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Summary

A number of variants of the SCAA are compared witbults from the XSA assessment of Healey and
Mahe (2009), where the SCAA uses the same datar dsat XSA assessment. Differences in estimates
of recent exploitableB>®) biomass trends — up for SCAA and down for XSAre-faund to be largely
resolved by introducing-shrinkage in the SCAA, similar to the approachdufe the NAFO XSA.
Greater agreement still, including for the 10+ bam®1B'%*) is obtained by forcing the commercial 11+
selectivity to be flat and at its level for XSAtime SCAA assessment. However both these adjustments
to the SCAA come at the expense of appreciableidedéion in the fit of the SCAA model to the data
as measured by the likelihood.

Introduction

This exercise is provided to aid in addressingrétpiest made to the NAFO Scientific Council by the
Working Group on Greenland Halibut Management 8gwtEvaluation (WGMSE) that met over 28-
29 January 2010 in Brussels, Belgium (see AnnektdeoReport of that meeting).

To aid a review by the Scientific Council of SCAfAarating models planned to be used for MSE,
applications of SCAA to the same data set as pesvidputs to the current NAFO XSA assessment of
the resource (Healey and Mahe, 2009) were reque$tesl details of these applications and their
results, particularly in comparison to the resfribsn the XSA, are set out below.

Data and Methodology

The catch and survey based data (including categatinformation), together with some biological
data that are used in the evaluations of this pagrer listed in the Tables in Appendix A, and are
understood to be the same as used for the HeatelMahe (2009) XSA assessment..

The details of the SCAA assessment methodologyiebgiere are provided in Appendix B of
Butterworth and Rademeyer (2009a), with two upddegailed in Butterworth and Rademeyer (2009b)
(i.: taking the modelled population age structuveat plus-group age of 20 rather than 14, and ii.:
including correlation, in both year and age, inveyrproportions-at-age data). The specific settinfys
the Reference Case (RC) SCAA assessment considerdidted below:

1) Stock recruitment function:
a. Beverton-Holt;

b. h=0.9;
c. or=0.2;
2) M=0.2;

3) Starting conditions:
a. @ anddare estimated for the year 1975
4) Serial correlations:
a. Survey CAA: series specific correlation parameterdoth the age and the year;
b. Survey abundance indices: Single serial correlgiEmameter;
5) Commercial selectivity:
a. Estimated directly for ages 5 to 11, with an expuiad decline assumed from age 12
to 20;
b. Selectivity variationoq = 2;



6) Survey selectivities:
a. Estimated directly for ages 1 to 11 for Canadialh &ad EU surveys and for ages 1
to 8 for Canadian Spring survey, with an exponédgaline assumed from age 12 to
20 for Canadian Fall and EU surveys and from age 20 for Canadian Spring
survey;
b. Selectivity variationoq =0.5;

Results and Discussion

The results of the SCAA variants explored are diste Table 1. Corresponding estimates of biomass
trends and commercial selectivities-at-age aretgiotn Figures 1 and 2 respectively, which also
include XSA results. It is simplest to introducedacomment on the SCAA variants considered
seriatum.

It was unclear in correspondence whether or no2€@8 CAA data should be taken into account in the
SCAA fits. Cases 1 and 2 in Table 1 show resultth veind without these data included. Both
comparison of the estimates in that Table, ancctiteesponding biomass plots in Figure 1 which are
virtually indistinguishable, suggest that the diecisof whether to include or exclude these 2008 CAA
data is of no practical consequence. Accordinglghtr results have all included those data in the
associated analyses.

Case 3 forces a flat commercial selectivity frore 44 (the value of this selectivity is estimatedha
fit), rather than allowing the exponential declinigh age of the RC (see Figure 2). From Figurei$ it
evident that this leads to reduced biomass estamateabsolute terms. However the “exploitable”
biomass B>®) still increases appreciably over the most refigatyears, unlike for the XSA results.

Case 4 addB-shrinkage to the SCAA to mimic what is done fae MAFO XSA assessment. This was
achieved through adding a penalty function withhhvgeight to the SCAA negative log-likelihood to

force the most recent (2008) fishing mortaktyo be very close to its average value over 2003720

is evident from Figure 1 that with this additiohetrecent8>° trend flattens out much closer to the
XSA result than for the RC (Case 2). A higher weigfill given to this penalty achieves even closer
agreement with the XSA result, but the SCAA thehilexs some convergence difficulties.

Case 5 combines the two effects of asymptoticdly $electivity andF-shrinkage in the SCAA,
resulting in still closer agreement with tBe° trend for XSA (Figure 1).

In terms ofB*: however, even for Case 5 estimates in absolutestarsnmuch higher for SCAA than
for XSA (Figure 1). This difference is consideralwbduced by, rather than allowing the SCAA to
estimate the value of a flat commercial selectifatyages 11+ from the data, instead forcing thilsie

to be similar to that for the XSA assessment (sgar€ 2). Biomass trends for this Case 6 are plotte
in Figure 1, as well as for Case 7 where Fhshrinkage effect is added to the SCAA as wellslt
evident that in these circumstances the SCAA anf Xi®mass trends are virtually identical B%°
and very much closer fd%*.

In Summary

The difference between the SCAA and XSA resultsfqrloitable B>°) biomass is primarily the result
of applying F-shrinkage in XSA. Differences iB** estimates are greatly reduced if commercial
selectivity at large ages is forced to be flat, antl close to the level for XSA rather than theugal
estimated from the data in the SCAA.

Thus forcing certain features on the SCAA renderiutputs to be virtually identical to those from
XSA. However this agreement comes at a cost inderithe fit of the SCAA model to the data: a loss
of about 15 log-likelihood points through forcifigshrinkage, and a further some 15 through forcing
the 11+ group commercial selectivity to be highwart the value suggested by the data. Assessments
using CAA data always have the difficulties of ppoecision for recent year-class strengths becalise
limited appearances of the cohorts concerned irfiiery or survey: the NAFO Scientific Council
XSA addresses this problem by implementiighrinkage to improve precision; the SCAA does not
need to include this feature as shrinkage is effelgt already provided through the stock-recruitinen
relation estimated within the SCAA approach. Thiatree merits of the two approaches rest on the
relative plausibility of the two associated assuons, noting that variance reduction techniques can
introduce bias.



In AIC-weighting terms, these log-likelihood diffarces are substantial, certainly suggesting theat th
SCAA RC should be preferred over XSA. However,hbwd be noted that the SCAA prescription
used has not as yet been able to fully remove latioe from model fit residuals (Butterworth and
Rademeyer, 2009b), so that this relative statispicaference would not be as great as AIC-based
weighting would suggest.
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Table 1 Results of fits of various SCAA variants (seettfx details) to the commercial catch and survatadValues fixed on input rather than estimatedsiwown in
bold. Quantities shown in parenthesis are Hessian-b@aysd

1) SCAA starting in 2) SCAA starting m 3) as 2) with flat 5) as 2) with F 6) as 2) but ol 7) as 2) with F
S & - . 3 S 2 X .
1975: new 2008 catch | 1975: new 2008 catch 8 1 w11 1ti a.h " 4) as 2) with F shrinkage and flat 1 asﬁ it 1;1 ':Olmll el c;a shrinkage and
but 2008 CAA not and 2008 CAA mcluded 001111111?1 calse Flc 1_:) va shrmkage commercial selectivity at selectivihy al 1?—1( WP ommercial selectivity
" ATES o
mcluded in likelihood m likelihood olderages { older ages (11+) age flat and up for age 11+
"-lnL:overall -622.5 -630.8 -625.3 -619.3 -616.7 -610.6 -602.2
InL:Survey -290.9 -290.9 -30.2 -30.7 -30.9 -30.7 -29.6
“InL:CAA 2142 2228 -220.6 -216.3 2149 -203.0 2023
L CAAswy | -462.8 -462.8 -463.6 -450.8 -461.1 -463.4 -457.3
“InLRecRes | 17.6 17.6 17.6 16.3 16.5 23.0 203
"InL:SelPen 66.8 67.0 71.5 69.4 72.4 63.5 65.4
-lnL:ShrinkPen - - - 18 1.2 - 1.3
h 0.90 0.90 0.90 0.90 0.90 0.90 0.90
&g 0.30 0.31 0.18 0.19 0.13 0.04 0.04
& 0.28 0.28 0.34 0.33 0.37 0.46 0.50
o2 - surveys .60 .60 0.57 0.45 045 045 0.43 043 043 0.50 0.50  0.50 0.43 043 043
L Chbage 0.49 0.28  0.35 0.49 0.28  0.35 0.49 0.28  0.35 0.52 0.28 0.38 0.52 0.28  0.38 0.50 0.29 0.34 0.53 030  0.38
PChbyr -0.69 032 -049 | 069 -032 -049 | -0069 032 -049 | 068 -032 -048 | -069 032 -048 | -0.69 -032 -049 | -068 -0.30 -047
7 340 (0.06) 340 (0.06) 328 (0.06) 320 (0.06) 321 (0.07) 422 (0.07) 17 0+
B 36 (0.42) 37 (0.42) 25 (0.58) 15 (0.60) 12 (0.52) 90 (0.27) 5
B e 129 128 114 86 82 94 72
B e 52 53 38 25 20 16 10
MSYTL? 018 (0.17) 018  (0.14) 019 (0.18) 0.18 (0.20) 0.19 (0.19) 0.20 (0.07) 0190
B oy 60 (0.19) 60 (0.17) 61 (0.19) 58 (0.20) 62 (0.18) 83 (0.10) g1
MSY 27 (0.05) 27 (0.05) 27 (0.06) 27 (0.07) 28 (0.08) 38 (0.07) 3g
ToomChh 0.07 0.07 0.07 0.07 0.07 0.08 0.08
Slll‘\'e)-' g 's K].O6 Tomy  TomvCh 4G 's K].O6 Tomvy  TomvCA MG 's K].O6 Tomvy  TouwCA G 's K].O6 Tomvy  TounTAHG 's K].O6 Tamvy  TouvCA G 's K].O6 Tomvy  TouvChYG 's K].O6 Toure TsmvOha
CanFall| 422 017 0.02 421 017  0.02 454 016 0.02 507 0.16 0.02 527 0.16 0.02 509 0.15  0.02 561 0.17  0.02
EU| 218924 0.28 0.05 (218744 0.28 0.05 237401 0.28 0.05 (261109 0.28 0.05 |269411 0.28 0.05 (264673 0.29 0.05 |283334 0.29 0.05
CanSpr| 22 041  0.05 22 041 005 23 040  0.05 25 041  0.05 26 041  0.05 25 041  0.05 26 041  0.05
ap_out 0.21 0.21 0.21 0.20 0.20 0.24 0.23




é00

00

5

Btot (000D

200

100

!

Btot ('000t)

!

Btot ('0001)

L

=

=
L

L

=

=
L

1970

1975

1980

1985

1990

1995

2000

2003

2010

1970

1975

1980

1985

1990

1995

2000

2003

2010

1970

1975

1980

1985

1990

1995

2000

2003

2010

B5-2 (000t)

B35-2 (000

B35-2 (000

2010

2010

250 350
—— 1. no 2008 CAA
—— 2 with 2008 CAA 300 4
200 4 —r— 3. flat sel
——5A 250 4
P
130 A 3
Eg 200
=
+
100 4 S 10
fun]
100 -
50
. ¢~‘ﬁ+a4¢‘r4/'A-4f4—y"’HV)/A\R\\‘“‘wh*wa—tw~*=,a4»~—+a~'
0 T T T T T T T 1} T T T T T T T
1970 1975 1980 1985 1590 1995 2000 2005 2010 1970 1975 1980 1985 1990 1995 2000 2005
250 350
—— 2. with 2008 CAA
—+— 4. F shrinkage 300 4
200 1 —— 5. F shrmlct fat sel
e WA 230 1
oy
150 - =
Eg 200
=
+
1o 4 S 130
fun]
100 -
50
504
1} T T T T T T T 1}
1970 1975 1980 1985 1990 1995 2000 2005 2010 1970 1975 1980 1985 1990 1995 2000 2005
250 350
—— 2. with 2003 CA 4
—— 6. flat selup 300 -
200 1 —=— 7. F shrnlc+ flat sel up
A 230 4
oy
150 - =
Eg 200
=
+
100 4 S 190
fun]
100 -
50
30 4
1} T T T T T T T 1}
1970 1975 1980 1985 1990 1995 2000 2005 2010 1970 1975 1980 1985 1990 1995 2000 2005

Fig. 1: Biomass trajectories for a series of SC/fiants and the 2008 XSA (Healy and Mahe, 2009).
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Fig.2: Commercial selectivities for a series of FChariants and the 2008 XSA (Healy and Mahe,
2009).



APPENDIX A — Data

Table Al: Landings (tons) for Greenland Halibut in Sub-a2eend Div. 3KLMNO (Healey and Mahé,
2009).

Year Landings (f) Year Landings (t)

196( 938 198t 2034
1961 741 198¢ 1797¢
196: 588 1987 3244:

1963 1621 1988 19215
1964 4252 1989 20034
1965 10069 1990 47454
1966 19276 1991 65008
1967 26525 1992 63193
1968 32392 1993 62455
1969 37275 1994 51029
1970 36889 1995 15272
1971 2483¢ 199¢ 1884(

1972 3003¢ 1997 1985¢
197t 2910¢ 199¢ 1994¢
197« 2758¢ 199¢ 2422¢

197¢ 2881+ 200(¢ 34177

197¢ 2461 2001 3823:

1977 3204¢ 200z 3406:

1978 39070 2003 35151
1979 34104 2004 25486
1980 32867 2005 23255
1981 30754 2006 23531
1982 26278 2007 22747
1983 27861 2008 21178
1984 26711

Table A2. Catch at age matrix (000s) for Greenland HalibuBub-Area 2 and Divisions 3KLMNO
(Healey and Mahé, 2009).

Year 1 2 3 4 5 6 7 8 9 10 11 12 13 M+
1975 0 0 0 0 334 2819 5750 4956 3961 1688 702 135 279 288
1976 0 0 0 0 17 610 3231 5413 3769 2205 829 260 101 53
1977 0 0 0 0 534 5012 10798 7346 2933 1013 220 130 116 84
1978 0 0 0 0 2982 8415 8970 7576 2865 1438 723 367 222 258
1979 0 0 0 0 238 8727 12824 6136 1169 481 287 149 143 284
1980 0 0 0 0 209 2086 9150 9679 5398 3828 1013 128 53 27
1981 0 0 0 0 863 4517 9806 11451 4307 890 256 142 43 69
1982 0 0 0 0 269 2299 6319 5763 3542 1684 596 256 163 191
1983 0 0 0 0 701 3557 9800 7514 2295 692 209 76 106 175
1984 0 0 0 0 902 2324 5844 7682 4087 1259 407 143 106 183
1985 0 0 0 0 1983 5309 5913 3500 1380 512 159 99 87 86
1986 0 0 0 0 280 2240 6411 5091 1469 471 244 140 70 117
1987 0 0 0 0 137 1902 11004 8935 2835 853 384 281 225 349
1988 0 0 0 0 296 3186 8136 4380 1288 465 201 105 107 129
1989 0 0 0 0 181 1988 7480 4273 1482 767 438 267 145 71
1990 0 0 0 95 1102 6758 12632 7557 4072 2692 1204 885 434 318
1991 0 0 0 220 2862 7756 13152 10796 7145 3721 1865 1216 558 422
1992 0 0 0 1064 4180 10922 20639 12205 4332 1762 1012 738 395 335
1993 0 0 0 1010 9570 15928 17716 11918 4642 1836 1055 964 401 182
1994 0 0 0 5395 16500 15815 11142 6739 3081 1103 811 422 320 215
1995 0 0 0 323 1352 2342 3201 2130 1183 540 345 273 251 201
1996 0 0 0 190 1659 5197 6387 1914 956 504 436 233 143 89
1997 0 0 0 335 1903 4169 7544 3215 1139 606 420 246 137 89
1998 0 0 0 552 3575 5407 5787 3653 1435 541 377 161 92 51
1999 0 0 0 297 2149 5625 8611 3793 1659 623 343 306 145 151
2000 0 0 0 271 2029 12583 21175 3299 973 528 368 203 129 104
2001 0 0 0 448 2239 12163 22122 5154 1010 495 439 203 156 75
2002 0 0 0 479 1662 7239 17581 6607 1244 659 360 224 126 81
2003 0 0 0 1279 4491 10723 16764 6385 1614 516 290 144 76 85
2004 0 0 0 897 4062 8236 10542 4126 1307 529 289 184 87 75
2005 0 0 0 534 1652 5999 10313 3996 1410 444 244 114 64 46
2006 0 0 0 216 1869 6450 12144 4902 1089 372 136 47 32 40
2007 0 0 0 88 570 3732 11912 5414 1230 472 163 80 41 29
2008 0 0 0 29 448 3312 10697 5558 1453 393 115 46 26 15




Table A3. Catch weights-at-age (kg) matrix for Greenlandiltté in Sub-Area 2 and Divisions

3KLMNO (Healy and Mahé, 2009).

Year 1 2 3 4 5 6 7 8 9 10 11 12 13 1M+
1975| 0.000 0.000 0.126 0.244 0609 0.760 0.955 1.190 1.58Q@102. 2.700 3.370 3.880 5.7p4
1976 | 0.000 0.000 0.126 0.244 0609 0.760 0.955 1.190 1.58Q@102. 2.700 3.370 3.880 5.144
1977 0.000 0.000 0.126 0.244 0.609 0.760 0.955 1.190 1.58Q@102. 2.700 3.370 3.880 5.9p2
1978 | 0.000 0.000 0.126 0.244 0609 0.760 0.955 1.190 1.58Q@102. 2.700 3.370 3.880 5.8p4
1979 | 0.000 0.000 0.126 0.244 0609 0.760 0.955 1.190 1.58Q@102. 2.700 3.370 3.880 6.0[7
1980 ( 0.000 0.000 0.126 0.244 0514 0.659 0.869 1.050 1.15@601. 1.570 2.710 3.120 5.0p3
1981 0.000 0.000 0.126 0.244 0392 0598 0.789 0.985 1.24@001. 2.460 3510 4790 7.4p6
1982 0.000 0.000 0.126 0.244 0525 0.684 0.891 1.130 1.40@901. 2.380 3470 4510 7.3p9
1983 0.000 0.000 0.126 0.244 0412 0.629 0.861 1.180 1.65@302. 3.010 3.960 5.060 7.0p1
1984 | 0.000 0.000 0.126 0.244 0377 0583 0.826 1.100 1.460401. 2.630 3490 4490 7.0[6
1985 0.000 0.000 0.126 0.244 0568 0.749 0.941 1240 1.69Q402. 2.950 3.710 4.850 7.0[0
1986 ( 0.000 0.000 0.126 0.244 0.350 0.584 0.811 1.100 1.580202. 2.890 3.890 4.950 7.345
1987 0.000 0.000 0.126 0.244 0364 0589 0.836 1160 1.590302. 2.820 3.600 4.630 6.4p4
1988 0.000 0.000 0.126 0.244 0.363 0.569 0.805 1163 1.662162. 3.007 3.925 5.091 7.1p4
1989 ( 0.000 0.000 0.126 0.244 0400 0.561 0.767 1.082 1.652372.2.997 3.862 4919 6.3[0
1990 0.000 0.000 0.090 0.181 0.338 0.546 0.766 1.119 1.608732. 2.854 3.731 4.691 6.3p1
1991 0.000 0.000 0.126 0.244 0.383 0.592 0.831 1.228 1.814612. 3.309 4.142 5333 7.0B1
1992 ( 0.000 0.000 0.175 0.289 0430 0.577 0.793 1.234 1.818622. 3.122 3972 5.099 6.648
1993 | 0.000 0.000 0.134 0.232 0368 0547 0.809 1.207 1.728092. 2.999 3965 4816 64B9
1994 ( 0.000 0.000 0.080 0.196 0.330 0.514 0.788 1.179 1.702682. 2990 3.766 4.882 6.348
1995 0.000 0.000 0.080 0.288 0.363 0.531 0.808 1.202 1.758462. 3.122 3.813 4.893 6.7p0
1996 ( 0.000 0.000 0.161 0.242 0360 0.541 0.832 1272 1.804782. 3.148 3.85 4.953 6.3[12
1997 ( 0.000 0.000 0.120 0.206 0.336 0.489 0.771 1159 1.723552. 3.053 3.953 5108 6.3[L7
1998 ( 0.000 0.000 0.119 0.228 0.373 0.543 0.810 1.203 1.758512. 3.095 4.010 5132 6.1p4
1999 0.000 0.000 0.176 0.253 0.358 0.533 0.825 1.253 1.673872. 2.888 3509 4.456 5.7B9
2000 | 0.000 0.000 0.000 0.254 0346 0524 0.787 1192 1.772792. 2.895 3645 4.486 55B1
2001 | 0.000 0.000 0.000 0.249 0376 0570 0.830 1.168 1.798672. 2.950 3.715 4585 54p8
2002 | 0.000 0.000 0.217 0.251 0369 0557 0.841 1.193 1.76@Q772.2.896 3579 4.407 547
2003 | 0.000 0.000 0.188 0.247 0389 0.564 0.822 1.199 1.651662. 2.700 3.404 4.377 54P9
2004 | 0.000 0.000 0.180 0.249 0376 0535 0.808 1.196 1.629462. 2.732 3538 4.381 56pP8
2005 | 0.000 0.000 0.252 0.301 0396 0.564 0.849 1.247 1.691772. 2705 3464 4.264 52p4
2006 | 0.000 0.000 0.129 0.267 0405 0.605 0.815 1.092 1.498741. 2.396 3.139 3.747 4.7p1
2007 | 0.000 0.000 0.000 0.276 0389 0581 0.833 1.137 1.500481.2.607 3.057 3.869 4.9p4
2008 | 0.000 0.000 0.000 0.278 0404 0.617 0.891 1195 1.608382. 2.804 3.247 4.232 4.7pP1




Table A4: Proportion mature-at-age for Greenland HalibuSimb-Area 2 and Divisions 3KLMNO
(Healy pers. comm.). Note in the assessment, tharityaat-age in 2008 and pre-1975 is taken as the
average over the 1975-2007 period.

0 1 2 3 4 5 6 7 8 9 10 11 12 13 1

1975 000 000 000 0.00 001 000 001 004 004 003 01210234 050 07
1976 000 000 000 0.00 000 001 0.01 002 006 0.07 00610234 050 07
1977 000 000 000 0.00 000 000 0.02 001 004 011 012 401034 050 07
1978 000 000 000 0.00 000 001 001 004 003 008 018 002.29 050 0.7
1979 000 000 000 0.00 000 001 0.01 002 006 006 016 8 0.20.31 050 0.8
1980 000 000 000 0.00 000 000 001 002 004 011 0128024 045 07
1981 000 000 000 0.00 000 000 0.01 002 003 0.07 018 302.45 055 0.7
1982 000 000 000 0.00 000 000 0.00 001 004 006 013 802.40 063 0.7
1983 000 000 000 0.00 000 000 000 001 002 0.07 012 402.40 059 08
1984 000 000 000 0.00 000 000 0.00 000 002 004 011 102.38 054 038
1985 000 000 000 0.00 000 000 000 000 001 0.03 00790103 05 07
1986 000 000 000 0.00 000 000 000 000 001 002 005301030 051 07
1987 000 000 000 0.00 000 000 0.00 000 000 0.02 006001022 043 0.7
1988 000 000 000 0.00 000 000 000 001 o000 001 004501017 034 07
1989 000 000 000 0.00 000 000 0.00 000 002 0.00 00290®m33 029 05
1990 000 000 000 0.00 000 000 000 000 001 005 016 80m21 058 05
1991 000 000 000 0.00 000 000 0.00 000 001 0.02 0157 0®.25 041 0.7
1992 000 000 000 0.00 000 000 0.00 000 001 0.03 005803.0 05 07
1993 000 000 000 0.00 000 000 000 000 000 002 010101068 100 08
1994 000 000 000 0.00 000 000 0.00 000 001 0.01 006602025 088 09
1995 000 000 000 0.00 000 000 000 000 001 002 003701058 047 09
1996 000 000 000 0.00 000 000 000 000 001 002 004 80m36 078 08
1997 000 000 000 0.00 000 000 0.00 000 000 0.01 004001020 061 09
1998 000 000 000 0.00 000 000 000 000 000 000 004001021 043 08
1999 000 000 000 0.00 000 000 0.00 000 000 0.01 00290®m21 041 08
2000 000 000 000 0.00 000 000 000 000 001 001 004201021 041 07
2001 000 000 000 0.00 000 000 000 000 000 0.03 007 801053 041 06
2002 000 000 000 0.00 000 000 0.00 000 000 0.02 007 60353 090 07
2003 000 000 000 0.00 000 000 000 000 000 002 00670108 085 09
2004 000 000 000 0.00 000 000 0.00 000 000 0.02 0064023 097 09
2005 000 000 000 0.00 000 000 0.00 000 000 0.02 0064025 058 10
2006 000 000 000 0.00 000 000 000 000 000 0.02 0064025 080 08
2007 000 000 000 0.00 000 000 0.00 000 000 0.02 00640249 079 0.9

P
+
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Table A5: Survey data (mean numbers per tow) of Greenlaalibtt in Sub-Area 2 and Divisions
3KLMNO. Decimalized year reflects the timing of basurvey series (e.g. EU Summer survey).
(Healey and Mahé, 2009)

2J3K Canadian Fall, 1995-2007

1 2 3 4 5 6 7 8 9 10 11 12 13+
1996.9 98.68 4782 3201 9.54 6.28 2.47 0.84 0.19 0.18 004 02 0. 0.01 0.02
1997.9 28.05 5862 4361 21.13 10.37 5.01 2.00 0.64 0.20 0.0®.03 0.02 0.0
1998.9 23.35 2507 3119 21.87 10.86 4.45 207 0.57 0.13 0.0®.03 0.02 0.0
1999.9 15,99 3442 2407 28.28 20.04 1053 381 0.70 0.14 7 0.00.02 0.01 0.0
2000.49 38.57 2194 1643 13.20 13.76 7.21 2.16 0.50 0.06 0.03.02 0.00 0.0

0w —

2001.49 43.90 2272 17.00 14.07 9.77 7.59 340 0.69 0.11 0.02.01 0 0.00 0.0
2002.9 40.67 2408 1250 9.68 6.03 1.97 0.72 0.19 0.04 0.01 00 0. 0.00 0.0
2003.9 4570 2667 11.69 9.49 6.39 2.27 0.89 0.27 0.04 002 01 0. 0.01 0.0
2004.9 3249 3293 1389 1231 9.21 2.68 120 0.36 0.08 0.03.01 0 0.00 0.04
2005.49 16.06 16.15 856 13.84 10.98 6.85 3.96 0.66 0.12 0.03.03 0 0.01 0.0}
2006.9 32.34 1798 850 17.60 13.03 9.11 418 115 0.18 0.03.02 0 0.01 0.0

2007.4 32.61 1451 12.81 18.77 9.57 10.35 6.17 2.14 0.34 0.08.04 0.02 0.0

EU Summer, 1995-2007
1 2 3 4 5 6 7 8 9 10 11 12+
19954 1241 254 223 191 266 510 377 212 131 026  0.00.02
19964 584 797 242 3.04 420 58 249 162 042 009 0.03.040
19974 333 378 600 650 711 846 499 215 066 022 0.03.020
19984 2.74 213 7.69 11.00 1233 1130 784 262 0.75 020 03 0. 0.01
1999.4 1.06 070 301 10.47 1341 1258 555 182 0.35 010 01 0. 0.0(
20004 375 029 060 217 7.09 1410 540 232 045 011  0.09.04
20014 803 143 181 099 279 779 663 321 0.18 005  0.01.00
2002.4 408 294 280 167 379 559 573 128 0.13 006  0.02.0]
2003.4 220 100 061 151 248 294 193 047 0.13 010  0.02.0]
20044 219 329 437 197 697 7.80 254 064 029 013  0.08.05
20054 054 081 318 250 689 759 292 061 011 012  0.06.02
20064 068 040 065 117 598 746 331 077 022 018  0.13.0§
20074 042 009 057 034 344 737 576 151 0.3l 021  0.08.05

[eNeNelNoNoNoNe]

3LNO Canadian Spring, 1996-2007

1 2 3 4 5 6 7 81

1996.4 1.62 4.24 4.60 2.18 0.83 0.28 0.06 .00
1997.4 1.16 392 5.16 3.23 1.46 0.51 0.10 .01
1998.4 0.22 081 3.85 6.19 4.96 1.24 0.33 .07
1999.4 0.29 055 1.15 1.98 3.39 1.09 0.24 .05
2000.4 0.79 1.07 1.07 1.51 1.95 2.04 0.56 .03
2001.4 0.57 071 0.74 0.68 0.80 0.72 0.28 .02
2002 .4 0.64 057 0.60 0.58 0.61 0.21 0.05 .01
2003.4 0.93 214 1.66 1.57 1.06 0.21 0.05 .01
2004 .4 0.66 057 1.18 1.18 1.16 0.26 0.04 .02
2005.4 0.35 031 1.09 0.95 1.37 0.82 0.21 .03
2006.4 Survey not completed

2007 .4 1.60 052 0.80 0.40 1.41 1.49 112 .18

Table A6: Survey data in terms of weight for ages combir®@K Fall and 3LNO Spr (Healey, 2009),
EU survey (Vazquez and Gonzéalez-Troncoso, 2008).

2J3K Fall EU survey 3LNO - Spr|
Mean weight _. Mean weight
Year (kg)/tow Biomass (tons) (kg)/tow
1995 10875
1994 21.6 11594 143
1997 24.8 16098 210
1994 238 24229 350
1999 325 21207 233
200d 239 16959 2.30
2001 22.7 13872 1.13
2004 14.1 12100 053
2009 15.3 6214 1.13
2004 17.5 12292 0.87
2005 20.3 11698 1.23
2006 25.7 11706
2007 29.1 13040 217
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