (0.40) 0.31 k 0.10 (0.33) 0.78 k
MSYL? 0.17 (0.15) 0.28 (0.13) 0.37 k 0.26 (0.22) 0.17 k
B sy 100 (0.41) 170 (0.39) 202 i 113 0.17) 150 i
MSY 43 (0.26) 33 (0.26) 21 4 22 (0.13) 64 4
ToomChh 0.07 0.07 0.07 0.07 0.07
Survey q's f10°  Ton  Temons q's f10°  Ton  Temoas q's f10°  Ton  Temoss q's x10°  Twn  TemCas a's x10°  Ta  TewCaa
CanFalll| 116 029 0.04 116 029  0.04 142 030 004 187 031 004 81 028 0.04
CanFall2| 213 017  0.02 228 016 0.02 334 015 0.02 450 015 0.02 137 016 0.02
EU| 67945 029  0.06 69465 0.30  0.06 96177  0.34  0.06 138111 0.39  0.06 44456 0.28  0.06
CanSpr| 11 040  0.05 12 039 0.05 17 039 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 relatedaspects of the commercial catches and selac{sée text for details) to the commercial catctl smrvey data,
compared to the New Baseline assessment. Biomatssara ‘000t. Values fixed on input rather thatireated are shown ibold. Quantities shown in parenthesis are
Hessian-based CVs.

Oa) 1990-1994 catches increased [9b) 1990-1994 catches decreased| 10) Flat commercial selectivity | 11) Four commercial selectivity
New Baseline by 10 000 t by 10 000 t from age 10 petiods
No of parameters 515 515 515 514 533
No of data points 0924 924 924 924 924
"-InL:overall -602.2 -601.4 -608.7 -505.7 -616.7
"InL:Survey -47.1 -47.3 -41.6 -46.9 -49.0
tnL:CAA -220.2 -220.4 -215.1 -219.6 -233.2
L CAAsurv -478.2 -477.9 -489.5 -478.6 -478.6
"InL-RecRes 23.0 23.0 24.0 230 237
"-InL:SelPen 120.4 121.2 113.5 126.4 120.4
k 0.90 0.90 0.90 0.90 0.90
g 1 1 1 1 1
) 0 0 0 0 0
£ - Surveys 0.65 0.65 0.67 0.65 0.63
PChbiage 0.70 0.24 024 038 | 070 0.25 0.24 038 | 068 0.24 0.22 0.35 0.70 0.25 024 038 071 0.24 0.23 038
Ochhyr -0.35 -0.73 0 025 0053 -0.30 -0.73 0 025 0053 -0.30 -0.75 0 031 0,55 -0.36 -0.730 025 054 -0.34 -0.73 0 025 -0.54
7 506 (0.27) 725 (0.24) 334 (0.09) 520 (0.27) 801 (0.36)
B% e 353 (0.60) 492 (0.46) 26 (0.4 285 (0.66) 637 (0.60)
B el ¥ 059 (0.34) 068  (0.23) 0.08  (0.40) 0.54  (0.40) 080  (0.24)
MSYL? 017 (0.15) 017 (0.11) 018  (0.18) 017 (0.18) 017 (0.12)
BY oy 100 (0.41) 122 (033) S0 (0.20) 91  (0.44) 133 (0.45)
MSY 43 (026 52 (0.24) 27 004 39 (0.25) 57 (0.36)
Toomthh 0.07 0.07 0.07 0.07 0.07
Survey q's x10°  Tow  Touncas q's x10°  Tow  Touncas q's x10°  Tow  Touncas q's x10°  Tewr  TommCas g's x10°  Tewr  TomCas
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 0.16 0.02 242 0.17 0.02 154 0.16 0.02
EU| 67945 0.29 0.06 54621 0.29 0.06 157491 0.37 0.06 77998 0.30 0.06 47307 0.28 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
ag_out 0.20 0.20 0.20 0.20 0.20




Table 4: Results of fits of various SCAA variants relatedhe choice of then andM parameters (see text for details) to the commiezaizh and survey data, compared to
the New Baseline assessment. Biomass units are. ‘D@lues fixed on input rather than estimated slrewn inbold. Quantities shown in parenthesis are Hessian-based

CVs.

New Baseline 12a) commercial o =4.0 12b) commercial g =10.5 12¢) swrvey o =1.0 13} 1=0.15
No of parameters 515 515 515 515 515
No of data points 024 024 024 024 024
"“InT.:overall -602.2 -609.9 -558.3 -727.6 -604.0
InL:Survey -47.1 -47.1 -40.0 -48.5 -39.2
InT:CAA -220.2 -221.8 -186.9 22171 -213.5
InL:CAAsurv -478.2 -478.2 -492.1 -560.9 -487.6
InTLRecRes 23.0 23.0 234 204 228
"-InL:SelPen 120.4 114.3 137.3 78.5 113.5
h 0.90 0.90 0.90 0.90 0.90
=4 1 1 1 1 1
# 0 0 0 0 0
2 - suveys 0.65 0.65 0.69 0.59 0.69
PChbag 0.70 024 024 038 070 024 024 038 069 0.24 023 035 | 057 023 008 0290]| 06 0.24 023 0.35
PCbby -0.35 073 -0.25 -0.53| -0.35 -0.73 025 053] -0.37 -0.75 032 055 -0.54 -0.76 045 -0.72| -0.38 -0.74 030 -0.55
¥ 596 (0.27) 610 (0.27) 353 (0. 0'?) 888 (0.44) 572 (0.06)
B s 333 (0.60) 370 (0.57) 29 27) 769 (0.67) 58 (0.41)
B el'K 0.59 (0.34) 0.61 (0.31) (0.24) 0.87 (0.24) 0.10 (0.37)
MSYTLF 0.17 (0.15) 0.17 (0.15) 0.18 (0.13) 0.17 (0.11) 0.19 (0.17)
B¥ sy 100 (0.41) 102 (0.40) 602 (0.15) 148 (0.53) 106 (0.20)
MSY 43 (0.26) 44 (0.26) 28 (0.04) 63 (0.43) 28 (0.05)
ToomCihh 0.07 0.07 0.08 0.07 0.07
Survey q's f10°  Ton  Temons q's x10 Tory TemvChA q's x10 Tory TemvChA q's x10 Towry  TeuvChis a's x10°  Ta  TewCaa
CanFalll| 116 020  0.04 113 029  0.04 204 032 0.04 82 029  0.03 232 032 0.04
CanFall2| 213 017  0.02 208 017  0.02 425 017  0.02 140 018  0.02 519 019  0.02
EU| 67945 029  0.06 66156 0.29  0.06 146929  0.38  0.06 43641 0.28  0.05 156148 0.38  0.06
CanSpr| 11 040 0.05 11 040 0.05 22 041 0.05 7 037 0.04 26 042 0.05
ap_out 0.20 0.20 0.20 0.18 0.19




Table 5: Results of fits of various SCAA variants startingl975 (see text for details) to the commerc#th and survey data, compared to the New Basatisessment.
Biomass units are ‘000t. Values fixed on input eatthan estimated are shownhiold. —InL values in parenthesis in the New Baselineroa are for the data as the XSA
data. Quantities shown in parenthesis are HessiaaebCVs.

. 14¢) XSA data only, start in
15?17:'51)1ii;lcclviatt:clo:(lﬁ;];:ziﬁlhl 14b) XSA c!ata only, start m 19?':‘: 1stimate g, .s_'tall‘t with XSA
New Baseline 1060 1975: estimate & and &, estimated 1)1'01110::10115-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 4474
"-InL:Survey 471 -(31.9) -31.0 -31.0 -31.0
SnL:CAA -220.2 -(220.2) -210.5 -213.2 -223.6
InL:CAAsurv 4782 -(272.7) -290.3 -290.1 -290.0
"-InL-RecRes 23.0 (23.00 20.7 21.2 26.2
"-InL:SelPen 1204 (120.4) 66.7 G7.6 71.1
k1 0.20 0.90 0.90 0.90
&g 1 1 0.34 0.04
# 0 0 0.27 0
O£ - surveys 0.65 0.62 0.62 0.62 062 | 0.60
PChbage 0.70 024 024 038 -0.02 024 016 035| 0.00 024 016 036 | 0.12 024 016 0.35
PChbyy -0.35 073 0.25 -0.53| -0.06 075 -0.38 -0.57( 0.00 075 038 -0.56 | 0.03 -0.75 038 -0.50
r? 506 0.27) 350 (0.05) 339 (0.06) 357 (0.07)
B e 353 (0.60) 37 (0.42) 30 (0.45) 23 (0.48)
B¥ 'K 0.59 (0.34) 0.10 (0.38) 0.12 (0.42) 0.06 (0.48)
MSYL? 0.17 (0.15) 0.17 (0.16) 0.18 (0.17) 0.18 (0.19)
B¥ ey 100 (0.41) 6l (0.19) 59 (0.19) 63 (0.20)
MSY 43 (0.26) 28 (0.04) 27 (0.05) 20 (0.07)
[o A 0.07 0.07 0.07 0.07
Survey g's x10°  Tow  Touncas g's x10° T Touncas q's x10° T Toumtas a's x10°  Tun  Temcas
CanFalll| 116 029  0.04 178 031  0.14 167 030 013 182 031 013
CanFall2| 213 017  0.02 421 016  0.02 420 016 0.02 447 015 0.02
EU| 67945 0.29  0.06 215975 0.28  0.06 214345 028 0.06 235079 029  0.06
CanSpr| 11 040  0.05 22 041  0.05 22 041  0.05 23 040 0.05
ap_out 0.20 0.22 0.23 0.26
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Table 6: Results of five retrospective on the New Basetinmpared to the New Baseline assessment. Bionmiissanie ‘000t. Values fixed on

are shown irbold.

input rather thatirmated

}fl:’; ?O";E]:)‘le 152) data to 2006 15b) data to 2005 15¢) data te 2004 15d) data to 2003 15¢) data to 2002
No of parameters 515 514 488 459 449 421
No of data points 924 882 850 808 767 726
"-InT:overall -G02.2 -500.4 -562.4 -568.0 -5331 -524.7
"Il Survey 471 426 384 381 -30.0 ;
LInL:CAA -220.2 -210.1 -201.7 -192.4 -184.0 -169.7
I CAAsurv -478.2 -482.5 -456.6 -468.4 -433.4 4456
“InT:RecRes 23.0 258 222 209 216 243
InT:SelPen 1204 118.9 112.0 110.0 101.7 103.7
h 0.90 0.90 0.90 0.9 0.90 0.90
&g 1 1 1 1 1 1
& 0 (1] 0 0 0 (1]
£ - swveys 0.65 0.65 0.67 0.59 0.62 0.63
PChbag 0.70 0.24 024 038 | 070 0.13 0.18 0.35 0.70 0.14 013 038 | 071 -0.08 010 0.04 | 070 0.05 016 -0.03| 070 -0.12 025 023
PChbyr -0.35 0.73 025 053] 035 -0.84 027 -0066| -035 -0.901 024 -0.68| -0.36 -0.77 016 -0.83| -0.36 0.78 008 -081| -0.38 -0.73 0 0.00 095
Er 590 739 760 797 765 070
BP0 353 536 549 613 500 510
B ynnlK 0.59 0.72 0.72 0.77 0.77 0.76
MSYL? 0.17 0.17 0.17 0.17 0.17 0.17
B sy 100 126 130 137 132 116
MSY 43 52 55 58 57 50
oo, 0.07 0.07 0.07 0.07 0.07 0.08
Survey g's 210°  Tor  Tomvoas g's x10 Tamrr TomviZhd g's x10°  Tow  Temcan g's x10 Ty Taurvihh g's x10 Doy TrmvChb g's x10 Toure TrurviZhis
CanFalll| 116 0.29 0.04 92 0.29 0.04 89 0.29 0.04 86 0.29 0.04 ] 0.29 0.04 106 0.29 0.04
CanFall2| 213 0.17 0.02 167 0.21 0.02 164 0.26 0.02 183 0.22 0.02 201 0.22 0.02 265 0.30 0.03
EU| 67945 0.29 0.06 53219 0.29 0.06 52381 0.30 0.06 48240 0.30 0.06 47364 0.25 0.06 54001 0.23 0.06
CanSpr| 11 0.40 0.05 9 0.40 0.04 9 0.38 0.04 9 0.37 0.02 10 0.37 0.03 12 0.27 0.00
ap_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-typssessments to the commercial catch and
survey data (see text for details). Biomass umiés'@0t. Values fixed on input rather than estiedat
are shown ibold. Quantities shown in parenthesis are Hessian-b@sed

1) Production-ty lel, .
) S roduction tpe mf e 2) Production-type model,
fitting to survey and CAA . "
(% and selectivity fitting to survey indices only
New Baseline ) o y (K and i estumated,
parameters estimated, ki ..
) selectrvity fixed to PMI1)
fixed)
No of parameters 515 45 3
No of data pomts 924 924 60
"InT.:overall -602.2 00.1 -30.1
"-InL:Survey -47.1 -39.1 -39.1
InL:CAA -220.2 -35.4 -
InL:CAAsurv -478.2 173.6 -
"-InL:RecRes 23.0 - -
"InL:SelPen 120.4 - -
i 0.9 0.9 0.89 0.25)
8 1 1 1
& 0 0 0
o2 - SuIveys 0.65 0.64 0.64
OChhage 0.70 024 024 038 - -
OChbyr -0.35 073 -0.25 -0.53 - -
F 596 (0.27) 507 (0.12) s00 (0.31)
B¥ e 353 (0.60) 252 (0.27) 250 (0.78)
Bl 0.59  (0.34) 0.50  (0.16) 050  (0.47)
MSYL? .17 (0.15) 0.17 (0.10) 0.13 (0.01)
B ey 100 (0.41) 88 (0.21) 67 (0.31)
MSY 43 (0.26) 38 (0.11) 41 0.31)
TeomCit 0.07 0.15 -
Sun'cy g 's x10 oy TaureChd g 's x10 Toure TaurvChL aq 's x10 eure TTeurC b4
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 -
EUT| 67945 0.29 0.06 72049 0.31 0.16 72271 0.31 -
CanSpr 11 0.40 0.05 14 0.48 0.18 14 0.48 -
ap_out 0.20 - -
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Table 8: Numbers-at-age (in millions) matrix for the Nevadgline.

0 1 2 5 7 8 9 10 11 12 13 14 15 16 17 18 19 20+
1960 | 318.7 2609 213.6 117.2 78.. 643 527 431 353 289 237 194 159 13.0 106 8.7 7.1 322
1961 | 317.9 2609 213.6 117.2 78. 641 525 431 353 289 237 194 159 130 106 8.7 7.1 322
1962 | 320.2 2603 2136 117.2 7 641 524 429 352 289 236 194 159 130 106 8.7 7.1 322
1963 | 3240 2621 2131 117.2 641 523 428 351 288 236 194 159 130 1006 8.7 7.1 322
1964 | 330.3 2652 2146 117.2 63.9 522 427 350 287 236 193 158 13.0 106 8.7 7.1 322
1965 | 2922 2704 217.2 117.2 63.1 515 424 348 286 235 193 158 13.0 106 8.7 7.1 322
1966 | 346.9 239.2 2214 116.9 614 499 414 344 283 233 192 158 129 1006 8.7 7.1 32.2
1967 | 345.6 284.0 1959 117.7 584 469 393 333 278 230 190 156 129 106 8.7 7.1 322
1968 | 380.4 2829 2325 119.1 554 433 364 314 268 225 187 154 10.5 8.6 7.1 321
1969 | 307.0 318.9 2317 1214 526 399 331 288 251 216 181 152 10.4 8.6 7.1 321
1970 | 3024 2514 20611 107.4 506 369 300 260 230 202 175 148 103 8.5 7.0 320
1971 | 2979 2476 2058 127.4 501 353 7236 207 185 163 142 10.1 3.4 6.9 319
1972 | 390.5 2439 202.7 127.0 539 368 272 220 190 168 150 133 9.8 8.2 6.8 318
1973 | 3954 319.7 199.7 166.0 1431 476 387 281 216 176 153 136 122 9.4 8.0 6.7 3lo
1974 | 345.2 3237 2618 163.5 1128 565 344 296 223 173 141 124 110 8.8 7.7 6.6 314
1975 | 3221 2827 265.0 1143 111.1 57.2 413 265 236 179 139 115 101 8.1 7.2 6.3 310
1976 | 308.8 263.7 2314 217.0 109.4 688 422 301 199 187 143 113 9.4 § 7.3 6.6 59 305
1977 | 261.2 2528 1159 189.5 143.5 6.7 517 313 229 159 151 116 9.1 .6 6.7 6.0 54 298
1978 | 304.2 213.9 207.0 1768 1453 51.4 401 397 248 184 128 121 9.4 6.2 5.5 49 288
1979 | 367.0 249.1 1751 169.5 126.8 46.6 350 303 311 198 148 104 9.9 7.7 6.1 5.1 4.5 17.6
1980 | 303.3 300.5 2039 1433 118.4 639 334 256 224 250 160 120 84 8.1 6.3 5.0 42 262
1981 | 287.2 2483 246.0 166.9 113.5 651 446 240 186 179 202 130 9.7 6.9 6.6 5.1 4.1 248
1982 | 286.9 2352 203.3 2014 96.0 571 448 327 184 148 144 163 105 7.9 5.6 54 421 206
1983 | 277.6 2349 1925 1664 1649 1118 556 408 336 255 148 119 117 133 8.6 6.5 4.6 44 228
1984 | 311.2 2273 1923 157.6 1362 1349 528 390 305 260 205 120 9.7 9.5 10.8 7.0 5.3 3.7 222
1985 | 315.6 2548 186.1 157.5 1200 111.5 439 364 289 241 214 166 9.7 7.9 7.8 3.8 5.7 4.3 21.2
1986 | 283.9 2584 208.6 1524 1289 1056 333 323 284 232 195 174 135 7.9 6.5 6.3 7.2 47 209
1987 | 236.0 2324 211.6 1708 1247 1055 647 395 253 228 188 158 141 110 6.5 5.3 5.2 59 210
1988 | 2209 1932 190.3 173.2 1398 102.0 474 446 302 200 183 151 128 115 9.0 5.3 4.3 421 220
1989 | 195.0 180.9 158.2 1558 1418 1144 481 348 349 242 162 148 123 104 9.4 7.3 4.3 3.5 215
1990 | 2325 1597 1481 1295 1275 116.0 501 360 271 275 194 130 120 100 8.5 7.7 6.0 3.5 204
1991 | 248.5 1904 130.7 111.2 106.0 104.2 405 326 259 202 214 153 104 9.7 8.1 6.9 6.2 4.9 19.6
1992 | 249.5 2034 1559 107.0 992 Bo.S 436 243 211 185 154 166 121 8.3 7.8 6.0 5.6 5.1 20.0
1993 | 370.8 2043 166.6 127.6 876 S8LO 414 253 154 149 140 119 131 9.7 6.7 6.3 5.3 46 2035
1994 | 463.0 303.6 167.2 1364 1044 71.5 317 246 173 114 114 109 9.4 10.5 7.8 54 5.1 4.3 204
1995 | 440.5 379.1 248.6 1369 1l11.6 852 213 192 166 127 8.7 8.9 8.6 7.3 8.5 6.3 4.4 42 202
1996 | 265.7 360.7 3104 2035 1121 912 205 1506 1406 131 100 6.9 7.2 7.0 6.1 6.9 5.1 360 200
1997 | 2545 217.5 2953 1541 166.6 91.6 232 147 118 115 103 8.0 5.6 5.8 5.7 5.0 5.6 4.2 19.3
1998 | 208.3 2084 178.1 2418 208.0 136.2 357 le4 109 9.1 91 8.2 0.4 4.5 4.7 4.6 4.1 4.6 19.2
1999 | 3583 2442 1706 1458 1979 1701 389 257 123 8.5 7.2 7.3 6.7 5.2 3.7 38 38 33 19.4
2000 | 412.4 2033 1999 139.7 1194 161.7 36.2 285 197 9.6 6.7 5.7 5.9 5.4 4.2 3.0 31 31 18.6
2001 | 4535 3376 2402 163.7 1143 975 5L 260 2106 153 7.5 5.3 4.6 4.7 4.4 34 24 25 17.7
2002 | 361.9 3713 2764 196.6 1340 935 645 373 204 172 1212 6.0 4.3 3.7 38 3.6 28 20 l16.6
2003 | 244.7 296.3 304.0 226.3 161.0 1096 61.0 471 294 162 137 9.8 4.9 3.5 3.0 31 29 13 15.2
2004 | 2511 2003 2426 2489 1853 1316 336 431 370 236 130 110 7.9 4.0 28 25 2.6 24 143
2005 | 198.8 205.6 164.0 198.6 203.7 1516 328 244 342 208 189 105 9.0 6.5 3.2 13 10 11 13.6
2006 | 333.2 162.7 168.3 1343 162.6 166.7 413 232 188 274 241 154 8.5 7.3 5.3 16 1.9 1.7 12.9
2007 | 3097 2728 1332 1378 1099 1331 43 295 179 151 221 196 125 7.0 6.0 4.3 22 1.5 11.9
2008 | 311.0 253.5 2233 109.1 1128 90.0 66.6 396 231 143 122 181 159 10.2 5.7 4.9 3.5 1.8 11.0
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Table 9 fishing mortality-at-age matrix for the New Baseli

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
1994
1995
1996
1997
1998
1999
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
0.0204
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
0.0075
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
0.2804
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
0.0007
0.1283
0.1554
0.1598
0.1085
0.1318
0.1247
01132
0.1047
0.0867
0.1463
0.1846
0.1354
0.1596
0.1730
0.1360
0.1552
0.1720
0.1067
0.1003
0.1713
0.1069
0.0809
0.2314
0.3105
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
0.2328
0.2556
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
0.0389
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
0.0042
0.1344
0.1468
0.1036
0.1083
0.0369
0.0435
0.0600
0.0514
0.0448
0.0530
0.0314
0.0290
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
0.0292
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
0.0003
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
0.00735
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
0.0009
0.0007
0.0005
0.0006
0.0004
0.0004
0.0008
0.00035
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
0.0009
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
0.0083
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

(01254

[0.1004

[0.0846

[0.0770

[0.0627

[0.0430
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Table 10: Numbers-at-age (in millions) matrix for case starting in 1975 assuming equilibrium in 1960.

1 2 3 4 5 6 7 8 0 10 11 12 13 14 15 16 17 18 19
1960 | 187.1 153.2 1254 1027 841 688 564 461 378 309 253 207 170 139 114 9.3 7.6 6.2 5.1 4.2
1961 | 187.1 153.2 1254 1027 841 688 563 461 376 308 252 207 170 139 114 9.3 7.6 6.2 5.1 4.2
1962 | 187.1 153.2 1254 1027 841 688 563 461 376 307 251 2006 169 139 114 9.3 7.6 6.2 5.1 4.2
1963 | 187.1 153.2 1254 1027 841 688 563 461 376 307 251 206 169 138 113 93 7.6 6.2 5.1 4.2
1964 | 187.1 153.2 1254 1027 841 688 563 460 374 305 250 204 168 138 113 9.3 7.6 6.2 5.1 4.2
1965 [ 187.1 153.2 1254 1027 841 688 563 458 369 300 246 202 1606 137 113 9.2 7.6 6.2 5.1 4.2
1966 | 187.1 153.2 1254 1027 841 688 562 453 357 287 136 197 163 135 111 9.2 7.5 6.2 5.1 4.2
1967 | 187.0 153.2 1254 1027 841 688 561 445 336 263 21.7 185 156 131 108 9.0 7.4 6.1 5.1 4.2
1968 | 186.9 1531 1254 1027 841 688 559 436 314 235 191 166 144 124 105 8.7 7.3 6.0 5.0 4.1
1969 | 186.8 153.0 1254 1027 840 687 558 428 294 208 165 144 128 113 9.8 8.4 7.0 5.9 4.9 4.1
1970 | 186.5 1529 1253 1026 840 687 556 420 274 184 140 121 109 9.9 8.9 7.8 6.7 5.7 48 4.0
1971 | 186.2 1527 1252 1026 840 687 555 417 263 167 121 102 9.1 3.4 7.8 7.1 6.3 5.4 4.6 3.9
1972 | 185.8 1525 1250 1025 840 687 557 427 283 176 118 9.2 7.9 7.2 6.7 6.3 5.7 5.1 44 3.8
1973 [ 1853 1521 1248 1024 839 686 556 422 278 181 120 8.8 7.0 6.2 5.7 54 il 4.6 41 3.0
1974 | 184.7 151.7 1245 1022 838 686 556 422 276 178 124 8.9 6.7 5.5 4.9 4.5 4.3 4.1 3.8 34
1975 | 1894 151.3 1242 1020 837 685 556 413 278 178 123 9.2 6.8 5.2 4.3 3.9 3.7 3.5 33 3.1
1976 | 195.1 155.0 123.8 10L.7 835 684 559 437 305 180 110 8.0 7.0 5.3 4.1 3.5 3.1 3.0 18 2.7
1977 [ 1535 1597 1269 1014 832 681 558 442 320 205 116 7.4 6.1 5.5 4.2 3.3 28 25 2.4 23
1978 | 184.7 125.6 1307 1039 830 681 546 408 279 198 144 8.7 3.7 4.8 44 34 27 23 21 2.0
1979 | 222.6 151.2 1029 107.0 851 678 541 385 236 157 133 105 6.0 4.4 38 3.5 2.7 22 18 1.7
1980 | 187.4 1823 1238 842 876 696 544 399 246 141 0.8 8.2 8.1 5.2 3.5 3.0 28 22 18 15
1981 | 184.5 1534 1492 1014 689 716 555 390 235 132 81 5.6 6.3 6.3 41 28 25 23 18 14
1982 | 201.3 1510 1256 1222 830 503 582 424 246 118 7.0 5.0 4.2 4.8 4.9 3.3 23 2.0 18 13
1983 [ 178.2 164.8 123.7 1028 100.0 678 458 452 285 139 6.9 4.6 38 32 38 4.0 2.6 18 1.6 L5
1984 [ 198.1 1459 1350 1012 842 817 550 351 2193 168 8.8 4.9 3.5 3.0 1.6 3.0 3.2 11 15 13
1985 | 220.0 1e62.2 1194 110.5 829 688 0663 421 226 171 105 6.2 3.7 27 24 2.0 24 pX 1.7 1.2
1986 | 199.0 180.1 1328 978 905 678 551 504 2192 149 125 8.2 4.9 3.0 22 1.9 1.7 2.0 21 14
1987 | 1654 163.0 147.5 1087 800 740 544 423 355 197 110 0.8 6.4 3.9 24 18 15 1.3 1.6 1.7 7.6
1988 | 150.7 1354 1334 1207 890 654 603 416 241 204 138 8.4 7.5 5.0 31 1.9 1.4 1.2 11 13 7.6
1989 | 137.7 1234 1108 1092 988 728 534 472 274 159 151 108 6.0 6.0 4.0 2.5 1.5 1.2 1.0 0.9 7.3
1990 | 106.1 1127 10L0 907 894 B80S 593 416 324 191 117 113 84 5.2 4.8 3.2 2.0 1.3 0.9 0.8 6.7
1991 | 1064 869 923 827 743 T30 655 429 212 175 119 7.6 8.1 6.2 4.0 3.7 2.6 1.6 10 0.8 6.1
1992 (1221 871 711 756 677 605 566 460 2128 91 8.1 6.8 5.0 5.7 4.6 3.0 2.9 2.0 13 0.8 5.6
1993 | 187.8 100.0 713 582 618 551 465 386 2122 8.3 3.7 43 4.3 3.5 4.2 3.5 23 13 1.6 1.0 5.2
1994 [ 234.0 1537 819 584 476 503 303 223 1ol 9.1 3.5 1.8 2.7 3.0 25 3.1 2.7 1.8 1.8 1.3 5.0
1995 | 230.2 1916 1259 67.0 478 388 258 131 8.1 5.7 3.4 1.6 11 1.8 21 1.9 2.4 21 13 14 5.1
1996 | 139.8 188.5 1369 103.0 3548 389 304 182 7.3 4.8 36 2.3 10 0.8 1.4 1.6 1.5 1.9 1.7 1.2 5.3
1997 [ 137.5 1145 1543 1284 843 447 304 209 9.6 4.2 29 24 15 0.7 0.6 1.0 1.3 11 15 13 5.3
1998 [ 1583 112.6 93.7 1263 1051 68.7 345 206 103 4.8 13 18 16 11 0.5 0.4 0.8 1.0 0.9 1.2 54
1999 | 184.1 1296 921 76.7 1034 837 533 237 106 33 18 13 1.2 1.2 0.8 0.4 0.3 0.6 0.8 0.7 5.3
2000 | 2064 150.7 1061 754 628 841 683 370 106 33 29 18 1.0 0.9 0.9 0.0 0.3 0.3 0.5 0.0 4.9
2001 | 223.8 1690 1234 868 61.7 511 668 459 141 4.7 16 18 11 0.7 0.6 0.6 0.5 0.3 0.2 0.4 4.5
2002 | 176.9 1833 1383 1010 711 503 401 436 168 6.6 3.0 17 1.2 0.8 0.5 0.5 0.5 0.4 0.2 0.2 4.0
2003 | 119.7 1448 150.0 1133 827 579 396 267 173 8.3 4.4 2.0 1.2 0.9 0.6 0.4 0.4 0.4 0.3 0.2 34
2004 | 121.3  98.0 118.6 1228 927 o674 432 237 9.5 7.1 4.9 3.0 13 0.8 0.6 0.4 0.3 0.3 0.3 0.2 29
2005 | 963 993 802 971 1005 756 510 273 101 4.5 4.5 3.5 2.0 1.0 0.6 0.5 0.3 0.2 0.2 0.3 25
2006 | 160.2 788 813 657 794 821 602 365 133 4.6 25 3.1 2.5 1.5 0.7 0.5 0.4 0.3 0.2 0.2 13
2007 | 1441 131.2 645 666 537 649 655 437 191 6.6 2.7 1.8 2.3 1.9 1.2 0.6 0.4 0.3 0.2 0.2 10
2008 | 1481 118.0 1074 528 545 439 526 501 247 107 4.3 18 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 14aartitg in 1975 assuming equilibrium

in 1960.

Age

0

1

2

3

4

5

6

8

9

10

11

12

13

14

15

16

17

18

19

20

avs-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
1994
1995
1996
1997
1998
1999
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
0.0001
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
0.0001
0.0001
0.0001
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0001
0.0001
0.0002
0.0002
0.0003
0.0003
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0003
0.0002
0.0002
0.0003
0.0002
0.0002
0.0002
0.0002
0.0001
0.0002
0.0001
0.0002
0.0004
0.0007
0.0008
0.0008
0.0009
0.0006
0.0007
0.0006
0.0006
0.0007
0.0009
0.0006
0.0006
0.0007
0.0006
0.0004
0.0004
0.0003
0.0002

0.0000
0.0000
0.0000
0.0001
0.0002
0.0004
0.0007
0.0011
0.0014
0.0017
0.0018
0.0013
0.0016
0.0016
0.0015
0.0017
0.0014
0.0013
0.0017
0.0012
0.0016
0.0021
0.0016
0.0015
0.0016
0.0011
0.0010
0.0015
0.0010
0.0013
0.0030
0.0046
0.0053
0.0054
0.0062
0.0042
0.0050
0.0041
0.0039
0.0040
0.0058
0.0044
0.0040
0.0047
0.0040
0.0028
0.0025
0.0018
0.0016

0.0002
0.0002
0.0001
0.0004
0.0011
0.0026
0.0050
0.0073
0.0095
0.0117
0.0126
0.0090
0.0109
0.0108
0.0104
0.0034
0.0029
0.0233
0.0299
0.0208
0.0264
0.0073
0.0058
0.0093
0.0096
0.0211
0.0192
0.0040
0.0025
0.0044
0.0103
0.0549
0.0645
0.3985
0.4702
0.0413
0.0491
0.0585
0.0547
0.0272
0.0322
0.0420
0.0389
0.0025
0.0777
0.0280
0.0249
0.0102
0.0090

0.0016
0.0013
0.0010
0.0028
0.0073
0.0175
0.0347
0.0505
0.0662
0.0826
0.0889
0.0632
0.0769
0.0762
0.0732
0.0411
0.0333
0.1142
0.1485
0.1042
0.1339
0.0684
0.0537
0.0660
0.0682
0.0733
0.0663
0.0698
0.0445
0.0515
0.1246
0.1540
0.1825
0.5345
0.6398
0.1471
0.1763
0.189
0.1763
0.1634
0.1965
0.2255
0.2078
0.3147
0.2503
0.1355
0.1200
0.0683
0.0597

0.0044
0.0035
0.0028
0.0076
0.0202
0.0491
0.0989
0.1462
0.1949
0.2475
0.2681
0.1854
0.2288
0.2266
0.2170
0.1286
0.1007
0.2588
0.3448
0.2491
0.3272
0.2584
0.1985
0.2330
0.2416
0.1664
0.1408
0.3613
0.2176
0.1765
0.4741
0.4322
0.5280
0.6709
0.8161
0.3579
0.4394
0.5056
0.4642
0.6012
0.7647
0.8076
0.7235
0.8372
0.6534
0.5167
0.4463
0.3706
0.3173

0.0047
0.0037
0.0030
0.0082
0.0218
0.0530
0.1070
0.1385
0.2117
0.2695
0.2922
0.2013
0.2489
0.2465
0.2360
0.2335
0.1976
0.2814
0.3765
0.3168
0.4211
0.4942
0.3686
0.3258
0.3385
0.2153
0.1934
0.3554
0.2142
0.1586
0.4189
0.6459
0.8123
0.6916
0.8436
0.3176
0.3880
0.4982
0.4576
0.4963
0.6214
0.5610
0.5092
0.6882
0.5463
0.5853
0.5030
0.3761
0.3219

0.0035
0.0028
0.0022
0.0062
0.0163
0.0394
0.0789
0.1162
0.1540
0.1945
0.2102
0.1467
0.1802
0.1785
0.1711
0.2825
0.2381
0.1538
0.2013
0.2659
0.3503
0.4365
0.3280
0.2578
0.2675
0.1108
0.1000
0.1521
0.0954
0.1098
0.2779
0.5695
0.7083
0.6530
0.7925
0.2454
0.2973
0.3721
0.3436
0.3958
0.4888
0.2323
0.2140
0.3206
0.2640
0.3691
0.3221
0.2208
0.1988

0.0021
0.0016
0.0013
0.0036
0.0094
0.0227
0.0451
0.0658
0.0865
0.1083
0.1166
0.0825
0.1006
0.0997
0.0958
0.2319
0.1963
0.0908
0.1176
0.2812
0.3714
0.2819
0.2160
0.1458
0.1509
0.0509
0.0461
0.0769
0.0489
0.0909
0.2266
0.3544
0.4200
0.5185
0.6196
0.1751
0.2105
0.2752
0.2551
0.2505
0.3040
0.2196
0.2024
0.1766
0.1473
0.1733
0.1531
0.1804
0.1643

0.0015
0.0012
0.0009
0.0025
0.0067
0.0160
0.0318
0.0462
0.0606
0.0756
0.0813
0.0578
0.0703
0.0697
0.0670
0.0736
0.0631
0.0589
0.0760
0.0543
0.0692
0.0921
0.0721
0.0680
0.0703
0.0461
0.0418
0.0659
0.0420
0.0559
0.1357
0.2148
0.2361
0.2591
0.3018
0.1964
0.2367
0.1933
0.1798
0.2347
0.2842
0.2041
0.1882
0.2211
0.1837
0.1260
0.1116
0.0792
0.0692

0.0010
0.0008
0.0006
0.0018
0.0047
0.0113
0.0224
0.0325
0.0426
0.0530
0.0569
0.0406
0.0493
0.0489
0.0470
0.0516
0.0443
0.0414
0.0533
0.0382
0.0486
0.0644
0.0506
0.0477
0.0493
0.0325
0.0204
0.0463
0.0296
0.0393
0.0943
0.1474
0.1746
0.1766
0.2043
0.1352
0.1619
0.1331
0.1240
0.1605
0.1929
0.1403
0.1297
0.1516
0.1267
0.0877
0.0778
0.0555
0.0486

0.0007
0.0006
0.0005
0.0013
0.0033
0.0080
0.0158
0.0230
0.0300
0.0373
0.0400
0.0287
0.0347
0.0344
0.0331
0.0363
0.0312
0.0202
0.0375
0.0269
0.0342
0.0453
0.0356
0.0336
0.0347
0.0229
0.0208
0.0326
0.0209
0.0277
0.0659
0.1022
0.1206
0.1219
0.1404
0.0940
0.1120
0.0925
0.0863
0.1111
0.1328
0.0974
0.0902
0.1051
0.0881
0.0614
0.0546
0.0390
0.0342

0.0005
0.0004
0.0003
0.0009
0.0024
0.0057
0.0112
0.0162
0.0212
0.0263
0.0282
0.0202
0.0245
0.0243
0.0234
0.0256
0.0220
0.0206
0.0264
0.0190
0.0241
0.0319
0.0251
0.0237
0.0245
0.0162
0.0147
0.0230
0.0148
0.0196
0.0463
0.0714
0.0840
0.0849
0.0975
0.0657
0.0781
0.0647
0.0604
0.0775
0.0923
0.0681
0.0631
0.0733
0.0617
0.0431
0.0384
0.0275
0.0241

0.0004
0.0003
0.0002
0.0006
0.0017
0.0040
0.0079
0.0115
0.0150
0.0186
0.0199
0.0143
0.0173
0.0172
0.0165
0.0181
0.0156
0.0146
0.0187
0.0134
0.0170
0.0225
0.0177
0.0168
0.0173
0.0115
0.0104
0.0163
0.0104
0.0138
0.0326
0.0501
0.0588
0.0504
0.0681
0.0401
0.0548
0.0455
0.0425
0.0543
0.0646
0.0478
0.0443
0.0514
0.0433
0.0304
0.0271
0.0194
0.0170

0.0003
0.0002
0.0002
0.0005
0.0012
0.0029
0.0056
0.0081
0.0106
0.0131
0.0141
0.0101
0.0122
0.0121
0.0117
0.0128
0.0110
0.0103
0.0132
0.0095
0.0121
0.0159
0.0125
0.0119
0.0122
0.0081
0.0074
0.0115
0.0074
0.0098
0.0230
0.0353
0.0413
0.0418
0.0478
0.0325
0.0385
0.0320
0.0200
0.0382
0.0454
0.0337
0.0312
0.0362
0.0305
0.0214
0.0191
0.0137
0.0121

0.0002
0.0001
0.0001
0.0003
0.0008
0.0020
0.0040
0.0058
0.0075
0.0093
0.0100
0.0072
0.0087
0.0086
0.0083
0.0091
0.0078
0.0073
0.0093
0.0067
0.0085
0.0112
0.0089
0.0084
0.0087
0.0057
0.0052
0.0081
0.0052
0.0069
0.0163
0.0249
0.0291
0.0294
0.0337
0.0229
0.0272
0.0226
0.0211
0.0269
0.0320
0.0237
0.0220
0.0255
0.0216
0.0152
0.0135
0.0097
0.0085

0.0001
0.0001
0.0001
0.0002
0.0006
0.0014
0.0028
0.0041
0.0053
0.0066
0.0071
0.0051
0.0061
0.0061
0.0059
0.00064
0.0035
0.0052
0.0066
0.0048
0.0060
0.0080
0.0063
0.0059
0.0061
0.0041
0.0037
0.0058
0.0037
0.0049
0.0115
0.0176
0.0206
0.0208
0.0238
0.0162
0.0192
0.0160
0.0149
0.0190
0.0225
0.0168
0.0156
0.0180
0.0152
0.0107
0.0096
0.00069
0.0060

0.0001
0.0001
0.0001
0.0002
0.0004
0.0010
0.0020
0.0029
0.0038
0.0047
0.0050
0.0036
0.0043
0.0043
0.0041
0.0045
0.0039
0.0037
0.0047
0.0034
0.0043
0.0056
0.0045
0.0042
0.0043
0.0029
0.0026
0.0041
0.0026
0.0035
0.0081
0.0124
0.0145
0.0147
0.0168
0.0115
0.0136
0.0113
0.0106
0.0135
0.0159
0.0119
0.0110
0.0128
0.0108
0.0076
0.0068
0.0049
0.0043

0.0001
0.0001
0.0000
0.0001
0.0003
0.0007
0.0014
0.0020
0.0027
0.0033
0.0035
0.0025
0.0031
0.0031
0.0029
0.0032
0.0028
0.0026
0.0033
0.0024
0.0030
0.0040
0.0032
0.0030
0.0031
0.0020
0.0019
0.0029
0.0019
0.0025
0.0058
0.0088
0.0103
0.0104
0.0119
0.0081
0.0096
0.0080
0.0075
0.0095
0.0113
0.0084
0.0078
0.0090
0.0076
0.0054
0.0048
0.0035
0.0030

0.0028
[0.0022
l0.0017
[0.0048
[0.0127
[0.0307
[0.0616
[0.0007
l0.1205
[0.1524
[0.1648
f0.1147
F0.1411
[0.1307
[0.1339
[0.1535
[0.1300
[0.1537
[0.2031
[0.2063
02717
l0.2578
l0.1951
[0.1730
[0.1794
[0.1063
[0.0058
[0.1699
[0.1039
[0.0986
0.2554
0.3685
0.4541
0.5778
0.6970
0.2141
0.2601
0.3165
0.2019
0.3224
0.4013
0.3430
0.3160
0.4050
0.3247
0.3013
0.2616
0.2074
0.1785
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B¥as  B¥as/® By MSYLY MSY
5 S
YA 15 [
353 0.59 326 0.17 43
New Bascline (0.60) (0.34) (0.15) (0.26)
5) as New Baseline (NB) with 412 0.64 328 0.17 47
a survey o for each serics ©.58)  (0.30) ©.14)  (0.28)
342 0.56 296 0.28 33
Gayh =0.7
0.67)  (0.40) (0.13)  (0.26)
169 0.31 181 0.37 21
6byk =0.5
o I * I
44 0.10 120 0.26 22
7) Ricker like (i and v estunated)
(0.38) (0.33) {0.22) {0.13)
703 0.78 548 0.17 64
9a) 1990-1994 catches mereased 402 0.68 411 0.17 51
by 10 000 t 0.46)  (0.23) 0.11)  (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 comumercial selectivity 285 0.54 282 0.17 39
from age 10 (0.66) (0.40) (0.18) (0.25)
11) Four commercial selectivity 637 0.80 465 0.17 57
petiods {0.60) 0.24) 0.12) {0.36)
370 0.61 335 0.17 44
12a) commercial o =4.0
©.57) (031 (0.15)  (0.26)
29 0.08 136 0.18 28
12b) commercial o = 0.5
©027) (024 (0.13)  (0.04)
769 0.87 498 0.17 63
12¢) swrvey ag =1.0
(0.67) (0.24) (0.11) (0.43)
58 0.10 133 0.19 28
13) A=0.15
@41  (0.37) ©.17)  (0.09)
14a) start in 1975: unexploited 37 0.10 135 0.17 28
14b) start in 1975: estiumate 39 0.12 135 0.18 27
&and g (0.45) (0.42) 0.17) (0.05)
14c) start in 1975: estimate &, 23 0.06 122 0.18 20
start with XSA estimated
proportions-at-age in 19735 (0.48) (0.48) 0.19) (0.07)

Table 12: Summary key statistics for XSA and all the SCAghsitivities (4 to 14 and Production-type
model 2)
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Median lower upper Median loweri%- upperi%o- Median lower3%- upperi%o- Median loweri%- upperi%o-
§%-ile $%-ile 1 ile 1 ile 1 ile

B% g 263 132 401 263 132 401 263 132 491 263 132 401
B¥ e/ X 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% 3 338 195 500 338 195 500 338 195 500 266 143 483
B¥ /X 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% s 433 295 674 433 295 674 433 295 674 181 111 302
B melX 0.84 0.70 0.98 0.84 0.70 098 0.84 0.70 098 0.35 0.27 044
B% s 549 421 769 549 421 oy 549 421 oy 132 100 189
B¥ /X 1.06 102 1.10 1.06 102 110 1.06 102 110 0.26 0.24 0.27
Fo.1 0.43 0.37 0.48 0.43 0.37 048 0.43 0.37 0.48 0.43 0.37 .48
Canng 24175 24175 24175 24175 24175 24175 24175 24175 24175 24175 24175 24175
Canne 0 ] 0 16000 16000 16000 22750 22750 22750 66560 44719 102391
Cantn 0 ] 0 16000 16000 16000 22750 22750 47236 338806 GO586
it 0 ] 0 16000 16000 16000 22750 22750 22750 38723 28184 56600
Can1a 0 1] 0 16000 16000 1GOMMY 22750 22750 22750 34807 25605 50873
Canis 0 1] 0 16000 16000 1GOMMY 22750 22750 22750 37809 27537 55500
Canig 0 1] 0 16000 16000 1GOMMY 22750 22750 22750 40001 31318 54924
Clanag 0 1] 0 16000 16000 1GOMM) 22750 22750 22750 38044 31023 53115

Table 13: MCMC medians and 90% probability intervals of jprted spawning biomass (in absolute
terms and relative to pre-exploitation level) ir0802013, 2018 and 2018 under a series of catch
scenarios. The expected catches are also shovarskries of years.

Total

lowerS%- upperi%-

MLE Median . e
k¥ 576 516 410 708
h 0.90 0.90 0.90 0.90
B g 372 262 132 494
B el K 0.65 0.51 0.32 0.71
MSYL¥? 0.17 0.17 0.17 0.17
MSY 43 38 31 51

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

Total
MLE Median lmvc.ariq'.')- 111)1)(.31‘50/.3-
ile ile
K¥ 500 1003 483 2827
k 0.89 0.72 0.37 0.93
B s 250 813 197 2064
B¥e'K 0.50 0.82 0.40 1.05
MSYL? 0.13 0.27 0.15 0.45
MSY 41 33 25 167

Table 15: Maximum likelihood estimates (MLE) and MCMC meaaand 90% probability intervals
for the Production-type Model 2.
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Fig. 1. Total, exploitable (5-9) and spawning (10+) bi@®arajectories for the Baseline B2 of
Butterworth and Rademeyer (2009a) cases 1 and w Béseline), and XSA (Healey and Mahé, 2008)
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Fig. 2. Standardised residual plots for the survey propostiat-age data for a series of SCAA

assessments.
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Fig. 3: Survey and commercial fishing selectivities-ag-agtimated for the New Baseline assessment.
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Fig. 4: Fits of the New Baseline assessment to the almeedadices provided by the survey series.
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Fig. 5. Survey standardised residuals for the New Basedissessment. Residuals are shown both
before (“eps”) and after (“lambda”) adjustment $erial correlation.
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Fig. 7. Comparison of total (1+), exploitable (5-9) amhwning (10+) biomass trajectories for the
New Baseline, alternative assumptions regardingsthek-recruitment relationship and XSA (Healey

and Mahé, 2008) assessments.
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Fig. 8: Comparison of total (1+), exploitable (5-9) armqghwning (10+) biomass trajectories for the
New Baseline, alternative assumptions regardindgdte catches and commercial selectivity and XSA
(Healey and Mahé, 2008) assessments.
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Fig. 10: Commercial selectivity for each of the four pesdor sensitivity 11.
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Fig. 11: Comparison of total (1+), exploitable (5-9) amhwning (10+) biomass trajectories for the
New Baseline, sensitivities with alternative, and XSA assessments.
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Fig. 13: Comparison of total (1+), exploitable (5-9) amhwning (10+) biomass trajectories for the
New Baseline, sensitivity 13 witdi=0.15 and XSA assessments.
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Fig. 15: Comparison of total (1+), exploitable (5-9) amhwning (10+) biomass trajectories for the
New Baseline, the production-type model 2) and X88essments.
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Fig. 16: Comparison of total (1+), exploitable (5-9) anghwning (10+) biomass trajectories (in
absolute terms and relative to pre-exploitationelpor the New Baseline and five retrospective
assessments.
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Fig. 17: Spawning (10+) and exploitable (5-9) biomassettyjries for the New Baseline assessment
projected for a 20-year period under a series whcscenarios.
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Fig. 18: Comparison of spawning (10+) and exploitable Y5H@omass trajectories for the New
Baseline, Case 14a (starting in 1975), the prododipe model 2 and XSA assessments, projected for
a 20-year period under a constant catch of 16@0ptrow) and 22750t (bottom row).
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Fig. 19: Historic and projected catch under a FO.1 stsafegthe New Baseline, Case 14a (starting in
1975) and the Production-type Model 2 assessments.
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Fig. 20: Median (thick line) and 90% probability envelogshaded area) spawning (10+) and
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New Baseline SCAA assessment. The MLE are also sHowtted line). The projections are for a
constant annual catch of 27500t.
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Fig. 21. Median (thick line) and 90% probability envelopéshaded area) spawning (10+) and
exploitable (5-9) biomass trajectories (in absobatens and relative to pre-exploitation level) fbe
Production-type Model 2 assessment. The MLE am sti®wn (dotted line). The projections are for a
constant annual catch of 27500t.
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