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The Reference Set (RS) of operating models foiSingth AfricanM. paradoxusandM. capensis
resources is the current “best” representatiomefactual dynamics for these two resources and the
associated major uncertainties. There are howevree surther uncertainties (in the data, as well as
in some of the assumptions made in the RS) thad tede taken into account when testing the
performance of candidate OMPs. Management quanttiel log-likelihoods are compared for a
series of robustness tests, and results for eadr anfixed catch scenario are presented.

Robustness tests

A list of these robustness tests and the assoamétidodologies (developed from discussions in the
Demersal Working Group) is given Appendix A. Théusetness tests underlined are part of the
“shortened list” of robustness tests in document/@9®5/D:H:33 that was previously agreed by

the Working Group, though this needs to be rechiegieen subsequent changes to the RS.

Note: Robustness tests in categories I, Il an¢sde Appendix A) affect past dynamics. These tests
have been run for only two of the 48 RS scenaissrnning all 48 scenarios for each robustness
test would take too much time). These two casedar€3a/H1/SR2 ant14/C3a/H1/SR2, except
that for test A5 the M4/M1 are amended as apprtrieor robustness tests in category IV, the past
estimates are not affected, and can be projecteeafd for all 48 scenarios constituting the RS
without an excessive computational burden.

Results and Discussion
Robustness tests assessments

Table 2 compares the results of the different rotmss tests which affect the past assessment (as
distinct from the projections only), Table 2a is &zenario M1/C3a/H1/SR2 and Table 2b is for
scenario M4/C3a/H1/SR2 (these two cases were clasgrerhaps the most plausible of these in
the RS). To aid the reader, estimate&®f MSY, BSPx00d/KSP, BS00/MSLYP and the 2004 species
ratios @ andB**) for both species are highlighted where they diffg more than 15% from the
RS estimates. The total log-likelihood and the gbation of each data source for each of these
tests are compared in Tables 3a (scenario M1/C33Rill) and 3b (M4/C3a/H1/SR2). Again, to
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aid the reader, cases are highlighted for whichnagative log-likelihood differs by more than 5
points above that of the RS.

Fig. 1 compares the spawning biomass trajectooiethe RS and robustness tests A7 (Ricker-like)
and A8 (force depletion). Results for these twausthess tests only are shown because the estimate
of current depletion differ markedly from that b&tRS.

I. Different assumptions about discards and cataiies

As expected, the productivity of both resources luparadoxusparticularly) is estimated to be
higher when discards are assumed (Ala-c) thanhierRS. MSY, which includes the discard
contribution, is increased by more than 20 thoustom$ for M. paradoxusand more than 5

thousand tons fdvl. capensisin all three cases the likelihood is slightly imped.

Changing the catch series, either by includinguiieported south coast catches (A2) or decreasing
the recent line catches (A11) scarcely affect sasments compared to the RS.

II. Different assumptions about biological inforrat

In test A3, the variability of the stock-recruitnidiuctuations is increased; this does not seem to
affect the assessments substantially comparedetdR®h (note the negative log-likelihood is not
comparable to that of the RS).

Changing the upper bounds for natural mortalityl ® and 0.3 for ages 2 and 5 respectively (test
Aba) and to 0.5 for both ages (test A5b) leadsemrehases ik and a slightly improved fit in most
cases, but otherwise does not seem to affect Sessments much compared to the RS cases with
comparable upper bounds at higher ages.

In robustness test A7, the stock-recruitment fumcis forced to take a “Ricker-like” shape. The
results forM. paradoxusof this test are substantially different from taasf the RS, both in terms
of productivity (MSY increases by more than 100uend tons) and in terms of current depletion
(current spawning biomass is estimated above 20%ristine compared to less than 10% for the
RS). Note also that in the M4/C3a/H1/SR2 case, riatural mortality for this species is
substantially decreased for all age classes. RefsulM. capensisre much less affected.

Assuming that some percentage of fish of age 3reieire (tests A9a-b) leads to a slightly more
optimistic view of the current status of both reses.

Assuming a size-dependence of the spawning outmiahsubstantial effect on the resultsNor
paradoxuswvhen the natural mortality is forced to be belo& &d 0.3 for ages 2 and 5 respectively
(i.e. case M1/C3a/H1/SR2).

Ill. Others

Test A8 (current depletion is forced to 30% Kbr paradoxusand 40% foM. capensiyaffects the
results appreciably.

Tests B4a-b (different calibration factor for th&icana) have very little effect on the assessment
results.

Robustness tests projections

For the robustness tests for which only two scesarave been considered (categories I, Il and Il1),
50 replicates (for each scenario) have been ruivirgga total of 100 trajectories. For comparison
purposes, the same has been done for the two assbdRS cases. For the robustness tests in
grouping IV, 3 replicates of the whole RS have besn
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The full set of performance statistics under thenscio of a constant future catch of 142 thousand
tons is shown graphically in Figs 2-5.

I. Different assumptions about discards and cataiies — Fig. 2a-c

Tests Ala-c do not project the discarding in thirey which essentially represents a cut in the
catches. This results in optimistic projections, ¥& paradoxusparticularly, compared to the RS.
Tests B3a-c however, for which the discarding sua®ed to continue in the future as in the past,
show similar results to the RS, except for test BBavhich future discarding of fish of age 3 — as
well as ages 1 and 2 — occurs) which show probientclines inM. paradoxusand evenM.
capensis

Results for projections for tests A2 and All (clem@n the catch series) are not substantially
different from those of the RS

II. Different assumptions about biological inforricat — Fig. 3a-c

Projections with the robustness tests which invalssumptions about the biology of the resources
do not differ greatly from those of the RS. Theyoekception is test A7 (Ricker-like stock-
recruitment curve) foM. paradoxusIn this testM. paradoxuss estimated to be more productive
than in the RS and this results in greater futeo®very under fixed catches.

Comments on tests A10b-c are reserved at this,gp@geling completion of all tests.

lll. Others — Fig. 4a-c

Test B7, in which future variability in stock-redment fluctuations is increased in conjunction
with increased variability in the past, has unsigipgly wide probability intervals.

Tests A4, which assumes a 30% decrease in tharoguegpacity in the past (test A4) has yet to be
completed.

Test A8 (the depletion is forced up to 30% Kbr paradoxusand down to 40% foM. capensisis

an interesting case as spawning biomass (in tefrpsigiine and current levels) for both species
move in opposite directions relative to RS. Furnthare, not unexpectedly, results move in opposite
directions forM. paradoxusandM. capensiscompared to the RS.

The three catch strategies tested here are fixeghem scenarios, with no feedback mechanism
using survey information for example. Assuming féedént calibration factor foAfricanawith the
old and new gear (B4a-b) has therefore no impac¢hemrojections, computed here.

\: Formatted

IV. Changes in the future — Fig. 5a-c

ol g B e A e T A

Note that the tests in this category are projettete future using the whole RS, as opposed to t\wo\‘ Formatted
scenarios only for the tests above. This expldiesitider probability intervals for the RS in Fig. 5 | Formatted

compared to those one in the previous three Figs 2-

Only a future decrease in carrying capacity (B&)vjutes appreciably different results to those of
the RS, with both resources projected to decreabstantially under a constant catch of 142
thousand tons.
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Table la Estimates of management quantities ofNhgaradoxusandM. capensicoast-combined resources for the robustnesswiisth affect the

past assessment, for option M1/C3a/H1/SR2. MSY asstbciated quantities are given for the offshaetflCells are shaded in cases wherksgf

MSY, B%R00dKSP , BSP00/MSLYP and the 2004 species rati@?(andB**) differ by more than 15%, or —InL differs by mdteen 5 points, from the
RS estimates.

I o 118

RS Ala Alb Ale A2 All A3 ASa A7 A%a Aob AlDa AlO0b AlOc A4 A8 B4a BAL

(discl)  (disc2)  (dise3) u‘ii'(e;p (line (= (M2) (Rl:cker- (dens (mat=3) (size-dep (size-dep (size-dep 1;decr K (joei;if f:z:;r f;::ir

catches) catches) [ 0.4) like)  dep mat) spawn) spawn) spawn) | m past) ction) —0.6) —0.9)
-InL total -169.5 | -1716  -171.3  -1709 -169.9 -169.4 | -176.4 -1746 -1709 -171.6 -171.6 -167.1 -156.1  -168.7 -169.6

E® 2406 2047 2054 2959 2410 2406 2438 1710 1394 2300 2447 14701 4020 2407 2406

h 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.80 0.95 0.95
MEY 155 186 186 187 156 155 158 130 272 151 152 223 192 155 155

;_ B p00a/K¥F 0.07 0.06 0.06 0.06 0.07 0.07 0.07 0.08 0.22 0.09 0.09 0.06 0.30 0.07 0.07
é‘ B e ML5¥L T 0.33 0.33 0.33 0.33 0.33 0.34 0.33 0.4 4.84 0.40 0.41 0.25 1.20 0.33 0.33
M 0 0.50 0.50 0.50 0.50 0.50 0.50 0.50 1.00 0.50 0.50 0.50 0.50 0.50 0.50 0.50
§< 1| 0.50 0.50 Q.50 0.50 0.50 0.50 0.50 1.00 0.50 0.50 0.50 0.50 0.50 0.50 0.50
';'.'j 2| 0.50 0.50 0.50 0.50 0.50 0.50 0.50 1.00 0.50 0.50 0.50 0.50 0.50 0.50 0.50
3| 040 0.40 0.40 0.40 0.40 0.40 0.40 0.65 0.40 0.40 0.40 0.30 0.40 0.40 0.40

4l 034 0.34 0.34 0.34 0.34 0.34 0.34 0.4 0.34 0.34 0.34 0.18 0.34 0.34 0.34

s+ 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.10 0.30 0.30 0.30

E¥ 860 940 941 936 864 861 853 820 876 862 896 887 885 859 861

h 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95

MSY 6l 66 66 66 [} 6l 60 60 62 6l 6l 59 62 6l 61

B o/ KF .35 Q.35 0.34 0.34 0.34 0.36 0.32 0.33 0.37 0.38 0.37 .37 0.40 0.35 0.35

= B 0/ MEYLT 1.38 1.41 1.36 1.36 1.36 1.42 1.29 1.36 1.49 1.38 1.35 1.21 1.59 1.39 1.38
E M i} 0.50 0.50 Q.50 0.50 0.50 0.50 0.50 1.00 0.50 0.50 0.50 0.50 0.50 0.50 0.50
%1 1| 0.50 0.50 0.50 0.50 0.50 0.50 0.50 1.00 0.50 0.50 0.50 0.50 0.50 0.50 0.50
:‘; 20 050 Q.50 Q.50 0.50 0.50 0.50 Q.50 1.00 0.50 0.50 0.50 0.50 0.50 0.50 Q.50
= 3| 040 0.40 0.40 0.40 0.40 0.40 0.40 0.65 0.40 0.40 0.40 0.40 0.40 0.40 0.40
4 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.4 0.34 0.34 0.34 0.34 0.34 0.34 0.34

5| 030 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30

G| 0.30 0.30 Q.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30

7+| 030 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30

SC swvey g 1.06 0.99 0.97 1.00 1.07 1.05 1.09 112 1.00 1.04 1.06 1.00 0.95 1.08 1.04

2004 species ratio  BF 1.89 1.80 1.76 1.74 1.88 1.92 1.70 2.03 1.09 1.58 1.51 0.35 0.29 1.89 1.89
¥ 111 1.10 1.08 1.06 1.10 1.13 1.01 1.02 0.76 1.26 1.20 0.36 0.28 1.11 1.11




WG/03/06/DH:6v1

Table 1b: Estimates of management quantities ofthgaradoxusandM. capensisoast-combined resources for the robustnesswstt affect the
past assessment, for option M4/C3a/H1/SR2. MSY asstbciated quantities are given for the offshaetflCells are shaded in cases wherksgf
MSY, BSPagod KSP, BS00d MSLYP and the 2004 species rati@RandB**) differ by more than 15% or —InL differs by moteen 5 points, from the RS
estimates.

I o m

RS Ala Alb Ale A2 All A3 Asb A7 A%9a Aol AlOa Al0b AlOc A4 A8 Bda B4b

(sC . . . . . _ (force (cal (cal

(disel)  (dhise2)  (disc3) u;u-ep cai]:ﬁ;) :(OU_}:) (M2) (R];]c::r' d:];l:i:t) (mat=3) (zlpz:\::)l’ (:f:\::)l) ':]Z:\::)P (11‘11‘31:&{; ‘depl- factor  factor

catches) ) etion) =0.6) =0.9)

-InT. total -179.5 | -183.7 -183.5 -182.6 -179.5 -1794 | -1852 -179.0 -176.7 -181.5 -181.5 -1753 -167.5 -178.7 -179.6

& 1360 1285 1201 1337 1368 1360 1368 1126 1543 1400 1526 1230 1060 1362 1359

k 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.76 0.95 0.95
MEY 127 152 153 153 127 127 127 136 265 126 126 128 133 127 127

E B ol EE 0.08 0.09 0.08 0.08 0.08 0.09 0.08 0.09 0.19 0.14 0.13 0.12 0.30 0.08 0.08
é B o MSVLT 0.52 0.61 0.60 0.58 0.51 0.53 0.51 0.52 4.64 0.65 0.67 0.56 1.24 0.52 0.52
E M 0 1.00 0.96 0.97 0.97 1.00 1.00 1.00 0.50 0.92 1.00 1.00 1.00 1.00 1.00 1.00
§,< 1| 100 0.96 0.97 0.97 1.00 1.00 1.00 0.50 0.92 1.00 1.00 1.00 1.00 1.00 1.00
: 2| L00 0.96 0.97 0.97 1.00 1.00 1.00 0.50 0.92 1.00 1.00 1.00 1.00 1.00 1.00
3| 0.67 0.68 0.69 0.69 0.67 0.67 0.67 0.48 0.58 0.66 0.67 0.70 0.75 0.67 0.67

4| 048 0.52 0.52 0.51 0.48 0.48 0.48 0.47 0.37 0.46 046 0.51 0.60 0.48 0.48

5+ 035 0.41 0.41 0.40 0.34 0.35 0.34 0.46 0.24 0.33 0.33 0.39 0.50 0.35 0.35
K 502 G661 658 G660 507 504 507 640 600 508 699 577 G671 590 593

k 0.85 0.91 0.89 0.89 0.84 0.86 0.84 0.95 0.85 0.79 0.81 0.95 0.95 0.84 0.86
MY 76 92 20 90 76 76 76 75 76 80 78 71 a7 75 76

BY ol EF 0.53 0.53 0.49 0.50 0.53 0.54 0.53 0.51 0.55 0.61 0.59 0.52 0.40 0.53 0.53

= B o MSVLT 2.30 2.67 238 240 2.25 238 2.25 248 2.34 1.87 2.10 1.79 1.94 2.25 232
g A 0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.50 1.00 1.00 1.00 1.00 1.00 1.00 1.00
g« 1| 100 1.00 1.00 1.00 1.00 1.00 1.00 0.50 1.00 1.00 1.00 1.00 1.00 1.00 1.00
: 2| 100 1.00 1.00 1.00 1.00 1.00 1.00 0.50 1.00 1.00 1.00 1.00 1.00 1.00 1.00
= 3| 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.47 0.75 0.75 0.75 0.75 0.69 0.75 0.75
4] 0.60 0.60 0.60 0.60 0.60 0.59 0.60 0.46 0.60 0.60 0.59 0.60 0.51 0.60 0.59

5| 049 0.50 0.50 0.50 0.50 0.49 0.50 0.45 0.49 0.50 0.49 0.50 0.39 0.50 0.49

6| 049 0.50 0.50 0.50 0.50 0.49 0.50 0.45 0.49 0.50 0.49 0.50 0.39 0.50 0.49

7+ 0.49 0.50 0.50 0.50 0.50 0.49 0.50 0.45 0.49 0.50 0.49 0.50 0.39 0.50 0.49

SC swvey g 0.72 0.65 0.68 0.68 0.71 0.71 0.71 0.72 0.69 0.70 0.70 0.74 0.94 0.74 0.71

2004 species ratio B | 273 | 314 290 300 277 275 | 277 325 112 189 206 207 085 273 273
B 144 1.56 148 1.48 1.46 1.45 1.46 1.54 0.95 1.55 1.54 1.23 0.59 1.45 1.43
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Table 2a Log-likelihood contributions for resources foetrobustness tests which affect the past assessimestenario M1/C3a/H1/SR2. Cells are
shaded in cases for which the negative log-likelthdiffers by more than 5 points from that of tH&. R

I 1) m

RS Ala Alb Ale A2 All A3 ASa A7 AOa AOb AlOa Al10b  AlOe A4 A8 B4a BAL

(sC . . (dens (s1ze- (s1ze- (size- _ (force (cal (eal

(disel) (dise2) (chse3)  umwep (fine ) (r= (M2) (Rl.c‘ker- dep  (mat=3) dep dep dep gdecr .I\ depl-  factor  factor

catches) catches) 04 like) mat) spawn) spawn} spawn) i past) etion) =0.0) =0.9)
-lrL: Total -1695 | 1716 -1713 0 1709 1699 -16%94 | -1764 -1746 -1709 -171e -1716 -1671 -156.1 -1687 -1696
-lnL: CPUE W historic (spp cormbined) | -10.0 -9.9 -9.9 -9.8 -9.9 -10.0 -10.0 -10.1 -10.6 -10.2 -10.2 -95 -10.0 -10.0 -10.0
3C historic (spp combined) | -29.4 -29.1 -29.1 -25.1 -29.4 -29.4 -29.3 -29.3 -253 -28.2 -29.2 -28.9 -26.5 -294 -29.4

M. paradoxus GLM -41.7 -41.5 -41.5 -40.7 -41.7 -41.7 -40.1 -42.3 -38.8 -41.2 -41.3 -40.8 -42.8 -41.7 -41.7

M. capensis GLM -417 -40.9 -40.6 -40.8 -42.1 -417 -41.5 -42.4 -42.0 -41.8 -41.9 -40.6 -41.9 -41.7 -41.7

-InL: Burvey M. paradoxus , WC summer | -80 -18 19 -82 -8.0 -8.0 14 -83 -6.8 -82 -81 -6.9 -67 -3.0 -8.0
M. paradoxus , WC winter -4.0 -39 -3.9 -39 -4.0 -4.0 -38 -4.0 236 -4.0 -4.0 =37 =35 -4.0 -4.0

M. paradoxus , WC Nansen -1.8 -1.8 -1.8 -1.8 -1.8 -1.8 -17 -1.9 -1.7 -1.9 -1.9 -17 -1.8 -1.8 -1.8

M. paradoxus | 3C spring -05 -03 -0.3 -0.2 -05 -05 -05 -0.5 -0.3 -05 -05 -0.2 -0.2 -05 -0.5

M. prradeoxus | 3C autumn 67 6.7 67 6.3 6.7 67 6.8 6.6 70 6.6 6.7 6.7 6.9 6.7 67

M. capensis , WC summer -1.8 -1.8 -1.8 -1.8 -1.8 -1.8 -17 -1.7 -1.7 -1.8 -1.8 -1.8 -1.8 -0.8 -2.1

M. capensis , WC winter 0.4 04 04 04 04 0.4 04 04 04 04 04 0.4 04 03 04

M. capensis , WC Nansen -14 -14 -1.4 -1.4 -1.4 -14 -14 -1.4 -1.4 -1.4 -14 -14 -14 -14 -1.4

M. capensis | 3C spring -1.6 -1.8 -1.6 -1.6 -1.6 -1.6 -1.8 -1.6 -1.6 -1.6 -1.6 -1.6 -15 -1.6 -1.5

M. capensis | SC autumn =78 =18 1.9 1.9 =78 17 =18 1.8 -1.8 =78 =78 =18 =78 =18 16

-InL: commercial CAA species combined, offshore | -38.9 -40.5 -40.5 -40.3 -38.9 -389 -38.9 -42.3 -38.9 -39.8 =397 -37.2 -304 -38.9 -38.9
. capensis | inshore -22.4 =222 =223 -22.4 -22.5 -22.4 =222 =235 -22.0 -22.4 -22.4 =222 -21.% =225 -22.4

M. capensis | longline -14.4 -14.1 -14.3 -14.1 -14.4 -14.4 -14.8 -14.8 -14.1 -14.4 -14.4 -14.2 -14.0 -14.4 -14.4

-InL: survey CAA M. paradoxus , WC surnmer | -11.8 -12.¢ -12.3 -11.6 -11.8 -11.8 -12.8 -11.1 -15.5 -1 -12.0 -13.2 -12.8 -11.8 -11.8
M. paradoxus | WC Nansen | -117 -12.1 -12.2 -12.4 -11.7 -11.7 -12.1 -11.8 -11.1 -11.6 -11.6 -12.0 -11.8 -11.7 -11.7

M. paradoxus | 3C spring -4.2 -47 -4.7 -3.6 4.2 -4.2 =57 -34 -3.8 4.9 -4.9 =53 -33 4.2 -4.2

M. paradoxus | 5C autumn 302 302 303 306 302 302 295 298 290 298 299 221 311 302 302

M. capensis , WC summer a23.8 836 8338 236 23.8 a3.9 82.9 839 837 23.8 33.8 83.8 337 837 8338

M. capensis , WC winter 7.0 6.8 6.8 6.8 7.0 7.0 6.5 71 6.8 7.0 7.0 7.0 6.7 7.0 70

M. capensis | WC Nansen -6.2 -6.2 -6.3 -6.3 -6.2 -6.1 -6.8 -6.2 -6.2 -6.2 -6.2 -6.2 -6.4 -63 -6.2

M. capensis, 3C spring -6 =17 =17 14 1.6 =17 -6.9 -6 1.6 1.6 -6 -6 -14 -14 =17

M. capensis , 3C autumn -30.0 =301 -29.8 -30.3 -301 -301 -30.0 -30.2 -301 -30.0 -301 -29.9 -29.9 -30.1 -30.0

Recruit residual penalt 10.2 11.0 106 101 11.1 11.0 7.0 108 10.4 10.8 10.9 11.6 11.3 11.0 109
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Table 2b: Log-likelihood contributions for resources foetlobustness tests which affect the past assessimestenario M4/C3a/H1/SR2. Cells are
shaded in cases for which the negative log-likelthtncreases by more than 5 points from that oRBe

I II m

RS Ala Alb Ale A2 All A3 Asb A7 AOa A9b AlCa Al0b Al0c¢ A4 A8 B4a B4b

. . . (3¢ (line (ap= (Ricker-  (dens (size-dep (size-dep (size-dep | (decr IT (force (cal (eal

(disel)  (dise2) (discd)  unrep catches) | 0.4) ) like)  dep mat) (mat=3) spawn) spawn) spawn) | in past) depl- factor factor

catches) ’ : ’ ‘ ‘ ) etion) =0.6) =0.9)
-InL: Total -179.5 | -1837 -1835 -1828 -179.5 -1794 -1852 -176.7 -179.0 -181.5 -181.5 -1753 -167.5 -1787 -179.6
-InL: CPUE W historic (spp combined) | -10.1 -101 -10.2 -101 -10.0 -10.0 -102 -10.2 -104 -103 -10.3 -9.9 -10.2 -101 -10.0
3C historic (spp combined) | -29.5 -29.2 -29.2 =292 -29.5 -29.5 -293 -29.4 -25.5 =291 -29.3 -29.1 -217 -29.4 -29.5

M. paradescs GLM -42.3 -41.8 -41.8 411 -42.3 -42.3 -40.9 -41.9 -38.9 -41.8 -41.8 -42.9 -43.0 -42.3 -42.3

M. capensis GLM -43.6 -43.9 -43.8 -43.8 -43.6 -43.6 435 -43.6 -43.3 435 -43.5 -43.6 -43.9 -43.6 -43.6

-InL: Survey M. paradoxus , WC summer | -8.7 -8.3 -8.6 -8.8 -8.7 -8.7 -8.1 -9.0 -6.8 -8.7 -8.7 -8.6 -8.2 -87 -8.7

M. paradaxs | WC winter -4.1 -4.0 -4.0 -4.0 -4.1 4.1 -4.0 -4.1 =37 -4.1 -4.1 -4.0 -39 -4.1 4.1

M. paradaxus | WC Nansen -1.2 -1.2 -1.9 -1 -1.2 -1.9 -1.8 -2.0 -1.7 -1.@ -1.2 -1.9 -1.8 -1 -1.9

M. paradoxus | 5C spring -0.5 -0.4 -03 -0.3 -0.5 -0.5 -0.5 -0.5 -0.4 -0.5 -0.5 -0.5 -0.8 -0.5 -0.5

M. paradoxus | 3C autumn 6.6 6.6 6.5 67 6.6 6.6 67 6.6 7.0 6.6 6.6 6.6 6.7 6.6 6.6

M. capensis , WC summer -1.2 -1.2 -1.9 -1.2 -1.2 -1.9 -1.9 -1.8 -1.9 -1.9 -1.2 -1.9 -18 -0.2 -2.2

M. capensis , WC winter 04 04 04 04 04 04 04 04 04 04 04 04 04 03 04

M. capensis , WC Nansen -1.4 -1.4 -14 -1.4 -1.4 -1.4 -1.4 -1.4 -1.4 -1.4 -1.4 -1.4 -1.4 -1.4 -1.4

M. capensis , 3C spring -1.5 -1.5 -1.5 -1.5 -1.5 -1.5 -1.5 -1.5 -1.5 -1.5 -1.5 -1.5 -1.6 -1.5 -1.5

M. capensis , 3C avtumn -1.7 =17 -1.8 1.8 1.7 1.7 1.6 -7.8 -1.8 1.7 1.7 =17 1.8 1.8 -1.6

-InL: commercial CAA  species combined, offshore | -42.1 -44.3 -44.3 -43.9 -42.1 -42.2 -42.1 -39.3 -41.0 433 -43.3 -39.8 -36.2 -42.1 -42.1
M. capensis , inshore -26.2 -26.0 -26.3 -26.3 -26.2 -26.1 -25.6 -24.5 -26.1 -26.2 -26.1 -26.4 -24.8 -26.3 -26.1

M. capensis , longline -15.8 -15.5 -15.5 -15.5 -15.6 -15.6 -15.8 -15.5 -15.6 -15.8 -15.6 -15.6 -15.5 -15.6 -15.6

-InL: survey CAA M. paradoxus , WC surnmer | -10.9 -117 -11.3 -10.8 -10.9 -11.0 -11.8 -11.0 -15.6 -111 -111 -10.6 -10.5 -10.9 -10.9
M. paradoxus , WC Nansen | -11.8 -12.1 -12.3 -12.4 -11.8 -11.7 -12.2 -117 -11.1 -11.7 -117 -11.6 -12.8 -11.8 -11.8

M. paradoxus | 3C spring -38 4.2 45 -5.1 -38 35 4.9 -4.5 -5.7 4.3 -4.3 -2.7 -23 -38 36

M. paradoxus | 5C auturmnn 297 289 299 302 297 298 29.1 298 287 293 293 301 317 297 297

M. capensis , WC summer 843 839 842 839 843 843 833 84.1 244 843 843 843 84.0 84.2 244

M. capensis , WC winter 72 5.9 6.9 5.9 72 72 &7 7.0 72 7.2 72 73 7.1 72 7.2

M. capensis , WC Nansen -6.2 -6.2 -6.3 -5.3 -6.2 -6.1 -5.8 -6.2 -6.2 -5.2 -5.2 -6.1 -6.1 -6.3 6.2

M. capensis , 3C spring -1.9 -1.9 <19 =17 -1.9 -8.0 =73 -1.8 -1.9 -18 -1.8 -1.9 -8.0 =73 -8.0

M. capensis | 3C autumn -29.5 -29.8 -29.7 =301 -29.5 -29.5 =297 -29.6 =293 =295 =295 -29.5 -30.1 -29.6 -294

Recruit residual penalt: 10.0 104 10.2 9.9 10,0 10.0 7.0 9.7 108 9.8 2.9 10.0 108 10.1 9.9
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Fig. 1a M. paradoxusSpawning biomass trajectories (in absolute termd ia terms of pre-
exploitation level) for cases M1/C3a/H1/SR2 and @BH/H1/SR2 of the Reference Set and, the A7
(Ricker-like) and A8 (force depletion) robustnessts.
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Fig. 1b: M. capensisSpawning biomass trajectories (in absolute termd @ terms of pre-
exploitation level) for cases M1/C3a/H1/SR2 and OBH/H1/SR2 of the Reference Set and the A7
(Ricker-like) and A8 (force depletion) robustnessts.
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Fig. 2a Graphical summary of catch performance statigtiesdian and 95% PI) under a future
constant catch of 142 000 t, for a series of rofesst tests with different assumptions about
discards and catch series.
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Fig. 2b. Graphical summary of performance statistics (@e@nd 95% PI) fok. paradoxusunder

a future constant catch of 142 000 t for a serfeslmustness tests with different assumptions about

discards and catch series. Note that the statiBdes, Reo14 Reoz4 represent the proportion by
number in the catch that are 3 years old or lessftect change in size structure.
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Fig. 2c Graphical summary of performance statistics (lae@nd 95% PI) foM. capensisinder a
future constant catch of 142 000 t for a seriembfistness tests with different assumptions about
discards and catch series. Note that the statiBdes, Reo14 Reoz4 represent the proportion by
number in the catch that are 3 years old or lessftect change in size structure.
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Fig. 3a Graphical summary of catch performance statigtiesdian and 95% PI) under a future
constant catch of 142 000 t for a series of rolmssiriests concerning biological assumptions.
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Fig. 3b. Graphical summary of performance statistics (@e@nd 95% PI) fok. paradoxusunder

a future constant catch of 142 000 t for a seriesobustness tests concerning biological
assumptions. Note that the statistiR®os Rzo14 Reo24 represent the proportion by number in the
catch that are 3 years old or less, to reflect gham size structure.
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Fig. 3c Graphical summary of performance statistics (lae@nd 95% PI) foM. capensisinder a
future constant catch of 142 000 t for a serie®blistness tests concerning biological assumptions.
Note that the statistidR200s Roo14 Roo24 represent the proportion by number in the catelh dne 3
years old or less, to reflect change in size atinect
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Fig. 4a Graphical summary of catch performance statigtiesdian and 95% PI) under a future
constant catch of 142 000 t for a series of rolasstriests.
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Fig. 4b. Graphical summary of performance statistics (@e@nd 95% PI) fok. paradoxusunder

a future constant catch of 142 000 t for a serfesobustness tests. Note that the statidigsg
Ro014, Reo24 represent the proportion by number in the catelt #he 3 years old or less, to reflect
change in size structure.
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future constant catch of 142 000 t for a seriebfistness tests. Note that the statistiess Reo14
Reo24 represent the proportion by number in the catahdhe 3 years old or less, to reflect change in
size structure.
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Fig. 5a Graphical summary of catch performance statigtiesdian and 95% PI) under a future
constant catch of 142 000 t for a series of rolmssiriests involving changes in the future.
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Fig. 5b. Graphical summary of performance statistics (@e@nd 95% PI) fok. paradoxusunder

a future constant catch of 142 000 t for a serfasloustness tests involving changes in the future.
Note that the statistidR200s Roo14 Roo24 represent the proportion by number in the catelh dne 3
years old or less, to reflect change in size atinact
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Fig. 5¢c Graphical summary of performance statistics (lae@nd 95% PI) foM. capensisinder a
future constant catch of 142 000 t for a seriesobfistness tests involving changes in the future.
Note that the statistidR200s Roo14 Roo24 represent the proportion by number in the catelh dne 3
years old or less, to reflect change in size atinact
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Appendix A — List of Robustness Tests

Robustness tests underlined below were part ofsinertened list” of robustness tests in document
WG/09/05/D:H:33.

|. Different assumptions about discards and catch series

“Ala - disc?

Discarding is considered to occur for the offshanel inshore trawlers only. Discarding for both
fleets is modelled as an increase in commerciatselty of 0.2 for ages 1 and 2 for catches ohbot
M. capensiandM. paradoxus Thus the amount of catch discarded is not antjriput computed
within the assessment from the fishing mortalitiineated for the offshore and inshore trawlers to
take their recorded landings. This discarding suased to occur from the beginning of the fishery
to the present.

“Alb — disc2
As Ala above, discarding is considered to occutteroffshore and inshore trawlers, but the loss
of fish from longlines is also included by doublitig fishing mortality from this fleet.

“Alc — disc3

As Ala above, but from 1996 onwards, the offshore iashore trawl fleets are assumed to discard
age 3 as well. As in Ala above, this is modellednioyeasing the commercial selectivity by 0.2 for
age 3 for catches of boM. capensiendM. paradoxus

In the above three robustness tests, discardsa&iem tinto account for the past only, so that
projections in the future assume no discardingthkn following three robustness tests however,
future discards are taken to occur in terms ofsgn@e assumptions as used for the past. These are
then considered in conjunction with past discards.

“B3a — discl
Future discarding is assumed to occur in the offsland inshore fleets only, as in Ala.

“B3b — disc?
Future discarding is assumed to occur in the offstamd inshore fleets, as well as the longline
fleet, as in Alb.

“B3c — disc3
Discarding is assumed to occur in the offshoreiaskore fleets as in Alc.

“A2 — SC unrep catches

This robustness test includes unreported catcloes fine south coast offshore fleet; indeed, in the
RS, offshore catches on the south coast are asstmtea/e started in 1967 only, but it is known
that some vessels operated in the region right ftben beginning of the 2Dcentury; these
unreported catches are included here and are addonm@ve increased linearly from 100t in 1917
to 5000t in 1967 (with the species-split basedhenappropriate logistic equation).

“All - line catche$
The catch series for the longline and handlineefigs are modified for recent years. Estimates of
handline catches are brought down from 5941t t@2502003 and from 6888t to 1600t in 2004.
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I1. Different assumptions about biological information

“Aba — M2’

The RS incorporates some uncertainty in the natn@itality estimates. In cases “M1”, upper
bounds on the natural mortality of 0.5 and 0.3 gasa2 and 5/5+ respectively are implemented,
while in cases “M4”, upper bounds of 1.0 and 0.5ages 2 and 5/5+ respectively are implemented.
In this robustness test, the following bounds anplémented: 1.0 and 0.3 for ages 2 and 5/5+
respectively.

“A5b — M3”

In this robustness test, the following bounds @nrthtural mortality estimates are implemented: 0.5
for both ages 2 and 5/5+.

“A7 — Ricker-like”

aB
The stock-recruit relationship for the RS has themf R= >y, with y fixed to 1.0

ﬁ+ Bsp
(Beverton-Holt) for both species. Here instegdk fixed to 1.5 forM. paradoxusand y = 1.0 for
M. capensis

“A9a — dens dep mat

In the RS, the maturity-at-age is assumed to bepeddent of stock density for all ages. In this
robustness test, the assumption is made that Ofighobf age 3 are mature at'B= pristine, and
100% are mature at*B=0, with a linear relationship in between these extremes.

“A9b — mat=3'
The age-at-maturity is taken to be 3+ throughamsteiad of 4+ in the RS.

“Al0a — size-dep spawnirig

An egg production index is used for input to thecktrecruitment relationship instead of spawning
biomass; this is obtained by multiplying numbersxgé by an age-dependent fecundity index
obtained from Osborne (2004):

M. paradoxus Y, = 802L%
M. capensis: Y, = 04153

“Al10b — size-dep spawninty
As Al0a, but to take into account that bigger fishke bigger eggs with a better survival rate, the

fecundity indexYa has been arbitrarily halved for fish of age 4Nbrparadoxusand for fish of age
4 and 5 foiM. capensis

“Al0c - size-dep spawnirg
As Al0a, buty, is set to zero for age 4 fbt. paradoxusand ages 4 and 5 fbi. capensis

1. Others

“A3 —or=0.4
The variability for stock-recruitment fluctuatioirsthe past is increased froor =0.25 in the RS to
or=0.4. For the projectiongr is kept at 0.25.
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“B7 — fut gr=0.4"
In conjunction with increased variability for theosk-recruitment fluctuations in the past, future
variability is also increased#=0.4).

“A4 — decr K in past
The carrying capacity of both species is assumdthi@ decreased linearly by 30% over the 1980
to 2000 period.

“A8 — force depletiori

The spawning biomass 8. paradoxusin 2004 is forced upwards to 40% of its pre-exXjlbon
level, while the spawning biomass ®f. capensisis forced downwards to 30% of its pre-
exploitation level, both through the use of penéltyctions.”

B4a — cal factor=0.6
The calibration factor between tiAdricana with the old gear and th&fricana with the new gear
for M. capensiss decreased from 0.8 to 0.6.

“B4b — cal factor=0.9

The calibration factor between tiAdricana with the old gear and th&fricana with the new gear
for M. capensiss increased from 0.8 to 0.9.

V. Changesin thefuture

“B1 — no fut surv’
Biomass and catch-at-age information from reseautieys are assumed not to become available
in the future.

“B2 — CPUE trend’
Future changes in fishing efficiency are not det@cthis is modelled by assuming an undetected
upward trend in catching efficiency of 2% per yesar that for future data generated:

CPUE(y) — CPUE(y)exy 00y - 2004

“B5a — Fratio decr’
In the RS, future catches are disaggregated byiespasing a constamtatio (F .o = Fpara/Feap ):

which has been calculated as the average of th2-2004 estimates. In this robustness test, the
Fratio for the offshore fleet is decreased by 30% to rhadéncrease iv. capensicatches.

“B5b — Fratio incr”
Here theFratio for the offshore fleet is increased by 30% to ni@deéecrease iM. capensisatches.
“B6 — Il sef

The selectivity for the longline fleet on ages 4l &nis assumed to increase linearly over a five yea
period commencing in 2005, to reach that on age 6+.

“

B8 — decr K in past
The carrying capacitiK for both species is assumed to decrease linegrB0Bo, starting in 2005,

to reach the reduced level in 2009.
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