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SUMMARY

The assessment methodology for the hake resouroefined to take account of recommendations
made by the Panel at the December 2008 InternatBtoek Assessment Workshop to move to a
gender-disaggregated model, and to fit directlyagee data and estimate growth curve parameters
directly in the likelihood maximisation process.i§lapproach proves to remove the conflict between
fits to catch-at-age and catch-at-length distrimai evident in earlier assessments. The cuivent
paradoxus female spawning biomass is estimated to be at ©%s MSY level, while the
correspondingv. capensis estimate well above this level.

INTRODUCTION

This paper is a response in particular to the rewendation of the Panel at the December 2008
International Stock Assessment Workshop regarding hake resource that “A sex-structured

population dynamics model should be fit to the dtoal age-at-length data (age-length keys) and
length-frequency data (by sex when such data aagable). The growth curves (and the variation in

length-at-age) should be estimated within the assest.” The recommendation arose in large part
from the need to resolve a conflict between catehge and catch-at-length data, and growth curves
input to then current “New Baseline” assessment.

The reason for the gender-disaggregation is thexietlare very clear gender-specific differences in
somatic growth for botM. paradoxus andM. capensis, in fact more so than between species (see Fig.
4). Routine application of age-length keys to abtaatch-at-age proportions has been conducted
without attention to gender-specific differencest gender-differential growth means that largeediz
males are not well represented in the catch. Tanigdcconfound estimates based on catch-at-age data
developed from a gender-aggregated age-length Wwhigh might consequently under-represent the
number of older hake present (and therefore affstimates of natural mortality as well as distort
estimates of year-class strength — the compargtieel variability of previous estimates of the &tt
has been a puzzle and concern, which might bevesddly gender differentiation of the assessments).
Furthermore there is a sex-imbalance in certainpmmants of the fishery: for example Gerometrdl.
(1995) estimated a female proportion in the soo#stlongline catches of 83%.

In the light of these considerations, the assessmfithe hake resource has now been refined to
incorporate gender- as well as species-differaatiafThus in this analysis, the genders are modelle
separately. As recommended above, the model idiaidioectly to age-length keys (ALKs) and length
frequencies (as e.g. in Puattal. 2006), rather than to the age frequency inforomatvhich multiplying

the two would provide. There are three reasonghier

a) ALKs are not available for all years and surveydisheries, so that length distribution data
have to be fitted directly in those cases.

b) The fishery selectivity is essentially length- eatlthan age-specific; age-specific selectivities
as assumed when fitting to age-distribution datalead to mis-fitting of length distribution
data in these circumstances (e.g. the lower téiteeolength distributions of younger fish are
not present in catches, but an age-specific seigctequires them to be).
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c) The feature of the data described in b) leadshi@ms in the estimation of hake growth curves
if estimated directly from hake age data, leadingthe lengths at younger ages being
positively biased; growth curve parameters neetbacestimated within the assessment to
correct for this bias.

This paper reports the results from this refineseasment, which is termed the “New Reference Case”
in the expectation that it provides a basis fromcliho develop the Operating Models for the hake
resource which will provide the basis for simulatiesting of a revised OMP for hake due for adaptio
in the latter part of 2010.

DATA and METHODS

Appendix | details the data used in this analysisile the specifications and equations of the dVera
model are set out in Appendix II.

RESULTS

Estimates of management quantities for the newrBeée Case are given in Table 1, while Fig. 1 plots
the spawning biomass trajectories. The spawninghass trajectories fdvl. paradoxus show a clear
gender difference, with the current male deplestimated to be at 10% compared to 33% for the
females. FoOM. capensis, both male and female spawning biomasses areastinto be at about 50%
of pre-exploitation levels. Fdvl. capensis the female spawning biomass is estimated to beabele

its MSY level, whereas the corresponding compomdrthe M. paradoxus poulation is estimated at
76% of that level.

The estimated commercial and survey selectivitiesshown in Figs 2 and 3 respectively. ApartNor
paradoxus on the South Coast, the male and female sela@et\dtt length are assumed to be the same
and are then converted to gender specific seléesvat age. Because of selectivity difference betw
males and females apparent in the South CoastysufgeM. paradoxus, gender-specific selectivities
are estimated for this species in the South Coasinan and spring surveys, with the female
selectivities scaled down for these two surveys ko paradoxus only) by a factor estimated in the
model fitting procedure. This gender differencassumed to affect the commercial fleet as well and
the female selectivity for the South Coast offshtveavl fleet (the only fleet assumed to catdh
paradoxus on the south coast) is therefore also scaled dowa factor estimated in the model fitting.
The female selectivity scaling factors estimatettiie South Coast spring and autumn surveys and the
offshore trawl fleet are 0.13, 0.27 and 0.10 reSpely.

All the commercial selectivities show a decreasddoge fish. This decrease is estimated for ak
apart from the offshore trawl and south coast haadilleets forM. capensis. For theM. capensis
offshore trawl fleet, the selectivity slope is fiko 1/3 of the inshore trawl fleet slope estimateklile
for the handline fleet, the selectivity slope iken as the average of the estimated longline asttbie
fleet slopes.

Fig. 4 plots the gender-specific growth curvesneated in the model, as well as the estimated length
at-age distributions. The difference between malg female growth curves is estimated to be more
important forM. paradoxus than forM. capensis. M. capensis is estimated to grow larger than.
paradoxus.

Fig. 5 plots the estimated stock-recruitment retahips, and the time series of residuals abosethe
relationships for both species. The extent of wgdidariability indicated for these plots (the auttpr
values) remain low compared to the norm for pojutet of similar demersal species.

Figs 6 and 7 show the fits the CPUE and survey @ece series. The fits are good for all series.

The fits to the commercial catch-at-length datasda@wn in Fig. 8. The fits as averaged over thesyea

for which data are available are good for all tagadsets. There are however some patterns evident i
the bubble plots of residuals which could perhagsirbproved by having further periods between
which selectivities change.

The fits to the survey gender-aggregated and getidaggregated catch-at-age data are shown in Figs
9 and 10 respectively. These fits are also relgtigeod. In particular, the problem of the lackfibf
evident in the corresponding plots for the “New #&amg” assessment (Rademeyer and Butterworth
2009) appears to be resolved.
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The fit of the model to the ALKs is shown in FiglL.IThe observed and predicted ALKs are compared
aggregated over all ALKs, first summed over agdsckvshould be exactly equal by construction and
then summed over lengths.

The maturity-at-age ogive used in the new Refere@ese is shown in Fig. 12. Since resource
depletion estimates can be sensitive to the maimerhich spawning biomass is defined, Table 2
compares the estimated 2009 depletions for thigeogiith those for fish of age 3+ and of age 4+
(definitions used for earlier assessments).Refuitthe ogive are very similar to those for fishaafe
4+.
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Table 1. Estimates of management quantities. Thedd$onent of the —InL contribution excludes the
—Inc term, i.e. this component would be zero if theadeatched the model estimates exactly. Note:
MSY and related quantities have been calculatednaisg) a fishing pattern that is the average over th
last 5 years.

Both SS
-InL total 80.t
CPUE historig -40.7 3.7
CPUE GLM -164.2 55.6
Survey -32.17 56.2
Commercial CAl -54.¢
Survey CAL (sex-aggrf) -6.2
Survey CAL (sex-disaggr.) 23.¢ 5538.¢
ALK 319.(
Recruitment penally  20.7
Selectivity smoothing penalty  15.¢
Both Males Females
K® 1535 649 886
h 0.75
0
2 B 00 353 62 292
% B0 /K 023 0.10 033
5 »
8 B ¥ usv 466
: ® 0.30
s MSYL
B 5000 /B ¥ sy 076
MSY 97
K*® 784 377 407
h 098
g B% 000 387 185 202
B 000 /K™ 049 049 050
B ® msy 183
S Mmsw® 023
B%® 500 /B ¥ sy 211
MSY 73
2009 species ratiB*® 1.10 298 0.69

Table 2: Estimated 2009 depletion for the new Refee Case spawning biomass, 3+ biomass and 4+
biomass foM. paradoxus andM. capensis.

M. paradoxus M. capensis
B%,00 /K™ 0.23 0.49
B* Lo /K" 0.31 057
B* Lom /K" 0.25 050
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Fig. 1: Estimated spawning biomass trajectoriegrates and femalag. paradoxus andM. capensis,

both in absolute terms and relative to the pre@tqtion level.
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Fig. 2: Commercial gender-independent selectividielength estimated directly in the model-fitting
(the other selectivities-at-length (west coadt: paradoxus offshore 1st period, (1917-1976) aMl
capensis offshore and longline; south coabt: capensis offshore and handline) are based on various
assumptions (see text)) and commercial gender-deperselectivities-at-age that follow from those.
Note that because of space constraints, the offisand longline legends have been omitted for the
south coasM. capensis selectivity-at-age plots. The legends for these fleets are as for those for the
west coast.
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Fig. 4: Estimated length-at-age relationship amsllteng length-at-age distributions for males and
femalesM. paradoxus and M. capensis. In the lower plots the distributions, startin@rfr the left,
correspond to ages 0, 1, 2, ... The O-year old ghoap a distribution overlapping zero, which is
accumulated into a minus-group of 1 cm length; giosuch a model for this length distribution is
clearly unrealistic, this hardly matters as in iempkntation the lowest minus-group considered for
length is 10 cm, so that implied structure beloat tength is ignored.
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APPENDIX | — The Data Utilized

[.1 Annual catches

The species-split of the catches is carried otgreal to the model. A summary of the assumptions
made to disaggregate the catches by species foddheReference Case assessment is given below.
The reported or assumed catches by fleet and spaogegiven in Table App.l.1 and plotted in Fig.
App.1.1.

Offshore trawl fleet

From 1978 onwards, the catches made by the offstrard fleet have been split by species by
applying the size-based species proportion-by-degititionships for the west and south coasts which
were developed by Gaylard and Bergh (2004) froraaesh survey data.

Prior to 1978, there is no depth information reeardor the landings so that the proportionMof
capensis caught cannot be estimated using the method afidwecatch data for the 1917-1977 period
are split by assuming that the proportionhdf capensis caught follows a logistic function over this
period, starting at 1 and then decreasing to $abdt the 1978-1982 average value. As trawling was
concentrated in inshore areas around Cape Townacatie east when the fishery began (i.e. probably
catchingM. capensis exclusively) and progressively moved offshores tekeems a more defensible
approach. To reflect a change fronviacapensis only fishery to the species ratio in the catci 978,

the changing proportion with yegrof M. capensis in the offshore trawl catch on coasts modelled

by:

1-A
propy® = < +A (App.1.1)
Y Civexd(y-R)R]
where
A, is the average proportion df. capensis in the offshore catch over the 1978-1982 periad fo

coastc (24% and 60% for the west and south coasts régphg, and

P,, P, are parameters of the logistic functié;is the year in which the proportion M capensisin
the catch is mid-way between 100% afid, while P, determines how rapidly this change in

proportion occurs.

The New Reference Case assessment ass®prd950 andP,=1.5.

Inshore trawl and handline fleets

Catches made by these fleets are assumed to cohdistcapensis only, as they operate in relatively
shallow water on the south coast.

Longline fleet

Longline catches on the west coast are assumedntgist of 30%M. capensis for the whole period,
while on the south coast, catches by this fleetamsumed to consist &fl. capensis exclusively
(Andrew Penney, PISCES, pers. commn).

The total catch in 2009 is assumed equal to the T#xGhat year (118 500 t); it is split between the
different fleets and species assuming the sameopiops as in 2008.

[.2 Abundance indices

Six CPUE time-series are available for assessiagsthtus of the resource (Table App.l.2): a CPUE
series for each of the south and west coasts deselby the International Commission for South East
Atlantic Fisheries (ICSEAF, 1989) and a GLM-starmlised CPUE series for each coast, for eadi.of
paradoxus and M. capensis (Table App.l.2) from the offshore trawl fleet (@& and Butterworth,
2009). The two historical CPUE series cannot bagtjsegated by species, as there are no effort-by-
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depth data available for this pre-1978 period. TieM standardized CPUE indices are species-
specific (the catch data being based on the GagladdBergh (2004) algorithm).

Research surveys have been conducted on boardRBafF cana from 1986 in spring and/or autumn
on the south coast and from 1985 in summer andftterwon the west coast, and provide fully species-
specific information. Since 2003, new fishing géass occasionally been used on tfeicana, for
which a calibration factor is available. Survey rhass estimates and their estimated (sampling)
standard errors are listed in Tables App.l.3-4 rig@ather, 2009). Only surveys extending to the
deepest depth (500m) normally included in the surdesign are considered for reasons of
comparability.

.3 Length frequencies

Survey length frequencies are available disaggeelghy species and in some years disaggregated by
gender (Table App.l.5) (Fairweather, 2009).

Surv,i
vl
classes (Fairweather, 2009). In some instancesprity@ortions of males and females for a particular

survey stratum and length class are availalﬂ%’s'(r"'i , whereZ:q;‘j,'s‘“”"i =1). These are converted

9
to survey specific (i.e. aggregated over all stfata particular cruise) proportions-at-lengthsrimles

Sex-aggregated proportions-at-length for each susteatum (P ) are provided in 1cm length

2 .
(9=1), femalesd=2) and unsexedy£0) (with z py*"™" =1) as follows:

g=0
The proportions-at-length are grouped into 2cmtlertpsses.

a. For all length classes < 21 cm, the proportetAgength are assumed to be unsexed;
b. For length classes > 20 cm:

= |If there is no sex-information for either of theatwl cm length classes to group (i.e.

Z qg,’surv‘i =0 and quﬁj{v’i =0), then the proportion for the resulting 2 cm lénglass
9 9

is assumed to be unsexed:

darvi {pj””" +p3y;  forg=0

= App.l.1
P 0 forg=1/2 (App-1)

= If there is sex-information for one of the two 1 clength classes to group (i.e. if

quf,'s””"i =1 or qufﬂ"'i =1), then the sex-information from the one lengthsslis
9 9

used for both:

g = 0 forg=0 App.1.2
pyL - q)gil,surv,i (p;“v'i + psurv,i) for g= 1/2 (App.1.2)

yl+1

= |If there is sex-information for both of the two Inclength classes to group (i.e. if

Z qj‘surv‘i =1 and Z qsﬂv’i =1), then the sex-information is used directly:
g g
gt = ° forg =0 (App.1.3)
pyL 3',surv,i p;Jrv,i + qslsr{w p)s/ulrl/ll for g= 1/2 pp.1.
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c. The strata proportions-at-length are weightedhizyestimated total number in the strata to okdain
survey specific gender-disaggregated proportiorerath (p;;*""). The estimated total number in

each stratum is calculated as:
N )s/urv,i — B}s,urv,i /\Nysurv,i (App.l.4)
where

B;"" is the survey biomass estimate for stratumsurveysurv, and

W;‘“” is the mean weight of fish for strattirm surveysurv, with

\Nys.]rv,i - Z(p)sﬂ.]rv,ial ﬂ) (App.l.5)

d. For each 2 cm length class, if the unsexed ptigpois less than 20% of the total proportionhatt
length class, the sexed proportion is used to g@iunsexed proportion into males and females.

Figs. App.l.2-3 plot the survey length frequenaeailable.

Length frequency information from the commerciaticbais not available by species, the reason being
that it is often based on cleaned (headed andd)utsh, which cannot be easily identified by sjesci

As a result it is not possible to disaggregatectramercial length frequencies by species. Commiercia
catches-at-length for the offshore and for the anstand longline fleets are shown in Tables AppOH.

12. The south coast inshore and longline fleethest@re assumed to consishbfcapensis only.

l.4 Age-Length Keys

Table App.l1.6 lists the age-length keys availallata from animals with frills on gills (FOG) have
been discarded (<3% of the total). All aged aninteds or equal to 20cm in length are assumed to be
juveniles, i.e. of unknown gender. The few unsedath from animals greater than 20cm have been
discarded (<1% of the total).

The ‘unknown reader’ is in fact a combination ofadfrom two or three readers. When the data from
the two or three readers are available directlyse¢hare used rather than the aggregated data.
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Table App.l.1: Species-disaggregated catches @unsidind tons) of South African hake from the south
and west coasts (see text for details).

M. paredaoxus M. capensts
Offshore Longline Offshore Inshore Longline Handline
West coast South coast  West coast | West coast  South coast _South coast  West coast  South coast South coast
1017 1.000
1918 1.100
1919 1.900
1920 0.000
1921 1.300
1922 1.000
1923 2.500
1924 1.500
1925 1.900
1926 1.400
1927 0.800
1928 2.600
1929 3.800
1930 4.400
1931 2.800
1932 14.300
1933 11.100
1934 13.800
1935 0.001 14.999
1936 0.001 17.699
1937 0.003 20.197
1938 0.005 21.095
1939 0.010 19.990
1940 0.028 28.572
1941 0.057 30.543
1042 0.126 34.374
1943 0.268 37.632
1944 0.465 33.635
1945 0.763 28.437
1946 1.991 38.409
1947 3.743 7.657

1948 9.304
1949 14.770
1950 27.306 44.604
1951 44.856 44.644
1952 53.304 35.496
1953 62.466 31.034
1954 74.752 30.648
1955 84.517 30.883
1956 88.043 30.157
1957 04.982 31.418
1958 98.660 32.040
1959 110.468 35.532
1960 121.131 38.769 1.000
1961 112.716 35984 1308
1962 111918 35.682 1.615
1963 128.545 40.955 1.923
1964 123.005 39.205 2231
1965 153.970 40.030 2538
1966 147.905 47.005 2.846
1967 134.026 5.661 42.674 3.154
1968 108.921 11.136 34.679 16.772 3.462
1969 125.229 15.136 39.871 22.795 3.769
1970 108.087 9.466 34.413 14.257 4.077
1971 153.218 12.017 48.782 18.098 4.385
1972 185.025 18.633 58.908 28.062 4.692
1973 119.67¢ 28873 38.103 43.483 5.000
93.296 36.254 29.704 54.599 10.056
G 5 26.920 21.642 40.543 7
34.750 31.208 5.740
24.712 22219 3.500
23.411 3.568 4.931
38.149 4.161 6.093
100.779 2.950 32.749 3.510 9.121
1981 01.624 1.302 20.306 4.184 9.400
1982 84.990 4.240 28.359 7.118 8.080
1983 71.202 6.124 0.161 23.231 6.392 7.672 0.069
1984 81.804 4.843 0.256 20.451 6.092 9.035 0.110 0.016
1985 91.096 10.442 0.817 33.974 9.574 9.203 0.350 0.292 0.065
1986 103.494 10.214 0.965 30.311 5.751 8.724 0.413 0.302 0.084
1987 94.742 9.269 2.500 22.783 6.415 8.607 1.071 0.353 0.096
1988 83.041 7.430 3.628 23.541 7.086 8417 1.55% 0.331 0.071
1989 82.502 7.640 0.203 24.667 11.272 10.038 0.032 0.137
1990 76.754 12.028 0.270 26.882 10.764 10.012 0.348
1991 86.172 14.004 20.278 8.070 8.206 3.000 1.270
1992 81.812 20.023 21.475 6.439 9252 1.500 1.009
1993 101.982 11.086 16.083 3175 8.870 0.278
1904 104.347 7.601 19.520 3.451 9.569 0.484 0.626 0.449
1995 93.332 4.552 27.564 2,598 10.630 0.287 0.650 0.756
1996 109.831 9.759 19.344 3.530 11.062 0.718 1.828 1.515
1997 00.881 11.904 17.273 3.032 8.834 0.774 1.872 1.404
1998 110.856 10.796 16.797 3.357 8.283 0.277 1471 1.738
1999 87.509 12.435 16.252 2,911 8.595 0.841 4.144 2.749
2000 95.035 8.592 22,613 4.991 10.906 1.481 2077 5.500
2001 100.614 9.539 17.262 6.338 11.836 1.197 1.688 7.300
2002 87.862 14.199 17.488 3.965 9.581 2.045 3.945 3.500
2003 97.044 18.904 10.202 4.169 0.883 2.000 4.878 3.000
2004 80.494 27.668 11.251 4.588 10.004 1.611 4.420 1.600
2005 91.148 22594 7.136 3.634 7.881 1.788 4.559 0.700
2006 88.571 16.555 9.525 3.474 5.524 1.539 4.032 0.400
2007 08.212 12,573 13.427 1.902 6.350 1.350 3.834 0.400
2008 91.957 13.788 9.962 1.165 5.496 0.930 2740 0.231
2009 84.906 12.731 9.205 1.078 5.075 0.859 2.530 0.213
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Table App.l.2: South and west coast historic (ICEEA989) and GLM standardized CPUE data
(GLM3 of Glazer and Butterworth, 2009) fiot. paradoxus andM. capensis. The historic CPUE series
are forM. capensis andM. paradoxus combined.

ICSEAF CPUE (tu) GLM CPUE (ke min™)
Species-aggregated M. paradoxus M. capensis
Year West Coast South Coast Year West Coast South Coast West Coast South Coast
1955 17.31 1978 4.18 0.88 0.76 2.23
1956 15.64 1979 4.11 0.83 1.22 217
1957 16.47 1980 3.83 1.28 1.06 271
1958 16.26 1981 3.85 0.81 1.06 234
1959 16.26 1982 3.79 1.13 0.94 242
1960 17.31 1983 4.05 1.25 1.25 2.77
1961 12.09 1984 4.14 1.32 1.34 3.28
1962 14.18 1985 4.70 1.84 1.60 4.08
1963 13.97 1986 4.26 1.83 1.20 3.34
1964 14.60 1987 3.56 1.70 1.01 3.05
1965 10.84 1988 3.60 1.34 0.84 3.21
19266 10.63 1989 3.79 1.36 1.00 3.49
1967 10.01 1990 3.75 2.07 1.10 4.00
1968 10.01 1991 4.40 1.97 1.08 3.87
1969 3.02 1.28 1992 3.71 239 1.39 3.50
1970 7.23 1.22 1993 3.86 1.87 1.29 2.65
1971 7.09 1.14 19904 4.30 1.63 141 3.19
1972 4.90 0.64 1995 341 1.12 1.78 3.10
1973 4.97 0.56 1996 431 1.71 1.52 3.08
1974 4.65 0.54 1997 3.57 2.00 1.51 2.48
1975 4.66 0.37 1998 4.07 1.80 1.73 2.52
1976 5.35 0.40 1999 3.32 2.07 1.54 2.79
1977 4.84 0.42 2000 2901 1.40 1.50 2.88
2001 2.34 1.52 111 212
2002 2.24 1.31 1.12 2.52
2003 292 1.56 0.31 3.00
2004 2.34 1.33 (.80 2.61
2005 218 1.12 0.56 1.59
2006 241 1.12 0.51 1.36
2007 274 1.46 0.54 1.01
2008 3.16 2.25 0.70 1.51

Table App.l.3: Survey abundance estimates and mdedcstandard errors in thousand tons Nor
paradoxus for the depth range 0-500m for the south coastfanthe west coast. Values in bold are for
the surveys conducted by tA&icana with the new gear.

West coast South coast

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

Biomass (s.e) Biomass (s.e) Biomass (s.e) Biomass ) (s.e.
1985 169.959 (36.680) 264.839 (52.949) - - - -
1986 196.111 (36.358) 172.477 (24.122) 13.758  (3.554) - -
1987 284.805 (53.101) 195.482 (44.415) 21.554  (4.605) - -
1988 158.758 (27.383) 233.041 (64.003) - - 30.316 (13.104
1989 - - 468.780 (124.830) - - - -
1990 282.174 (78.945) 226.862 (46.007) - - - -
1991 327.020 (82.180) - - - - 26.638 (10.460)
1992 226.687 (32.990) - - - - 24.304 (15.195)
1993 334.151 (50.234) - - - - 198.849 (98.452)
1994 330.270 (58.319) - - - - 111.469 (34.627)
1995 324.554 (80.357) - - - - 55.068 (22.380)
1996 430.908 (80.604) - - - - 85.546 (25.484)
1997 569.957 (108.200) - - - - 135.192 (51.031)
1998 - - - - - - - -
1999 562.859 (116.302) - - - - 321.478 (113.557)
2000 - - - - - - - -
2001 - - - - 19.929  (9.956) - -
2002 267.487 (35.068) - - - - - -
2003 411.177 (69.431) - - 88.442 (36.051) 108.857 (37.528)
2004 259.527 (56.021) - - 63.900 (17.894) 48.898 (20.343)
2005 286.416 (39.849) - - - - 26.605 (7.952)
2006 315.310 (49.490) - - 72.415 (15.500) 34.799 (8.325)
2007 392.812 (70.043) - - 52.287 (19.231) 129.646 (60.661)
2008 246.542 (51.973) - - 24.816 (8.775) 39.505 (11.408)
2009 330.235 (28.526) - - - - 102.834 (28.670)
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Table App.l.4: Survey abundance estimates and mdedcstandard errors in thousand tons Nor
capensis for the depth range 0-500m for the south coastfanthe west coast. Values in bold are for
the surveys conducted by tA&icana with the new gear.

West coast South coast

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

Biomass (s.e) Biomass (s.e) Biomass (s.e) Biomass ) (s.e.
1985 124.647 (22.707) 181.487 (27.476) - - - -
1986 117.810 (23.636) 119.587 (18.489) 121.197 (16.625) - -
1987 75.693 (10.241) 87.391 (11.198) 159.088 (17.233) - -
1988 66.725 (10.765) 47.120  (9.568) - - 165.939 (21.871)
1989 - - 323.833 (67.295) - - - -
1990 455.798 (135.237) 157.800 (23.561) - - - -
1991 77.357 (14.995) - - - - 274.298 (44.395)
1992 95.407 (11.744) - - - - 138.085 (15.357)
1993 92.598 (14.589) - - - - 158.340 (13.733)
1994 121.257 (35.951) - - - - 160.555 (23.701)
1995 199.142 (26.812) - - - - 236.025 (31.840)
1996 83.337  (9.285) - - - - 244.410 (25.107)
1997 257.293 (46.056) - - - - 183.087 (18.906)
1998 - - - - - - - -
1999 198.716  (32.467) - - - - 191.203 (14.952)
2000 - - - - - - - -
2001 - - - - 133.793 (20.858) - -
2002 106.253 (15.813) - - - - - -
2003 75.96( (13.314) - - 82.92¢  (9.010) 128.45( (20.062)
2004 205.939 (33.216) - - 106.119 (15.596) 99.902 (12.027)
2005 70.983 (13.845) - - - - 76.932 (5.965)
2006 88.420 (22.851) - - 99.867  (9.803) 130.90( (14.816)
2007 82.270 (11.441) - - 74.615 (7.383) 70.940 (5.615)
2008 50.877 (5.355) - - 94.232 (11.456) 108.195 (9.978)
2009 175.289 (39.920) - - - - 124.004 (11.808)

Table App. 1.5: Survey length frequencies curreatrgilable.

West coast South coast
Year Summer Winter Spring (Sept) Autumn (Apr/May)
Sex-aggr. By sex  Sex-aggr. Bysex  Sex-agor. By sex Sgix-ag By sex

1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000 - - - - -
2001 - - - - t
2002
2003
2004
2005
2006
2007
2008
2009

T
T

-+ =+ =+
Do+ o+ o+

L
I
R LR L
I

[y
[y
.
[y

e
-+ -+ =+ =+

Lo+ o+

+ + +
+ -+ o+ F
B
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TableApp. 1.6: Species- and sex-disaggregated agiéeagth data currently available by reader.

Year

UR AD LB KG JP AP DJ PM TA KB|

M. paradoxus

UR

M. capensis

AD LB KG JP AP DJ PM TA K

West coast
summer survey

1990
1991
1992
1993
1994
1995
1996
1997
1999
2004
2005
2006
2007
2008

351
349

307

465
557
412

334
299
506
354
468
554
409

310 310 44
313 311
290 290

303

49

30

354
384

365
334

390 389 33
353 352
282 282

368

319 352 359

340
163
369 372
475 453

62

West coast winter
survey

1988
1990

471
303

354

South coast spring
survey

1994
2004
2006
2007
2008

10

489
116
149

243

808 808
512
441
127

South coast
autumn survey

1991
1992
1993
1994
1995
1996
1997
1999
2004
2005
2006
2007
2008

95
60
85

139

194
444
215
137

139

193
358
214

40 40 5
95 95
95 69

23
27

140 140 14

421

404
373
387

329 329 91
407 407
390 391

266 264
508

740
629 626
643 643

40
83

408 406 |400

Offshore
commercial

1992
1993
1994

521 521 46
645 646
330 330

75
38

260 260 28
115 115

17

Longline comm.

1994

314 314

9

131 126

5
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i 025 025
= — 1985 —— 1986 R J—T
= 0z 1987 1082 0204 1927 1952
= a q
=2 8 —— 1990 —— 1991 8 —— 190 ——1991
7 Eousq B 015
m g —— 1992 ——3002 3 — 1z ——m
— 2 =)
A 2003 2005 & 2003 2005
= 010 | o0 |
[}
)
= 005 | 005 |
721
)
= a0 " . . ; - , . . . 000 ; : : 7 === . : .
=
i WoomoW g A 60 W@ s LI U P U T
023 025
T —— 1985 —— 1086 \ 1985 1986
= 020 4 1987 1988 020 4 1087 1088
= g ——— 1989 —— 1990 g
= 3 z —— 1989 —— 1950
= o1 % 0.5
= £ g
5 =% Ay
S 0.0 0.0
= b
)
- i i
= 005 . 005
0 !
e
= .00 : . . . - - . . . 000 . : : . 2 ; : : .
i woom W e o0 Wm0 L L RO P
023 025
=18}
= 1936 —— 1087 —— 1986 —— 1987
s 020 020
= 2001 2003 2001 2003
_ =] =]
F g g
B Eas — 2004 2015 — 2004
) 2
2R 2
= & g
5] 010 010
)
—
= 005 005
=
)
=)
- a0 - ; . . ; . - . . 000 . .
7 i woowm W W 60 70 80 90 100 0 0 1m0
Lengih (e
— 02 025
=
= — 1933 1992 — 1982 1992
= 0.0 4 020
£ . 1999 2003 a 2003 —— 2004
- =) =
= Bous ——— 2004 —— 2005 T 015 ——— 2003
z i ¥
= & &
= i i
g 0.0 0.10
[5)
—~ 003 0.05
— e
=
=
5 0.00 i ; . . : | . ! . 0.00 : ; ; . . . : ; ]
w2
i woom W @ g e W@ w W oW W W a ap @ 0 S o

Fig. App.l.2: Sex-aggregated survey catch-at-lemgfibrmation. The vertical bars show the minus and
plus groups used.

27



Males Unsexed

Females
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APPENDIX Il — Gender-disaggregated, Age-StructuredProduction
Model fitting to Age-Length Keys

The model used is a gender-disaggregated Age-8tattProduction Model (ASPM), which is fitted
directly to age-length keys (ALKs) and length frequies. The model also involves assessing the two
species as two independent stocks and is fittedptries-disaggregated data as well as species-
combined data. The general specifications and @mstof the overall model are set out below
together with some key choices in the implementatibthe methodology. Details of the contributions
to the log-likelihood function from the differentath considered are also given. Quasi-Newton
minimisation is used to minimise the total negatieg-likelihood function (implemented using AD
Model Builder™, Otter Research, Ltd.).

Population Dynamics

Numbers-at-age

The resource dynamics of the two populatidds ¢apensis and M. paradoxus) of the South African
hake are modelled by the following set of equations

Note: for ease of reading, the ‘species’ subsertps been omitted below where not relevant.

NJio =R (App.II.1)

N, i = (N?ae‘“"a/z - ZC?yaje‘Mg/Z for0<as<m -2  (App.li.2)
f

NS\ = (ij_le‘Mml/ 2 - ZC?,y,m-lje_M“/ 2 ( Ngme‘Mm/ - ZC?ymje‘Mm/ ? (App.I1.3)
f f

where

N)?a is the number of fish of gendgrand age at the start of yeaf,

RS’ is the recruitment (number of 0-year-old fish¥ish of gendeg at the start of yeay,
m is the maximum age considered (taken to be a plugpy,
M, denotes the natural mortality rate on fish of aggender independent for the moment), and

C?ya is the number of hake of gendgand age caught in yeay by fleetf.

Recruitment

The number of recruits (i.e. new zero-year old)fishthe start of yearis assumed to be related to the
correspondingemale spawning stock size (i.e., the biomass of matereale fish) by means of the
Beverton-Holt (Beverton and Holt, 1957) stock-réenent relationship, parameterized in terms of the

“steepness” of the stock-recruitment relationship, and the pre-exploitation equilibrium female
spawning biomassKgSp, and pre-exploitation recruitmentR, and assuming a 50:50 sex-split at
recruitment.

L In the interests of less cumbersome notation, sigis have been separated by commas only when
this is necessary for clarity.
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4hR, B,

2
RY = : (€r=ok/2 (App.11.4)
y fsn (1 — _ f5p
K*®(1-h)+(5h-1)B,
where
¢y reflects fluctuation about the expected recruittrie yeary;
stp is the female spawning biomass at the start af yecomputed as:
m
B, => fWw,N, (App.11.5)
=1
where
Wag is the begin-year mass of fish of gendend age, and
fa is the proportion of fish of agethat are mature, and
a-1 - Z_ M
m-1 > M, e a'=0
=K%/ Zf wie Sy WQ— (App.11.6)
1-e™Mn

Total catch and catches-at-age

The fleet-disaggregated catch by mass, in yésugiven by:

ZZ a2 © ZZ ary2 N e_Ma/znyS?ya (App.I1.7)

g a=0 g a=0

where

W,,,,, denotes the mid-year mass of fish of gergland ages, which is assumed to be the same for

each fleet (as there are no data available toidiswte between fleets),

Cfgya is the catch-at-age, i.e. the number of fishesfderg and agea, caught in yeay by fleetf,
ny is the fishing mortality of a fully selected agjass, for fleef in yeary (independent off), and

S%a is the commercial selectivity (i.e. vulnerability fishing gear, which may depend not only on

the gear itself, but also on distribution patteaisthe fish by age compared to the areal

distribution of fishing effort) of gendey at agea for yeary, and fleetf; when S%a =1, the

age-classa is said to be fully selected. The south coasthoffs trawIM. paradoxus female
selectivity has been scaled down by a factor estichan the model fitting (see below for

details), for all other combinations of fleet amksies, the male and female selectivities-at-

length are assumed to be equal.

As it is not possible to estimate a sex-specifimgwrcial selectivity-at-age, it is rather assunteat t

the selectivity-at-length is the same for both maad females (except for south coast offshorel traw

M. paradoxus as explained above). The selectivity-at-lengthcamverted to selectivity-at-age as
follows:

ZSfy. N (App.11.8)

where
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Pa?, is the proportion of fish of ageand gendeg that fall in the length group(i.e., Z Pa?, =1 for
[

all agesa).

The matrixP is calculated under the assumption that lengihgatis normally distributed about a mean
given by the von Bertalanffy equation, i.e.:

I, ~ NI, [1-e*e®) 62| (App.I1.9)
wheregd, is the standard deviation of length-at-agevhich is estimated directly in the model fitting
for ages O to 7. For ages greater tha@ly = &, .

The model estimate of the mid-year exploitable &i@able”) component of biomass for each species
and fleet is calculated by converting the numbérage into mid-year mass-at-age (using the mid-year
individual weights) and applying natural and fighimortality for half the year:

m
— -M,/2| 4 _
BY = ZZ;WangS?yaN?ae / (1 Zf:sfgyany/zj (App.11.10)
g a=
The model estimate of the survey biomass at thieaftéhe year (summer) for each species is given b
my
Bj.]rv — Z z Wg S;;,s.;rv,sumN 33 (App.11.112)
g a=0

and in mid-year (winter):

B)s/urv - z zwangj/zSg,wrv,win N}g,;ae—Ma/Z (1_ z S?yany/zj (App.11.12)
f

g a=0

where

Sgsrvsmivn s the survey selectivity for agefor genderg, converted from survey selectivity-at-

length in the same manner as for the commerciatteity (see eqn App.I1.8).

Survey selectivity-at-length has been assumed tthbesame for males and females, exceptMor
paradoxus in the south coast spring and autumn surveys (skesvip

Note that both the spring and autumn surveys &entto correspond to winter (mid-year).

It is assumed that the resource is at the detestiineéquilibrium that corresponds to an absence of
harvesting at the start of the initial year considei.e., BY® = K9 and yeay=1 corresponds to
1917 when catches are taken to commence.

The likelihood function

The model is fit to CPUE and survey abundance @sjicommercial and survey length frequencies,
survey age-length keys, as well as to the stockiiteeent curve to estimate model parameters.
Contributions by each of these to the negativénefiog-likelihood (#nL ) are as follows

CPUE relative abundance data

The likelihood is calculated by assuming that thesesved abundance index (here CPUE) is log-
normally distributed about its expected value:

e fiye‘fiy or & =l )-rmli) (App.11.13)

where

2 Strictly it is a penalised log-likelihood which imaximised in the fitting process, as some
contributions that would correspond to log-priar@iBayesian estimation process are added.
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K is the abundance index for ygaand series (which corresponds to a specified species and
fleet)

IA; =q éfyx is the corresponding model estimate, whé%f is the model estimate of exploitable
resource biomass, given by equation App.11.10,

is the constant of proportionality for abundanegesi, and

£y from N(O, (aiy)z) :

In cases where the CPUE series are based uporesgagregated catches (as available pre-1978), the
corresponding model estimate is derived by assumwgtypes of fishing zones: z1) aW: capensis
only zone”, corresponding to shallow water anda2nixed zone” (Fig. App.ll.1).

The total catch of hake of both speciBS)(by fleetf in yeary (CBS‘W) can be written as:

Ces,y =Clty +C&% +Chyyy (App.Il.14)
where

Céw is theM. capensis catch by fleef in yeary in theM. capensis only zone (z1),
Cé?fy is theM. capensis catch by fleef in yeary in the mixed zone (z2), and

Cpy istheM. paradoxus catch by fleet in yeary in the mixedzone.

Catch rate is assumed to be proportional to exgidtetbiomass. Furthermore, lgbe the proportion of

the M. capensis exploitable biomass in the mixed zong % Bg’féz/BS’ffy) (assumed to be constant

throughout the period for simplicity) angl;, be the proportion of the effort of flebin the mixed zone
in yeary (¢, = EZ2 /Ey, ), so that:

C&y = APBSER = g (1- y)BEy -y JEy, (App.I1.15)
C&y = ac?BEGEY = ac”)BE Wy Ey, and (App.11.16)
CP,WZQL53WE§=QLB?wwWEW (App.11.17)
where

Eg = E%} + Eff is the total effort of fleet corresponding to combined-species CPUE séfigsch

consists of the effort in the. capensis only zone E%) and the effort in the mixed zone

(E¥). and
qi:'z‘ is the catchability foM. capensis (C) for abundance seriésand zonej, and
qi: is the catchability fomM. paradoxus (P) for abundance seriés

It follows that:
Ce.y = BEWE, a0 n-wy )+ a2y (App.11.18)

Cp.yy = BEWEq oty (App.11.19)

From solving equations App.I.18 and App.11.19:
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iz
» 1_
Sy, = kK L-) (App.I1.20)
CeyBrydp _
—eXRYE gy + gt L)
BeyCe,y
and:
. Cqy CqBE.ai
B —_W:M (App.11.21)
Efy CP,fy
Zone 1 (z1): Zone 2 (z2):
M. capensis only Mixed zone
M. capensis: M. capensis:
biomass BZ"), catchCZ") biomass B2 ), catchC&?)
M. paradoxus:
biomassBr), catchCr)
Effort in zone 1 %) Effort in zone 2 %)

Fig. App.ll.1: Diagrammatic representation of th@ttheoretical fishing zones.

Two species-aggregated CPUE indices are availdhdel CSEAF west coast and the ICSEAF south
coast series. For consistenagis for each species (and zone) are forced to Ieeisame proportion:

qst =rgg© (App.11.22)

To correct for possible negative bias in estimabtésvariance (aiy) and to avoid according

unrealistically high precision (and so giving inappriately high weight) to the CPUE data, lower
bounds on the standard deviations of the residioalshe logarithm of the CPUE series have been
enforced; for the historic ICSEAF CPUE series (saf@awest coast and south coast series) the lower

bound is set to 0.25, and to 0.15 for the recemM@tandardised CPUE series, i.er!“F" > 025
and o®M > 015.

The contribution of the CPUE data to the negatif/éhe log-likelihood function (after removal of
constants) is then given by:

- (nL°PYE = Zi:zy:[én(aiy)+ (5;)2 /2(0;)2} (App.11.23)

where

a.l

y is the standard deviation of the residuals ferlttgarithms of indekin yeary.

Homoscedasticity of residuals for CPUE series sta@marily assumeédso thataiy =o' is estimated
in the fitting procedure by its maximum likelihowédlue:

&' = \/]/ni S (@) - n(i1)f (App.11.24)

y

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

3 There are insufficient data in any series to em#tlik to be tested with meaningful power.
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In the case of the species-disaggregated CPUEss¢hie catchability coefficient]' for abundance

index i is estimated by its maximum likelihood value, whiin the more general case of
heteroscedastic residuals, is given by:

>ty - gz, ) (o,
Ing' = (App.11.25)

;]/(a;)z

In the case of the species-combined CquE, o
procedure.

, qip and yare directly estimated in the fitting

Survey abundance data

Data from the research surveys are treated asveelabundance indices in a similar manner to the

Ssurv,sum/ win
a

species-disaggregated CPUE series above, withysselectivity function replacing the

commercial selectivitySfya (see equations App.ll.11 and App.ll.12 above, Whitso take account of
the begin- or mid-year nature of the survey).

An estimate of sampling variance is available faysisurveys and the associateriyi is generally

taken to be given by the corresponding survey Chweler, these estimates likely fail to include all

sources of variability, and unrealistically highepision (low variance and hence high weight) could
hence be accorded to these indices. The contribofithe survey data to the negative log-likeliha®d

of the same form as that of the CPUE abundance(de¢aequation App.Il.23). The procedure adopted

takes into account an additional varla(m'g) which is treated as another estimable paramettein

minimisation process. This procedure is carried euforcing the constraint th(ﬂI'A) >0, i.e. the
overall variance cannot be less than its externafiyt component.

In June 2003, the trawl gear on tAficana was changed and a different value for the muttiive
bias factorq is taken to apply to the surveys conducted with tlew gear. Calibration experiments
have been conducted between thieicana with the old gear (hereafter referred to as thé “o
Africana”) and theNansen, and between théfricana with the new gear (“nevifricana”) and the
Nansen, in order to provide a basis to relate the muttgilve biases of thAfricana with the two types
of gear (Oyq and g,y )- A GLM analysis assuming negative binomial disitions for the catches

made (Brandaet al., 2004) provided the following estimates:

ANGTPSS = —0494  with T, capersis = 0141 ie. (q“ew /q"'ﬂ')capenSiS = 0610 and
AngP¥OUs = _ 0053 with T, qperadonss = 0117 ie. (q”ew / q"'d)"a“‘d"x”S = 0948
where

INQpay = NGS5 +ACNG®  with s = capensis or paradoxus (App.11.26)

No plausible explanation has yet been found forpticularly large extent to which catch efficignc
for M. capensis is estimated to have decreased for the new rdsaareey trawl net. It was therefore
recommended (BENEFIT, 2004) that the ratio of thteleability of the new to the previoddricana

net be below 1, but not as low as the ratio estithéitom the calibration experimentA/ng™s

therefore taken as -0.223, i.((q.”a” /g )capmgs =08.

is

The following contribution is therefore added apemalty (or a prior in a Bayesian context) to the
negative log-likelihood in the assessment:

—nLY™ = (INGpgy, — MNOgq — AN0)° /202 1, (App.11.27)
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A different length-specific selectivity is estimdtfor the “oldAfricana” and the “newAfricana”.

Commercial proportions at length

Commercial proportions at length cannot be disagmerl by species and gender. The model is
therefore fit to the proportions at length as deteed for both species and gender combined.

The catches at length are computed as:
m
Cy =2, > N3.Fs S5 P e M=/? (App.11.28)
s g a=0

With the predicted proportions at length:
Py = CM/ZCM. (App.11.29)

The contribution of the proportion at length datatlie negative of the log-likelihood function when
assuming an “adjusted” lognormal error distributi®given by:

—(nL°"" = O.lZZ[En(a,‘en 1Py )+ Py (Enpiy, - (n Py )2 / 2(0{en )2J (App.11.30)
y |

where
the superscripti” refers to a particular series of proportions exigth data which reflect a specified
fleet and coast, and species (or combination tlieaeal

0,18 the standard deviation associated with the ptapoat length data, which is estimated in the
fitting procedure by:

Olen = \/ZZ o, (n p, ~n pl, ) 1> 31 (App.I1.31)
y | y |

The initial 0.1 multiplicative factor is a somewtatitrary downweighting to allow for correlation
between proportions in adjacent length groups. @te@rse basis for this adjustment is the ratio of
effective number of age-classes present to the suwmiblength groups in the minimisation, under the
argument that independence in variability is likedyoe more closely related to the former.

Commercial proportions at length are incorporatethe likelihood function using equation App.I1.30,
for which the summation over lengtlis taken from lengthwnis (considered as a minus group)ldies

(a plus group). The length for the minus- and musdps are fleet specific and are chosen so that
typically a few percent, but no more, of the figimpled fall into these two groups.

Survey proportions at length

The survey proportions at length are incorporatetd ithe negative of the log-likelihood in an
analogous manner to the commercial catches-at-ageuming an adjusted log-normal error
distribution (equation App.11.30). In this case rexer, data are disaggregated by species, and it so
surveys further disaggregated by gender.

g,surv
P = ——9 s the observed proportion of fish of speciegenderg and length from
ch,surv
sy’
-
surveysurv in yeary,
A g,surv

Psy is the expected proportion of fish of specegenderg and length in yeary in the survey
surv, given by:
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Z Sgg,surv,s.;m Psgl Ng/a
gsuv — __a (App.11.32)
pSY' Z Z Sg:wrv,s.]m ng Ng/a
a

for begin-year (summer) surveys, or

> sgerempI NG, "ME/Z(l— zf“sgyang/zj

pgllsurv — a
ZZSQ srsmps N8 ‘Mﬁ/{l—ngyanfy/zj
I f

for mid-year (autumn, winter or spring) surveys.

(App.11.33)

Age-length keys

Under the assumption that fish are sampled randavitly respect to age within each length-class, the
contribution to the negative log-likelihood for tA& K data (ignoring constants) is:

—InLA* = —WZZZ[AObS In( ) AT In(A"bs )J (App.11.34)

where

w is a downweighting factor to allow for ovispkrsion in these data compared to the expectation
for a multinomial distribution with independent dator the moment this weight factor is set to
0.001 (for values much higher than this, this conga of the likelihood dominates those related
to trends in abundance indices, with the resultfitsato these trends deteriorate markedly,
which indicates that there is some conflict amonigsse sources of data; for the fit obtained an
estimate of the overdispersion of these data stgjtfest this downweighting factor should be
somewhat greater at 0.013),,

?Zj is the observed number of fish of agthat fall in the length cladsfor ALK i (a specific

combination of survey, year, species and gender),

A ,, is the model estimate a, , computed as:

A =W, Cu A (App.I1.35)
. . zcl | Aa |
where

W, is the number of fish in length clasthat were aged for ALK.

A= Z P(a'|a)Aayl is the ALK for agea and lengtH after accounting for age-reading error,

a
with P(a'|a), the age-reading error matrix, representing thebaiility of an animal of true age
being aged to be that age or some otherage

Age-reading error matrices have been computed doh eeader and for each species in Rademeyer
(2009).

When multiple readers age the same fish, theseatataonsidered to be independent information in
the model fitting.
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Stock-recruitment function residuals

The stock-recruitment residuals are assumed todpmdrmally distributed. Thus, the contribution of
the recruitment residuals to the negative of tigelikelihood function is given by:

y2
R =N ¢ 2 /203 (App.11.36)
s y=yl
where
Cy is the recruitment residual for spec®sand yeary, which is assumed to be log-normally

distributed with standard deviatiamg and which is estimated for yegt to y2 (see equation App.l1.4)

(estimating the stock-recruitment residuals is mpdssible by the availability of catch-at-age data,
which give some indication of the age-structur¢hefpopulation); and

ORr is the standard deviation of the log-residualsictvis input.

The stock-recruitment residuals are estimated éary 1985 to 2006, with recruitment for other years
being set deterministically (i.e. exactly as giv®nthe estimated stock-recruitment curve) as tigere
insufficient catch-at-age information to allow eddie residual estimation for earlier years. A liimit
the recent recruitment fluctuations is set by hgitme or (which measures the extent of variability in
recruitment — see equation — App.l.36) decreadingarly from 0.25 in 2004 to 0.1 in 2009,
effectively forcing recruitment over the last yeaoslie closer to the stock-recruitment relatiopshi
curve.

Model parameters

Estimable parameters

The primary parameters estimated are the specexsfispfemale virgin spawning biomas(sKjS”)

and “steepness” of the stock-recruitment relatigngh, ). The standard deviations' for the CPUE
series residuals (the species-combined as wetleaGLM-standardised series) as well as the addition
variance(aiA)2 for each survey abundance series are treated tmable parameters in the
minimisation process. Similarly, in the case of $pecies-combined CPUE;EZl, quz, qip andy are
directly estimated in the fitting procedure.

The species- and gender-specific von Bertalanfoywtjn curve parametergifs, < andtg) are estimated

directly in the model fitting process, as well ae-a&pecificS values used to compute the standard
deviation of the length-at-age

The following parameters are also estimated inntbelel fits undertaken (if not specifically indicdte
as fixed).

Natural mortality:

Natural mortality M ¢, ) is assumed to be age-specific and is estimateg tise following functional
form:

M, for a<1
ﬁM
M_=:aM+=— for 2<ac<5h (App.11.37)
at+l
Mg for a>5
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M, and M are set equal tM, (= a + B /3) as there are no data (hake of ages younger

than 2 are rare in catch and survey data) whicHoallow independent estimation &fl (; and M, .

Upper bounds of 1.0 and 0.5 on ages 2 and 5 regplgcare implemented in the New Reference Case
assessment to maintain biological realism (likedithanaximisation prefers higher values for largesage
in many cases, but this seems unlikely given theedew known predators of large hake).

Commercial fishing selectivity-at-length:

The fishing selectivity-at-length (gender indepemtjidor each species and fledh, , is estimated in
terms of a logistic curve given by:

Sy = [1+ exd-(1-15)/ 65 )]l (App.11.38)
where

l¢ cmis the length-at-50% selectivity,

dg cntt defines the steepness of the ascending limb afethetivity curve.

The selectivity is sometimes modified to includéezrease in selectivity at larger lengths, as ¥ato
Sy — See ) for1> 1 (App.11.39)
where

Sy measures the rate of decrease in selectivity vétigth for fish longer thatyee for the fleet
concerned, and is referred to as the “selectivdpes'.

Periods of fixed and changing selectivity have baegsumed for the offshore trawl fleet to take aotou
of the change in the selectivity at low ages oweetin the commercial catches, likely due to the
phasing out of the (illegal) use of net liners tdh@nce catch rates. Details of the fishing seliigtss
used in the assessment are shown in Table Appgl@v.

On the south coast, favl. paradoxus, the female offshore trawl selectivity (only theawl fleet is
assumed to catdMl. paradoxus on the south coast) is scaled down by a factemestd in the model
fitting procedure. Although there is no gender infation for the commercial catches, the south coast
spring and autumn surveys catch a much higher ptiopaf maleM. paradoxus than female (ratios of
about 7:1 and 3.5:1 for spring and autumn respelgliv This is assumed to reflect a difference in
distribution of the two genders which would therefaffect the commercial fleet similarly.
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Table App.11.2: Details for the commercial seleitfivat-length for each fleet and species combimatio
as well as indications of what data are available.

M. paradoxus M. capensis data available
1. West coast offshofe
1917-197¢ set equal to 1989 set equal to 1989
1977-198h two logistic +_s|ope parameters differential shift compared to :_L993+ as species combined
estimated for paradoxus, slope 1/3 of inshore
1985-199p linear change between 1984 and 1993 selectivity species combined

1993-2009 two logistic + slope parameters  same as SC inshore but shifted to the

estimated rightby 10 cm, slope 1/3 of inshore species combined

2. South coast offshgre
1917-197¢ set equal to 1989 set equal to 1989

1977-198h two logistic +_s|ope parameters differentia shift compared to .1993+ as species combined
estimated for paradoxus, slope 1/3 of inshore

1985-199p linear change between 1984 and 1993 selectivity species combined

two logistic + slope parameters  same as SC inshore but shifted to the

1993-2009¢ species combined

estimated right by 10 cm, slope 1/3 of inshore
. istic + .
3. South coast inshofe two logistic + slope parameters M. capersis
estimated
4. West coast longlinje two logistic + slope parameters same as South Coast longline species combirjed
estimated
5. South coast longlife two logistic + slope parameters M. capensis

estimated

average of South Coast longline and

6. South coast handline :
inshore

Survey fishing selectivity-at-length:

The survey selectivities are estimated directlysfieven pre-determined lengths fdr paradoxus and

M. capensis. When the model was fitted to proportion-at-agaathan proportion-at-length, survey
selectivities were estimated directly for each @ge seven age classes); the seven length comdgpo
these ages. The lengths at which selectivity isneséd directly are survey specific (linear betwésn
minus and plus groups) and are given in Table ABfbklow. Between these lengths, selectivity is
assumed to change linearly. The slope from lend#hss t0 lminstl iS assumed to continue
exponentially to lower lengths to length 1, andikirty the slope from lengthkys to lyus-1 for M.
paradoxus andM. capensisto continue for greater lengths.

For the south coast spring and autumn surveys, egespmkcific selectivities are estimated fdc
paradoxus. Furthermore, the female selectivities are scaledn by a parameter estimated for each
survey to allow for the male predominance in thevey catch.

Table App.11.3: Lengths (in cm) at which surveyessivity is estimated directly.

g West coast summer 13 18 23 28 32 37 42 47
x

-(8tj West coast winter 13 18 24 29 35 40 46 S
g South coast spring 21 26 30 35 39 44 48 g3
= South coastautumn 21 26 31 36 42 a7 52 5
” West coast summer 13 20 26 33 39 46 52 %9
2 West coastwinter 13 17 21 30 40 47 54 6l
g South coast spring 13 19 28 38 46 54 63 11
= South coastautumn 13 19 28 36 44 52 61 9
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Sock-recruitment residuals:

Stock-recruitment residualgy, are estimable parameters in the model fitting @ssc They are

estimated separately for each species from 1988etpresent, and set to zero pre-1985 because there
are no catch-at-length data for that period to ppi®the information necessary to inform estimation.

Input parameters and other choice for application b hake
Age-at-maturity:

The proportion of female fish of specieand length that are mature is assumed to follow a gender-
independent logistic curve with the parameter &lgigen below (from Fairweather and Leslie, 2008,
“stage 2, >40cm”):

M. paradoxus M. capensis

Iso 43.43cm 43.64cm
A 4.33cm 6.23cm
Maturity-at-length is then converted to maturityagfe as follows:
fa=> f4P (App.I1.40)
[

Weight-at-length:

The weight-at-length for each species and gendeal@ilated from the mass-at-length function, with
values of the parameters for this function listetblv (from Fairweather, 2008, taking the average of
the west and south coasts):

M. paradoxus M. capensis

Males  Females Males  Females
a (gm/cndf) 0.007541 0.005836 0.006307 0.005786
B (no units) 2.9882 3.0653 3.0612 3.0851

Minus- and plus-groups

Because of a combination of gear selectivity arwdtatity, a relatively small number of fish in the
smallest and largest length classes are cauglbrigequence, there can be relatively larger efiors
terms of variance) associated with these data.e@iaae this effect, the assessment is conducted with
minus- and plus-groups obtained by summing the dega the lengths below and abdwgus andlpius
respectively. The minus- and plus-group used arengin Table App.ll.42 (and plotted in Figs.l.2 and
3). Furthermore, the proportions at length datah(lmmmmercial and survey) are summed into 2cm
length classes for the model fitting.
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data.
SURVEY DATA
M. par adoxus M. capens s

Minus Plus Minus Plus
West coast summer 13 47 13 59
West coast winter 13 51 13 61
South coast spring 13 53 13 71
South coast autumn 21 57 13 69
COMMERCIAL DATA

Minus Plus
West coast offshore, species combined 23 65
South coast offshore, species combined 27 75
South coast inshord). capensis 27 65
West coast longline, species combined 51 91
South coast longlindl. capensis 51 91
Both coasts offshore, species combined 25 65
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