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Abstract

The assessments of December 2004 are updatedem ithspects: commercial catch-at-age data which
cannot be species-disaggregated directly are takteraccount in the fitting process, a new basisplit
pre-1978 catches by species is introduced, andvanmethod is used to fit to pre-1978 CPUE series for
the two species combined. The low estimated stattlse M. paradoxus resource remains unchanged but
a better status is estimated fr capensis.

1. Introduction

In previous species-disaggregated assessment® @atith African hake resource (e.g. Rademeyer argbidorth,
2004), theMerluccius paradoxus and M. capensis resources were assessed independently of each ¢itheuch
assessments, data which cannot be disaggregatgabbies (either directly such as the survey inféionaor indirectly
such as the commercial information) must eithergnered, or strong (and possibly inadequate) assongmust be
made about them. This paper presents a joint amsesf the hake resources off South Africa in Whepecies-
combined data can be incorporated in a more ddfiensiay.

In this joint assessment, the two species areeteas two separate stocks but are assessed sienusy within a
single assessment framework, for the south and egestts combined. Species-disaggregated catcls segeexternal
inputs to the model, though a more flexible basissplitting catches between species in the egrkeiod of the fishery
is introduced (see section 2.1 below for details).

2. Data

The tables of data used are given in Appendix A.

2.1 Total catches

The South African hake stocks are fished by foeetl: the offshore trawl fleet and the longlinetleperate on both
the south and west coasts, while the inshore tfle@t and the handline fleet operate on the sootisiconly. The
annual catches by mass assumed for each fleet @ast are given in Table A.1 for the period 19172@94. A

summary of the assumptions made to disaggregatedithes by species and fleet for the Reference Gagiven

below.

a) Offshore trawl fleet:

The catches made by the offshore trawl fleet haantsplit by species by applying the size-basedisp@roportion-
by-depth relationships for the west and south codsteloped by Gaylard and Bergh (2004). Prior68] there is no
depth information recorded for the landings so thatproportion oM. capensis caught cannot be estimated using this
method. Previously, the proportion over the 1917719eriod has been assumed to equal the averagpettained
over the 1978-1982 in splitting the catches foisthgears (16% on the west coast and 46% on thé soast forM.
capensis). In this paper, the catch data for the 1917-19&tfod are split by assuming that the proportioMotapensis
caught follows a logistic function over this periggke Fig. 1 for the function used in the Refere@ese). Indeed,
trawling was concentrated in inshore areas arouapeCrown when the fishery began (i.e. probably héatcM.
capensis exclusively) and progressively moved offshoretrs this seems a more defensible approach. Thmgion
of M. capensisin the offshore trawl catch in yegion coast is thus given by:
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where

A, is the average proportion b. capensis in the offshore catch over the 1978-1982 periadcfmastc (16% on
the west coast and 46% on the south coast), and

P,, P, are parameters of the logistic function. Param@tds the year in which the proportion bf. capensis in
the catch is half-way from 100% . ; while P, defines how rapidly this change in proportion ascu

For the Reference Case considered here, values=@B60 andP.,=4 were considered, to reflect a large proportibn o
M. paradoxus in the catch by the end of the 1960s when foreifort in South African waters had become subsahnti
Alternative values can be chosen to allow testeositivity to such assumptions.

The proportion oM. capensis consequently assumed for the offshore trawl catéhehown in Fig. 1 for the west and
for the south coasts.

b) Inshore trawl fleet:
The inshore trawl fleet operates on the south combt. Catches made by this fleet are assumed msistoof M.
capensis only, as it operates in relatively shallow water.

Because fleet-disaggregated catch data are ndablaprior to 1974, the assumption has been miaaletihe annual
catch of the inshore trawl fleet from 1960 to 19@&eased linearly from 1000t to 5000t, and that blalance of the
total catch recorded was taken by the offshoreltflaet.

c¢) Longline fleet:
Longline catches on the west coast are assumeahtist of 30%M. capensis for the whole period, while on the south
coast, catches by this fleet are assumed to carfdistcapensis exclusively.

d) Handline fleet:
The handline fleet operates on the south coast édyor the inshore fleet, catches made by thdstfare assumed to
consist ofM. capensis only.

The catch in 2004 is taken to be the TAC for theiry with the same proportion of each species aghtdy each fleet
in 2003 assumed.
2.2 Abundance indices

Historic and GLM-standardised CPUE data are giveiable A2. The historic CPUE series cannot begtjssgated
by species, as there are no effort-by-depth daailadole for this pre-1978 period. The GLM standsedi CPUE data
used are from Glazer (2004); these are speciesfispadices (and based also on the new GaylardBegh estimated
species-proportious. depth relationship).

Survey biomass estimates for the west and soutstsase shown in Table A3 fdf. paradoxus and Table A4 foM.
capensis.

2.3 Catches-at-age

Survey catch-at-age data are shown in Tables ASABI. paradoxus and in Tables A9-A13 fa¥l. capensis.

Commercial catches-at-age for the offshore (botstsocombined) and for the inshore and longlinatfsooast only)
fleets are shown in Table A14-A16. They cannot filé By species on an age-basis, but this is notodblem for the
south coast inshore and longline fleets as théohes are assumed to consisibfcapensis only.

3. Methods

The model used in this analysis is an Age-Strudtieduction Model (ASPM) and is described in detaAppendix
B. This includes a new method introduced to modBUE series based upon species-aggregated catches —
equations B14-20.

A summary of the specifications for each specieste Reference Case assessment is given below.

3.1 M. paradoxus

a) Natural mortality:
Ma is taken to be age-dependeit) (with the form of equation as shown in B33).
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b) Commercial selectivity-at-age:

The selectivities of the offshore and longline fléhe two fleets assumed to cafigh paradoxus) take the form of a
logistic curve (equation B35). As there is no imfiation on the age-structure of the longline catalfdd. paradoxus
alone, the selectivity of the longline fleet fdr paradoxus is assumed to be of the same form as the longétextivity
for M. capensis (which can be estimated from the south coast Inagtatches-at-age — assumed tovbecapensis
only).

This assessment makes use of the offshore spemielsited catch-at-age data (ignored in previous iepec
disaggregated assessments), so that if the séeafone of the species is known, the selectiafythe other species
can be estimated. In this case, an assumption ¢ rfa the offshore selectivity fdvl. capensis (see below), and
therefore the offshore selectivity fdl. paradoxus can be estimated directly. The periods of fixed @hdnging
selectivity used in previous assessments (to takeumt for the change in the selectivity at lowsageer time in the
commercial catches, likely due to the phasing dutet liners) have also been assumed for this assad. The first
selectivity period is from 1917 to 1984 and theosekfrom 1993 to the present, with the selectisitiethe intervening
period assumed to vary linearly between these 1811993 values. The offshore trawl selectivityassumed to
decrease exponentially from age 3 (equation B3#l, avslope parameter estimated in the model §tirocedure.

c) Survey selectivity-at-age

Because there are no catch-at-age data availabtetfre west coast winter survey, the same selgcisviassumed to
apply to both the summer and winter west coasteyisryconducted by th&fricana). A separate selectivity function is
estimated for th&lansen west coast summer survey. On the south coastgéesielectivity function is estimated for the
spring and south coast surveys. The survey seiiesiare estimated directly for each age.

d) Stock-recruitment residuals
The variability levebr is fixed at 0.25. The residuals are assumed nbeteerially correlated, i.g0 = 0. They are
estimated from year 1985 to 2004.

3.2 M. capensis

a) Natural mortality:
Ma is taken to be age-dependeit) (with the form of equation B33).

b) Commercial selectivity-at-age:

The selectivity patterns characterising each offdle fleets (offshore, inshore, longline and hame)l all take the form
of a logistic curve. For the inshore fleet, thees#lity is allowed to decrease exponentially frage 5, as this fleet
does not fully select older fish because the distidbn of hake extends deeper than its area ofabiper The selectivity
for the offshore fleet is assumed to be as thatttier inshore fleet but shifted one year of agehi ttight (i.e.

Acapoff = Acapinsn +1 IN equation B35) and with a flat selectivity fdder ages.

Because the longline fishery targets principallyenlfish, the selectivity for that fleet is alssased to be flat for older
ages. Furthermore, the selectivity indicated bpgistic curve is multiplied by a factot for ages< 4. Indeed, the

selectivity for this fleet and these ages is so tbat it is not adequately represented by a lag@trve. The parameter
A is treated as another estimable parameter irikbkhibood maximisation process.

As is the case for the offshore fleet, there arecaich-at-age data available to estimate a seigctrector for the
handline fleet, so the assumption is made thasékectivity for this fleet is intermediate betwe@r offshore trawl and
longline selectivities (i.e. the average of the tafp and Jg - see equation B35 - is assumed to apply).

c) Survey selectivity-at-age
A different survey selectivity is estimated for baxf the three survey series on the west coastewhi the south coast
a single selectivity is estimated. The survey salities are estimated separately for each age.

d) Stock-recruitment residuals
The variability levebrg is fixed at 0.25. For simplicity, the residual® arssumed not to be serially correlated, i.e.,
p =0. They are estimated from year 1985 to 2004.

3.3 Assessments presented

Different assessments are presented together WwiéhNew Reference Case assessment provided for cisompa
Results are shown for the following cases:

I. the December 2004 Reference Case; in RademeyerBattdrworth (2004), a minor error was made in
computing the penalty on the calibration factom@stn theAfricana with the old gear and th&fricana with the
new gear (equation B26), in this assessment, tte @which has very little effect on the resultgishbeen
corrected;
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II. the new joint assessment, with the same catchssasieised in |), i.e. the proportionMf capensis in the catch
is assumed to be constant before 1978;

lll. the new joint assessment with the new catch séhemswvn in Table Al), and with a logistic changehwiitme in
the proportion oM. capensisin the offshore catches;

IV. the New Reference Case, which is as Ill) but whih dffshore selectivity fok. capensis shifted one year to the
right;

V. as IV) but with the natural mortalities for bothesges forced to bs 0.5;
VI. as IV) but with steepness parameters for bigthparadoxus andM. capensis forced to be< 0.8;

VII. as IV) but including unreported catches from thatls@oast offshore fleet; indeed, in other assesneffshore
catches on the south coast are assumed to hatexlsmd 967 only, but it is known that some vessglerated in
the region right from the beginning of the 20thtoey; these unreported catches are included insthisitivity
and are assumed to have increased linearly fromihQB17 to 5000t in 1967 (with the species-spéised on
the logistic equation above);

VIII. as IV) but with a different logistic function foheé change with time in the proportion M capensis in the
offshore catchesP(=1950 andP,=2, i.e. the offshore fleet is assumed to have mawesvards deeper water
earlier and the shift is assumed to have beenrfdsta in Case 1V);

IX. as IV) but the calibration factor between #feicana with the old gear and th&fricana with the new gear favl.
capensis is decreasedA/nq®®S = — 0250 instead of —0.494 (the variance on this value been kept the
same);

4. Reaults

Tables 1 and 2 compare the results of the diffeemsessments for tHéd. paradoxus and M. capensis resources
respectively. The total likelihood and the conttiba of each data source for each of these casesoanpared in Table
3.

Fig. 2 plots the population trajectories (in terofigore-exploitation level) for the New References€assessment for
each of the two species (with 90% Hessian-basedidamte envelopes), while Fig. 3 compares theseulptipn
trajectories in absolute terms with those fromBleeember 2004 Reference Case.

The survey and commercial selectivity functionsneated for the New Reference Case are plottedgn4i

Figs. 5 and 6 show the fits of the New ReferenceeGa the CPUE and survey indices respectivelylewtigs. 7 and 8
show the fits of this model to the commercial andvsy catch-at-age data. In these figures, theofithe December
2004 Reference Case are also shown for comparison.

Fig. 9 plots the time-series of recruitment arel@ktimated stock-recruitment curve for the NeweRefce Case.

5. Discussion

In the case of th#®l. paradoxus resource, the estimate of current depletion froenNew Reference Case assessment is
very similar to that estimated in the December 2B@ference Case, with the current level estimaidoketwell below
MSYL (in fact, <10% of the pre-exploitation level). Thstimate of current biomass in absolute termgHisr species

for the New Reference Case is also very similah&oprevious assessment. For lihecapensis resource on the other
hand, the current biomass level is estimated teutestantially higher for the New Reference Casepzoed to the
2004 December Reference Case, both in absolutes texee Fig. 3) and in terms of the pre-exploitaterel (about
60% of pristine for the New Reference Case comptredbout 40% in the December 2004 Reference CHsejever,

as expected, the changes in the assumptions dtmapecies-split of the historic offshore catchegehan effect on the
past population trajectories of the two species &g. 3).

The New Reference Case estimates of natural nigreaiid steepness for both species are also suladitadifferent
from those estimated in the December 2004 Refer@as®. Natural mortality foM. paradoxus is less than in the
previous assessment and now seems biologicallystiea(0.21 for 5+). However, steepness is estitha® be
unrealistically high (0.98 — the upper bound imgbéar this parameter) which is a concern becautewvalevel of
current spawning biomass is estimated, for whickinta expected recruitment to remain unchanged might
dangerously inappropriate. Rk capensis on the other hand, the estimate of steepnessasagérom the upper bound
of 0.98 to 0.45, but the estimate of natural masgtahcreases to an age-independent 0.80 which sesmealistically
high biologically. These changes are principallg doi the contribution of the species-combined cateaige data in the
likelihood. From Fig. 7a, it is clear that the Detteer 2004 Reference Case does not fit these digéastorily.
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The estimates of multiplicative bias for the surVgy seem more plausible fdvl. capensis (for which they are
generally less than 1), but are very high for veeststM. paradoxus (>2).

Cases V and VI are assessments in which more ¢eediltues are forced for natural mortality and gtesss. In Case
V, where natural mortality for age 5+ is forcedb® equal or smaller than 0.5, the resulting slagterioration in the
model fit is caused principally by the fit to theshore catch-at-age data fdr capensis. Estimates of current depletion,
MSY and related quantities remain largely unchandedCase VI, the deterioration in the fit is duainly to a
deterioration in the fit to the species-combinetticaat-age data. In this case, the current spawimigass for thé.
paradoxus resource is estimated to be at about 15% of ésegploitation level, while this level of depletieghardly
changed foM. capensis.

Including unreported catches from the south cofishore fleet (Case VII) and decreasing the estahatifference in
the catchability coefficient between th&icana with the old gear and th&fricana with the new gear fol. capensis
(Case VIII) make no substantial change to the tesul

In Case IX, a different logistic function is assuirfer the historic species-split of the offshoravil catches compared
to that in the New Reference Case. Although est@maf absolute biomass change (increasévfoparadoxus and
decrease foM. capensis), the current level of depletion for both specaiains very similar compared to the results of
the New Reference Case.
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Table 1: Estimates of management quantities oflhegparadoxus coast-combined resource for a series of assessnteqloitable biomass and associated quantitegstimated
for each fleet separately, and also for an ‘avesmdectivity’ which reflects that of the last yg2004) of the assessment, and is shown in thecfisimn.

I) M. paradoxis December 2004 Reference Case

IT) M. paradexus from joint assessment with catches
as in December 2004 Reference Case

II1) M. paradoxus from joint assessment with
changing species proportion in historic catches

Cormmercial g 's:

Offshore Longline Offshore Longline Offshore Longline
£ 388 1493 1183
B 1089 396 76l 1807 1523 1554 1436 1059 1189
Bw}. 26 74 a0
B 137 142 35 131 144 26 40 149 29
h 0.846 0.980 0.980
ALSYEF 214 208 495 291 286 326 228 221 305
15T 293 283 286 364 364 121 9 289 109
ALSTY 141 137 141 147 141 212 134 129 192
Bwnyw 0.097 0.050 0.067
Bexyf - 0126 0,158  0.033 0073 0.0%4 0017 0098 0,140 0.025
BwnySYLw 0402 0414 0174 0.255  0.260 (0.228 0.349 0361 0261
BexnySYLex 0469 0502 0.087 0361 0394 (0218 0474 0514 0.268
ALSYEF T 0241 0.234 0.558 0195 0191 0.219 0193 0186 0.258
LSV R 0269 0315 0.375 0201 0239  0.078 0206 0273 0.092
g9 (sc 89 (sC
S wWe B owe P o B (WO S (WC B (5C o SO (WE B (WS 8 (5C o
AZE| Mo ipii My TEE mbwmo EH Sumz | Mo i Momen) Africans Sl EH Sumz | Mo ypin Mewen) Africans S EH Hliong
Afticana) Africana)
0 0.64 0.0z 0.24 0.00 0.ao 0.00 0.00 0.00 0.31 0.1z 0.35 0.00 0.00 0.00 0.0o 0.37 011 0.33 0.00 0.0o 0.00 0.00
1| 0.64 0.37 1.00 0.03 0.0t 0.00 0.00 0.00 0.31 0.51 1.00 0.04 0.15 0.00 0.0o 0.37 0.48 1.00 0.04 014 0.00 0.00
2 0.64 1.00 0.93 0.56 0.25 0.52 0.09 0.00 0.31 1.00 0.68 0.45 0.88 0.25 0.0o 0.37 1.00 0.72 0.44 0.87 0.23 0.00
3 0.48 0.69 0.78 1.00 1.00 1.00 0.98 0.01 0.23 061 0.53 1.00 1.00 1.00 0.01 0.28 0.64 0.59 1.00 1.00 1.00 0.01
41 0.38 0.47 0.61 0.37 0.74 0.82 1.00 0.04 0.18 0.24 0.61 0.37 0.88 0.95 0.04 022 0.25 0.68 0.36 0.80 0.94 0.03
5+ 0.32 0.32 0.48 014 0.54 0.67 0.82 1.00 0.15 015 0.13 042 077 0.90 1.00 0.18 014 014 0.39 0.63 0.88 1.00

SC ICSEAF CPUE( 0.003 0.030 n.oté
WC ICIEAF CPUE| 0.028 0.003 0.002
GLM CPUE| 0.039 0.038 0.036
Commercial sigma's:
5C ICSEAF CPUE| 0.250* 0.250 * 0.250 *
WC ICSEAF CPUE| 0.250 % 0.250 * 0.250 *
GLM CPUE| 0.150 * 0.150 * 0.150 *
Survey ¢'s: WC sura WC wint WC Nan  SCspr  5C aut WC surn WC wint WC Nan  5Cspr  5C aut WO swrn WO wint WO Nan  SCspr  5C aut
1.55 1.39 1.25 0.22 0.57 2.65 2.16 2.72 0.30 0.67 2.40 1.93 2.35 0.28 0.64
new Aficana| 145 - - 0.22 0.53 2.45 - - 0.30 0.63 2.23 - - 0.28 0.60
Catches-at-age sigma's:| 0.15 - 0.07 0.06 0.29 0.1z - 0.07 0.09 0.20 0.1z - 0.07 0.09 0.20
Addnl sigma (survey) 0.314 0.341 0.344

* constraint boundary
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Table 1: M. paradoxus continued

IV) M. paradoxus New Reference Case (as III but
offshore selectivity for M. capernsis shifted one year of

V) M. paradoxus as New Reference Case but V1) M. paradoxus as New Reference Case but £=0.8

i M;,==0.5 for both species for both species
age to the right)
Offshore  Longline Offshore  Longline Offshore  Longline
K¥ 1069 1041 743
F 1246 1019 1043 1215 1065 1012 845 ang 559
EB7, 72 73 113
BV 104 129 18 107 131 20 154 130 34
k 0.980 0.980 0.800
ALSVLP 212 204 309 207 158 303 200 196 358
AESVL™ 239 270 108 236 264 108 237 270 103
ST 140 135 190 139 134 188 140 136 120
B"‘”}.;’K’p 0.067 0.070 0152
BY RS 0.084 0.127 0017 0.088 0123 0.019 0,182 0.198 0.061
B"py;’MSYL’p 0,332 0353 0233 0.354 0368 0.242 0564 0576 0316
BEAMSYL™ 0436 0479 0.164 0454 0496 0.181 0.647 0.669 0333
MSVLF/EF 0,198 0191 0.289 0,193 0,191 0.291 0,270 0.264 0432
ALSVEL R 0192  0.265 0,104 0,194 0.245  0.107 0.281 0297 0.134
U (WC 3 (WC 3 (3C o S (WC 3 (WC 3 (3C oF FU(WC 3 (WC 3 (3C oF
Age| Ma Africans) Mansen) Africana) EH EH Siomg | Ma Africans) Mamsen) Africana) 1 EH Sumg | Ma Africans) Mansen) Africana) 51 EH Flimg
0| 037 0.1 033 po0 0O o0 000 | 036 011 033 000 0O 000 000 | D44 003 031 000 000 000 0.00
1] 0.37 0.48 1.00 0.04 0.1z 0.01 0.o0 0.36 0.49 1.00 0.04 0.1z 0.01 n.00 0.44 045 1.a0 0.04 0.1z 0.01 0.o0
2 0.37 1.00 071 0.44 0,77 018 0.o0 0.36 1.00 0.71 0.44 0,78 018 n.00 0.44 1.00 0.7 0.4z 0,79 0.1é 0.o0
3 0.29 0.63 0.56 1.00 1.00 0.2 0.01 0.29 062 0.56 1.00 1.00 0.2 0.01 0.44 065 0.62 1.00 1.00 n.az2 0.01
4 0.24 0.25 0.59 0.40 0.83 0.99 0.03 0.24 0.25 0.58 0.40 0.87 0.99 0.06 0.44 0.5 0.61 0.40 0.90 0.99 0.03

5+ 021 0.24 0.21 0.74 0.68 1.o0 1.00 0.2z 0.23 0.20 0.72 0.74 1.00 1.0o0 0.44 0.20 0.21 0.67 0.81 1.0o0 1.00

Cotrumercial ¢ 's:

SC ICSEAF CPUE| 0.013 0.017 0.014
WC ICEEAF CPUE| 0.002 0.002 0.002
GLM CPUE| 0.042 n.042 n.osz
Comnercial sigma's:
SC ICSEAF CPUE| 0.250 % 0.250 * 0.250 *
WC ICEEAF CPUE| 0.250 * 0.250 * 0.250 *
GLM CPUE| 0.150* 0.150 * 0.150 *
Survey g 's: WCeum WO wint WO Nan SCspr 5C aut WCeum WCwint WO Nan SCepr  5C aut WCsum Wwint WO Nan SCspr 5Caut
2.37 2.0z 2.34 0.28 0.63 2.39 2.03 2.38 0.28 0.63 1.78 1.56 1.64 0.2z 0.48
new Aficana | 2.20 - - 0.28 0.59 2.22 - - 0.28 0.58 1.64 - - 0.2z 0.45
Catches-at-age sigma's:| 0.12 - 0.07 0.10 0.1% 0.1z - 0.07 0.10 0.1% 0.13 - 0.07 0.11 0.20
Addnl sigma (survey) 0.327 0.327 0.317

* constraint boundary



Table 1: M. paradoxus continued

VII) M. paradoxus as New Reference Case but
including unreported catches on the south coast

VIII) M. paradoxus as New Reference Case but
different calibration factor between old and new
Africana for M. cupernsis (see text for details)

IX) M. paradexiis as New Reference Case but
different logistic fanction for offshore historic species-

F
e

B7,
B
k
ALSYLF

ASTL ™
MEY

B K7
B k"

B (MEYLY
B MSVL®
MISYL (K
MISVL RS

Age

e i ==

5t

Cormmercial g 's:
SC ICSEAF CPUE
WC ICSEAF CPUE
GLM CPUE
Commercial sigma's:
SC ICSEAF CPUE
WC ICSEAF CPUE
GLM CPUE
Survey g's:

new Africana

Catches-at-age sigma's:

Addnl sigma (survey)

Offshore  Longlive

1073
1251 1026 1048
72
104 128 13
0,950

213 205 310

240 271 108
141 136 191

0.067

0083 0126 0.017
0338 0351 0232
0434 0477 0163
0198 01981 0.288
0192 0264 0.103

B CWC B (WC B (sC
Afticana) Mowsen) Africana)
0.37 0.11 0.33 n.a0 0.t 0.a0 0.ao
0.37 0.43 1.00 0.04 0.1z 0.0t 0.ao
0.37 1.0a 0.7 0.44 0rr 0.1s 0.ao
0.29 0.63 0.58 L.oa 1.00 0.82 0.t
0.24 0.25 0.59 0.40 0.83 0.93 0.0
0.21 0.24 0.21 0.74 0.65 1.0a 1.00

My ) 3T Bl

0.01%8
0.002
0.042

0.250 *
0.250 *
0.150 *
WCsmm W wint WCHan  SCspr  5C aut
138 2.0 134 0.2 0.63

2.20 - - 028 058
0.12 - ooy o1 019
0.327

Offshore  Longline

1070
1248 1018 1044
72
104 129 13
0,580

212 204 309

239 270 108
140 136 190

0.067

0.0z 0127 0017

0339 0.352 0.233

0.435 0479 0.164

0198 0181 0.289

0192 02685 0104
3U0(WCOB(WC 3 (3C

Africana) Monsen) Africana)
0.37 011 0.33 0.0 0.0t n.a0 0.a0
0.37 0.4s 1.0a 0.04 0.1z 0ot 0.a0
0.37 1.0a 0 0.44 0.7 0.1s 0.a0
0.29 0.63 0.56 1.0a 1.0a 052 0.0t
0.24 0.25 0.59 0.40 0.83 0.3 0.03
0.21 0.24 0.21 0.7 0.4 1.0a 1.0a

My 31 2T B

0.018
0.002
0.042

0.250 *
0.250 *
0.150 *
WCsum WCwint WCHMan SCspr  3Caut
238 2.02 234 0.2s 0.a3

2.20 - - 0.28 0.59
0.1z - 0.07 010 0.19
0.327

split
Offshore  Langline
1357
1594 1379 1373
a9
102 128 17
0.980

269 263 334

im 340 120
154 143 213

0.051

0064 0092 0012
0257 0263 0.207
0339 0376 0139
0198 0194 0.246
0189 0246 0.087

30 CWC B (WC B (sC
Africana) Momsen) Africana)
0.31 0.1z 0.35 n.oo n.ot n.oo n.aa0
0.31 0.51 1.0a 0.04 013 0.0t n.aa0
0.31 1.aa 0.63 0.45 0.7 0.19 n.aa0
0.24 0.a1 0.52 1.aa 1.0a 0.54 n.o1
0.20 0.24 0.54 0.40 088 0.93 0.03
017 0.24 0.20 0.7 0.7 1.aa 1.0a

Mo

0.025
0.003
0.044

0.250 *
0.250 *
0.150 *

WCsmn WCwmt WO HNan  SCspr 5Caut
2.59 216 287 0.29 0.66
2.40 - - 0.29 0.6l

0.1z oo o007 010 019

* constraint boundary
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Table 2: Estimates of management quantities of the coasibinedM. capensis resource for a series of assessments. Exploitidieass and associated quantities are estimated for
each fleet separately, and also for an ‘averageeteity’ which reflects that of the last year (Z)®f the assessment, and is shown in the firstnool

I) M capensis December 2004 Reference Case

II) M. capensis from joint assessinent with catches as in
December 2004 Reference C'ase

IT) M. capensis from joint assessment with changing species
proportion in historic catches

P
2o
B
B
h
MSYLT

MSYL™
MEY

B K
5% k"

B ST
B MEYLE
MSYLFIE
MSVLES

¥

Age

L R O 1

T+
Commmercial:
South coast hist CPUE

West coast hist CPUE
GLM CPUE

Survey g s

new Africana

Catches-at-age sigma's:

Additional sigma (survey)

Offshore  Inshore  Longline Handline
250
181 256 176 122 176
103
53 101 91 17 45
0.950
81 29 29 142 105
37 31 31 30 35
46 45 44 41 46
0.410
0.2%4 039 0519 0139 0.255
1266 3530 3578 0435 0975
1435 3321 2918 0573 1.303
0324 0116 0115 0645 0420
0204 0122 017 0243 0.1%
B (W By (WC S, (W
Mﬂ summer]  winter])  Mansen ) Sm S
0.487  0.22 0.04 0.61 0.03
0.497 040 0.7 0.55 n.os
0.457 1.00 0.87 0.58 n.12
0.457  0.80 0.85 1.00 0.21
0497 0.44 0.52 0.56 0.51
0497 051 1.0a 0.38 0.75
0.487  0.92 0.93 0.56 0.50
0.457  0.64 0.85 0.39 1.00
Sigmas: g's
0.250 # 0.a07
0.250 # 0.7
0.150 * 0.042
WCeamn WO wint WC MNan  SCspr 5C aut
1.097 0949 2363  Z2.260 2,476
0.731 1.37 1.501
WC sumn WC wintWC Nan SC spr 5C aut
0.246 01438  0.082 0104 0131

mshore  longline
0119 0.108

0.391

Sl
0.00
0.0t
0.06
0.44
0.90
0.93
1.00
1.00

0.00
0.01
0.06
0.44
0.91
1.aa
0.59
0.35

Sy

0.00
n.aa0
0.00
0.00
n.aa0
0.11
0.42
1.00

0.00
n.oo
0.00
0.03
0.1é
0.58
0.8z
1.0o0

Offshore  Inshore  Longline Handline
304
235 309 208 138 207
178
120 177 146 47 L]
0.885
it 65 58 200 132
43 64 56 35 43
a0 a0 a0 47 57
0.586
0512 0574 0701 0,338 0462
2028 2757 3052 0391 1.354
2505 2779 2590 1328 2234
0289 0213 0192 0658 0433
0.205 0206 0271 0254 0.207
M, Pem (VO Somy (WC Bame (W o ooy 00 5, &y 8y
annmer]  winter)  MNansen )
0.85 0.08 0.0z 0.21 0.0 000 000 0.00  0.00
0.85 0.21 0.40 0.27 0.03 000 000 000 000
0.85 0.75 0.69 0.40 011 004 004 000 0.00
072 0.84 0.87 1.00 0.24 039 03% 000 003
0.65 0.53 0.57 0.67 064 091 081 001 020
0.60 0.61 1.00 0.48 093 100 100 015 067
0.56 1.00 0.0 0.62 1.00 100 051 054 095
0.53 0.52 0.53 0.2% 0.76 100 025 100 100
Sigmas: g's cap only  muxed
0.250 % 0.033 9032 210°
0.250 * 0.004 1025 x10°
0,150 * 0.023
WiCeum WCwint WCOHMNan SCspr  5Caut
0.548  0.540 1247 1074 1.200
0.365 0.653  0.728
WC sum WC wintWC Nan 5C spr 5C aut
0,243 0142 00729 0108 0128
iishore  longline
0121 0,108
0.399

Offshore  Inshore  Longline Handline
434
281 465 375 133 239
308
164 296 258 58 131
0.472
191 182 177 360 228
85 169 149 43 57
70 a7 65 58 74
0.637
0.583 0.636 0.688 0.438 0.549
1616 1689 1741  0.856 1.354
1.941 1755 1730 1.350  2.292
0.394 0377 0366 0744 0.471
0301 0.363 0 0398 0325 0.239
My Sow O Som (VO B (0 550y 5 S 80 S
sanumer]  winter)  Mansen)
0.7 n.09 0.0z 0.27 0.01 000 000 000 0.00
0.76 0.22 0.43 0.31 0.03 000 000 0.00 0.00
0.7 0,73 0.69 0.44 0.09 004 004 000 000
0.7 0.74 051 1.00 0.20 036 036 000 o002
0.76 0.47 0.54 0.68 0.55 089 0383 000 013
0.7 0.56 1.00 0.50 0.4 100 100 010 053
0.7 1.00 0.87 0.68 1.00 .00 0.5% 040 090
0.7 0.65 0.7 0.43 0.97 100 035 100 L.00
Sigmas: g's: cap only  ixed
0.250 * 0.156  9.032 210°
0.250 * 0.018 1025 x10°
0.150 * 0.014
WC s WO wint WC MNan  SCspr 5Caut
0.325 0.303 0.656 0.671 0.760
0.216 - - 0.408 0461
WC sumn WC wint WC Nan SC spr 5C aut
0.242 0.140 0.079 0.106 0127

mshore  longline
0121 0107

0.401

* constraint boundary
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Table 2: M. capensis continued

IV) M. capensis New Reference Case (as III but offshore V) M. capensis as New Reference Case but 44 5,<=0.5 for VI) M. capeansis as New Reference Case but #=0.8 for both
selectivity for M. cap shifted one year of age to the right) both species species
Offshore  Inshore Longline Handline Offshore Inshore  Longlive Handlive Offshore  Inshore Longline Handline
EF 447 511 354
B 208 288 365 108 1938 455 443 318 282 406 240 258 249 150 226
B’F’y 2T 315 230
3""), 108 161 241 39 98 266 260 238 132 227 130 143 159 57 116
k 0.445 0615 0.800
NSV F 159 151 169 346 230 181 183 158 258 189 141 138 76 238 164
NSV 55 77 146 36 51 134 123 128 57 100 53 48 69 37 47
MET 5 il 59 49 il 3] 63 53 e 71 &7 &7 T 50 63
B’F’y;’g"" 0.619 n.ala 0.650
B""yfg"‘ 0518 0.55% 0661 0.361 0.494 0586 0578 0748 0463 0560 0.541 0.554 0758 0.378  0.515
B’F’yIMSYL’F’ 1.464 1.524 1L.637 0800 1.204 1.735 1.719 1.974 1.218 1.661 1.639 1670 3.03% 0969 1.404
B""nySYL"‘ 1.974 2102 1.654 1.074 1.914 1.987 2102 1.858  2.33% 2362 2434 300 2742 1.53% 2463
ASYLPET 0423 0406 0378 0773 0514 0,355 0358 0312 0506 0371 0.397  0.38% 0214 0.671 0.463
ASYL S 0262 0.266 0399 0336 0258 0,295 0275 0405 0201 0.248 0222 0.185 0278 0.246  0.209
hge| Mo sm\zc Smi‘gc SA‘;‘:(W)C SO S Sm Sn 0 Sa | M Sm‘zc Sﬁé‘:c S;;“’(W)C SO S Sm Sn 0 S | M. sm\zc SES)’C S;;“’(W)C SO Sy Sm Sn 0 S
0] 0.80 0.07 0.01 0.24 0.01 000 000 000 000 0SO 0.21 0.04 0.58 0.05 000 000 0.00  0.00 1.34 0.01 n.00 0.05 0.o0 000 000 000 0.00
1| 0.80 n.19 0.36 0.29 0.0z 000 000 000 000 0SO 0.40 082 0.51 011 000 001 000 0.00 1.34 n.0s 0.15 0.10 0.01 000 000 000 0.00
2| 0.80 0.62 0.59 0.42 0.06 000 004 000 000 OSSO 1.00 1.00 0.56 0.25 001 008 000 001 1.34 032 0.4z 0.24 0.06 000 002 000 000
3| .80 0.65 0.7 1.0a 0.14 004 036 000 001 0.50 078 088 1.a0 0.40 008 057 000 005 1.01 0.57 0.7 1.0a 0.18 0.0z 033 000 00z
4| 0.80 0.41 0.46 0.68 0.39 036 0.8% 000 010 050 0.37 0.43 0.52 0.85 057 095 001 033 051 0.45 0.54 085 0.56 033 091 000 017
5 0.80 0.51 0.89 0.50 0.63 089 100 0.08 D046 | 050 0.34 0.61 0.2% 1.00 095 100 022 081 0.67 0.56 1.00 0.64 088 091 100 014 066
6 0.80 1.0a 0.59 0.r 0.82 Loo0 063 033 088 | 0.50 0.47 0.41 0.31 0.92 Loo 039 067 098 0.58 L.oa 0.85 0.91 1.0a Loo 053 0520 095
7+ 080 0.82 1.00 0.62 1.00 100 046 1.00 100 050 0.18 0.2z 011 0.51 100 015 100 100 0.50 0.55 0.61 045 0.7 100 028 100 100
Commercial: Sigmas: g's: cap only  mixed Sigmas: g's: cap only  mixed Sigmas: g's: cap only  rmixed
South coast hist CPUE|  0.250 * 0.348  9.032 x10° 0.250 * 0.224  9.032 x10° 0.250 * 0708 9.032 x10°
West coast hist CPUE|  0.250 * 0.040  1.025 x10° 0.250 * 0.025  1.025 x10° 0.250 * 0.081  1.025 x10°
GLM CPUE| 0.150 * 0.028 0.150 * 0.017 0.150 * 0.030
Survey g s WCsmn WO wint WO Nan SCspr  5C aut WC s WC wint WO Nan  5Cspr 5C aut WC s WO wint WC MNan  SCspr 5Caut
0384 0367 0681 o4 1157 0613 0478 1293 0538 0653 0456 0406 0706 0889 1.035
new Afficans | 0255 - 0611 0,700 0.406 0338 0.3%4 0.303 - - 0.541 0.626
Catches-at-age sigma's: WC sum WO wintWC Man 5C spr 5C aut WC sum WO wint WC Man BC spr 5C aut WC sum WO wint WC Man 5C spr 5C aut
0,242 0142 0079 0106 0127 0,240 0.13% 0077 0112 0126 0.242 0142 0078 0.10% 0127
inshore  longline inshore  longline inshore  longline
0119 0.107 0127 0.108 0120 0.108
Additional sigma (survey) 0.402 0.405 0.403

* constraint boundary
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Table 2: M. capensis continued

VII) M. capensis as New Reference Case but including VII) M. capensis as New Reference Case but different IX) M. capensis as New Reference Case but different logistic
unreported catches on the south coast calibration factor btw old and new Africana for M. cap function for offshore historic species-split
Offshore  Inshore Longline Handline Offshore Inshore  Longlive Handlive Offshore  Inshore Longline Handline
o 456 444 2095
B 210 290 373 107 198 207 285 363 106 196 187 215 219 118 180
B?, 287 273 187
B""y 111 166 250 40 101 106 158 238 38 L] 91 112 160 36 33
k 0.444 0.448 0.893
MSYLF 197 185 173 356 239 190 130 167 345 231 132 120 52 208 149
MSYLE 56 7 149 36 52 55 75 145 36 51 47 43 51 31 41
MSY 67 68 il 49 67 65 il 59 48 fii 58 59 70 42 54
B® JE¥ 0.430 0614 0.433
Bf”yfg"" 0.531 0572 0670 0373 0.507 0.514 0555 0654 0.359 0490 0.48% 0520 0728 0.310 0.462
B’nyMsyL’F’ 1458  1.550 1665  0.808  1.205 1.435 1517 1630 0792  1.134 1411 1.552 3580 0.897  1.253
Bf”nysyL"" 1.975 2169 1682  1.097  1.925 1.933 2103 1643 1063 1§79 1.963 2421 3143 1191 2.037
MEYLFET 0.432 0406 0378 0779  0.523 0428 0405 0377 077 0519 0.44% 0408 0177 0706 0.505
MSYL K 0.26% 0264 0399 0340  0.263 0.266 0264 0398 0337 0.6l 0.24% 0,198  0.232 0.260  0.227
nge| Mo SomOT ST G0 Sa Sw o S Sw | M ST SmOCRm oo Se o Sn S Su | M SISm0 Sw S S S
ol 0.8t 007 000 024 001 000 000 000 000 08 007 001 025 001 000 000 000 000 126 002 000 006 000 000 000 000 000
1| 0.81 0.18 0.35 0.28 0.0z 0.00 000 000  0.00 0.50 0.18 0.36 0.29 0.0z 0.00 000 000  0.00 1.26 0.06 0.17 0.1z 0.01 0.00  0.00 000  0.00
2| o8t 060 057 042 006 000 004 000 000 080 062 058 043 006 000 004 000 000 126 033 043 027 006 000 003 000 000
3| 0.81 0.64 0.49 1.00 013 004 036 0.00 001 080 0.65 0.69 1.00 014 004 036 000 0.01) 0% 0.56 0.71 1.00 017 003 034 000 002
4| 081 041 045 069 038 036 089 000 010 080 041 045 063 033 036 08 000 010 079 043 052 080 052 034 091 000 015
50 0.81 0.51 0.39 0.51 0.62 089  1.00 008 044 0.50 0.51 0.59 0.50 0.62 0.8% 100 008 044 0.67 0.53 1.o0 0.81 0.82 081 100 011 0.60
6| 0.81 1.00 0.89 0.78 082 100 068 033 088 | 0.0 1.00 0.9 0.77 082 100 068 033 0.83| 059 1.00 0.95 0.92 100 100 060 045 0093
7081 0.82 1.00 0.63 1.00 .00 046 100 100 0.50 0.583 1.00 0.62 1.00 1.00 046 1.00 1.00 0.52 0.67 0.81 0.56 0.54 L.oo 035 100 100
Commercial: Sigmas: g's: cap only  mixed Sigmas: g's: cap only  mixed Sigmas: g's: cap only  rmixed
South coast hist CPUE|  0.250 * 0362 9.032 x10° 0.250 * 0.355  9.032 x10° 0.250 * 0.083  9.032 x10°
West coast hist CPUE| 0250 * 0.041  1.025 x10° 0.250 * 0.041  1.025 x10° 0.250 * 0.010  1.025 x10°
GLM CPUE| 0.150 * 0.027 0.150 * 0.028 0.150 * 0.033
Survey g s WCsmn WO wint WO Nan SCspr  5C aut WC s WC wint WO Nan  5Cspr 5C aut WC s WO wint WC MNan  SCspr 5Caut
03700 0355 0646 0973 1121 0379 0369 0682 0992 1.140 0.566  04% 0853 1153 1317
new Africana | 0.246 - 0.592  0.673 0.315 0767  0.861 0.376 - - 07701 0798
Catches-at-age sigma's: WC sum WO wintWC Man 5C spr 5C aut WC sum WO wint WC Man BC spr 5C aut WC sum WO wint WC Man 5C spr 5C aut
0.242 0142 007 0106 0127 0.242  0.142  0.080 0105 0127 0.244 0145 0073 0106 0128
inshore  longline shore  longline nshore  longline
0.11%  0.107 0.119  0.107 0.118  0.107
Additional sigma (survey) 0.402 0.393 0.399

* constraint boundary
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Table 3: Likelihood contributions for cases | to IX. Théferences in the likelihood contribution for cadéso IX compared to the New Reference Case are/shio parenthesis.

i ) V) New VII) as New
1) Joint 1) Joint Reference Reference Case but ) as New
Db | PP | et | e (oo e | it | N i e G
2004 Reference in Decertber speciesmg selectivity for Reference Case but | Reference Case but inchuding calibration factor | differentlogistic
Reference .. .| Mse==05 forboth | %=05 forhoth hetween old and new fimction for
Case Case - erTor 2004 proportionin | M capensis species species unreported catches Afvicana for M offshore historic
corrected Reference historic shified one on the south coast L . .
Case catches year to the capensis (see text species-split
. for details)
right)
-Inl: Total 1785 -1808 BECH] -1E03 0 (GA) DV )] -1839 0 0D -1244 -(0&) 1808 (3D
-Inl: CFUE W historic (spp combined) | (-10.19 +(-10.3) [ (-10.1 +(-103) -103 -10.4 -10.7 -107 nm -10.2 0.5 -107 0. -107 ()} -1 (0.4
3C histotic (spp combined) | (2000 + (258 [ (2000 +(-25.8) -2 -270 -A5T 2234 05 -287 -3 -257 0.1 257 0.m -26.4 -(0.6)
M paradoxus GLM 443 -44.2 -417 413 428 428 (0.1 429 -(0.2) -418 0. 428 ()} 428 (0.1
M capensis GLIM -409 -40.8 -40.5 425 421 -42.4 -0.4 47 0.4 -421 0. 421 0.m -396 2.5
AInl: Burvey M paradorus, W2 summer -E0 S04 B ) BE EE (0. S04 -(0.5) -BE (0.0 EE (0.0 BT (0.1
M paradoxus, W winter -40 -40 -41 -40 -41 -4 nm -42 -(0.1) -41 0. -4.1 0.m -41 n.m
M paradoxus, W2 Nansen 221 221 -19 -19 =20 220 nm 221 -(0.1) =20 0. 220 ()} 220 0.
M paradorus, 30 spring 06 08 06 05 06 06 nm -0E -(0.2) 0.6 0. 04 0.m 048 n.m
M paradoxus, 30 autumn 6.8 6.2 6.3 6.4 é.0 6.0 nm 6.4 0.4 ] 0. 6.0 ()} 59 0.
M capensis, WC sumtmer 189 -11 0% 07 0% -0 0.1 07 (RN} 0.7 0. -1 (03 02 n.m
M capensis, WC winter 16 0.5 04 03 04 03 (0.1 0.4 0.0 04 n.m 0.3 0.1 0.3 0o
M capensis, WC Nansen -1 -14 -14 -13 -14 -13 nm -13 0.0 -1.4 0. -1.4 0.m -1.4 n.m
M capensis, BC spting 27 -16 -lé -16 -lé -lé nm -16 0.0 -lé n.m -lé ()} -1 0o
M capensis, 30 autumn 146 -2l 7R 1T N R 0 1T 0.0 SPT 0. -Th 0.1 T8 -(0.1)
Al commercial CAA  species combined, offshore - - -39 -39.2 -413 -413 0.m 2334 Bm -413 0.m -4l 3 0.0 -40.9 (]
M capensis, inshore -30.5 -30é -9 A 206 -30.5 259 4 -9 (0.6) -30.5 0. 2305 0.m -310 (0.5
M capensis, longline -149 -147 -149 -150 -150 -1438 0D -149 0.1 -150 nm -150 ()} -150 n.m
Inl: survey CAA M paradoxus , WO summer -5 53 -156 -155 -155 -155 nm -150 0.5 -155 0. -155 0.m 157 -(0.2)
M paradoxus, W Nansen -107 -10.6 -10.5 -10.5 -102 -0z om -103 -(0.1) -102 nm -0z ()} -10.2 n.m
M paradorus, 30 spring 101 -10.1 -43 -42 234 34 nm -23 (1.0 -3.4 0. 34 0.m 235 -(0.1)
M paradoxus, 3C autumn 333 334 290 291 832 812 om 295 (1.3 82 nm 82 ()} 2832 n.m
M capensis, WC sumtmer 875 B6.5 851 344 244 236 -(0.8) 345 (RN} 244 0. 246 03 854 (1
M capensis, WC winter o7 o7 832 TS5 20 72 -0.8) 21 (0.0 ] nm 20 ()} 29 09
M capensis, WC Nansen -4.5 -49 -5h ] S35 -39 -0.4 ST -(0.2) S35 0. -54 0.1 235 n.m
M capensis, 30 spring -3 -10.2 9.5 29 99 20 (kS R 0.4 98 onm -0 -0 99 onom
M capensis, 30 autumn S35 -27a -9 4 -30.0 -300 2305 -(0.6) -9 (RN} -300 0. BEERS 0.1 293 0.2
Recruit residual penalty GBH+ED (3.5 +E8 138 140 141 145 ()] 143 0.3 141 onm 140 -0 137 0.5
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—— West coast
——- South coast

1.0 1

0.8 -

0.6 -

0.4 -

M. capensis proportion

0.2 -

0.0

1920 1940 1960 1980 2000
Fig. 1: Assumed proportion dfl. capensis in the offshore catches for the west and soutlstsdar the Reference Case.

1.2 1.2 .
a) M. paradoxus b) M. capensis
1.0 1.0 . :
0.8 1 0.8 L
g projections | &, |~
g 0.6 =06
m ......... m .A
0.4 0.4 —————————— oA o
. A'.« A‘. >
0.2 0.2 - R projections
0.0 0.0

1920 1940 1960 1980 2000 2020 1920 1940 1960 1980 2000 2020

Fig. 2: Resource abundance trajectories (expressednistef spawning biomass as a proportion of its praedtation
equilibrium level) for the New Reference Case amvent (Case V) of th&. paradoxus (a) andM. capensis (b)
resources for the south and west coasts combines.90% Cls shown (dotted lines) are Hessian-baReagections
assume future catches of 120 and 40 thousand doivs. paradoxus andM. capensis respectively.

1.2 1.2
a) M. paradoxus b) M. capensis
1.0 | 1.0 _
\

0.8 1 0.8 N
% 2 AN
7 06 new RC \\ 7,06 \

0.4 | — — Dec 2004 RC \ 0.4 A

~ —— newRC W/
0.2 NP 029 — — Dec 2004 RC
——~
0.0 0.0

1920 1940 1960 1980 2000 1920 1940 1960 1980 2000

Fig. 3: Resource abundance trajectories for the New Befer Case assessment (Case 1V) of the coast-cainiidine
paradoxus (a) andM. capensis (b) resources, and for the corresponding Decergb@4 Reference Case (Case )
(Rademeyer and Butterworth, 2004).
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M. paradoxus M. capensis

1.0, /\ —— WC Africana
08| — — WC Nansen

0.6 1

West coast
survey selectivity

0.4

—— WC Africana (summer)
—e— WC Africana (winter)
— — WC Nansen

0.2 4

0.0
1.0 | . .
—— SCAfricana —— SCAfricana

0.8 1

0.6 1

South coast
survey selectivity

0.4 1

0.2 1

0.0
1.0 1

—e— Offshore
—o— Inshore
— — Longline
Handline

0.8 1

0.6 1

0.4

Commercial
selectivity

/ —e— Off - 1st per
/ —o— Off - 2nd pe
| — — Longline

0.2 4

—

0.0 o T . . :
0 1 2 3 4 5+ 0 1 2 3 4 5 6 7+

Age Age
Fig. 4: Survey and commercial selectivity functions estiad for theM. paradoxus andM. capensis resource for both
coasts combined, for the New Reference Case assat@@ase V).

14



WG/02/05/D:H:2

20
1.4 1 a) South coast ICSEAF CPUE E
[ ]
1.2 1 °
15
o 1.04 I
S S
:(_—3 08 b f') 10 i
8 06 S
e  Observed e Observed
0.4 Predicted - joint ass. 5 Predicted - joint ass.
0.2 { — - Predicted - para ass. — - Predicted - para ass.
0.0 — — Predicted - cap ass. 0 — — Predicted - cap ass.
1968 1970 1972 1974 1976 1978 1955 1960 1965 1970 1975
8 - 8
¢) M. paradoxus GLM-standardised CPUE d) M. capensis GLM-standardised CPUE
6 4
(V] ) °
© ©
< <
O Q
IS o
o O
21 e Observed 21 e Observed
Predicted - joint ass. Predicted - joint ass.
—— Predicted - para ass. 0 —— Predicted - cap ass.

1980 1985 1990 1995 2000 1980 1985 1990 1995 2000

Fig. 5. New Reference Case fits to the CPUE abundandeeisidThe fits of the December 2004 Reference Gase
also shown for comparison. The historic (pre-19ZB)E data are for bott. capensis andM. paradoxus combined.

15



WG/02/05/D:H:2
M. paradoxus M. capensis

700

e Observed
600 1 Predicted - jointass o
500 {—— Predicted - para ass

400 A .
300 1 . ° A
2001 . .

100 - M .o " <

West coast summer
survey biomass (‘000 tons)

700 1985 1990 1995 2000 1985 1990 1995 2000

600
500 -

400 4
300
200 + . o

100 o .

0 T T T T T T

1984 1986 1988 19901984 1986 1988 1990
700

600
500 -

West coast winter

400 -
300 2 .

200 .
100 -

West coasNansen summer

706.999 2000 2001 1999 2000 2001 2002

600 -

500 -
400
300 -
200 - .

PY M
100 - A

rr— Ld
0 T T T T

1985 1990 1995 2000 1985 1990 1995 2000
700

600 -

South coast spring

T

500 -
400 A
300 - ¢
200 - . I .
100 - . .

° o o ® A

0 T T T T T T T T T T T T T T T T T T
1988 1990 1992 1994 1996 1998 2000 2002 20088 1990 1992 1994 1996 1998 2000 2002 2004

South coast autumn
survey biomass (‘000 tons) survey biomass (‘000 tons) survey biomass (‘000 tons) survey biomass (‘000 tons)
o

Fig. 6: New Reference Case fits to the survey abundamtieds. The fits of the December 2004 Reference Gas
also shown for comparison. Biomass estimates framweys conducted with the neMfricana gear have been rescaled
by the ratio of the's estimated and are marked &y

16



WG/02/05/D:H:2

0.6
05 a) Offshore - species combined
' =mmm Observed

§ 044 == Predicted
'g - joint ass
2 0.31 mm Predicted
& 0.9 - sep. ass

0.1+

0.0 -

0 1 2 3 4 5+
Age
0.6 0.6
Observed b) Inshore c) Longline -M. capensis
0.5 {=== Predicted - joint ass -M. capensis 0.5 1
= Predicted - cap ass

5 0.4 5 0.4 1
2 0.3 4 g_ 0.3 | == Observed
< o == Predicted - joint ass
T 9ol 0 0.2 { mmmm Predicted - cap ass

0.1+ 0.1 1

0.0 - 0.0 — ‘ ‘ ‘

0 1 2 3 4 5 6 7+ 0 1 2 3 4 5 6 7+
Age Age

Fig. 7. New Reference Case assessment model fits to coriaheatch-at-age data. The fits of the Decemt42
Reference Case are also shown for comparison;hmtever that that assessment was not fit to theispeombined
offshore catch-at-age data.

17



WG/02/05/D:H:2

M. paradoxus M. capensis
mmmm Observed mmmm Observed
Y 0.5 == Predicted - joint as == Predicted - joint ass
g % c 04 mmmm Predicted - para ag mmmm Predicted - cap ass
868
788
) g 2
= S
7]
0.5 1
oK)
8 >5 04
S 3t
=28 03]
329
ca
= 0.2 1
= =
0.1
q>)\ 6.0
>
S 051
4(7) [7)]
S oS 04
o Es
o B O 3 4
555 ©
7L
= § & 0.2
8 011
P
0.0
0.5 1
- >
82c o
s %.9 4
(&) o E
£ >3 034
3= e
o 021
DG
0.1 1
0.0 1
~. 051
)
0 >
© S c 04
S 3L
£ €8 03]
SES
RET 02
@©
0.1 1
0.0 -
0 1 2 3 4 5+ 0 1 2 3 4 5 6 7+
Age Age

Fig. 8. New Reference Case assessment model fits to swateh-at-age data. The fits of the December 2004
Reference Case are also shown for comparison.



WG/02/05/D:H:2

M. paradoxus M. capensis
0.8

0.6 1
0.4 -

gf,/“\ AN, 2 2 e /\ //\
A Ve

-0.6 -
-0.8

Recruitment residuals

1985 1990 1995 2000 1985 1990 1995 2000 2005
1400

1200 -
1000 -
800
600 -
400
200 +

Recruitment

100 200 300 400
B¥ B¥
Fig. 9: Recruitment residuals for the New Reference @asessment and the estimated stock-recruitmetioredhips.

The straight dashed line through the origin isrtf@acement line which intersects the stock-requive at a spawning
biomass oK*.

19



Appendix A - Data Tables

WG/02/05/D:H:2

Table Al: Assumed total annual catches by species, coddieet for the period 1917 to 2004 (see Data sraif text
for details) for the South African hake resourcatdBes are given in thousand tons.

Offshore Fleet

Inshore Fleet

Longline Fleet

HandlitexeF

Year West coast South coast South coast West coast Souwgh cod| South coast
M. cap M. para M. cap M. para M.cap M.para | M.cap M.para M.cap M.para | M.cap M. para
1917 1.000 0.000 0.000 0.000
1918 1.100 0.000 0.000 0.000
1919 1.900 0.000 0.000 0.000
1920 0.000 0.000 0.000 0.000
1921 1.300 0.000 0.000 0.000
1922 1.000 0.000 0.000 0.000
1923 2.500 0.000 0.000 0.000
1924 1.500 0.000 0.000 0.000
1925 1.900 0.000 0.000 0.000
1926 1.400 0.000 0.000 0.000
1927 0.800 0.000 0.000 0.000
1928 2.599 0.001 0.000 0.000
1929 3.799 0.001 0.000 0.000
1930 4.398 0.002 0.000 0.000
1931 2.798 0.002 0.000 0.000
1932 14.289 0.011 0.000 0.000
1933 11.089 0.011 0.000 0.000
1934 13.783 0.017 0.000 0.000
1935 14.976 0.024 0.000 0.000
1936 17.663 0.037 0.000 0.000
1937 20.146 0.054 0.000 0.000
1938 21.028 0.072 0.000 0.000
1939 19.912 0.088 0.000 0.000
1940 28.439 0.161 0.000 0.000
1941 30.380 0.220 0.000 0.000
1942 34.182 0.318 0.000 0.000
1943 37.452 0.448 0.000 0.000
1944 33.585 0.515 0.000 0.000
1945 28.636 0.564 0.000 0.000
1946 39.405 0.995 0.000 0.000
1947 40.102 1.298 0.000 0.000
1948 56.458 2.342 0.000 0.000
1949 54.503 2.897 0.000 0.000
1950 67.412 4.588 0.000 0.000
1951 82.332 7.168 0.000 0.000
1952 79.908 8.892 0.000 0.000
1953 81.872 11.628 0.000 0.000
1954 89.249 16.151 0.000 0.000
1955 93.812 21.588 0.000 0.000
1956 91.497 26.703 0.000 0.000
1957 92.336 34.064 0.000 0.000
1958 89.251 41.449 0.000 0.000
1959 92.305 53.695 0.000 0.000
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Table Al: continued
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Offshore Fleet

Inshore Fleet

Longline Fleet

Handline Fleet

Year West coast South coast South coast West coast South coast South coast
M. cap M. para M. cap M. para M.cap M.para | M.cap M.para M.cap M.para | M.cap M. para

1960 92.742 67.158 0.000 0.000 1.000

1961 78.480 70.220 0.000 0.000 1.308

1962 70.425 77.175 0.000 0.000 1.615

1963 72.799 96.701 0.000 0.000 1.923

1964 62.633 99.667 0.000 0.000 2.231

1965 70.455 132.545 0.000 0.000 2.538

1966 61.081 133.919 0.000 0.000 2.846

1967 50.246 126.454 7.660 6.526 3.154

1968 37.355 106.245 14.634 13.274 3.462

1969 39.639 125.461 19.401 18.530 3.769

1970 31.880 110.620 11.884 11.839 4.077

1971 42.516 159.484 14.830 15.285 4.385

1972 48.747 195.186 22.676 24.020 4.692

1973 30.192 127.590 34.742 37.614 5.000

1974 22.709 100.291 43.230 47.623 10.056

1975 16.068 73.549 31.870 35.593 6.372

1976 25.197 118.697 24.392 27.538 5.740

1977 17.581 84.747 17.288 19.684 3.500

1978 10.885 90.255 13.386 20.572 4,931

1979 15.993 76.711 22.381 25.357 4,931

1980 16.635 84.903 16.333 22.117 4,931

1981 18.201 82.477 13.983 11.755 9.400

1982 14.324 71.646 17.881 20.856 8.089

1983 11.712 61.735 15.427 18.075 7.672 0.069 0.161

1984 17.350 70.695 15.606 18.539 9.035 0.110 0.256 0.016

1985 16.065 82.358 20.837 25.826 9.203 0.350 0.817 0.292 650.0

1986 15.757 91.956 16.066 25.991 8.724 0.413 0.965 0.302 840.0

1987 13.365 87.074 14.004 18.766 8.607 1.071 2.500 0.353 960.0

1988 13.484 71.464 15.831 20.319 8.417 1.555 3.628 0.331 710.0

1989 12.568 72.038 21.133 20.432 10.038 0.087 0.203 0.032 1370.

1990 11.760 66.772 22.842 25.054 10.012 0.116 0.270 0.000 3480.

1991 9.111 76.410 17.417 25.586 8.206 0.000 0.000 3.000 01.27

1992 12.369 73.911 14.775 28.694 9.252 0.000 0.000 1.500 991.0

1993 7.423 90.687 10.196 24.019 8.870 0.000 0.000 0.000 80.27

1994 8.402 92.801 12.351 21.365 9.569 0.484 1.130 0.626 90.44

1995 14.166 79.634 12.433 21.814 10.630 0.287 0.670 0.650 7560.

1996 7.637 81.264 12.972 40.591 11.062 0.718 1.676 1.828 1515

1997 8.991 81.501 10.660 31.838 8.834 0.774 1.806 1.872 41.40

1998 11.723 96.615 8.333 25.135 8.283 0.277 0.647 1.471 81.73

1999 8.853 73.097 9.289 27.868 8.595 0.841 1.963 4.144 2.749

2000 10.656 80.619 12.691 27.266 10.906 1.481 3.456 2.077 5005.

2001 8.484 83.835 10.550 29.809 11.692 1.197 2.793 1.688 007.3

2002 7.913 71.994 8.352 34.613 9.448 2.045 4.772 3.945 4.500

2003 5.034 63.616 7.668 35.280 9.787 2.000 4.668 4.878 5.941

2004 5.836 73.752 8.890 40.902 11.346 2.319 5.411 5.655 86.88
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Table A2: South and west coast historic and coast-comb@ield standardised (1978 to 2003) CPUE data (J. Glaze
2004) forM. paradoxus andM. capensis. The historic CPUE series are fdr capensis andM. paradoxus combined.

South coast West coast Coasts combined
Species combined M. capensis M. paradoxus
Year ICSEAF CPUE ICSEAF CPUE GLM CPUE GLM CPUE
tons/hr tons/day kg/min kg/min

1955 17.31

1956 15.64

1957 16.47

1958 16.26

1959 16.26

1960 17.31

1961 12.09

1962 14.18

1963 13.97

1964 14.60

1965 10.84

1966 10.63

1967 10.01

1968 10.01

1969 1.28 8.62

1970 1.22 7.23

1971 1.14 7.09

1972 0.64 4.90

1973 0.56 4.97

1974 0.54 4.65

1975 0.37 4.66

1976 0.40 5.35

1977 0.42 4.84

1978 2.994 5.089
1979 3.230 5.209
1980 3.371 5.335
1981 3.189 4.801
1982 3.258 5.128
1983 3.880 5.458
1984 4.487 5.693
1985 5.478 6.794
1986 4.370 6.471
1987 3.983 5.425
1988 3.766 4.956
1989 4.341 5.027
1990 4.652 5.633
1991 4.829 6.262
1992 4.385 5.930
1993 3.659 5.477
1994 4.560 5.746
1995 4.336 4471
1996 4.457 5.875
1997 3.486 6.044
1998 3.821 5.887
1999 3.493 5.482
2000 3.958 5.445
2001 4.143 4.980
2002 3.932 4.223
2003 3.747 4.906
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Table A3: Survey abundance estimates and associated stiaeidars in thousand tons fbt. paradoxus for the depth

range 0-500m for the south coast and for the waesstc

Table A4: Survey abundance estimates and associated sfaedars in thousand tons f. capensis for the depth

range 0-500m for the south coast and for the weesttc

South coast West coast

Year Spring (Sept) Autumn (Apr/May) Summer Winter Nansen summer

Biomass (s.e) Biomass (s.e. Biomass (s.g.) Biomass ) (9§.eBiomass (s.e.)
1985 - - - - 168.139  (36.607) 264.916 (52.958) - -
1986 23.049 (5.9449) - - 196.151  (36.366) 172.52224.129) - -
1987 21.545 (4.601) - - 284.859 (53.108) 195.53(44.425) - -
1988 - - 30.236 (11.084) 158.796 (27.3p0) 233.10864.016) - -
1989 - - - - - - 468.928 (124.878) - -
1990 - - - - 282.225 (78.956) 226.910 (46.06) - -
1991 - - 26.604 (10.431) 327.105 (82.2D9) - - - -
1992 - - 24.305 (15.197) 234.699 (33.963) - - - -
1993 - - 198.403 (98.423) 321.782  (48.7P9) - - - -
1994 - - 111.354 (34.622) 329.927 (58.3B2) - - - -
1995 - - 44.618 (19.823) 324.626  (80.3y0) - - - -
1996 - - 85.530 (25.484) 430.971 (80.614) - - - -
1997 - - 134.656 (50.922) 570.091 (108.2B0) - - - -
1998 - - - - - - - - - -
1999 - - 321.328 (113.52¢) 562.988 (116.322) - - - -
2000 - - - - - - - - 326.994 (36.81§)
2001 19.930 (9.957) - - - - - - 276.604  (34.883)
2002 - - - - 272.177  (35.586) - - - -
2003 88.431 (36.054) 108.756 (37.5p9) 405.45{68.882) - - - -
2004 31.653 (25.904) 259.566  (56.084) - - - -

South coast West coast

Year Spring (Sept) Autumn (Apr/May) Summer Winter Nansen summer

Biomass (s.e.) Biomass (s.e. Biomass (s.¢.) Biomass ) (4.eBiomass (s.e.)
1985 - - - - 124.652 (22.709) 181.517 (27.4B0) - -
1986 | 202.871 (27.84%) - - 117.829 (23.6B9) 119.60(18.492 - -
1987 | 162.282 (17.512) - - 75.705  (10.2412) 87.40711.201), - -
1988 - - 165.184 (21.358) 66.737  (10.7p7) 47.129(9.570) - -
1989 - - - - - - 323.879 (67.303) - -
1990 - - - - 455.861 (135.258) 157.826 (23.5p5) - -
1991 - - 273.897 (44.363) 77.369  (14.9p7) - - - -
1992 - - 137.798 (15.317) 95.568  (11.7p3) - - - -
1993 - - 156.533 (13.628) 94.564  (17.3§16) - - - -
1994 - - 158.243 (23.607) 120.206  (35.8B5) - - - -
1995 - - 233.359 (31.862) 199.173  (26.8]L6) - - - -
1996 - - 243.934 (25.03%) 83.347 (9.287) - - - -
1997 - - 182.157 (18.601) 257.332  (46.0p2) - - - -
1998 - - - - - - - - - -
1999 - - 190.864 (14.929) 198.748  (32.4)71) - - - -
2000 - - - - - - - - 316.105  (42.077)
2001 | 133.533 (20.84%) - - - - - - 191.068 (25.7B0)
2002 - - - - 108.025 (16.08%) - - - -
2003 82.726 (89.940) 126.313 (19.9B6) 74.77(12.989) - - - -
2004 104.763 (12.867) 205.976 (33.2pR1) - - - -
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Table A5: Summer survey catches-at-age (proportion$) gbaradoxus on the west coast for the 0-500m depth range.

Proportions caught at agderluccius paradoxus
Age 0 1 2 3 4 5+
1990 0.0285 0.3098 0.4918 0.1583 0.0088 0.001Y
1991 0.0182 0.2777 0.5608 0.1069 0.0240 0.0079
1992 0.0098 0.3834 0.4847 0.0824 0.0231 0.011
1993 0.0089 0.1995 0.5469 0.1866 0.0439 0.00QE
1994 0.0107 0.2441 0.5508 0.1656 0.0174 0.007
1995 0.0651 0.1905 0.4435 0.2583 0.0282 0.0096
1996 0.0572 0.3939 0.3018 0.2096 0.0298 0.0050
1997 0.0055 0.1708 0.5459 0.2564 0.0164 0.0032
1998 - - - - - -
1999 0.1613 0.4099 0.3358 0.0808 0.0084 0.0026
2000 - - - - - -
2001 - - - - - -
2002 0.1828 0.4572 0.2551 0.0837 0.0132 0.008
2003 0.1514 0.3704 0.3394 0.1184 0.0107 0.009E
2004 0.2144 0.3438 0.2842 0.1240 0.0262 0.007

Table A6: Nansen summer survey catches-at-age (proportionsMofparadoxus on the west coast for the 0-500m
depth range.

Proportions caught at agderluccius paradoxus
Age 0 1 2 3 4 5+
2000 0.2612 0.4600 0.2041 0.0561 0.0151 0.003%
2001 0.1627 0.4360 0.2396 0.1191 0.0354 0.0072

Table A7: Spring survey catches-at-age (proportiondyloparadoxus on the south coast for the 0-500m depth range.

Proportions caught at agderluccius paradoxus
Age 0 1 2 3 4 5+
2001 0.0066 0.0852 0.5182 0.3689 0.0154 0.0057
2002 - - - - - -
2003 0.0083 0.0342 0.4936 0.4250 0.0244 0.0145%

Table A8: Autumn survey catches-at-age (proportiondfloparadoxus on the south coast for the 0-500m depth range.

Proportions caught at agderluccius paradoxus

Age 0 1 2 3 4 5+
1991 0.0038 0.0099 0.5219 0.2920 0.1162 0.0563
1992 0.0000 0.0006 0.3698 0.5407 0.0653 0.0236
1993 0.0000 0.0047 0.4157 0.5439 0.0260 0.009Y
1994 0.0054 0.0898 0.6558 0.1857 0.0170 0.0463
1995 0.0002 0.0002 0.1241 0.7729 0.0886 0.013%
1996 0.0000 0.0000 0.0968 0.7494 0.0999 0.0539
1997 0.0002 0.0012 0.1108 0.5806 0.1055 0.2016
1998 - - - - - -

1999 0.0001 0.0140 0.2155 0.5266 0.1898 0.0540
2000 - - - - - -

2001 - - - - - -

2002 - - - - - -

2003 0.0003 0.0409 0.5624 0.3427 0.0333 0.0204
2004 0.0439 0.1365 0.4040 0.3684 0.0411 0.0060
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Table A19: Summer survey catches-at-age (proportion$)f ofapensis on the west coast for the 0-500m depth range.

Proportions caught-at-ageterluccius capensis

Age 0 1 2 3 4 5 6 7+
1986 0.034 0.230 0.603 0.085 0.023 0.014 0.008 0.003
1987 0.024 0.113 0.465 0.223 0.139 0.022 0.010 0.014
1988 0.280 0.483 0.135 0.059 0.018 0.015 0.009 0.002
1989 - - - - - - - -

1990 0.004 0.325 0.635 0.023 0.009 0.003 0.001 0.0$O
1991 0.072 0.122 0.644 0.097 0.038 0.017 0.009 0.002
1992 0.131 0.260 0.313 0.162 0.078 0.025 0.019 0.010
1993 0.038 0.176 0.207 0.399 0.088 0.057 0.024 0.011
1994 0.081 0.253 0.208 0.262 0.075 0.054 0.048 0.0%20
1995 0.001 0.147 0.739 0.066 0.021 0.018 0.005 0.003
1996 0.065 0.368 0.205 0.237 0.066 0.023 0.025 0.011
1997 0.036 0.141 0.384 0.407 0.014 0.010 0.004 0.003
1998 - - - - - - - -

1999 0.867 0.059 0.024 0.026 0.011 0.008 0.005 0.001
2000 - - - - - - - -

2001 - - - - - - - -

2002 0.351 0.425 0.100 0.062 0.032 0.019 0.009 0.002
2003 0.250 0.225 0.223 0.142 0.053 0.054 0.039 0.014
2004 0.125 0.367 0.411 0.086 0.007 0.002 0.001 0.001

Table A10: Winter survey catches-at-age (proportionsioftapensis on the west coast for the 0-500m depth range.

Proportions caught-at-ageterluccius capensis

Age 0 1 2 3 4 5 6 7+
1985 - - - - - - - -

1986 0.005 0.305 0.267 0.318 0.051 0.027 0.017 0.010
1987 0.010 0.477 0.202 0.171 0.072 0.048 0.011 0.009
1988 0.031 0.432 0.388 0.063 0.042 0.029 0.012 0.004
1989 0.079 0.676 0.213 0.022 0.008 0.001 0.001 0.000
1990 0.006 0.267 0.514 0.098 0.052 0.042 0.013 0.008

Table A11: Nansen summer survey catches-at-age (proportiondyl ofapensis on the west coast for the 0-500m depth

range.
Proportions caught-at-ageterluccius capensis
Age 0 1 2 3 4 5 6 7+
2000 0.393 0.336 0.147 0.111 0.007 0.004 0.002 0.001
2001 0.427 0.123 0.179 0.184 0.058 0.018 0.008 0.004

Table A12: Spring survey catches-at-age (proportiondylotapensis on the south coast for the 0-500m depth range.

Proportions caught at agélerluccius capensis
Age 0 1 2 3 4 5 6 7+
2001 0.15¢ 0.10¢ 0.091 0.171 0.26¢ 0.13¢ 0.03¢ 0.03:
200z - - - - - - - -
2002 0.20¢ 0.13¢ 0.15¢ 0.157 0.161 0.11: 0.041 0.03¢
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Table A13: Autumn survey catches-at-age (proportiondylotapensis on the south coast for the 0-500m depth range.

Proportions caught at agderluccius capensis

Age 0 1 2 3 4 5 6 7+
1991 0.011 0.111 0.126 0.173 0.215 0.181 0.112 0.073
1992 0.015 0.203 0.358 0.145 0.118 0.110 0.038 0.014
1993 0.001 0.083 0.120 0.171 0.373 0.143 0.068 0.042
1994 0.061 0.140 0.123 0.219 0.137 0.159 0.116 0.045
1995 0.019 0.121 0.225 0.189 0.202 0.149 0.066 0.0%29
1996 0.005 0.104 0.188 0.192 0.288 0.131 0.061 0.031
1997 0.064 0.134 0.105 0.187 0.216 0.175 0.067 0.0%2
1998 - - - - - - - -

1999 0.159 0.140 0.281 0.145 0.117 0.087 0.040 0.030
2000 - - - - - - - -

2001 - - - - - - - -

2002 - - - - - - - -

2003 0.127 0.212 0.188 0.140 0.153 0.109 0.038 0.033
2004 0.115 0.109 0.131 0.174 0.218 0.152 0.054 0.047

Table A14: Offshore fleet catches-at-agd.(capensis andM. paradoxus combined) for both coasts combined

Proportions caught at age: species combined

Age 0 1 2 3 4 5 6 7+

1975 0.000 0.038 0.151 0.242 0.249 0.189 0.058 0.078
1976 0.000 0.076 0.435 0.302 0.120 0.035 0.022 0.01p
1977 0.000 0.119 0.499 0.223 0.081 0.051 0.023 0.00b
1978 0.000 0.069 0.683 0.174 0.046 0.018 0.007 0.008
1979 0.000 0.095 0.468 0.218 0.095 0.078 0.029 0.016
1980 0.000 0.048 0.458 0.284 0.120 0.053 0.023 0.014
1981 0.004 0.204 0.459 0.184 0.092 0.034 0.015 0.008
1982 0.030 0.248 0.469 0.130 0.056 0.038 0.020 0.009
1983 0.001 0.097 0.457 0.256 0.099 0.056 0.025 0.01p
1984 0.002 0.068 0.460 0.265 0.111 0.052 0.028 0.014
1985 0.000 0.007 0.347 0.380 0.135 0.077 0.036 0.019
1986 0.000 0.011 0.315 0.446 0.119 0.055 0.033 0.019
1987 0.000 0.019 0.502 0.273 0.109 0.059 0.025 0.018
1988 0.000 0.018 0.551 0.265 0.075 0.050 0.028 0.011
1989 0.000 0.011 0.411 0.399 0.097 0.049 0.026 0.008
1990 0.000 0.002 0.282 0.470 0.167 0.050 0.020 0.008
1991 0.000 0.003 0.264 0.379 0.213 0.079 0.045 0.018
1992 0.000 0.010 0.380 0.328 0.149 0.084 0.035 0.014
1993 0.000 0.002 0.152 0.407 0.286 0.112 0.031 0.011
1994 0.000 0.001 0.158 0.468 0.191 0.140 0.032 0.011
1995 0.000 0.001 0.107 0.533 0.218 0.074 0.049 0.018
1996 0.000 0.001 0.096 0.533 0.260 0.066 0.032 0.018
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Table A15: Inshore fleet catches-at-age (assumed to caofdidt capensis only) on the south coast.

Proportions caught at agderluccius capensis

Age 1 2 3 4 5 6 7+

1989 0.000 0.081 0.478 0.285 0.109 0.039 0.008
1990 0.000 0.055 0.279 0.439 0.171 0.045 0.011
1991 0.000 0.053 0.281 0.367 0.219 0.067 0.014
1992 0.001 0.151 0.371 0.237 0.184 0.048 0.009
1993 0.000 0.026 0.332 0.457 0.139 0.039 0.006
1994 0.000 0.060 0.380 0.304 0.183 0.067 0.007
1995 0.000 0.015 0.232 0.455 0.209 0.072 0.018
1996 0.000 0.024 0.327 0.457 0.140 0.043 0.008
1997 0.000 0.034 0.369 0.394 0.159 0.034 0.011
1998 0.008 0.166 0.377 0.284 0.116 0.034 0.015
1999 0.012 0.190 0.365 0.248 0.116 0.044 0.024
2000 0.000 0.022 0.244 0.476 0.196 0.034 0.028

Table A16: Longline fleet catches-at-age (assumed to coosldt capensis only) on the south coast.

Proportions caught at agderluccius capensis
Age 1 2 3 4 5 6 7+
1994 0.000 0.000 0.001 0.030 0.248 0.404 0.318
1995 0.000 0.000 0.000 0.006 0.093 0.262 0.638
1996 0.000 0.000 0.000 0.007 0.134 0.297 0.561
1997 0.000 0.000 0.002 0.036 0.201 0.298 0.464
2000 0.000 0.001 0.003 0.020 0.148 0.203 0.626
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Appendix B - The Age-Structured Production M odel

The model used in the assessment of the coast3odéh AfricanM. paradoxus and M. capensis hake stocks is an
ASPM similar to those used for “standard” assesssn@Rademeyer and Butterworth, 2004, for examplahvolves
assessing the two species as two independent stbbksmodel is fitted to species-disaggregated datavell as
species-combined data. The model equations angetheral specifications of the model are descritedavly followed
by details of the contributions to the log-likeldw function from the different data considered. §{iNewton
minimisation is used to minimise the total negaflivg-likelihood function (implemented using AD Mddauilder™,
Otter Research, Ltd.).

B.1 Population Dynamics

B.1.1 Numbers-at-age

The resource dynamics of the South African hakekst@re modelled by the following set of populataynamics
equations:

N s,y+10 = Rs,y+1 (Bl)

Ngyitan = (Nwa g M='? —ZCsfya] g Mal? for0Osas<mg -2 (B2)
f

f

— Mg ea /2 “Moma/2 ~Mgn /2 ~M gy /2
Ns,y+1,m = (Nsy,m—l € - zcsfy,m—lj € ' +(Nwme - zcsfymj € (B3)
f

where

Nga isthe number of fish of specieand agen at the start of yeay,

Ry is the recruitment (number of 0-year-old fishspé&cies at the start of yeay,
Mg  denotes the natural mortality rate on fish ofcépes and age,

CSfya is the number of fish of specisand age caught in yeay by fleetf, and

my is the maximum age considered (taken to be a plugp) for species.

These equations simply state that for a closed lptipn, i.e. with no immigration or emigration, tloaly sources of
loss are natural mortality (predation, disease,) etod fishing mortality (catch). They reflect P&papproximation
(Pope, 1972) (the catches are assumed to be takemualse in the middle of the year) rather thanniore customary
Baranov catch equations (Baranov, 1918) (whereheatare incorporated in the form of a continuowhirig
mortality). As long as mortality rates are not tigh, the differences between the Baranov and Fanpeulation will
be minimal. Tests showed this approximation to deqaiate for the hake stocks (Punt, University oSkfagton, pers.
commn).

B.1.2 Recruitment

Next year’s recruitment depends upon the reprodeictutput of this year's fish. The number of retguif each species
(i.e. new zero-year old fish) at the start of yg& assumed to be related to the spawning stoek(se, the biomass of
mature fish) by a stock-recruitment relationshipaditionally, the Beverton-Holt function (Bevertamd Holt, 1957)
has been used for southern African hake assessments

The Beverton-Holt stock-recruitment relationshilgwing for annual fluctuations, is written as:
sp
R. = aSBW e(Csy_Urze/z) (B4)
sy
Bs + By

where
a, and B, are spawning biomass-recruitment relationshipmpaters for species; a being the maximum number of

recruits produced, anflithe spawning stock needed to produce a recruitecuml toa /2, in the deterministic
case;
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Csy reflects fluctuation about the expected recruittfer speciess in yeary, which is assumed to be normally

distributed with standard deviatioor (whose value is input in the applications congdehere); these
residuals are treated as estimable parameterssimtuel fitting process. Estimating the stock-réorant
residuals is made possible by the availability afch-at-age data, which give some indication of abe-
structure of the population. Thes?/2 term is to correct for bias given the skewnesghef log-normal

distribution; it ensures that, on average, recreiita will be as indicated by the deterministic comgnt of the
stock-recruitment relationship;

B;',) is the spawning biomass of fish of sped@s the start of yegr, computed as:
m

BY =D faWaNy, (B5)
a=1

where

Wg, is the begin-year mass of fish of specdesd age, and

fe is the proportion of fish of speciesind age that are mature.

In order to work with estimable parameters thatraoge biologically meaningful, the stock-recruitmeglationship is
re-parameterised in terms of the pre-exploitatiquiléorium spawning (“virgin”) biomassK P, and the “steepness”,
hy, of the stock-recruitment relationship, which lig toroportion of the virgin recruitmen®(;) that is realised at a

spawning biomass level of 20% of the virgin spawriiomass:

4h.R

T _511 (B6)

S
and
KP@-h
gy =) (87)
S

where

m-1
m-1 a-1 EX[{— Z M sa'}
Ry =KJ/ Zfsan exp(— MQ.J+ f o Wgy ———0 < (B8)

In the fitting procedure, both, and K& are estimated. The steepness parameter is impoatathe overall potential
yield of a resource estimated by an ASPM depenidsapity on the steepness of the stock-recruitmente and on the

natural mortality rate.
B.1.3 Total catch and catches-at-age
The fleet-disaggregated catch by mass for spaciasyear is given by:

m m
— — Mg/
Csry - st,aﬂ/z Csfya - st,aﬂ/z Nsya € M2 Ssrya sty (BQ)

a=0 a=0

where
Ws4+1/2 denotes the mid-year mass of fish of spesiaad agea, which is assumed to be the same for each fleet (a
there are no data available to discriminate betvileets),

Cava is the catch-at-age, i.e. the number of fishpefciess and age, caught in yeay by fleetf,

S¢ya is the commercial selectivity (i.e. vulnerability ishing gear, which may depend not only on thar deself,

but also on distribution patterns of the fish bye agpmpared to the areal distribution of fishingogif of
species at agea for yeary, and fleef; when Sy, =1, the age-clasais said to be fully selected, and

Fay is the fished proportion of a fully selected afgess of species for fleetf.
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The model estimate of the mid-year exploitable &itable”) component of biomass for each species ftawt is
calculated by converting the numbers-at-age intd-ya@iar mass-at-age (using the mid-year individueights) and
applying natural and fishing mortality for half thear:

M
BSy =D Wsa1/2S5aNga =2 (1= SgaFsy /12) (B10)
f

a=0

The model estimate of the survey biomass at thieaftéhe year (summer) for each species is given b

mS
BS™ =D WuSINg, (B11)
a=0

and in mid-year (winter):

my
Bserv = z Ws,a+1/ZS;JrVNWa e_MQ 2 (1_2 SSfya FSfy /2) (BlZ)
a-0 f

where
S&" s the survey selectivity for agefor species, and
Wsasy2 IS the mid-year weight of fish of speceand agea at the start of the year.

It is assumed that the resource is at the detestirequilibrium that corresponds to an absenchap¥esting at the
start of the initial year considered, i.8g, =K.

B.2 Thelikelihood function

The model is fitted to CPUE and survey abundandi&@s, catch information and commercial and sucatgh-at-age
data, as well as to the stock-recruitment curvediimate model parameters. Contributions by eacthede to the
negative of the log-likelihood ¢nL ) are as follows.

B.2.1 CPUE relative abundance data

The likelihood is calculated assuming that the olesit abundance index is log-normally distributedughts expected
value:

I 'y = IAiy exp(giy) or siy zfn(l iy)—!én(lAiy) (B13)
where
I ;, is the abundance index for ygeaind series (which corresponds to a combination of speciesflimed)

I; = di é;xy is the corresponding model estimate, whég is the model estimate of exploitable resource higsn

given by equation B10,
g is the constant of proportionality for abundanegesi, and

siy from N(O, (G'iy )2) .

In cases where the CPUE series are based uporesfaggiregated catches (as available pre-1978yotinesponding
model estimate is derived by assuming two typesbing zones: z1) anM. capensis only zone”, corresponding to the
shallow water and z2) a “mixed zone” (see Fig. B1).

The total catch of hake of both specieBS)( by fleet f in year y (CBS’W) can be written as
Ces.ty =Ccaty *Cczaty *Cp gy » Where

Ceaty is theM. capensis catch by fleef in yeary in theM. capensis only zone,

Ceraty is theM. capensis catch by fleef in yeary in the mixed zone, and

Cp 1y is theM. paradoxus catch by fleef in yeary in the mixedzone.
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Catch rate is assumed to be proportional to exgitEtbiomass. Furthermore, lebe the proportion of thil. capensis
exploitable biomass in the mixed zong =% B(‘?;ny/BS’ffy ) (assumed to be constant throughout the period)saybe

the proportion of the effort of fle¢tn the mixed zone in year(sy, = E?YZ/Efy ), so that:

Conpy = qé:leg;lny]f-y = qeall- V)ng(l_ Sfy)Efy (B14)
CH = deoBS yEfy = GcralBE Sy Eyy, and (B15)
Cf, = apBEWER = apBEySyEy, (B16)
where

Ey = E§ + E$y2 is the total effort of fleet, corresponding to combined-species CPUE séridsch consists of the

effort in theM. capensis only zone (E?yl) and the effort in the mixed zonE{YZ).

It follows that:
Coy = B& E ok t-1)a-s, )+ dbassy ] (B17)
Cpy = B&YE,UpSy (B18)

By solving equations B17 and B18, we get:

S, = qlcn(l‘y) (Blg)
Y c ngfyq}: . ,
gzxic—q'czzwq&u(l-y)
Cly™~ Pfy
so that:
. Cqy CoB&gbs
_~fy _ 2 iyPPyHP
I'y “E_ _C— (B20)
b Ply
Zone 1 (z1): Zone 2 (z2):
M. capensis only Mixed zone
M. capensis: M. capensis:

biomassB,1), catch C,,) | biomassB,,), catch Cc,,)

M. paradoxus:
biomassBp), catch Cp)

Effort in zone 1E,,) Effort in zone 1 E,»)

Fig. B1: Diagramatic representation of the two theoretiisiling zones.

To correct for possible negative bias in estimafeariance(aiy) and to avoid according unrealistically high pramis

(and so giving inappropriately high weight) to 8PUE data, lower bounds{in)z) on the standard deviations of the

residuals for the logarithm of the CPUE series Haaen enforced; for the historic ICSEAF CPUE sefseparate west
coast and south coast series) the lower bound te §25 and for the recent GLM-standardised CRUites the lower

bound is 0.15, i.e.o'“¥ > 025 and ¢°*M > 015.

The contribution of the CPUE data to the negativ¢he log-likelihood function (after removal of cstants) is then
given by:

- Lo = Zg{m BT +laf <P ol ) (B21)
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where
G'iy is the (minimum, WhemffA =0) standard deviation of the residuals for the lggars of index in yeary,
aiA is the square root of the additional variancedibundance seri@gswhich is an input value; alternatively, this

can be used to as a means of specifying an eféeldwer bound foraiy.

Homoscedasticity of residuals is usually assumedhat aiy =o' is estimated in the fitting procedure by its maxim
likelihood value:

&' :\/]/ni S (en0 ) - en@)f -0k ) (B22)

y

where N, is the number of data points for abundance irdex

In the case of the species-disaggregated CPUEsséhi catchability coefficieng' for abundance indeixis estimated
by its maximum likelihood value, which in the ma@eneral case of heteroscedastic residuals, is ¢giyen

Sy {eF el o -nes)
SRS

y

(B23)

While in the case of the species-combined CPQ@, quzz , qip andy are directly estimated in the fitting procedure.

In the case of the South African hake, two speagggegated CPUE indices are available: the ICSEASt woast and
the ICSEAF south coast series. For consistegisyfor each species (and zone) are forced to lteeiisame proportion:

g€ =rqe (B24)

B.2.2 Survey abundance data

Data from the research surveys are treated asivieelabundance indices in a similar manner to thecigs-
disaggregated CPUE series above, with survey sétgctunction S replacing the commercial selectivit$y,

(see equations B11 and B12 above). Account istaken of the begin- or mid-year nature of the surve

An estimate of sampling variance is available fastrsurveys and the associateb is generally taken to be given by

the corresponding survey CV. However, these estisndikely fail to include all sources of variahjlit and
unrealistically high precision (low variance andhbe high weight) could hence be accorded to thedieas. The
contribution of the survey data to the negativellkglihood is of the same form as that of the CPalltindance data
(see equation B21). The procedure adopted takesartount an additional variance in the same maasdpr the

CPUE abundance indices, but instead of being injmat,additional vanance(aA) is treated as another estimable
parameter in the minimisation process. This proceds carried out enforcing the constraint (bq\j) >0, i.e. the
overall variance cannot be less than its externafiyt component.

In June 2003, the trawl gear on tAfricana was changed and a different value for the muttitive bias factoq is
taken to apply to the surveys conducted with the gear. Calibration experiments have been condumttgeen the
Africana with the old gear (hereafter referred to as tHd Africana”) and theNansen, and between thafricana with
the new gear (“nevAfricana”) and theNansen, in order to provide a basis to relate the mittgilve biases of the
Africana with the two types of gear,y and g, )- A GLM analysis assuming negative binomial disitions for the

catches made (Brand@&bal., 2004) provides the following estimates:

AMQEPeSS = - 0494 with O pypgeewss = 0141 and

AlnqPFaS = _ 0053 with O pypqpscons = 0117

where
g, = NaLy +ANG' with i = capensis or paradoxus (B25)
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The following contribution is therefore added apenalty (or a prior in a Bayesian context) to tlegative log-
likelihood in the assessment:

— LT = (/mqnew —NQgq — A(nq)z/zaglnq (B26)

This assessment assumes that the change fronAflolhna” to “new Africana” involves a change in alone, i.e. the
pattern of age-specific selectivity remains uncleahg

B.2.3 Commercial catches-at-age

Catches-at-age cannot be disaggregated by spdwesjodel is therefore fitted to the catches-atfagdoth species.
The contribution of the catch-at-age data to thgatiee of the log-likelihood function when assumiag “adjusted”
lognormal error distribution is given by:

— L = zz z lfn (Jicom /\/ piya ) + piya (ﬁn piya —n ﬁiya )2 /Z(Jicom )2J (B27)
i y a
where

the subscripti' refers to a particular series of catch-at-age ddtich reflect a specific combination of fleet arudst.

Piva = CBS,fya
iya T~ ~
2 Ces
Y

yeary that are of age,
. C
Ces, ya 2 >ha

D._ = - = S _
plya z CBS, fya' Z Z Cs, fya'
a' s

a'

is the observed proportion of fish(capensis andM. paradoxus combined) caught by fleétin

is the model-predicted proportion of fish caughtfleetf in yeary that are of age

a, where:
Caya = Nga €M="2 Sy Fypr (B28)
and
aicom is the standard deviation associated with theheat-age data, which is estimated in the fittingcedure by:

G = \/ZZ Byl pa — Bl 1S Y1 (829)
y a y a

The log-normal error distribution underlying eqoatiB27 is chosen on the grounds that (assuminggem@ error)

variability is likely dominated by a combination @fterannual variation in the distribution of fighi effort, and

fluctuations (partly as a consequence of such tians) in selectivity-at-age, which suggests thet assumption of a
constant coefficient of variation is appropriat@vwéver, for ages poorly represented in the sarsplapling variability

considerations must at some stage start to domih&tevariance. To take this into account in a seamplanner,

motivated by multinomial distribution propertiegyr® (pers. commn) advocates weighting by the oleseproportions

(as in equation B27) so that undue importance tstiached to data based upon a few samples only.

Commercial catches-at-age are incorporated inikediHood function using equation B27, for whicketeummation
over agea is taken from ag@mnus (Considered as a minus group)ans (a plus group). The ages for the minus- and
plus-groups are chosen so that typically a fewgrgrdut no more, of the fish sampled fall intoséhéwo groups.

B.2.4 Survey catches-at-age

The survey catches-at-age are incorporated intondgative of the log-likelihood in an analogous memto the
commercial catches-at-age, assuming an adjusteddiogal error distribution (equation B27). In tkise however, the
data is available disaggregated by species.

p;J;" = ngJ;" / z a.C;J;." is the observed proportion of fish of spedesd age from surveysurv in year,

~surv

Pya  is the expected proportion of fish of sped@sd age in yeary in the surveysurv, given by:

33



WG/02/05/D:H:2

SSJTVN
P = — (B30)

S
surv
a'=0

for begin-year (summer) surveys, or

S&VNgq exp-M g /2)[1—2 SayaFsy /2]
pIY = f (B31)

Pya =—
D SNy exp-M g, /2)[1— D SyaFsy /2]
a'=0 f

for mid-year (winter) surveys.

B2.5 Stock-r ecruitment function residuals

The stock-recruitment residuals are assumed to ogendrmally distributed and serially correlated. u$h the
contribution of the recruitment residuals to thgatése of the log-likelihood function is given by:

2
y2 -
(s v
T =" N | inog + Sy “Psyn 203 (B32)

s y=yl+l ﬂl—p2

where

Coy =PCsy1 + J1-p? &g is the recruitment residual for specgsand yeary, which is estimated for yead to y2
(see equation B4),

£y from N(O, (G'R)Z)
ORr is the standard deviation of the log-residualsictvis input, and
P is the serial correlation coefficient, which mput.

In the interest of simplicity, equation B30 omitteam in ¢, for the case when serial correlation is assumed 0),
which is generally of little quantitative conseqaoero values estimated (Cryer, 1986).

B.3 Model parameters
B3.1 Estimable parameters

While in the case of the species-combined CPYE, qi-,, qb andy are directly estimated in the fitting procedure.
In addition to the species-specific virgin spawnhigmass(K:p) and “steepness” of the stock-recruitment relatigns
(hy), the following parameters are also estimatedines of the model fits undertaken.

B3.1.1 Natural mortality:

Natural mortality M o, ) is assumed either to be independent of age espgeific, and input (fixed) or estimated using
the following functional form in the latter case:

Mg, for a<1l
M. = M B33
s a'é"'+—’8S for a=2 (B33)
a+l

Mg andMg are set equal g (= aé"' + ,Bév' /3) as there are no data (hake of ages younger tham f2re in catch and
survey data) which would allow independent estioratf Mg andMg.

B3.1.2 Fishing sel ectivity-at-age:

The fishing selectivity-at-age for each speciesfiaet, S, , is either estimated directly:
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estimatedeparately for a< ay
sa = { =1 fora>ay (B34)
or in terms of a logistic curve given by:
sza={[1 p( ( 0 c) 1 fora=0 (B35)
+exp-la-ag )/ O )] fora=1

where

o

ag Years is the age-at-50% selectivity,

Jg year' defines the steepness of the ascending limb ofetetivity curve.

The selectivity is sometimes modified to includéezrease in selectivity at older ages, as follows:
S¢a = S¢a exp(— Sea (a— Agope )) for a> agope, (B36)
where

S4, Measures the rate of decrease in selectivity vgéhfar fish older thamasqpe for the fleet concerned, and is referred
to as the “selectivity slope”.

Time dependence may be incorporated into thesefispgion, so thatSy, — Sgy, -
B3.2 Input parameters
B3.2.1 Age-at-maturity:

The proportion of fish of speciesagea that are mature is approximated by

(B37)

sa

_|o fora<a™

1 forazal™
whereal™ =4 for theM. capensis andM. paradoxus stocks (Punt and Leslie, 1991).
B3.2.2 Weight-at-age:

The weight-at-age (begin and mid-year) for eaclriggeis calculated from the combination of the \Rertalanffy
growth equation and the mass-at-length function.
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