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SUMMARY

Past attempts at Statistical-Catch-At-Length assessments for the redfish populations in
Units 1+2 have struggled to reconcile survey biomass trends with survey catch-at-length
data. Here it is shown that reconciliation is possible under the assumptions of natural
mortality decreasing with age, and a situation where only occasionally extraordinarily
strong year classes enter the populations. While the species-disaggregated assessments
developed here could be refined (and species-aggregated), it is suggested that first
discussions should be held to agree or otherwise on the reasonableness/plausibility of
these core aspects of the dynamics of these species. The situation of occasional
extraordinarily strong year classes has implications, which are discussed, for the basis
under which reference points for these populations are best evaluated.
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1. Introduction

This document builds on the Statistical catch-at-length (SCAL) assessments for S. mentella and S fasciatus in
Units 1 and 2 which were reported in Rademeyer and Butterworth (2014). That document summarised that
“Fitting the declines in the survey indices in Unit 1 for the earlier (pre 1995) years proves a particular problem
..... allowing for occasional large recruitments in these populations shows promise for improving the fits to those
survey indices. However this needs further investigation to determine whether associated poor fits to the survey
catch-at-length data can be avoided.” The particular focus of the analyses that follow is towards resolving these
problems within the framework of allowing for occasional large recruitments.

Initial attempts experimented, but without success, on the somewhat complex combined species assessment
approach of Rademeyer and Butterworth (2014). Accordingly it was decided to simplify the problem, at least
initially, to be better able to focus on the core “conflict” problems as indicated above. This involved carrying out
species-disaggregated SCAL assessments, which consequently were unable to make use of the commercial
catch-at-length data which are species aggregated. The focus was first on S. mentella. The line of assessment
development which was followed can be summarised in the following steps.

1) First survey selectivity was adjusted to get a better fit to the survey catch-at-length (cal) data. A two-
component (normal followed by logistic, with parameters specified from inspection of the trends in the
year-averaged proportional cal data) form was used to be able to reflect the relative paucity of catches in the
20-30 cm range. However a better fit to the cal data still rendered the assessment unable to reproduce the
downward trend in the survey unit 1 biomass index prior to 1995. The selectivity in the top two panels in
Figure 1 - selectivity "as we think" - shows the form used by length followed by its corresponding at-age
form.

2) The decrease in the survey biomass index pre-1995 is essentially a decrease in biomass of the fish from
the 1981 peak (extraordinarily strong) recruitment, i.e. that were 9 years old in 1990. However for the
growth curve input for S. mentella (Campana, pers. commn), these 9 years olds corresponded to the "hole"
in the cal distribution centred at about 22 cm (see Figure 1 - left panel on the second row, which show the
length distribution of fish of age 9). Attempts to modify the growth curve proved unsuccessful, however.
The right panel on the second row of Figure 1 shows the quite inadequate resultant fit to the survey biomass
index, where the individual colour blocks reflect the biomass contribution of each year class to each year’s
survey biomass index (and except for the most recent few years are all swamped by the contributions from
the 1981 year class)..

3) Consideration of the NSw trajectories for the 1981 vyear class (Number/Selectivity/weight
multiplicative combinations - bottom row, right panel of Figure 1) led to the realisation of the need for the
lower ages in this year class to contribute more to the survey biomass. This was achieved by increasing M
for the lower ages.

4) An idea of the magnitude of this higher M value was obtained by estimating the M necessary for the
observed decrease in the survey estimates of biomass that would result if the biomass consisted only of a
single year class (Figure 2). It transpired that given this higher value for M at younger ages, survey
selectivity could be reasonably represented by the simple logistic form.

5) The value of M at older ages (previously 0.1 for S. mentella) was then decreased to get a better fit to the
cal data at larger lengths — the assessment model otherwise predicted too few fish at these lengths as
insufficient were surviving to be able to attain these lengths. This approach to improving the fit was
preferred to increasing selectivity at larger lengths, given the attractive parsimony of the logistic form
resulting under 3).

6) Figure 3 plots the natural mortality-at-age vector that resulted from this overall process. While further
analyses could consider “smoothing” this vector, it was considered better to maintain greater simplicity at
this stage of the assessment process.

In the interests of parsimony, the same M vector as developed above for S. mentella was used in the separate
assessment of S. fasciatus.

2. Data and Methods

The data used for these analyses are listed in Appendix A.



The SCAL methodology is described in detail in Appendix B.

The proportion of biomass in unit 1 was initially assumed to be 70% of the total biomass for each species, based
roughly on the relative sizes of the two areas. These proportions were then adjusted separately for each species
so that the survey g's would be less than 1 in each unit. The final proportions consequently assumed for unit 1
are 40% for S. mentella and 20% for S. fasciatus (see Table 1).

The commercial selectivities, initially based on results from a previous analysis (Rademeyer and Butterworth,
2014), were chosen to give reasonable fits to the species aggregated catch-at-length data (see Table 1 for the
parameter values of the logistic forms assumed).

3. Results and Discussion

Summary results of the two separate assessments for S. mentella and for S. fasciatus are listed in Table 2. Note
that estimates of the pre-exploitation spawning biomass K* given there are based on past recruitments omitting
the few years with extraordinarily strong year classes.

Figure 4 plots the growth and estimated age-length distributions for each of the two species. Note that the fitting
procedure selects a wider distribution for length-at-age (a larger g value — see equation B9) for S. fasciatus
compared to S. mentella.

The spawning and total biomass trajectories assessed for each species are shown in Figure 5. Figure 6 plots the
time-series of estimated stock-recruit residuals and recruitment for each species. Years with extraordinarily high
recruitment are not included in the estimation of the stock-recruit relationship: 1961, 1973, 1981 and 2011 for S.
mentella, and 1982 and 2011 for S. fasciatus. Both assessments reflect high recruitments in the starting year of
1960, particularly for S. mentella, but these estimates should not be viewed as particularly reliable. The reasons
are first that the assumption of a starting unexploited equilibrium age-structure (equation B11), though difficult
to avoid given the very limited data available to inform estimates for that time, will doubtless result in bias in
these starting recruitment estimates. Secondly the only data that do inform on year class strengths for this period
are the catches-at-length for the largest lengths sampled by the Hammond surveys of the mid-80s; the fact that
the proportions of the Hammond catches at these lengths are rather large (see also discussion following on
Figures 8 and 9) has a high influence on these 1960 recruitment estimates, which is the reason that an additional
downweighting factor was applied to these Hammond catch-at-length data in the log likelihood (see text
following equation B17).

The fits to the survey biomass indices are shown in Figure 7. These fits are relatively good for both species in
that they do reflect the broad trends, both recently and particularly the declines from the mid-80s to the mid-90s.
However for S. fasciatus the residual pattern is unusual over .this last-mentioned period, being a reflection of a
mismatch over 1989-1990 between the end of the Hammond series and the start of the Needler-Teleost series —
a matter which perhaps suggests some discussion on the reliability of the assumption that these two series are
comparable.

The input commercial selectivities and the estimated survey selectivities and fits to the commercial and survey
catch-at-length data are plotted in Figures 8 and 9 for S. mentella and S. fasciatus respectively. (For the
commercial data, the “fits” actually compare the predicted catch-at-length for the species concerned with the
species-aggregated observed catch-at-length; these data were not included in the fit to the model, and the
comparisons are shown simply as a consistency check.) Note the highly positive.residuals at large lengths for
the years of the Hammond data, which are downweighted in the log likelihood for the reason explained above.
For proportions-at-length averaged over years, predictions fail to reflect the strong minimum in the distributions
of the observations around 22 cm, particularly in the case of S. fasciatus. However, despite the admitted need to
try to improve these fits, this broad “mis-fit” feature of the year-averaged comparison is perhaps not as serious
as might normally be considered. The reason is that the occasional peak recruitments “imbalance” these year-
averaged plots; viewed instead at the year class level in the bubble plots, discrepancies are not as extreme as the
year-averaged plots might initially seem to suggest.

The “fits” to the species combined commercial cal data are shown in Figure 10, where the predicted cal have
been computed by adding the results from the two separate species assessments. The agreements are reasonable,



though note that these are not true fits to the data as this information could not be included in the likelihood
under the separate assessments framework. Hence these comparisons serve rather as a consistency check.

The Hessian-based confidence intervals for spawning and total biomass trajectories are shown in Figure 11,
while the CVs on the estimated recruitments are given in Table 3. These CVs are quite large, and the projected
upturn in total biomass for both species in recent years is indicated to be not that well determined. Nevertheless
the CV on the strong 2011 S. mentella recruitment is much less than typical for other years, suggesting that there
is nevertheless strong qualitative evidence of this large incoming year class.

4. Concluding remarks

The major achievement of these analyses has been the demonstration that allowing for a decrease in natural
mortality with age can lead to an assessment which is able to qualitatively reconcile the survey biomass index
and catch-at-length data for both S. mentella and S. fasciatus in Units 1+2 — a bar which it would seem that any
defensible assessment for these redfish would need to reach. This is achieved within an overall approach that is
able to maintain a simple logistic form for survey selectivity-at-length, and emphasises allowance being made
for occasional extraordinarily strong year classes, though the resultant estimates of biomasses and recruitments
are not that precisely determined.

Before attempting to refine these assessments further though, it seems appropriate first to discuss and agree or
otherwise on the reasonableness/plausibility of these core aspects now suggested for the dynamics of the redfish
populations being considered (decreasing M-at-age and occasional extraordinarily strong recruitments). There
may be other information that can legitimately be brought to bear regarding, for example, the form and
magnitude of the natural mortality-at-age relationship, which could lead, inter alia, to changes in the function
shown in Figure 3, which is based entirely on achieving a best fit to the data taken into account in the
assessment presented here. While it is possible (and desirable) to now return to the joint species assessment
approach of Rademeyer and Butterworth (2014), this too would seem to better await such a discussion.

A situation of occasional extraordinarily strong year classes also has important implications for the estimation of
resource status and biomass reference points. Should these peak year classes be incorporated into these
computations, or should they not (as assumed for the results for stock status reported in Table 2, and arguably
constitutes a defensible approach as reference points should pertain to “normal” rather than to “exceptional”
situations). This clearly has important management ramifications, as the status estimated for both species under
this assumption (see Table 2) is well above any plausible limit reference point level.
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Table 1: Values specified on input to the assessment

5. mentella 5. fasciatus

Steepness of the stock-recru
relationship h

it

Cr

MNatural mortality M (see Fig. 3):
Ages 0-13
Ages 14+

Proportion of the biomass in

unit 1 (ul]:

Commercial selectivity logistic

parameters (eqn B21):

Unit 1:

Unit 2:

0.98 0.98
1.50 1.50
0.40 0.40
0.05 0.05
40% 20%

1.2 1.9
26.2 29.2

1.2 2.3
20.9 27.6

Table 2: Results for the SCAL Base Cases. Biomass units are in thousand mt, and K* refers to the pre-
exploitation equilibrium spawning biomass. These results are based on the stock-recruit relationship omitting
the few peak (extraordinarily strong) year classes (1961, 1973, 1981 and 2011 for S. mentella and 1982 and
2011 for S. fasciatus). The ox_out are computed from the 1980+ recruitments, again excluding peak recruitment

years.
5. mentella S. fosciatus

Total -InL 46.8 68.4
I -76.2 77.1
Y™ unit 1 21.1 29.1

unit 2 1.3 2.4
caa_nll  unit 1 surv 26.6 32.6

unit 2 surv 1.4 6.6
-InL* 72.6 74.9
“InL? 0.0 0.0
K™ 131.3 474.4
B¥ 55 173.1 196.3
B¥ 55/ * 1.32 0.41
op_out 0.70 0.65
Survey Unit 1 Unit 2 Unit 1 Unit 2
q 0.56 0.97 0.91 0.96
G add 0.10* 0.10* 0.10* 0.10*

* Hitting the lower bound imposed



Table 3: Values (in millions) and Hessian-based CVs for the estimated recruitments for S. mentella and S.
fasciatus. Pre-1980, only the years with peak (extraordinarily strong) recruitments for S. mentella are shown
(there are no such peaks estimated pre-1980 for S. fasciatus, and the data available are unable to reliably
discriminate other recruitment variations for either species before about 1980).

5. mentella 5. fasciatus
1961 396080 (0.33) 1551 (0.41)
1973 112570 (0.78) 1425 (1.48)
1980 628 (1.55) 1574 (1.60)
1981 121060 (0.39) 1441 (1.56)
1982 653 (1.56) 74651 (0.64)
1983 597 (1.51) 1443 (1.56)
1984 582 (1.49) 1480 (1.56)
1985 777 (1.29) 1687 (1.57)
1986 488 (1.33) 1546 (1.46)
1987 398 (1.28) 1155 (1.38)
1988 3740 (0.59) 1804 (1.48)
1989 650 (1.12) 4648 (0.85)
1990 374 (1.16) 655 (1.18)
1991 354 (1.10) 516 (1.14)
1992 306 (1.17) 514 (1.13)
1993 390 (1.11) 634 (1.12)
1994 550 (1.00) 919 (1.05)
1995 480 (1.13) 934 (1.05)
1996 831 (0.76) 785 (1.16)
1997 345 (1.00) 1393 (0.90)
1998 419 (0.92) 645 (1.11)
1999 796 (0.82) 1057 (1.02)
2000 438 (1.05) 1231 (1.04)
2001 238 (1.08) 906 (1.14)
2002 205 (1.08) 877 (1.20)
2003 2501 (0.52) 1436 (1.29)
2004 263 (1.12) 7665 (0.78)
2005 274 (1.03) 970 (1.31)
2006 309 (0.94) 1100 (1.14)
2007 179 (1.04) 910 (1.22)
2008 183 (1.07) 1587 (1.04)
2009 301 (1.01) 743 (1.21)
2010 350 (1.22) 823 (1.24)
2011 89484 (0.50) 8760 (1.25)
2012 1319 (1.94) 8624 (1.66)
2013 1506 (1.39) 1978 (1.60)
2014 624 (1.55) 1434 (1.53)
2015 616 (1.54) 1452 (1.56)
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Figure 1: A summary of the sequence of investigations that led to the conclusion that the younger fish needed to

contribute more to the survey biomass index for S. mentella, and hence that natural mortality needed to be
increased for younger ages (see Introduction section of the main text for further details)
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data are available (third column), and as bubble plots of the standardised residuals (fourth column) (filled bubbles reflect positive residuals, and the bubble area is
proportional to the magnitude of the residual). residuals for the Hammond data (which have been heavily downweighted in their contribution the negative log likelihood) are
shown filled in red. For the commercial data, the plots compare the S. fasciatus predicted catch-at-length with the species-aggregated observed catch-at-length; these data are
not included in the fit to the model, and the comparisons are shown here simply as a consistency check.
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Figure 10: Fits to the species-combined commercial catch-at-length data.
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Figure 11: Spawning and total biomass trajectories (in kt) with Hessian-based 95% CI (dotted lines) for S.
mentella and S. fasciatus.
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Appendix A - The data
The data have kindly been provided by Daniel Duplisea, pers. commn.

Table Al: Catches in mt. The basis for the species splits of these catches, using information from surveys, is set
out in McAllister and Duplisea (2012).

Species combined S. mentella S. fasciatus
Unit 1 Unit 2 Unit 1 Unit 2 Unit 1 Unit 2
1960 12830 23287 7735 10813 5095 12474

1961 11062 18329 6669 8511 4393 9818
1962 7151 21295 4311 9888 2840 11407
1963 20817 22290 12550 10350 8267 11940
1964 30524 23192 18402 10769 12122 12423
1965 52829 21834 31850 10138 20979 11696
1966 67962 28392 40973 13183 26989 15209
1967 71905 42170 43350 19580 28555 22590
1968 05264 20169 57433 9365 37831 10804
1969 92320 46276 55658 21487 36662 24789
1970 90503 49407 54563 22941 35940 26466
1971 82189 58200 49550 27024 32639 31176
1972 82592 45201 49793 20988 32799 24213
1973 136101 31827 82053 14778 54048 17049
1974 67081 34038 40442 15805 26639 18233
1975 70052 38471 42233 17863 27819 20608
1976 44378 23709 26755 11009 17623 12700
1977 17072 28750 10292 13349 6780 15401
1978 14934 26548 9004 12327 5031 14221
1979 16425 18771 9902 8716 6523 10055
1980 15539 17129 9368 7953 6171 9176
1981 22045 21751 13291 10100 8754 11652
1982 26731 17025 16116 7905 10615 9120
1983 24974 13473 15056 6256 9918 7217
1984 35827 8141 23389 3780 12438 4361
1985 28333 11494 17773 5337 10560 6157
1986 36414 10765 22053 4998 14361 5767
1987 43446 13956 25571 6480 17875 7476
1988 51892 10728 20927 4981 21965 5747
1989 52482 15386 29883 7144 22599 8242
1590 61934 14789 35034 6867 26900 7922
1991 67527 23205 38121 10775 29406 12430
1992 77753 17159 44189 7967 33564 9192
1993 51156 27428 20574 12735 21582 14693
1994 19586 24324 11576 11294 8010 13030
1595 50 12243 31 5685 20 6558
1996 74 9407 46 4368 28 5039
1997 38 9660 25 4485 13 5175
1998 399 10474 272 4863 127 5611
1999 1123 11551 779 5363 343 6188
2000 1192 11553 820 6884 372 4669
2001 1105 9033 740 5169 364 3864
2002 1206 7455 782 4233 423 3222
2003 847 6707 536 3703 311 3004
2004 934 6987 577 3192 357 3795
2005 978 6089 588 2138 390 3951
2006 690 6510 404 2056 286 4454
2007 105 4832 61 1576 45 3256
2008 421 3256 240 1205 180 2051
2009 637 6083 363 2492 275 3591
2010 548 6473 312 2742 236 3731
2011 631 4100 362 1760 269 2340
2012 699 5331 406 2475 293 2856
2013 474 1963 281 912 193 1052
2014 355 2454 216 1139 140 1315
2015 355 2454 222 1139 133 1315
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Table A2: Commercial, species aggregated, catch-at-length numbers for each unit

Unit 1
15- 16 17 18 19 0 1 12 3 4 5 6 7 Fi ] 9 30 31 32 33 34 35 36 37 38 39 40 41 42 43 a4 45 46 47 48 49 S0+
1981 o o o 3 24 75 157 170 228 SB1 2987 6335 10618 10985 7RIS 4720 2534 2214 2007 1553 950 1154 BG4 743 &40 622 524 120 25 2 B a B 1 1 o
1982 o 5 o 1 7 30 73 a7 272 434 1212 2301 GOO7 10642 12281 10130 6544 3939 2778 2045 1620 1392 1286 632 445 338 239 133 81 84 s 54 a9 81 67 95
1983 o 12 1 10 1 6 78 103 258 546 769 1338 2480 5281 BE92 9495 8512 BOB3 3635 2335 1803 1437 1330 210 580 403 12 100 a3 a6 5 37 51 ES 43 13
1984 25 78 G0 42 70 72 429 n 305 437 810 1394 2386 3829 5801 9479 0733 8760 6919 5168 3842 3176 2531 2134 1723 1119 535 367 114 56 59 28 12 7 10 14
1985 9 15 47 41 60 121 330 365 786 1354 1620 1600 1760 2646 3651 S5E7E 6747 7413 6577 5137 3473 2524 1998 1783 1057 822 445 353 219 188 58 23 20 11 16 14
1986 5 BS 64 175 169 400 190 843 1232 2300 3337 4632 5415 5341 5150 G821 FEA9  H111  USHT7 5996 4298 3129 2182 18S9 1475 B15 537 56 198 127 a4 53 EL 7 4 2
1987 34 23 173 356 786 1378 2306 3988 5177 591% 4300 3519 3505 3770 4037 4835 6239 7989 8202 8427 6745 4972 3622 2974 2051 1489 879 G563 323 168 77 47 28 23 1 G
1988 24 11 24 71 72 189 518 1700 4603 10401 15548 14502 8669 4675 3825 4659 6345 7396 8843 8570 71056 4947 3794 2754 2014 1420 896 561 363 249 91 43 26 26 [ 1
1989 4 4 2 8 5 ElY] 5 569 1815 6025 13354 19007 19823 13187  77B4 6613 6501 7119 U559 BYG0 5347 3997 2921 2053 1465 1004 769 439 m 119 ar 20 9 1 5 [
1930 13 33 37 41 45 22 45 79 433 1530 5457 15571 24636 25363 18290 11038 8279 7951 6839 7107 5561 4212 3020 2087 1627 988 518 275 200 100 38 15 15 2 0 16
1991 5 56 B2 50 65 50 113 154 349 957 2220 6771 15194 22146 20968 16180 11062 8619 7437 J2eE 5970 4080 3277 2367 1746 1123 708 390 224 108 E] 33 12 2 0 o
1952 20 108 102 205 o7 313 278 336 438 502 1565 6198 14648 22507 25930 21442 145932 10861 9490 9020 7577 6475 5148 3942 3015 1977 1334 951 534 320 128 76 29 15 [ &
1992 69 1455 561 504 309 227 461 264 475 487 923 2684 GB09 15034 19200 17271 11961 7465 5367 4971 4405 3481 3301 2529 2124 1361 810 551 295 155 122 49 12 3 1 8
1994 8 39 8 38 30 46 34 58 105 15 461 949 001 3773 603 BE34 5340 3846 2901 2314 2348 1804 1070 B14 634 486 173 118 a5 P 12 B 5 a 2 o
1959 4 5 10 a 10 14 20 17 2 16 2 24 37 51 86 192 216 282 252 244 17 135 93 70 48 35 20 1 5 2 1 a a a a o
2000 o o 1 1 1 3 3 4 5 10 11 15 21 7 74 129 196 283 304 m 220 163 103 73 49 26 25 9 13 & 5 3 1 2 1 1
2001 1 2 4 1 1 7 1 1 1 n 16 5 47 ] 102 167 235 258 ¥ 265 m 198 114 5 36 30 9 3 3 2 1 1 ] 1 a 3
2002 2 & 9 10 4 5 14 19 26 30 60 50 GO G& 50 2] 132 185 227 256 218 202 141 100 57 54 39 18 14 9 3 1 2 1 1 o
2003 1 4 6 7 3 4 10 13 18 21 42 35 42 47 35 49 93 130 160 180 153 142 100 71 47 38 7 12 10 6 2 1 1 1 1 o
2004 o 4 5 11 11 14 7 4 10 16 29 31 a7 58 38 56 a4 hh 140 180 184 160 136 80 63 40 18 10 B B 1 2 2 1 a o
2005 2 1 3 5 7 10 10 13 iz 13 17 22 42 45 40 63 2] 88 122 139 164 155 145 114 86 58 33 22 13 10 3 2 2 1 o o
2006 o o o 4 9 8 46 37 35 35 32 B0 103 128 106 144 121 102 92 99 BE 71 57 42 5 19 11 4 3 2 3 1 1 [ 0 o
2007 o o o o o o o o o o o o o 1 2 1 2 4 10 13 9 17 19 15 15 B L 4 5 1 2 1 1 a a o
2008 o o o 1 3 1 o 1 2 3 [} 5 8 16 bk 27 34 36 a7 48 56 57 53 47 39 28 23 14 7 7 7 2 5 2 2 o
2009 o o 3 1 5 7 7 4 3 8 10 9 E 38 59 56 55 B4 B4 80 HE 3 58 k] 49 40 P 13 B B 3 3 1 1 a 1
0o o o o o 1 2 3 1 3 4 1 14 29 38 ] 75 a5 9% 110 a7 a2 a0 76 30 27 25 12 3 4 1 a a a a a o
2011 o o o o 1 2 3 2 1 9 4 12 17 20 37 45 52 74 76 a0 100 95 71 70 60 46 28 22 10 11 12 6 1 a L] o
mz o o o 1 1 2 & 1 13 14 17 15 E 32 39 54 8 " 93 m 96 100 95 8 62 36 6 17 14 B B 1 2 a L] 1
2013 o o o o o o o o 2 4 4 [ 8 23 15 21 38 62 73 76 74 61 54 a7 25 35 38 27 10 3 3 2 a a o o
2014 o o o o o o o o o 1] 1] 1] 1] 1 4 3 15 17 36 59 100 95 90 50 20 15 11 4 2 1 1 ] ] ] [} o

Unit 2
15- 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 38 3r 38 39 40 41 42 43 a4 a5 a6 ar a8 49 S0+
1995 6 14 a7 153 402 472 538 1140 1537 1159 1321 1764 2030 2676 3295 3474 3546 2836 1790 1323 870 670 424 290 219 206 109 68 42 E] 19 12 9 o o 8
1996 o o o o o 1 2 1 3 5 3 3 56 331 1293 2372 2817 28VE 2152 1452 1235 &74 691 526 437 Ere) ne 145 92 42 Fi [ B 2 0 [
1997 o o o o o o 112 261 448 633 932 487 673 745 1068 1378 1447 2012 1794 1795 1540 1072 859 548 658 270 327 132 107 a3 38 as a 1 1 o
1998 o o 9 o 13 o 19 18 39 51 164 284 360 507 1101 1865 2570 3001 2664 2037 1663 1077 864 698 431 355 206 111 76 34 17 7 3 2 0 1
1999 o o 2 o & 4 3 19 34 ) 134 182 16 n B1E 1555  I64E 3388 3083 2917 1852 1295 855 (28] 530 348 247 129 86 52 8 B 1 a L] 1
2000 o 1 o 46 141 198 483 858 1117 956 1221 1163 1258 1054 1321 1224 1738 1865 1972 1748 1638 1284 997 733 773 550 276 218 116 47 12 11 14 5 3 15
2001 o 1 6 8 2 79 70 171 231 606 886 1267 1089 1093 961 980 1277 1555 1808 1696 1494 1197 795 504 365 264 153 160 69 50 39 19 14 1 & 30
002 o o o 5 1o 33 a4 140 213 280 388 514 748 ra8 64y SEF 1150 1375 1588 1429 1090 1033 13 417 283 205 120 1 87 &7 56 39 a2 17 4 12
2003 3 2 4 7 12 34 76 a9 167 260 308 456 512 554 567 706 939 1221 1513 1661 1489 1243 967 573 345 195 125 102 100 a3 72 54 48 34 21 62
2004 o o o 17 7 o 37 62 141 185 222 314 391 317 358 447 561 1046 1386 1666 1578 1404 1054 666 480 137 110 40 26 10 6 7 2 o [ o
2005 o 1 13 39 53 EL] 105 193 237 309 405 761 921 978 890 914 933 1021 969 915 923 755 426 El 263 154 83 a7 65 55 38 26 25 14 12 35
2006 16 o 3 13 201 350 591 1547 1739 3215 3798 3112 2693 1742 1016 520 431 400 323 377 266 288 203 178 103 78 36 28 1 8 11 4 2 5 1 22
2007 7 3 10 14 9 42 74 107 106 17 168 324 494 559 339 302 93 400 620 [ B41 952 B30 551 468 208 109 o4 35 15 13 19 3 3 1 13
2008 1 1 11 2 21 14 35 81 198 91 407 513 625 501 498 449 524 588 579 511 404 a7 246 249 132 a5 38 26 1n 13 11 a 1 a [ o
2009 o 1 11 26 43 43 56 5 61 157 270 577 733 1025 1048 1181 1112 1202 1119 1199 903 806 640 446 438 189 119 33 18 [ 2 4 ] 1 0 1
amo o o 9 18 108 4459 87 758 512 533 863 1537 1876 1519 1352 1323 1311 1290 Bi2 786 497 451 326 188 148 117 102 a5 6 2 B 4 1 1 1 14
2011 o o 9 16 a7 321 465 460 302 387 667 1177 1586 1217 1141 1128 1075 1075 728 631 383 371 280 167 122 92 79 40 18 18 7 3 a 1 1 14
2012 o o o 19 34 246 577 1052 1412 1187 1094 1033 942 943 733 77 344 790 704 779 626 439 358 297 156 145 57 35 20 7 1 2 a 3 L] 12
03 o 1 o 5 9 16 40 59 96 a4 118 133 153 154 135 137 176 nse 52 366 336 309 274 235 164 98 50 a3 16 & 4 1 1 ] 0 1
2014 o 1] ] 28 B2 124 305 08 707 597 759 705 758 613 731 582 A8 610 554 478 512 402 331 266 305 198 98 33 54 11 a a 5 a a o
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Table A3: Survey swept-area total mean biomass for unit 1 and unit 2, species disaggregated.

Hammond/MNeedler/
Teleost Unit 1

GEAC Unit 2 survey

Hammond/MNeedler/
Teleost Unit 1

GEAC Unit 2 survey

survey survey
Swept Swept Swept Swept
area mean area mean area mean area mean
biomass biomass biomass biomass v
(mt) (mt) (mt) (mt)
1984 446958 0.11 - 362001 0.27 -
1985 375753 0.14 - 303334 0.22 -
1986 348863 0.11 - 189759 0.24 -
1987 565677 0.39 - 160941 0.19 -
1988 389407 0.12 - 407910 0.13 -
1989 346190 0.16 - 400934 0.17 -
1990 507133 0.33 - 325351 0.10 -
1991 260826 0.22 - 205856 0.20 -
1992 170030 0.24 - 244181 0.42 -
1993 103217 0.52 - 127521 1.21 -
1994 61208 0.22 - 77270 1.01 -
1995 79388 0.13 - 13772 0.28 -
1996 63774 0.21 - 12375 0.28 -
1997 58211 0.15 - 20836 0.53 -
1998 20089 0.21 - 62468 1.31 -
1999 51951 0.29 - 20659 0.34 -
2000 54655 0.13 238572 0.28 30749 0.19 132154 0.72
2001 47396 0.15 190035 0.22 28271 0.44 201959 1.42
2002 79741 1.87 - 21781 1.07 -
2003 111024 1.24 108895 0.22 86256 1.03 84063 0.15
2004 26079 0.24 - 22535 0.24 -
2005 50204 0.12 112695 0.14 71451 0.41 225236 0.31
2006 35822 0.33 - 116550 0.23 -
2007 54626 0.38 93802 0.23 103010 0.30 251268 0.22
2008 92199 0.85 - 78258 0.38 -
2009 12257 0.17 111678 0.19 20382 0.21 188343 0.98
2010 72483 1.57 - 37167 0.27 -
2011 35779 0.19 126273 0.24 37302 0.24 184340 0.36
2012 40188 0.14 - 35770 0.33 -
2013 103830 0.25 - 69771 0.48 -
2014 203391 0.14 - 110602 0.22 -
2015 444778 0.17 - 103134 0.58 -
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Table Ada: Survey catch-at-length (numbers) for S. mentella in each unit

Unit 1- 5. mentella

5- 6 7 B 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 504
1964 000 029 188 1005 3527 69.15 8077 74.88 4219 20.11 1803 473 306 235 316 542 363 197 071 056 055 063 104 380 9.64 19.25 2184 23.06 1903 1392 1069 915 7.87 672 579 3.69 260 182 078 083 042 041 010 011 005 010
1585 000 000 026 012 035 062 162 275 823 1635 2239 2237 2215 1343 727 3176 247 186 413 431 426 254 149 119 167 376 636 97 1183 S81 801 697 535 430 367 BT 232 L3 114 051 03 014 007 006 005 5411
1986 000 000 000 000 BR00 002 005 027 131 215 429 719 1562 2824 3050 2917 2091 1187 765 336 306 3Bl 445 467 279 259 361 665 B93 970 920 762 530 524 442 369 251 187 137 074 046 023 019 008 004 203.02
1967 000 007 186 1149 2372 1269 234 034 039 089 163 274 523 938 1323 2404 3200 40.00 4297 3552 1974 1078 720 788 795 797 £85 1252 1371 1329 1119 905 643 566 495 319 194 099 060 034 018 008 002 004 37.00 10800
1588 000 001 049 103 181 25 500 977 843 349 053 015 047 054 094 191 409 777 1222 2415 3176 3375 2235 1018 617 574 624 752 BS0 939 948 763 591 465 307 258 170 L34 058 037 030 008 005 002 004 15400
1989 000 1500 003 023 014 036 057 128 28 350 665 458 229 050 054 104 148 206 282 678 1367 2518 27.64 27.53 2012 1063 788 698 584 621 578 490 368 306 248 187 134 113 062 040 032 015 012 006 005 15200
1990 7.00 50.00 057 2307 7275 2109 066 067 118 189 328 497 702 537 172 065 059 084 102 218 539 1107 2235 3511 3377 2289 1426 884 696 £00 019 1080 791 711 642 208 363 136 087 088 024 007 002 002 2400 7301
1991 000 3400 0.7 163 257 19.42 6524 11837 6251 693 193 219 262 227 155 075 077 051 056 079 128 245 603 1106 1490 1386 1058 610 469 395 403 416 344 314 194 180 159 084 060 039 028 018 012 001 011 6800
1992 000 001 044 013 067 055 172 650 1313 1374 603 070 056 077 067 054 060 068 118 155 167 255 539 979 1088 1025 701 556 325 319 292 217 218 135 104 081 063 034 022 009 004 007 003 000 500 000
1993 000 000 002 004 034 019 014 032 107 089 159 204 183 056 037 017 026 024 021 016 022 042 093 280 488 787 904 592 411 304 200 183 123 114 071 039 019 013 009 012 004 002 000 000 000 77.00
1994 000 000 000 000 7I00 002 014 054 104 096 100 137 136 088 061 034 013 018 014 016 032 039 067 08 197 305 291 25 161 158 140 126 1.09 091 074 051 028 030 025 015 002 002 004 9600 4800 101.00
1995 000 000 002 016 058 035 003 007 019 028 046 068 115 0% 072 062 033 035 015 019 004 013 032 074 209 346 400 331 27 186 186 199 132 117 076 073 046 036 011 013 009 009 005 002 000 000
1006 000 0.00 0.06 027 123 081 026 048 077 052 047 022 037 035 055 066 055 048 036 021 015 000 023 037 078 179 255 300 263 227 162 123 117 0985 063 077 035 027 020 016 005 003 001 000 000 0.00
1997 000 000 001 003 020 025 026 059 097 111 069 047 062 054 036 035 019 032 026 017 016 016 008 028 059 137 255 267 291 202 177 140 109 082 074 040 027 023 012 008 005 006 5300 003 002 002
1998 000 002 0.06 047 098 159 035 023 054 058 083 080 068 065 045 031 015 019 013 008 010 016 010 009 019 037 079 139 129 101 113 06 053 056 031 016 014 010 010 006 004 47.00 000 003 400 000
1000 303 2800 S600 011 058 0.64 055 126 287 243 101 045 048 039 037 024 030 020 021 045 014 041 047 013 024 058 120 170 207 241 175 146 105 071 046 049 047 020 019 011 008 003 003 001 000 0.00
000 000 1900 0.03 063 172 063 016 063 171 218 166 138 212 L85 070 040 038 026 025 020 022 017 017 019 028 038 08 109 187 164 208 180 156 102 080 069 042 017 019 029 006 003 004 006 000 Q.00
000 000 000 001 015 036 035 009 058 117 091 038 071 09 070 078 071 078 040 015 005 011 034 017 020 037 036 044 102 121 166 18 171 140 103 065 046 037 035 013 011 007 006 001 003 004 000
2002 000 000 000 001 017 037 034 066 050 034 027 045 075 047 054 047 041 040 033 027 021 010 009 008 010 048 072 173 338 432 332 318 245 139 108 051 047 032 012 007 007 004 007 003 000 0.00
2003 000 000 0.00 003 018 037 014 021 124 217 L6 092 073 035 037 053 056 044 049 158 144 304 440 732 877 569 224 264 126 113 140 L73 179 133 125 097 060 020 019 012 013 002 002 27.00 000 6800
004 000 000 0.00 000 002 006 003 007 014 019 016 027 078 102 072 042 024 018 018 019 019 013 021 025 019 019 027 037 036 051 063 060 055 049 029 024 028 016 008 007 008 004 002 7800 002 7803
2005 1400 000 066 267 1155 987 173 013 010 017 016 025 027 033 039 052 064 074 049 038 025 022 032 027 024 026 039 075 094 138 158 143 163 113 085 071 047 028 018 015 010 004 006 007 005 184.04
2006 000 000 1600 5900 003 0S50 345 820 511 073 004 003 007 012 018 019 034 012 019 009 011 009 010 004 010 006 012 015 038 048 064 089 093 076 056 043 027 021 015 009 007 005 001 001 000 0.00
007 003 0.4 2400 005 023 049 004 023 399 1448 3528 3737 1357 186 043 016 022 027 024 021 019 018 022 027 024 019 023 022 037 051 061 078 074 073 056 056 047 024 019 008 005 006 004 001 000 300
2008 3700 000 5500 003 034 010 005 011 010 007 011 025 060 073 033 028 020 041 075 218 282 363 561 509 4% 330 052 055 075 141 140 165 158 147 098 070 045 035 020 015 022 004 003 000 5300 00D
009 000 000 0.00 001 9400 8600 5400 006 014 013 006 005 009 011 011 014 013 006 003 002 003 006 004 003 004 009 014 014 019 024 028 042 039 025 027 021 011 009 009 005 001 001 000 17.00 2500 0.00
2010 000 000 1500 002 003 002 002 007 008 008 018 024 037 028 035 034 058 049 140 135 287 349 409 482 431 451 181 079 059 142 055 067 08 029 040 024 028 023 014 009 008 002 006 002 000 79.00
011 10302 000 000 005 075 103 010 006 013 010 027 041 029 029 046 058 066 057 046 028 026 029 026 019 020 021 025 027 025 038 051 075 095 08 073 063 050 059 029 016 009 006 003 002 6400 0.00
2012 4012 37.00 4800 015 043 025 008 015 044 042 0I5 010 011 014 012 012 015 028 025 024 024 020 021 017 013 018 021 025 030 049 077 107 119 100 101 074 063 049 042 025 017 007 002 000 000 0.00
2013 831 024 574 8145 393.55 52107 6966 510 108 061 046 044 076 079 039 035 028 034 020 025 033 033 047 045 072 073 079 072 067 084 139 115 131 124 132 105 072 054 046 019 009 008 002 004 5300 002
2014 B16 012 108 1509 B550 123.21 6252 131.54 26896 243.98 11256 1654 248 053 127 063 066 056 035 030 028 030 041 044 058 056 075 086 095 086 113 152 163 144 134 111 091 075 045 033 016 009 005 004 001 9300
2015 006 020 204 2083 54.91 69.77 3813 7855 06.93 171.18 255.68 362.74 300.03 174.56 40.94 005 233 064 075 082 065 046 058 037 048 054 045 059 075 088 128 149 149 150 112 077 081 053 036 023 034 007 004 5700 000  0.00
Unit 2 - 5. mentella

5 67 8 9 0 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 6 27 28 29 30 3 3 33 34 35 36 37 38 39 4D 41 42 43 44 45 46 47 4B 49 50
2000 000 000 3800 000 0.00 029 026 050 063 104 225 341 466 610 B35 551 359 233 169 238 304 323 279 255 453 722 1201 2162 2461 2693 2500 1760 1112 974 461 360 207 203 202 160 076 041 036 026 010 014
001 000 000 0.00 078 374 1751 1968 463 813 896 849 1216 1924 2224 17.51 1385 1619 1198 993 1238 1214 1254 097 845 858 816 914 1062 1236 1303 1174 1080 788 518 309 264 200 122 075 050 014 014 007 008 004 021
2003 000 000 005 027 030 015 024 102 141 2AT 315 260 239 154 148 219 17 254 177 264 279 200 259 L0 165 271 336 637 728 973 964 637 19 593 339 232 138 139 058 05 037 020 011 007 007 5718
2005 000 000 042 795 1752 1098 264 195 112 126 1L0B 256 593 1042 1464 15.88 1340 1047 743 517 429 476 3% 334 271 361 429 693 716 BT 977 B9 76 596 34T 217 144 0GB 041 034 014 006 007 006 97.00 00D
2000 000 000 003 007 006 018 002 040 262 1559 5456 2569 1110 3.45 122 168 156 140 199 184 263 342 320 275 180 220 241 393 474 614 632 700 604 525 328 226 101 070 033 020 011 006 005 001 200 0.00
2009 000 000 009 022 040 026 054 067 225 477 546 316 348 529 473 AT1 179 047 037 062 045 079 089 109 145 264 309 440 631 783 988 970 884 839 569 329 181 134 068 028 036 009 011 003 002 003
2011 000 000 000 000 003 002 014 023 048 052 044 09 182 359 B95 1316 1392 1250 1027 683 524 362 4% 516 513 428 403 503 692 774 738 T40 1A 641 466 3B 182 09% 058 041 016 012 011 003 000 113.03
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Table A4b: Survey catch-at-length (numbers) for S. fasciatus in each unit

Unit 1 - 5. fasciatus

5 6 7 B 9 10 11 12 13 14 15 46 47 18 16 30 21 22 23 24 25 26 27 38 20 30 31 33 33 34 35 36 37 38 30 4D 41 42 43 44 45 46 47 4B 49 50+
1984 0.00 022 572 26.58 97.51 149.10 162.33 160.30 104.64 5681 5117 469 3.59 237 213 368 294 242 242 262 3.30 332 411 554 808 1134 1151 1145 895 632 3.95 310 281 215 181 086 054 022 009 010 003 002 6600 100 11.00 11.00
1985 000 000 8400 023 073 168 361 867 2262 4397 5570 5223 4031 21.77 1170 550 397 388 325 187 310 319 306 385 418 517 449 592 499 418 297 353 235 242 170 105 100 052 033 009 006 007 700 2300 002 764
1986 000 000 000 002 010 033 077 110 183 493 1023 1345 1915 3115 2585 2162 1252 639 510 315 372 447 515 535 427 485 403 463 368 332 262 276 144 134 133 092 062 034 019 007 003 002 001 2200 002 8.02
1987 006 052 545 4097 79.67 4998 916 139 0896 131 247 257 483 931 912 1032 857 638 480 448 523 595 547 525 58 585 530 573 421 424 397 273 156 157 117 083 041 029 013 008 001 0.01 001 B7.00 5900 0.05
1883 000 006 207 662 985 1153 1633 3118 2640 1101 183 058 1.82 188 295 513 833 1252 1808 2863 3631 3570 2436 1159 B43 781 719 745 789 774 TS 516 388 330 268 210 129 053 034 032 013 008 002 800 001 5600
1989 000 002 033 167 09 147 296 479 1061 1330 2546 17.66 B8B7 328 216 287 341 512 565 1048 2017 3320 3397 3241 2386 1360 1117 796 620 593 530 405 366 315 215 213 136 114 058 028 016 009 006 005 004 5000
1990 001 002 415 117.41 28566 6262 156 136 234 3981 7.09 084 1417 1097 382 156 121 150 173 316 647 1349 2220 2849 2262 1269 742 456 338 395 329 356 252 232 196 115 104 049 032 024 009 0.04 001 5600 6600 14.01
1991 000 003 057 473 933 6592 20528 35374 17878 2020 724 730 794 653 428 214 195 130 162 238 344 498 905 1300 1542 1207 831 557 362 270 249 223 165 174 118 096 071 038 022 019 012 005 003 5600 002 0.02
1992 000 006 060 067 112 136 603 2130 4119 4242 1898 134 126 172 121 112 131 180 316 406 405 554 9.66 1415 1465 1262 909 B34 491 175 319 165 212 050 105 067 028 018 011 006 002 003 001 000 1100 0.00
1993 000 000 007 021 047 035 032 052 095 246 579 B42 658 245 086 060 081 204 482 22 776 790 057 703 574 603 496 260 163 096 062 034 031 016 007 005 004 004 7600 002 1300 0.00 000 000 000 0.00
1994 000 000 000 002 008 029 038 09 100 119 206 247 254 201 08 044 019 022 039 080 077 15 217 155 244 308 232 271 240 187 148 143 118 106 077 041 018 008 010 004 002 001 3800 000 7100 7100
1995 000 002 028 03 218 079 028 044 054 060 078 071 08 071 056 051 037 036 027 025 035 030 024 024 035 030 035 026 020 023 028 021 017 020 010 010 010 007 002 003 7400 7700 200 000 000 0.00
106 000 002 036 108 164 108 080 079 085 052 051 042 046 046 060 056 062 037 024 018 013 018 015 016 040 049 040 038 031 019 022 017 014 013 010 007 004 003 002 001 1500 500 7600 000 000 0.00
1997 000 000 047 086 073 118 230 286 228 155 096 062 045 042 047 045 037 035 025 035 026 028 038 070 093 122 147 121 109 089 082 042 020 011 012 012 003 004 004 002 001 17.00 000 000 001 800
1998 8200 022 319 1225 816 352 183 170 202 249 297 239 133 110 085 164 141 494 388 539 314 298 248 130 241 234 192 057 067 049 081 029 023 020 016 009 005 004 003 003 001 000 7400 5900 8100 14800
1900 001 7100 005 028 132 270 566 7.63 635 471 317 238 177 116 078 040 035 033 045 038 034 038 040 043 044 042 028 031 036 038 032 029 020 0.00 010 008 005 003 002 001 002 4600 1400 1500 0.00 0.00
2000 000 2100 031 379 7.80 402 174 366 691 1098 1091 478 335 271 125 101 039 058 031 044 032 022 028 021 035 047 045 051 066 051 047 052 036 035 018 015 012 007 006 004 002 4900 6300 2300 000 0.00
001 000 000 029 152 631 1145 423 159 228 210 18 241 219 145 103 071 057 059 034 032 031 038 030 021 030 032 068 08 090 071 07 049 060 032 017 016 012 005 005 5400 0.03 37.00 5400 19.00 0.00 0.00
2002 000 000 001 004 037 130 225 408 744 599 179 113 133 119 095 09 079 077 046 040 063 032 056 043 045 050 042 052 029 035 039 035 023 015 017 006 006 003 71.00 700 9400 300 000 000 0.00 0.00
2005 000 000 003 041 038 054 102 264 432 894 1025 14 482 223 146 L1l 097 105 097 146 179 277 376 S45 721 519 192 232 081 069 046 053 047 068 053 041 015 011 003 003 002 3800 000 003 000 0.00
2004 000 003 047 039 067 089 054 149 172 230 326 328 350 361 215 125 059 056 061 077 08 092 057 06 079 05 051 022 015 005 010 003 009 005 003 002 004 007 003 S7.00 002 4400 1500 2300 23.00 6100
2005 20,00 B9.00 0.73 125.60 550.26 191.15 1098 09 102 205 171 174 140 185 202 19 135 100 059 045 045 066 O76 063 058 055 056 057 051 045 051 028 029 028 014 018 014 006 003 008 004 002 005 014 005 19411
2006 002 000 9900 033 182 599 2424 11842 17526 4566 739 160 055 114 123 134 142 146 214 163 220 284 242 195 164 141 085 073 054 044 029 033 034 028 016 017 011 009 005 002 001 005 100 002 000 0.00
007 043 031 042 405 4247 1144 077 376 2985 B123 13014 7039 1952 324 150 175 215 104 077 080 048 029 051 043 045 034 026 035 033 035 038 042 032 028 026 015 010 007 005 002 012 002 000 3200 000 63.00
2008 1600 004 048 169 232 312 628 2765 1658 666 550 1005 1054 981 362 135 062 052 054 082 091 137 123 135 148 216 190 247 237 L14 153 101 073 048 042 040 024 011 011 004 002 002 2500 000 9.00 0.07
2009 000 001 069 531 975 587 079 117 220 331 528 560 239 29 314 218 161 113 062 042 050 070 063 059 072 057 058 045 036 030 019 019 022 014 015 013 008 006 005 002 001 FP00 000 2300 4300 000
2010 000 000 018 137 235 246 356 9.4 1040 510 272 279 280 298 236 204 144 125 082 040 035 063 070 076 087 037 047 038 020 036 055 048 041 019 017 013 021 009 005 003 001 001 001 001 $.00 600
011 703 000 009 046 135 085 079 119 158 223 296 38 316 173 216 162 177 148 110 076 084 109 122 104 087 060 064 047 039 035 035 038 039 022 030 025 020 016 010 006 004 002 001 4500 002 0.0
2012 107.16 003 036 128 131 075 188 183 275 347 305 328 337 481 200 286 175 182 082 063 065 102 101 071 098 076 053 067 042 038 041 035 030 038 021 025 012 013 007 003 003 0.01 8200 000 000 0.00
2013 262 030 492 4762 168.23 20875 4726 429 107 111 078 099 130 130 119 125 109 077 073 057 076 066 109 154 216 211 224 216 176 116 065 041 042 044 0325 018 012 007 006 004 003 2900 4800 21.00 1500 36.00
014 274 044 406 2608 9400 9603 51.02 102.34 15857 7831 1782 325 156 134 182 174 244 191 146 120 121 122 150 119 174 147 148 163 133 056 053 036 029 028 022 012 013 006 004 009 002 001 000 400 100 700
2015 1400 006 058 603 2177 3660 2756 26.00 2067 3306 2170 3072 3404 2180 513 282 102 186 246 231 167 226 1085 156 160 121 005 006 089 086 067 061 035 041 028 02 018 012 008 003 002 68.00 4600 0.00 0.00  0.00
Unit 2 - 5. fasciatus

5. & 7 8 9 0 11 12 13 14 15 16 17 18 19 20 21 2 23 24 I 2/ 27 8 39 30 31 31 33 34 3 3 37 3B 39 4D 41 42 43 44 45 46 47 4B 49 SO«
2000 000 000 006 007 007 033 082 084 09 171 306 344 583 777 953 980 BO07 680 600 788 9958 1138 1020 803 724 749 748 BB 701 794 877 512 504 379 230 19 087 130 105 079 036 007 007 014 003 0.05
2001 000 000 000 0329 147 621 607 184 290 326 490 682 1023 1246 1114 1063 1009 792 1015 2530 37.60 6574 4770 3229 2395 2615 1083 942 317 279 163 151 108 038 0324 02 013 009 004 004 4900 8900 600 99.00 $9.00 112.03
2005 000 000 001 035 033 017 023 100 160 256 384 400 443 512 633 802 1087 1359 1062 968 881 1005 874 250 717 666 540 475 291 313 281 218 152 131 094 064 038 038 016 014 011 006 004 004 004 3609
2005 000 022 408 7206 163.71 8632 1483 804 698 827 803 11.74 2574 43,82 5847 59.13 4336 3166 23.09 2168 1930 1799 1457 946 574 650 486 682 69 786 759 597 502 372 19 142 070 068 026 018 011 002 004 002 .00 000
2007 000 000 017 065 101 123 048 1089 66.65 20076 266.04 134.40 4150 1774 1171 1484 1146 1285 1404 1356 17.80 2113 10.41 1495 B4D 005 741 21 816 127 508 410 367 316 205 179 080 069 034 021 009 008 002 91.00 300 0.01
2009 000 000 008 044 078 076 080 181 478 941 1449 1641 4732 8555 B477 6006 29.50 1180 587 1613 2049 1822 1683 1453 1089 923 841 713 S46 566 5232 444 453 341 240 156 082 043 027 017 012 004 004 007 6600 002
2011 000 000 000 000 001 003 014 023 068 0.68 095 165 373 944 2364 3710 4240 4194 4173 3536 2503 2004 2052 1895 2024 1435 884 817 633 441 268 211 151 111 079 085 029 020 011 014 006 004 002 001 0.00 219.04
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Table A.5: Life history parameter values assumed for S. mentella and S. fasciatus. Parameters for the proportion
mature-at-length are from the average of the female and male parameters, provided by D. Duplisea, pers.
commn. Length-at-age parameters are from Campana, pers. comm.

S. mentella
m 60 Maximum age considered (taken to be o plus group)
M 0.4-0.05 See Figure 3 for details
h 0.98
Proportion mature-at-length p 5 o exp( p + &1)
8.5355  0.3535 T texp( p+dD)
Fraction of M that occurs before
spawning (M*) 0-25
Lins K to
Length-at-age 35.81  0.1458 0 L=y ll—e*)
o B
Weight-at-length 0.009443  3.107 (W, =ai® ,I incmand W in kg)
S. fasciatus
m 60 Maximum age considered (taken to be o plus group)
M 0.4-0.05 See Figure 3 for details
h 0.98
Proportion mature-at-length p & o exp( p + S1)
10.646  0.493 T it ep( pt )
Fraction of M that occurs before
spawning (M) 0-25
Ling K to
Length-at-age 31.88  0.2213 0 L, =Ly {l—e*@")
o B
Weight-at-length 0.01106 3.080 (W, =ad” ,1incmand W in kg)
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Appendix B - The Statistical Catch-at-Length Model

The text following sets out the equations and other general specifications of the SCAL followed by details of the
contributions to the (penalised) log-likelihood function from the different sources of data available and
assumptions concerning the stock-recruitment relationship. Quasi-Newton minimization is then applied to
minimize the total negative log-likelihood function to estimate parameter values (the package AD Model
Builder™ (Fournier et al. 2011) is used for this purpose).

B.1. Population dynamics

B.1.1 Numbers-at-age

The resource dynamics are modelled by the following set of population dynamics equations:

Ny, =Ry, (B1)

y+1,1

NI :(Ny,ae'“"alz —ZC;@] g™M:/2 forl<a<m-2 (B2)
f

Nyim = [N yma €2 - ZCyf'mlJ g Mna/24 [N ym €112 — ZCyfme g Mnl2 (B3)
f f

where

N,.  isthe number of fish of age a at the start of year y (which refers to a calendar year),

Ry is the recruitment (number of 1-year-old fish) at the start of yeary,

M, denotes the natural mortality rate for fish of age a,

Cy',a is the predicted number of fish of age a caught in year y by fleet f, here, the units are considered as
fleet and

m is the maximum age considered (taken to be a plus-group).

B.1.2. Recruitment
The number of recruits (i.e. new 0-year olds) at the start of year y is assumed to be related to the spawning stock

size (i.e. the biomass of mature fish) at the mid-point of the preceding year by a Beverton-Holt stock-
recruitment relationship, allowing for annual fluctuation about the deterministic relationship:

B

R = y-1 e(gr(ffn)z/Z) B4
b p+BY, (B4)
where

aand g are spawning biomass-recruitment relationship parameters,

Sy reflects fluctuation about the expected recruitment for year y, which is assumed to be normally
distributed with standard deviation or (which is input in the applications considered here); these
residuals are treated as estimable parameters in the model fitting process.

B;” is the spawning biomass in year y, computed as:

m wr

BY = f,wN e ¥ (B5a)

a=0
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with

m-1 filMa. eia-Z(;Ma
Ry=K®/ [ fwPe ™ +f wP e (B5b)
=1

where spawning for the stocks under consideration is taken to occur T° months after the start of the year (here
T° =3) and some natural mortality has therefore occurred,

w:? is the mass of fish of age a during spawning, and

f,= Z f, A,, isthe proportion of fish of age a that are mature, converted from proportion-at-length, where
|

A, is the proportion of fish of age a that fall in the length group I (i.e., ZA&, =1 for all ages).
|

The matrix A, is calculated under the assumption that length-at-age is normally distributed about a mean given
by the von Bertalanffy equation, i.e.:

L, ~N[L, (-9} 2] (B6)

where

6, is the standard deviation of length-at-age a, which is modelled to be proportional to the expected length-at-
age a, i.e..

0, = A [1-e ) (87)

with 2 being estimated in the model fitting procedure.

B.1.3. Total catch and catches-at-age

The total catch by mass in year y is given by:

m m
f oAt f M2of f
C,= Zz(;wy,a Cya= ZZ;Wy,a Ny.e SyaFy (B8)
a=l a=l

Cy',a is the catch-at-age, i.e. the number of fish of age a, caught in year y by fleet f,

Syfya is the commercial selectivity of fleet f (i.e. combination of availability and vulnerability to fishing gear)
at age a for year y; when Sy'a =1, the age-class a is said to be fully selected,
Fyf is the proportion of a fully selected age class that is fished by fleet f, and
wyf,a denotes the selectivity-weighted mid-year weight of fish of age a landed in year y by fleet f, computed
as:
Wyf,a = Zsyf,lwl Al /Saf,| (B9)
|

with

w, is the weight of fish of length I; and

Selectivity is estimated as a function of length and then converted to an effective selectivity-at-age:

S;,a = IZS;IAaI (B].O)
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B.1.4. Initial conditions

For the first year (yo) considered in the model (here 1960), the numbers-at-age are taken to be at unexploited
equilibrium, i.e.:

R, fora=0
Ny 2 =1Noa e ™ forl<a<m-1 (B11)
Nyoaqe " /(1-e ) fora=m

B.2. The (penalised) likelihood function

The model is fitted to survey biomass indices and commercial and survey catch-at-length data to estimate model
parameters (which may include residuals about the stock-recruitment function, facilitated through the
incorporation of a penalty function described below). Contributions by each of these to the negative of the
(penalised) log-likelihood (- #nL ) are as follows.

B.2.1 Survey biomass indices

The likelihood is calculated assuming that the survey index observed for a particular unit is log-normally
distributed about its expected value:

1 =Tiexple)) or & =m(1!)-en(i’) (B12)
where
I is the survey biomass index for year y for survey series i,

L -z aLi
I, =G> w),SIN, e "% isthe corresponding model estimate of biomass,

g is the constant of proportionality (catchability) for the survey series,
T is the timing (month) of survey series i, and

5;, from N (O, (a‘ )2 )

The contribution of the survey data to the negative of the log-likelihood function (after removal of constants) is
then given by:
i 2
(=)

oo g e

where
o' = \/%ni Z(In(l ;, )— In(f; ))2 is the standard deviation of the residuals for the logarithm of index i, and
y

ade is the square root of the additional variance for the survey series, which is estimated in the model fitting
procedure with the constraint o, >0.1.

The catchability coefficient q‘ for survey index i is estimated by its maximum likelihood value:

/ng' =1/ni2(lnliy—lnl§‘y) (B14)

y
with
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. 2 I
B, =u' ZW'MSE'1 N,.e "% the estimate of biomass available to survey i; and

u' the proportion of the total biomass available to survey i (which is input, see Table 1).

B.2.3. Survey and commercial catches-at-length

The contribution of the catch-at-length data to the negative of the log-likelihood function under the assumption
of an “adjusted” lognormal error distribution (Punt and Kennedy 1997) is given by:

- En LCAL = WIien ZZZ[Zn (O-Iien / p;/l ]+ p;/l (fn plyl - Zn ﬁ;/l )2 /Z(O-Iien )Zjl
f y |

(B15)

where
p‘yvI = C‘yy, /ZC‘VV,, is the observed proportion of fish caught in year y by fleet/survey i that are of length I,
-

Pl =é‘yy, /Zé‘y',, is the model-predicted proportion of fish caught in year y by fleet/survey i that are of
<

length I,
where
Ti
~ i -Zp—
Cyf,l = Z Ny. ASye 2 (B16)
and

oL is the standard deviation associated with the catch-at-length data of fleet/survey i, which is estimated in
the fitting procedure by:

G = \/zz o (mpl, —mp, f YY1 (817)

y |

Catches-at-length proportions are aggregated so that the minimum proportion is 1%.

The ern weighting factor may be set to a value less than 1 to downweight the contribution of the catch-at-
length data (which tend to be positively correlated between adjacent length groups) to the overall negative log-
likelihood compared to that of the survey biomass data. Here w,,, = 0.1 for the Needler/Teleost survey catch-at-

length data. The contribution of the Hammond catch-at-length data to the negative log-likelihood is further
downweighted by an additional multiplier of 1/20 for reasons explained in the text.

Since the commercial catch-at-length data are species-aggregated, it was not possible to use them directly in the
likelihood for fitting the species-disaggregated assessments considered here.
B.2.4. Stock-recruitment function residuals

The stock-recruitment residuals are assumed to be log-normally distributed. Thus, the contribution of the
recruitment residuals to the negative of the (now penalised) log-likelihood function is given by:

i = Yl 202 (B18)
y=y;+1
where

Gy isthe recruitment residual for year y, which is estimated for year y; to y, (see equation (B4)),
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ORr is the standard deviation of the log-residuals, which is input (here oy =1.5).

Certain years with peak (extraordinarily strong) recruitments are not included in the summation in equation B18.
For S. mentella, the years are 1961, 1973, 1981, and 2011. For S. fasciatus, the years are 1982 and 2011. The

recruitments for these years are treated as unconstrained estimable parameters.

B.2.5.Penalty on the survey catchability coefficients

— /nL® :z{ziqi_—'b)—l} (B19)

(ub— Ib)

where

Ib and ub are the lower and upper bounds imposed, here 0.1 and 2 respectively.

B.2.6. Catch penalty

A penalty is included so that the predicted catches correspond to those observed:

— L - Z[(ln cl - |nc”‘y)2/2ag} (B20)
where
Oc is the standard deviation of the catches, which is input (here o =0.2).

B.3. Fishing selectivity

Fishing selectivities-at-length are estimated using a logistic form:

S, =(t+e®Va)? (B21)

B.4. Estimation of precision

Where quoted, 95% probability interval estimates are based on the Hessian.
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Annex to : Statistical Catch-At-Length assessment results for Sebastes mentella and S.
fasciatus in Units 1 and 2

R A Rademeyer and D S Butterworth

This document contains the following further results:
Figure A.1: Retrospective analyses for S. mentella and S. fasciatus.

Table A.1 and Figures A.2 and A.3: Results for a run with a smoother M-at-age for S. mentella and S. fasciatus
respectively.

Figures A.4 and A.5: Fit to the survey CAL data for each year for S. mentella and S. fasciatus respectively.
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Table A.1: Negative log-likelihood contributions for the RC and Smoother M runs for S. mentella and
S. fasciatus.

S. mentella S. fasciatus
RC Smoother RC Smoother
M M
Total -InL 46.8 46.6 68.4 70.5
- -76.2 -76.3 -77.1 -77.0
-Inl*™vY unit 1 21.1 224 29.1 30.1
unit 2 1.3 1.2 2.4 2.5
caa_nll  unit 1surv 26.6 24.9 32.6 32.3
unit 2 surv 1.4 1.4 6.6 6.7
-InL*™" 72.6 72.9 74.9 75.9
-InL* 0.0 0.0 0.0 0.0
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Figure A.1: Restropective analyses for S. mentella and S. fasciatus (10 years, every 2 years).
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mentella results for the smooth M option compared to the RC.
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Figure A.2b: S. mentella results for the smooth M option compared to the RC.
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Figure A.3a: S. fasciatus results for the smooth M option compared to the RC.
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Figure A.3b: S. fasciatus results for the smooth M option compared to the RC. Note: the bubble plots are for the smooth M option only.
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Figure A.4a: Fit to the Unit 1 survey CAL data for S. mentella. The observed CAL are in black while the model

predicted CAL are in red.
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Figure A.4b: Fit to the Unit 2 survey CAL data for S. mentella. The observed CAL are in black while the model
predicted CAL are in red.
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Figure A.5a: Fit to the Unit 1 survey CAL data for S. fasciatus. The observed CAL are in black while the model
predicted CAL are in red.
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Figure A.5b: Fit to the Unit 2 survey CAL data for S. fasciatus. The observed CAL are in black while the model
predicted CAL are in red.
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