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NOTE:The specific results in this paper aret intended for discussion at the Decembe¥12
International Workshop. This has been included as a background document only to provide
some sense of the assessment results that follow from fitting thedel detailed in
MARAM/IWS/DEC14/Hake/P® the data listed therein¢ KS GwSFSNBYyOS /I aSé
document is Operating Model RS1 of the Reference Set of models for which results are given
below.

Resultdeading to aProposal for &keference Seif Operding Modelsfor Testing
the 2014 OMP Revision ftre South African hake resource

Rebecca Rademeyand Doug Butterworth
May 2014

The starting design for thiproposed Reference SefRS)of Operating Models (OMs¥ a full crossof fadors
covering three major axes of uncertainty:centeryearsfor the species preponderanaghange in the catclx 3
natural mortality vectors x 3 stoelecruitment relationship (see Rademeyer 2018pecifically these are:

1 Centre years for change froM. capenssto M. paradoxugpreponderancen catch:1950,1958 and 1965

1 Natural mortality vectors:"Mmed": M,=0.75 andM;,=0.375, "Mlow": M,=0.6 and Ms,=0.25 and
"Mhigh": M,.=0.9 and\5,=0.5.

9 Stockrecruitment relations "Ricker": modified Ricker, "BH": Bevertbtolt, h estimated, and "BHO08":
BevertonHolt, h=0.8.

For the BevertorHolt with fixedh casesthe original suggesn wasto useh=0.7 (Rademeyel014), as was the
case in developing the 2010 OMPowever, sincevirtually all these cases failed theonstraint that-pinL <15
(compared to the besfitting OM) which wasapplied in the pastit was decided to rerumll of them with h=0.8.
This yields thénitial set of27 OMs.

Two concerns arose with this initial set. The first was that even liticreased to 0.8, nearly all the associated
OMsagainfailed the-nlnL <15 constraint. Omitting all these cases from the RS would result in a lack of balance
and of similarity to the RS used in developing ORIFLO. This is becausehen the BH stock recruitmeffiinction is

assumed, the value estimated fbris often very highlbeing frequently above 0.9s0 that if spawning biomass

drops belowthe lowestlevels that @curred in the past under catch limits set undihigh, there is hardly any
consequentpenalty to future resource prospects as a result NS ONXzA G YSy i 2@SNFA&AKAYyAE &
possibility of such overfishing in these circumstances, rather than force the Isathdit resultfrom afixed lower

value ofh, a less optimistic relationship of recruitment to spawning biomass is assumed whdidinass falls

below itslowest previous leve{Bmin). The curve below this level is replaceygl the average of thaturve and a

straight line fom the origin to the viue of the curve aBminz & A St RAy 3 (i Ks®e Figrell)YTRUR the Y2 RS €
overall curve is continuous, though with a derivative discontinaitBmin, and recruitment will fall further than in

the case of the BH curve should spamgbiomassn the fuure be reduced belovdmin. In terms of the fit of he
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assessment model, there 3o difference, but if for the original fiBmsy/K fell below Bmin, MSYdecreases
althoughBmsy andAmsy remain unchangedhese BHmod modelsmavereplacel the corresponding BBi8ones

The second concerwas the large size of the initial RS (27 OMs compared taitielj dzA @b OMsyiséd in
2010) To reduce this number without sacrificing tReS a A 3y Q,2nlydcbnfibinagfiddSwhere both the natural
mortality vector and theyear of thereversalin species dominancare changed from their central choiceare
included. This leads toravisedset of 15 OMs.

Results for thisevisedset of OMs are given in Table 1 and summarized in Table 2. The corresponding spawning
biomass tajectoriesare plotted in Figure2. Figure3 plots the median and range (minimum and maximum)
spawning biomass trajectories for the firlltial set of 27 OMs, for thieevisedset of 15 OMs and for th@ of the

10 OMs equivalent to the 2010 RSa (R, RS, RY, RSB, R0, R91, R93 andR34), as one of the 10 from

2010 did not progress to theevisedset.

The stockrecruitment curves (foM. paradoxusand M. capensisare shown in Figuré, grouped by type o$tock
recruitmentrelationship(Figureda) and grouped by level of natural mortality (Figut®. Figureda shows that for

the BHmod relationshipfor case for which the stoctNB ONMHzA G YSy d &Rl GIFé | NB
corresponding to the start of poorer recruitment at spawning biomassigesloccurs at the left side limiBiin)

2F ALJ gyAy3I 0A2YWMigaradpigad to be edpkcied. yf mighe 9¢&m surprising that this is not
the case for the corresponding R3 plot fdr capensisthe reason is thain this instanceBmin occurs around 1960
before the data required to estimate recruitment become available.

The fits to the CPUE and survey biomass indices for the revised set of 15 OMs are shown in FigAppaddix
A. The fits to the catclat-length data are shown in kige A2 for RS1, RSi&hich has theworst overall-InL) and
RS13which has thébest overaltinL)

Final proposal

The task team considering this issue agreed that the final RS should BamdRRS from the revisedset because
of their questionably smaBy,sy K= 0.11 value foM. capensisthus leaving 13 OMs for tHfaal RS.

There were differences of views amongst the task team as to wh&Bek and R$2 should alsde dropped:

a) their elimination issupportedby their relatively poor fits to the datawith -n £ y [ ,Tand woutt de
consistent with the approach adopted when developing GR0R0; but

b) their continued inclusion maintains a balance in fimal RS amongst the choice of cemtyear values for
the changefrom M. capensito M. paradoxugpreponderancen catch

The final choice between these two options in specifying fihal RS is to be made at the next meeting of the
DWG.

Reference

Rademeyer RA. 2014. Proposed Referencef@ethe South African hake resourcEISHERIES/2014/APR/SWG
DEM/HASTT/03

LI 2 (



Table 1 Reslts for the15 OMsof the revisedset.
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'A-InL 4.7 6.6 6.6 11.1 13.0 13.0 5.0 5.8 5.8 14.1 236 23.6 0.0 10.1 10.1
RS1 RS2 RS3 RS4 RS5 RS6 RS7 RS8* RS9* RS10 RS11** RS12** RS13 RS14 RS15
1958 1958 1958 1950 1950 1950 1950 1930 1950 1965 1965 1965 1965 1965 1965
Mmed Mmed Mmed Mlow Miow Mlow Mhigh Mhigh Mhigh Mlow Mlow Mlow Mhigh Mhigh Mhigh
Ricker BH BHmod Ricker BH BHmod Ricker BH BHmod Ricker BH BHmod Ricker BH BHmod
-InLtotal -181.3 -179.4 -179.4 -1749 -173.0 -173.0 -181.1 -180.2 -180.2 -172.0 -162.4 -162.4 -186.0 -175.9 -175.9
CPUE historic -40.0 -39.8 -39.8 -39.1 -39.7 -39.7 -38.1 -364 -36.4 -39.2 -384 -38.4 -39.2 -39.8 -39.8
CPUEGLM -180.7 -179.9 -179.9 -178.6 -176.9 -176.9 -183.0 -183.2 -183.2 -177.0 -169.8 -169.8 -183.4 -175.3 -175.3
Survey -32.1 -33.1 -331 -35.6 -365 -365 -31.9 -33.0 -33.0 -365 -340 -34.0 -33.2 -319 -31.9
Comm. CAL (sex-aggr.):trawl -42.8 -42.2 -42.2 -427 -415 -415 -38.8 -39.0 -39.0 -384 -43.7 -43.7 -42.0 -435 -435
longline -17.2 -17.2 -172 -161 -17.2 -172 -17.2 -173 -173 -171 -172 -17.2 -17.3 -17.2 -17.2
Comm. CAL (sex-disaggr.) -51.9 -51.8 -51.8 -50.3 -50.3 -50.3 -53.3 -53.1 -53.1 -51.2 -49.5 -49.5 -53.0 -532 -53.2
Survey CAL (sex-aggr.) -1.8 -1.8 -1.8 0.5 0.8 0.8 -3.6 -3.6 -3.6 -0.1 -1.0 -1.0 -3.8 -3.2 -3.2
Survey CAL (sex-disaggr.) 42.3 42.5 425 45.5 45.5 45.5 43.6 44.3 44.3 45.1 452 45.2 43.7 43.6 43.6
ALK 117.8 118.1 118.1 1179 117.8 1178 1169 116.2 1le.2 117.3 118.3 118.3 1167 1176 117.6
Recruitment penalty 8.7 9.7 9.7 7.5 8.8 8.8 9.1 9.3 9.3 7.3 9.8 9.8 9.1 10.2 10.2
Selectivity smoothing penalty 16.1 15.9 15.9 16.1 16.2 16.2 15.2 15.6 15.6 17.4 17.8 17.8 16.4 16.4 16.4
K 849 826 826 1697 1821 1821 545 525 525 893 1907 1907 366 468 468
h 0.91 0.95 0.95 1.02 0.95 0.95 0.82 0.88 0.88 1.70 0.98 0.98 1.20 0.96 0.96
B* 01 154 150 150 257 266 266 107 116 116 305 388 388 131 119 119
a B /K 0.18 0.18 0.18 0.15 0.15 0.15 0.20 0.22 0.22 0.34 0.20 0.20 0.36 0.25 0.25
>0< B 5013 150 147 147 268 277 277 98 108 108 323 403 403 125 109 109
g B 5013/KF 0.18 0.18 0.18 0.16 0.15 0.15 0.18 0.21 0.21 0.36 0.21 0.21 0.34 0.23 0.23
g_- B sy 153 153 153 412 416 416 100 110 110 343 366 366 114 66 66
> B sy /K 0.18 0.18 0.18 0.24 0.23 0.23 0.18 0.21 0.21 0.38 0.19 0.19 0.31 0.14 0.14
B 3012/B wsy 1.00 0.98 0.98 0.e2 0.64 0.64 1.07 1.06 1.06 0.89 1.06 1.06 1.15 1.80 1.80
B 2013/B * sy 098 096 096 065 067 067 098 098 0988 094 110 110 110 164 164
MSsY 111 111 111 121 120 120 106 111 111 122 119 119 116 110 110
K* 231 311 311 297 456 456 148 182 182 635 879 879 148 349 349
h 1.15 0.95 0.95 1.07 0.98 0.98 0.86 0.98 0.98 0.99 0.98 0.98 2.20 0.87 0.87
B 01 142 152 152 173 168 168 96 94 94 417 507 507 109 232 232
" B y002/KF 0.61 0.49 0.49 0.58 0.37 0.37 0.65 0.52 0.52 0.66 0.58 0.58 0.73 0.67 0.67
g B 03 158 169 169 193 188 188 107 106 106 451 544 544 121 252 252
:%J- B 5013/K 0.69 0.55 0.55 0.65 0.41 0.41 0.72 0.58 0.58 0.71 0.62 0.e2 0.82 0.72 0.72
gf B sy 8l 53 53 140 82 82 61 20 20 267 158 158 36 68 68
= B sk 0.35 0.17 0.17 0.47 0.18 0.18 0.41 0.11 0.11 0.42 0.18 0.18 0.24 0.20 0.20
B 3012/B % psy 1.75 2.85 2.85 1.23 2.04 2.04 1.57 4.63 4.63 1.56 3.21 3.21 3.04 3.41 341
B 3013/B ™ wsy 1.94 3.17 3.17 1.38 2.28 2.28 1.75 5.22 5.22 1.69 3.44 3.44 3.37 3.70 3.70
MSY 62 59 59 57 50 41 55 63 44 89 92 69 114 99 99

* Dropped for thefinal RS

** Possibly to be dropped from thénal RS.
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Table2: Lowest, median and highest results for tisdl 27 OMsof theinitial set, the 15 OMsof the
revisedset, and the two candidates for thfnal RSthe revisedset excluding RS8 and R&8d the
revisedset excluding RS8, RS9, RS11 and RS12.

Revised set excluding RS8 Revised set excluding RS8,

Initial set Revised set and RS9 RS9, RS11 and RS12
Lowest Median Highest Lowest Median Highest Lowest Median Highest Lowest Median Highest
-InLtotal -186.0 -171.4 -154.8 -186.0 -175.9 -162.4 -186.0 -175.9 -162.4 -186.0 -175.9 -172.0
CPUE historic -41.0  -38.5 -32.8 -40.0 -39.2  -36.4 -40.0 -39.7 -38.1 -40.0  -39.7 -38.1
CPUEGLM -183.4 -175.3 -162.3 -183.4 -178.6 -169.8 -183.4 -177.0 -169.8 -183.4 -178.6 -175.3
Survey -365 -33.0 -31.8 -36.5  -33.1  -31.9 -36.5 -332  -319 -365 -33.1  -31.9
Comm. CAL (sex-aggr.):trawl -47.3  -43.5  -38.7 -43.7  -42.2  -384 -43.7  -422  -384 -435  -42.2  -38.4
longline -17.4  -17.2  -16.0 -17.3 -17.2 -16.1 -17.3 <172 -16.1 -17.3  -17.2 -16.1
Comm. CAL (sex-disaggr.) -53.3 -51.7  -49.3 -53.3  -51.8  -49.5 -53.3  -51.8 -49.5 -53.3  -51.8 -50.3
Survey CAL (sex-aggr.) -4.1 -2.0 0.8 -3.8 -1.8 0.8 -3.8 -1.8 0.8 -3.8 -1.8 0.8
Survey CAL (sex-disaggr.) 42.3 442  46.4 423 443 455 423 437 455 423 436 455
ALK 1162 117.8 119.6 1162 117.8 1183 116.7 117.8 1183 116.7 117.8 1181

Recruitment penalty 7.4 9.8 11.9 7.3 9.3 10.2 7.3 9.1 10.2 7.3 9.1 10.2
Selectivity smoothing penalty 152 165  18.9 152 162  17.8 152 162  17.8 152 162  17.4
K 366 849 2510 366 826 1907 366 849 1907 366 826 1821

h 0.80 091  1.43 0.82 095 1.70 0.82 09 1.70 0.82 095 1.70

B* 3012 107 193 733 107 150 388 107 154 388 107 150 305

Q B 3012/K 0.14 025  0.38 015 020  0.36 015 020 0.36 015 0.18  0.36
S B¥um 98 182 755 98 147 403 98 150 403 98 147 323
§ B 501s/K? 0.15  0.23  0.40 015 021  0.36 015 018  0.36 015 0.18  0.36
2 B¥ e 66 162 718 66 153 416 66 153 416 66 153 416
2 B sr/K* 012 023 043 014 019  0.38 014 019  0.38 014 018  0.38
B 3012/B " sy 0.62 106  1.97 062 1.06  1.80 0.62 100  1.80 0.62 098 180
B 1013/B % sy 0.65 1.01 1.93 0.65 0.98 1.64 0.65 0.98 1.64 0.65 0.96 1.64
MSY 106 115 124 106 111 122 106 116 122 106 111 122

K 148 375 986 148 311 879 148 349 879 148 311 635
h 0.80 095  2.20 0.86 098  2.20 0.86 098  2.20 0.86 098  2.20

B 3012 90 232 568 94 168 507 96 168 507 96 168 417
" B j012/K P 035 061 076 037 058 073 037 058 073 037 061 073
@ B 013 101 252 609 106 188 544 107 188 544 107 188 451
§ B ous/K 0.38 0.68 0.84 0.41 0.62 0.82 0.41 0.65 0.82 0.41 0.69 0.82
g B sy 20 87 278 20 68 267 36 81 267 36 68 267
B sr/K™ 0.11 024 043 011 018  0.47 017 020 047 017 020 047
B 3012/B " sy 129 254  4.63 123 285 463 123 285 341 123 204 341
B 3013/8 % sy 142 275 5.22 138 317 522 138 317  3.70 138 228 3.70
MSY 44 89 137 41 62 114 41 62 114 41 59 114
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Figure 1: Schematic representation of the "BHmod" st@ckuitment curve.
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Figure2: Female spawning biomass trajectories (in absolute terfirst row -, relative to preexploitation level
second row- and relative toBysy- third and fourth rows) for M. paradoxug(left hand column) andv. capensis
(right hand column) for thel5 OMs of the revisedset Thethird and fourth rows are the same except for the
horizontalaxis.Note trajectories for OMs RSBS6RS9RS12and RS15are the same as tisefor RS2ZRS5RS8
RS1land RS14espectively RS8 and RS9 which will be dropped for final RS are shown as dashed lines, while
RS11 and RS12 which will possibly be dropped from the final RS are shown asdiadined.



