WG/03/06/D:H:6v2
*
MARAM

Robustness Tests to be used in OMP testing for tt8outh African
Merluccius paradoxus and M. capensis Resources

R.A. Rademeyer and D.S. Butterworth

MARAM (Marine Resource Assessment and Managemeow®r
Department of Mathematics and Applied Mathematics
University of Cape Town, Rondebosch 7701, SouthcAfr

May 2006

Working Group document WG/03/06/D:H:6 gave res(itsder a fixed catch scenario) for a series
of robustness tests developed from discussionfienCiemersal Working Group for the South
African M. paradoxus andM. capensis resources. The Demersal Working Group agreed ¢tue
some of the robustness tests for which resultsaddiffer substantially from those from the RS.
Furthermore, extra robustness tests have been stedgénarked with ** below). This document
presents a consequently amended list of robustestssto be used in OMP testing.

Assessment results are presented only for thosestiodss tests for which results are not reported in
Working Group document WG/02/06/06. Furthermoreset of performance statistics under the
scenario of a constant future catch of 142 thousanslis shown for all the robustness tests listed.

In all cases, the lower bound for natural mortafis been raised from 0.1 to 0.2. Indeed, having a
lower bound of 0.1 led to unrealistic high pristine@mass foM. paradoxus in some robustness
tests (A8b, A8c, A8e and A10d).

A Task Group appointed at the last Working Groupetimg agreed that candidate OMP
performance will be examined for the following relness tests:

1) “Ad4 —decr K in past
The carrying capacity of both species is assumdthte decreased linearly by 30% over the 1980
to 2000 period.

2**) “ A7b —Ricker forced’
Instead of the Beverton-Holt stock-recruit relaghip used in the RS, the stock-recruit relationship

in this robustness test is of the Ricker forRl.:aBspe_ﬁB*. Furthermore, the stock-recruit curve

for each species is constrained so that maximunaiteent occurs when the spawning biomass is
at 45% of pristine level.

3**) “ A8b — force para depl 0.3
The spawning biomass &fl. paradoxus in 2004 is forced to 30% of its pre-exploitaticaveél
through the use of penalty functions.
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4**) * A8c — force cap depl 0.3
The spawning biomass M. capensis in 2004 is forced to 30% of its pre-exploitati@vel through
the use of penalty functions.

5**) * A8d — force cap depl 0.2
The spawning biomass M. capensis in 2004 is forced to 20% of its pre-exploitati@vél through
the use of penalty functions.

6**) “ A8e — force depl 0.3
The spawning biomasses Mt paradoxus andM. capensis in 2004 are forced to 30% of their pre-
exploitation level (i.e. for both species) througk use of penalty functions.

7**) “ A8f — cap depl 0.2, h=0.7
The spawning biomass M. capensis in 2004 is forced to 20% of its pre-exploitati@vél through
the use of penalty functions and the steepnessnadea for this species is fixed at 0.7.

8) “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 Ofiétobf age 3 are mature Bf* = pristine, and
100% are mature &*=0, with a linear relationship in between these extremes.

9) “Al0a — size-dep spawning
An egg production index is used for input to thecktrecruitment relationship instead of spawning
biomass; this is obtained by multiplying numbersge by an age-dependent fecundity index
obtained from Osborne (2004):

M. paradoxus : Y, = 80212
M. capensis : Y, = 015.3%

10**) “Al10d — mat age =7
The age-at-maturity is taken to be 7+ throughastead of 4+ in the RS.

11) “B3a - discl

Discarding is considered to occur for the offshanel inshore trawlers only. Discarding for both
fleets is modelled as an increase in commerciaksglty of 0.2 for ages 1 and 2 for catches ohbot
M. capensis andM. 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. Future discards are taken to doci@rms of the same assumptions as used for the
past.

12) “B3b — disc2

As B3a above, discarding is considered to occutHheroffshore and inshore trawlers, but the loss
of fish from longlines is also included by doublitizge fishing mortality from this fleet. Future
discards are also taken to occur in terms of theesassumptions as used for the past.

13) “B3c — disc3

As B3a above, but from 1996 onwards, the offshokiashore trawl fleets are assumed to discard
age 3 as well. As in B3a above, this is modellednibyeasing the commercial selectivity by 0.2 for

age 3 for catches of boM. capensis andM. paradoxus. Future discards are also taken to occur in
terms of the same assumptions as used for the past.
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14) “B3d — disc3
As B3c above, but the discarding of 3-yr-olds (¢méyreduced by 50% in the future.

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

16) “B4b — cal factor=0.9

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

17) “B7 — fut or=0.4'
In conjunction with increased variability for theosk-recruitment fluctuations in the past, future
variability is also increase@%=0.4).

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

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

CPUE(y) — CPUE(y)exd 002(y - 2004

20) “B5a — Fratio decr’
In the RS, future catches are disaggregated byiespesing a constamtaio (F ., = Fpaa/Fep )

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 rhadencrease iiM. capensis catches.

21) “B5b — Fratio incr”
Here theF a0 for the offshore fleet is increased by 30% to nh@d@ecrease iM. capensis catches.

22) “B8 — decr K in past
The carrying capaciti for both species is assumed to decrease linegrB0bo, starting in 2005,
to reach the reduced level in 2009.

Results and Discussion

Note: The robustness tests which affect past dycammave been run for only two of the 48 RS
scenarios (as running all 48 scenarios for eachstoless test would take too much time). These
two cases aré11/C3a/H1/SR2 and4/C3a/H1/SR2. For the rest of the robustness tdstspast
estimates are not affected, and can be projectedafd for all 48 scenarios constituting the RS
without an excessive computational burden.

Robustness tests assessments

Results are presented here only for those robustiests for which results are not reported in
Working Group document WG/02/06/06.
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Table 1 compares the results of the different rbimss tests, Table la is for scenario
M1/C3a/H1/SR2 and Table 1b is for scenario M4/C348R2 (those two cases were chosen as
perhaps the most plausible of these in the RSaidohe reader, estimateskK¥, MSY, B¥200/K®,
MSYL® , B¥,00/MSYLY and the 2004 species rati@&P(andB*") for both species are highlighted
where they differ by more than 15% from the RSnestes. The total log-likelihood and the
contribution of each data source for each of thies¢és are compared in Tables 2a (scenario
M1/C3a/H1/SR1) and 2b (M4/C3a/H1/SR2). Again, td the reader, cases for which the total
negative log-likelihood differs by more than 5 gsifrom that of the RS are highlighted.

Fig. 1 compares the 7+ and 4+ biomass trajectéoiesobustness test A10d, in which the age-at-
maturity is taken to be 7 instead of 4 in the RS.

The Ricker stock-recruit curves for robustnessA&4t are shown in Fig. 2.

Robustness tests projections

For the robustness tests for which only two scesanave been considered, 50 replicates (for each
scenario) have been run — giving a total of 10f@d¢taries. For comparison purposes, the same has
been done for the two associated RS cases. Foesh®f the robustness tests, 3 replicates of the
whole RS have been run.

A set of performance statistics under the scer@repconstant future catch of 142 thousand tons is
shown graphically in Fig 3.
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Table la Estimates of management quantities of Me paradoxus and M. capensis coast-
combined resources for the robustness tests whitdctathe past assessment, for option
M1/C3a/H1/SR2. MSY and associated quantities arergior the offshore fleet. Cells are shaded in
cases where d{®, MSY, B¥2004/K® , MSYL®, B¥200/MSYL® and the 2004 species rati@&*(and
B*) differ by more than 15%, or —InL differs by mdhen 5 points, from the RS estimates.

RS | A4 Ao _A8b  A8c __A8d  A8e  A8f  Al0d
(decr K (Ricker (00 O cop deplboth dep 02, (202 ma
inpast) forced) ™5 5" o3 02)  03) h=07) 1)
InL total 160.5| -152.9 -1589 1567 -169.1 -1636 -#56.-1533 -166.5
K 2406 | 2347 | 2002 8345 2416 2440 8313 2400  46p2
h 095 | 095 095 079 095 095 079 095 095
MSY 155 | 109 190 210 156 158 210 155 186
» BT aon/K® 007 | 007 020 030 007 007 030 007 o0d5
= MSWL® 020 | 021 039 027 020 020 026 020 o019
T Bxu/MSL® | 033 | 010 051 113 033 033 114 033 04
g M o | o50| 050 050 050 050 050 050 050 0.0
: 1 050 | 050 050 050 050 050 050 050 0o
= o 050 | 050 050 050 050 050 050 050 0.0
3| 040 | 040 040 035 040 040 035 040 035
4 034 | 034 034 026 034 034 02 034 036
5¢] 030 | 030 030 020 030 030 020 030 0o
K? 860 | 795 | 657 858 841 815 842 949 692
h 095 | 095 095 095 095 095 095 070 095
MSY 61 36 73 61 59 58 59 53 60
B® 00 /K™ 035 | 030 062 034 030 021 030 020 048
MSYL 020 | 021 039 027 020 020 026 020 o010
B B, /MSL® | 138 | 132 148 136 119/ 081 119 062 1.6
T ™ o | 050 | 049 050 050 050 050 050 050 0.0
g 1 050 | 049 050 050 050 050 050 050 0o
= ol 050 | 049 050 050 050 050 050 050 0.0
3| 040 | 039 040 040 040 040 040 040 040
4 034 | 034 034 034 034 034 034 034 034
5| 030 | 03 030 030 030 030 030 030 030
6l 030 | 030 030 030 030 030 030 030 030
74| 030 | 030 030 030 030 030 030 030 0do
SC survey 106 | 110 086 107 116/ 143 116 130 142
2004 species ratio B® | 1.89 | 142 104 012 159 105 010 123 o0d°
| 111 | 08 08 013 09 067 011 075 013
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Table 1b Estimates of management quantities of e paradoxus and M. capensis coast-
combined resources for the robustness tests whitdctathe past assessment, for option
M4/C3a/H1/SR2. MSY and associated quantities arergior the offshore fleet. Cells are shaded in
cases where d{®, MSY, B®2004/K® , MSYL®, B¥200/MSYL® and the 2004 species rati@&®(and
B*) differ by more than 15%, or —InL differs by mdhen 5 points, from the RS estimates.

RS | A4 Ao _A8b  A8c __A8d  A8e  A8f  Al0d
(Gecr K e o cap depl oap deplboth dep 02, (202 ma
npash ey 03 03 02 03) h=07) 7
InL total 1795| -166.7 -171.0 -1680 -176)6 -1724 -B65.-163.7 -175.8
K® 1360 | 1376 = 588 6173 1377 1413 1058 1390  34B0
h 095 | 095 095 08 095 095 076 095 095
MSY 127 | 96 145 | 194 127 129 133 132 164
» BT aon/K® 008 | 012 028 030 009 008 030 o008 o0d5
= MSWL® 017 | 016 036 025 017 017 024 016 o018
T B xu/MSL® | 052 | 0238 077 123 052 050 124 049 047
g M o | 00| 1200 100 100 09 100 100 100 14o
: 1l 100 | 1200 100 100 09 100 100 100 1do
= ol 100 | 100 100 100 096 100 100 1.00  1.do
3| 067 | 068 075 060 065 067 075 067 0.0
4 048 | 049 060 036 047 047 060 048 036
5¢] 035 | 036 050 020 035 034 050 035 040
K? 592 | 625 503 614 | 700 686 702 616 314
h 085 | 081 095 092 095 095 095 070 095
MSY 76 48 79 74 62 62 62 63 70
B® 00 /K™ 053 | 050 | 067 049 030 020 030 021 033
MSYL 022 | 016 038 019 020 o021 020 030 oo
B B, /MSL® | 230 | 195 169 245 136 092 136 069 3.44
T ™ o | oo | 1200 100 100 100 100 100 100 140
g 1 100 | 1200 100 100 100 100 100 100 1do
= ol 100 | 100 100 100 100 100 100 100  1do
3l 075 | 073 069 072 068 068 068 074 075
4 060 | 056 051 056 048 048 048 058  0.60
5| 040 | 045 038 045 035 035 035 048 0.0
6l 049 | 045 038 045 035 035 035 048 050
74| 049 | 045 038 045 035 035 035 048 0o
SC survey 072 | 073 o077 078! 117 161 117 208 o4
2004 species ratio B® | 273 | 1.88 208 016 178 120 067 117 045
| 144 | 108 100 021 093 070 047 075 096
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Table 2a Log-likelihood contributions for resources forethobustness tests which affect the past
assessment, for scenario M1/C3a/H1/SR2. Cells lzadesl in cases for which the total negative
log-likelihood differs by more than 5 points froimat of the RS.

RS A4 A7b A8b A8c Asd A8e A8f Al0d
(decr K (cher (force  (force (force (force (cap (age mal
in past) Rllcker- para cap dep cap dep depl 0.3)depl 027 7
like) depl0.3) 0.3) 0.2) h=0.7)
-InL: Total -169.5| -152.9 -158.9 -156.7 -169.1 -163.6 -156.4 -153.3 -166.5
-InL: CPUE WC historic (spp combined) -10.0 -10.1 -9.7 -10.0 -10.2 -10.3 -10.2 -9.8 -9.
SC historic (spp combined -29.4 -28.8 -26.5 -26.7 -29.2 -28.9 -26.7 -29.529.3
M. paradoxus GLM -41.7 -39.7 -42.8 -42.7 -41.6 -41.4 -42.7 -41.6 -41|5
M. capensis GLM -41.7 -41.8 -44.0 -41.6 -41.2 -37.4 -41.0 -25.7 -41)1
-InL: Survey M. paradoxus, WC summer -8.0 -6.4 -7.9 -6.4 -8.0 -7.9 -6.4 -8.0 -7.6
M. paradoxus, WC winter -4.0 -3.3 -3.9 -3.5 -4.0 -3.9 -3.5 -4.0 -3.8]
M. paradoxus, WC Nansen -1.8 -1.5 -1.8 -1.6 -1.8 -1.8 -1.6 -1.8 -1.8]
M. paradoxus, SC spring -0.5 0.2 -0.5 -0.1 -0.5 -0.5 -0.1 -0.5 -0.3]
M. paradoxus, SC autumn 6.7 5.7 6.7 6.9 6.7 6.7 6.9 6.7 6.6
M. capensis, WC summer -1.8 -0.7 -1.4 -1.8 -1.7 -1.6 -1.8 -1.4 -1.8
M. capensis, WC winter 0.4 0.3 0.4 0.4 0.4 0.5 0.4 0.4 0.4
M. capensis, WC Nansen -1.4 -1.4 -1.4 -1.4 -1.4 -1.5 -14 -1.5 -1.4
M. capensis, SC spring -1.6 -1.6 -1.6 -1.6 -1.6 -1.6 -1.6 -1.7 -1.6]
M. capensis, SC autumn -7.8 -7.9 -7.8 -7.8 -7.9 -8.2 -7.9 -8.3 -7.8]
-InL: commercial CAA  species combined, offshofe -38.9 -36.6 -34.0 -29.7 -38.8 -38.4 -29.5 -39.2 -37|0
M. capensis, inshore -22.4 -22.7 -20.5 -22.5 -23.1 -24.9 -23.1 -23.2 -22|3
M. capensis, longline -14.4 -15.5 -12.6 -14.5 -14.9 -15.6 -14.9 -15.3 -14J3
-InL: survey CAA M. paradoxus, WC summer| -11.8 -9.6 -11.2 -13.4 -11.8 -11.9 -13.4 -11.7 -12)3
M. paradoxus, WC Nansen -11.7 -12.5 -11.8 -11.8 -11.7 -11.7 -11.8 -11.7 -11(6
M. paradoxus, SC spring -4.2 -3.3 -2.7 -3.7 -4.2 -4.3 -3.7 -4.3 -4.2]
M. paradoxus, SC autumn | 30.2 29.6 31.3 30.8 30.2 30.2 30.8 30.2 297
M. capensis, WC summer 83.8 84.3 83.1 83.8 84.0 85.0 84.0 84.8 838
M. capensis, WC winter 7.0 7.3 6.1 7.0 7.3 8.4 7.3 7.4 7.0
M. capensis, WC Nansen -6.2 -6.7 -6.2 -6.2 -6.0 -5.4 -6.0 -5.8 -6.2]
M. capensis, SC spring -7.6 -6.9 -7.6 -7.6 -7.9 -9.0 -7.9 -8.4 -7.6]
M. capensis, SC autumn -30.0 -29.0 -30.9 -30.0 -30.0 -29.5 -30.0 -29.2 -30{0
Recruit residual penalty 10.9 15.1 11.2 12.1 11.3 12.3 12.4 11.0 11.1
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Table 2b: Log-likelihood contributions for resources forethobustness tests which affect the past
assessment, for scenario M4/C3a/H1/SR2. Cells lzaidesl in cases for which the negative log-
likelihood increases by more than 5 points front tfahe RS.

RS A4 A7b A8b A8c A8d A8e A8f Al0d
(decr K ((_)ther (force (force (force ( (cap (age ma
in past) Rl_cker- para cap dep cap dep depl O'S)depl 022 7
like) depl0.3) 0.3) 0.2) h=0.7)
-InL: Total -179.5| -166.7 -171.0 -1689 -176.6 -1724 -1658 -163.7 -17b.8
-InL: CPUE WC historic (spp combined) -10.1 -10.1 -9.8 -10.1 -10.4 -10.2 -10.3 -10.3 9.y
SC historic (spp combined) -29.5 -29.2 -27.0 -26.9 -28.9 -28.8 -27.7 -28.9 -29|3
M. paradoxus GLM -42.3 -41.0 -43.6 -43.3 -42.4 -42.1 -42.9 -41.7 -42|3
M. capensis GLM -43.6 -42.6 -43.3 -43.8 -43.6 -41.9 -43.5 -34.6 -43|7
-InL: Survey M. paradoxus, WC summer| -8.7 -7.5 -9.6 -6.4 -8.6 -8.5 -8.2 -8.4 -7.5
M. paradoxus, WC winter -4.1 -3.8 -4.2 -3.5 4.1 -4.1 -3.9 -4.0 -3.8
M. paradoxus, WC Nansen -1.9 -1.8 -2.0 -1.6 -1.9 -1.9 -1.8 -1.9 -1.8
M. paradoxus, SC spring -0.5 0.1 -0.7 -0.1 -0.5 -0.5 -0.6 -0.5 -0.3]
M. paradoxus, SC autumn 6.6 6.3 6.8 6.9 6.6 6.6 6.7 6.6 6.6
M. capensis, WC summer -1.9 -1.5 -1.4 -1.9 -1.8 -1.9 -1.8 -1.9 -2.0
M. capensis, WC winter 0.4 0.5 0.4 0.4 0.5 0.6 0.5 0.6 0.4
M. capensis, WC Nansen -1.4 -1.4 -1.4 -1.4 -1.4 -1.5 -14 -1.5 -1.44
M. capensis, SC spring -1.5 -1.6 -1.6 -1.5 -1.6 -1.6 -1.6 -1.6 -1.5
M. capensis, SC autumn -7.7 -8.1 -7.8 -7.7 -7.7 -8.0 -7.8 -8.5 -7
-InL: commercial CAA  species combined, offshore -42.1 -39.8 -37.8 -35.4 -42.1 -41.3 -35.9 -40.1 -39|4
M. capensis, inshore -26.2 -26.3 -23.3 -25.5 -25.3 -27.3 -25.3 -28.7 -26|4
M. capensis, longline -15.6 -15.8 -15.2 -15.6 -15.5 -15.9 -15.5 -16.2 -15|6
-InL: survey CAA M. paradoxus, WC summer| -10.9 -9.3 -10.7 -13.3 -10.9 -11.1 -10.5 -11.2 -12]1
M. paradoxus, WC Nansen -11.8 -12.4 -11.7 -11.8 -11.8 -11.8 -12.7 -11.8 -1116
M. paradoxus, SC spring -3.6 -3.2 2.4 -3.5 -3.5 -3.6 -2.3 -4.1 -3.p
M. paradoxus, SC autumn 29.7 29.8 30.8 30.6 29.7 29.7 31.7 30.0 296
M. capensis, WC summer 84.3 85.4 83.6 84.2 84.2 85.4 84.2 87.5 843
M. capensis, WC winter 7.2 7.4 6.1 7.1 7.5 8.6 7.6 9.2 7.3
M. capensis, WC Nansen -6.2 -6.4 -6.2 -6.2 -5.9 -5.2 -5.9 -4.4 -6.1
M. capensis, SC spring -7.9 -7.6 -7.7 -7.8 -8.2 -95 -8.2 -12.2 -7.9
M. capensis, SC autumn -29.5 -28.3 -30.3 -29.6 -30.1 -29.2 -30.1 -26.7-29.4
Recruit residual penalty 10.0 10.7 9.9 11.8 11.9 13.1 11.6 11.7 10.p
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Fig. 1a M. paradoxus 7+ and 4+ biomass trajectories (in absolute teams in terms of pre-
exploitation level) for cases M1/C3a/H1/SR2 and @BH/H1/SR2 of the robustness test A10d, in
which the age-at-maturity is taken to be 7.
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Fig. 1b: M. capensis 7+ and 4+ biomass trajectories (in absolute teamd in terms of pre-
exploitation level) for cases M1/C3a/H1/SR2 and @BH/H1/SR2 of the robustness test A10d, in
which the age-at-maturity is taken to be 7.
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Fig. 3a Graphical summary of catch performance statighosdian and 95% CI) under a future constant catd®?2 000 t, for a series of robustness
tests, for two scenarios within the RS. Note: AA\hobt zero because of the change in TAC from 260@2006.
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Fig. 3b: Graphical summary of catch performance statigtivsdian and 95% CI) under a future constant catd#2 000 t, for a series of robustness
tests, for all of the 48 scenarios of the RS. NA®Y is not zero because of the change in TAC 2004 to 2006.
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