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Abstract

This document gives detailed methodology, dataresdlts for the final Reference Set for the
joint assessment of the South Afridsln paradoxus andM. capensis resources that will be used
in OMP testing.

The Reference Set aims to take account of therfatbat account for most of the uncertainty regaydhe
key considerations of resource status and prodtyctivhis is achieved by including variations arduiour
aspects of the assessment:

M. Natural mortality:
M21: upper bounds of 0.5 and 0.3 on ages 2 andr@&pgectively are implemented,
M4: upper bounds of 1.0 and 0.5 on ages 2 andre/gectively are implemented.

C. Species split of the catch (see below for furthglanation):
C3a: the logistic function used to split the pré8®ffshore commercial catches by species has the
parameter$:=1950 andP,=1.5;
C3b: the logistic function used to split the prerf@ Dffshore commercial catches by species has the
parameter$:=1940 andP,=1.5;
C3c: the logistic function used to split the préf@®ffshore commercial catches by species has the
parameter®,=1957 andP,=1.5.
[Note that scenarios which assume that the praportf M. capensis in recent catches to have been
negatively biased, previously named C6, will nonwnbened C6a, b and c as corresponding equivalethg to
above.]

H. Steepness parameter:

H1: the steepness parameten$ for both M. capensis and M. paradoxus are estimated in the
minimisation process;

H2: for M. paradoxus, h is fixed at 0.8 (lower than the 0.95 typically iegted), while this
parameter is estimated fiot. capensis;

H3: for M. capensis, h is fixed at 0.7 (lower than the 0.8-0.9 typicabgtimated), while this
parameter is estimated fiot. paradoxus;

H4: for M. paradoxus, h is fixed at 0.8, and fdvl. capensis, his fixed at 0.7.

SR. Recent stock-recruitment residuals:
SR1:0r=0.25 throughout the period;
SR2:0x=0.25 from the beginning of the fishery to 2000 &meh decreases linearly to 0.1 in 2004.
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1. Data

The tables of data used are given in Appendix A.

1.1 Total catches

The South African hake stocks are fished by foeet: the offshore trawl fleet and the longlinetfleperate
on both the south and west coasts, while the imestrawl fleet and the handline fleet operate onsinath
coast only. The annual catches by mass assumeehbtr fleet and coast are given in Table A.1 for the

period 1917 to 2004. A summary of the assumptioadaro disaggregate the catches by species and flee
for the Reference Case is given below.

a) Offshore trawl fleet:

1978-2004:
The catches made by the offshore trawl fleet haanlsplit by species by applying the size-basediespe
proportion-by-depth relationships for the west andth coasts developed by Gaylard and Bergh (2004).
This series is used as input for scenarios C3ac s€enarios C6-a-c, the assumption is made tleat th
proportions oM. capensis in recent catches have been negatively biased.chmistant bias is introduced

as an error ord; (see equations 2 and 3 of Glazer, 2005).

1917-1977:
Prior to 1978, there is no depth information reeordor the landings so that the proportion \of
capensis caught cannot be estimated using the method alBwesiously, the proportion over the 1917-
1977 period has been assumed to equal the avdrag@drtained over the 1978-1982 in splitting the
catches for these years. In this paper, the catdn fdr the 1917-1977 period are split by assurttiag
the proportion oM. capensis caught follows a logistic function over this pefictarting at 1 and then
decreasing to stabilise at the 1978-1982 averalge vimdeed, trawling was concentrated in inshoeas
around Cape Town when the fishery began (i.e. fngbaatching M. capensis exclusively) and
progressively moved offshore, so that this seenmoege defensible approach. The proportionMaf
capensis in the offshore trawl catch in yegpion coast is thus given by:

1-A,

rexdly-p)p,] 0 @

prop _
propg ™ =

where

A. is the average proportion M. capensis in the offshore catch over the 1978-1982 periadctmastc

(24% and 60% on the west and south coasts reselgctor scenarios C3a-c, and 30% and 65% on
the west and south coasts respectively for scen@ta-c), and

P., P> are parameters of the logistic function. ParamBteis the year in which the proportion bf.
capensis in the catch is half-way between 100% awd while P, defines how rapidly this change in

proportion occurs.
The following scenarios have been included in teéeFRence Set:
C3a (C6a)P1=1950 andP,=1.5;
C3b (C6b):P1=1940 andP,=1.5;
C3c (C6¢):P1=1957 andP,=1.5;

The proportion oM. capensis consequently assumed for the offshore trawl catétvescenarios C3a-c and
C6a-c is shown in Fig. 1 for the west and for thetls coasts.

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

Because fleet-disaggregated catch data are ndabbeaprior to 1974, the assumption has been niaaietie
annual catch of the inshore trawl fleet from 196Q 973 increased linearly from 1000t to 5000t, tad the
balance of the total catch recorded was taken &dyttshore trawl fleet.
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c) Longline fleet:
Longline catches on the west coast are assumezhsist of 30%M. capensis for the whole period, while on
the south coast, catches by this fleet are asstonezhsist oM. capensis exclusively.

d) Handline fleet:
The handline fleet operates on the south coast émyor the inshore fleet, catches made by thastflare
assumed to consist bf. capensis only.

The overall catch in 2004 is taken to be the TACthat year, with the same proportion of each ssas
caught by each fleet in 2003 assumed.

1.2 Abundance indices

Historic and GLM-standardised CPUE data are giverable A2. The historic CPUE series cannot be
disaggregated by species, as there are no effaiepth data available for this pre-1978 period. TGheV
standardized CPUE data used for scenarios C3a-dCéaec are from Glazer (2005); these are species-
specific indices (and based also on the new Gaydad Bergh estimated species-proportisn depth
relationship).

Survey biomass estimates for the west and soutstcaae shown in Table A3 ft. paradoxus and Table
A4 for M. capensis.

1.3 Catches-at-age

Survey catch-at-age data are shown in Tables ASeA8M. paradoxus and in Tables A9-A13 foM.
capensis.

Commercial catches-at-age for the offshore (botstsocombined) and for the inshore and longlinatfso
coast only) fleets are shown in Table A14-A16. Thapnot be split by species on an age-basis, mutsth
not a problem for the south coast inshore and inedleets as their catches are assumed to carfshdt
capensis only.

2. Methods

The model used in this analysis is an Age-Strudtéh®duction Model (ASPM) and is described in détai
Appendix B. This includes a new method introduaednbodel CPUE series based upon species-aggregated
catches — see equations B14-20.

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

2.1 M. paradoxus

a) Plus-group:
Age 15 is used as the plus-group.

b) Natural mortality:

Ma is taken to be age-dependeMt) (with the form of equation as shown in B33). Uppeunds of 0.5 and
0.3 on ages 2 and 5 respectively are implementescknario M1 of the Reference Set, while uppemtdsu
of 1.0 and 0.5 on ages 2 and 5 respectively aréemmgnted for scenario M4 of the Reference Set.h&set
are not enough data to inform on the natural mitigalat ages above 5 fdd. paradoxus, the natural
mortality estimated for age 5 fM. paradoxus is assumed to apply to older ages as well.

¢) Commercial selectivity-at-age:

The selectivities of the offshore and longline fl@ae two fleets assumed to cafeh paradoxus) take the
form of a logistic curve (equation B35). As thesenio information on the age-structure of the lorgyli
catches oM. paradoxus alone, the selectivity of the longline fleet ftdr paradoxus is assumed to be of the
same form as the longline selectivity fdr capensis (which can be estimated from the south coast ineg|
catches-at-age — assumed tavhecapensis only). The selectivity for the longline fleet issumed to be flat
for older ages.
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This assessment makes use of the offshore spemigisitted catch-at-age data (ignored in previousiepec
disaggregated assessments), so that if the séfgaifvone of the species is known, the selectifythe
other species can be estimated. In this case, sumasion is made for the offshore selectivity fdr
capensis (see below), and therefore the offshore selegtifot M. paradoxus can be estimated directly.
Periods of fixed and changing selectivity have bagsumed to take account for the change in thetitye

at low ages over time in the commercial catchd®l\li due to the phasing out of net liners. Thet firs
selectivity period is from 1917 to 1976 and witlhes@&vities set equal to their 1989 values, asuse of net
liners after 1976 would have caused a shift towaaishing smaller fish. The second selectivity quebris
from 1977 to 1984 and the third from 1993 to thespnt, with the selectivities in the 1985-1992 quri
assumed to vary linearly between these 1984 and t8Ries. The offshore trawl selectivity is assurteed
decrease exponentially from age 3 (equation B3@&)) & slope parameter estimated in the model dttin
procedure. This exponential decrease is assummghtmue to age 15.

d) Survey selectivity-at-age

Because there are no catch-at-age data availabte tre west coast winter survey, the same selgciwi

assumed to apply to both the summer and winter gt surveys (conducted by thieicana). A separate
selectivity function is estimated for thdansen west coast summer survey. On the south coastngesi
selectivity function is estimated for the springlaouth coast surveys. The survey selectivitiegstienated

directly for each age.

An exponential decrease in selectivity is assunmmeth fage 5 foM. paradoxus with the slope parameter
fixed at 0.5. This value has been computed roufibiy the average (over surveys and scenarios) aeere
from age 4 to 5 foM. paradoxus estimated in scenarios C3 of Rademeyer and Butténg2005).

€) Sock-recruitment residuals
The residuals are assumed not to be serially ete| i.e.0 = 0. They are estimated from year 1985 to

2004.For scenario SR1 of the Reference Set, the vatialgvel oy is fixed at 0.25 throughout the period.

Scenario SR1 shows strong recruitmenioparadoxus for the last two years. This signal is partly lthea

the catch-at-age information from the more recenveys, but because of the change in gear on the
Africana, and consequently a possible change in selectithe surveys, one cannot be entirely confident
that this signal is quantitatively reliable. Forstheason, scenario SR2 sets a limit on the raeentitment
fluctuations by having thery decreasing linearly from 0.25 in 2000 to 0.1 if9&0effectively forcing the

last three years of recruitment closer towardsstbek-recruitment relationship curve.

2.2M. capensis

a)Plus-group:
Age 15 is used as the plus-group.

b) Natural mortality:

M. is taken to be age-dependeM:) (with the form of equation B33). Scenarios M1 avd are as
described foM. paradoxus above. The natural mortality estimated for ager/™. capensis is assumed to
apply to older ages as well.

b) Commercial selectivity-at-age:

The selectivity patterns characterising each offthe fleets (offshore, inshore, longline and hamaj) all
take the form of a logistic curve. For the inshbleet, the selectivity is allowed to decrease exgmdially
from age 5, as this fleet does not fully selecepliish because the distribution of hake extendpeethan
its area of operation. This exponential decreabigiwis estimated in the model fitting procedurassumed
to continue to age 15.

The selectivity for the offshore fleet favl. capensis is assumed to vary in the same way as Nbr
paradoxus; the selectivity over the 1977-1984 period is las $electivity over the post-1993 period but
shifted to the left by the same amount ashth@aradoxus selectivity, while the selectivity over the pre7i@
period is as the selectivity over the post-1993qaebut shifted to the left by half the differenoetween the
1984 and 1993 selectivities. The selectivity p@23 is assumed to be as that for the inshore Haet

shifted one year of age to the right (&, « =acypinn +1 iN €quation B35) and with a flat selectivity for
older ages.
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Because the longline fishery targets principallgenlfish, the selectivity for that fleet is alssamed to be
flat for older ages. Furthermore, the selectivitglicated by a logistic curve is multiplied by attaci for

ages< 4. Indeed, the selectivity for this fleet and #hages is so low that it is not adequately repteseoy
a logistic curve. The parametdr is treated as another estimable parameter inkbekhlbod maximisation
process.

As is the case for the offshore fleet, there areatch-at-age data available to estimate a seigctigctor
for the handline fleet, so the assumption is madethe selectivity for this fleet is intermedidketween the

inshore trawl and longline selectivities (i.e. theerage of the twag and Jd5 - see equation B35 - is

assumed to apply). The selectivity is allowed t@rdase exponentially from age 5. This exponential
decrease, which is taken as half of that of thkears fleet is assumed to continue to age 15.

c) Survey selectivity-at-age
A different survey selectivity is estimated for bauf the three survey series on the west coastewhi the
south coast a single selectivity is estimated. Jurgey selectivities are estimated separatelydohege.

An exponential decrease in selectivity is assumewh fage 7 foM. capensis with the slope parameter fixed
at 1.0. This value has been computed roughly fioenaiverage (over surveys and scenarios) decraase fr
age 6 to 7 foM. capensis estimated in scenarios C3 of Rademeyer and Buitémn(2005).

d) Stock-recruitment residuals
For simplicity, the residuals are assumed not tedréally correlated, i.e.p=0. They are estimated from

year 1985 to 2004. Scenarios SR1 and SR2 are aslasforM. paradoxus above.

3. Results and Discussion

The overall average and range of estimates of neamagt quantities for the Reference Set are shown in
Table 1, while Table 2 gives the average overnhévidual factors (M, H, C and SR). The full setrefults

are given in Tables C1 and C2 of Appendix C. Figl&s the corresponding biomass trajectories, dingu

on the median, maximum and minimum values for egedr. Fig. 3 shows the survey and commercial
fishing selectivities. Trajectories of fishing mality for each fleet are plotted in Fig. 4 for thily selected
age-class (i.e. with selectivity of 1).

Trajectories of spawning biomadel.(paradoxus andM. capensis separately), offshore trawler exploitable
biomass (species combined — a proxy for offshamevler CPUE) and total catch are plotted for a fixed
future catch scenario with the total catch stagnthe current level of 150 000t. For each pla, rtiedian is
indicated by a thick dotted line, the "O@ercentiles are shaded, and the same ten (randsshdgted)
individual biomass and catch realisations are @tbtEor comparison purposes, similar median trajest of
resource abundance and catch are plotted for fixex future catch scenarios (142 000t, 150 000t Hs8
000t) for the Reference Set.
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Table I Average and range in parenthesis of estimatesamfagement quantities of the paradoxus and
M. capensis coast-combined resources over 48 cases in thedRefe SetMSY and associated quantities are
given in relation to the selectivity for the offskdleet.

-InL total -172.1  (-185.9; -153.2

K 2010 (980; 3327)

h 0.87 (0.80; 0.95)
MSY 144 (124; 171)

D BP0 /K™ 0.11 (0.07; 0.17)
_>§ B 5004 /MSYL ¥ 0.52 (0.33; 0.74)
S M 0 0.75 (0.50; 1.00)
g 1| 075 (0.50; 1.00)
s ol 0.75 (0.50; 1.00)
3| 055 (0.40; 0.74)

4| 0.43 (0.34; 0.59)

5+ 0.36 (0.30; 0.49)

K 812 (588; 1117)

h 0.79 (0.70; 0.95)

MSY 67 (57; 78)

B 00a/K® 0.45 (0.32; 0.57)

¢ B¥ 00 /MSYL® 1.66 (1.12; 2.58)
% M o | 075 (050 1.00)
=2 1| 075 (0.50; 1.00)
© ol 0.75 (0.50; 1.00)
= 3l 057  (0.40; 0.75)
4| 047 (0.34; 0.60)

5| 0.40 (0.30; 0.50)

6| 0.40 (0.30; 0.50)

74| 0.0 (0.30; 0.50)

SC survey 0.81 (0.61; 1.09)

2004 species ratio B¥ 2.08 (0.72; 3.36)
B%Y 1.18 (0.57; 1.79)
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Table 2 Averages over individual factors of estimatesnainagement quantities of te paradoxus andM. capensis coast-combined resources for the Reference
Set.MSY and associated quantities are given in relatidghéaselectivity for the offshore fleet.

Average over:
M1 M4 H1 H2 H3 H4 C3a C3b C3c SR1 SR2
-InL total -165.5 -178.8 -177.7 -169.9 -174.7 -166.3 -072. -172.1 -172.4  -175.3 -169.4
K® 2834 1186 1862 2178 1843 2157 2030 2043 1957 2011 2009
h 0.87 0.87 0.95 0.80 0.95 0.80 0.87 0.87 0.87 0.87 0.87
MSY 161 127 141 148 140 148 145 145 142 144 14
g B¥ 004 /K® 0.10 0.12 0.08 0.14 0.08 0.14 0.11 0.11 0.11 0.11 0.11
_>§ B¥® 5004/ MSYL® 0.41 0.62 0.45 0.59 0.45 0.59 0.51 0.50 0.55 0.52 0.%2
T M 0 0.50 0.99 0.74 0.75 0.74 0.75 0.75 0.75 0.74 0.75 0.75
§_ 1| 0.50 0.99 0.74 0.75 0.74 0.75 0.75 0.75 0.74 0.75 0.75
S 2| 0.50 0.99 0.74 0.75 0.74 0.75 0.75 0.75 0.74 0.75 0.75
3| 0.40 0.70 0.53 0.57 0.54 0.57 0.55 0.55 0.55 0.55 0.55
4] 0.34 0.53 0.41 0.46 0.41 0.46 0.43 0.43 0.44 0.43 0.43
5+ 0.30 0.41 0.33 0.39 0.33 0.39 0.35 0.35 0.36 0.36 0.36
K*® 982 641 760 760 874 854 786 786 864 813 81
h 0.82 0.77 0.89 0.89 0.70 0.70 0.81 0.81 0.77 0.80 0.79
MSY 61 73 70 69 66 64 65 66 70 67 67
B¥ 001 /K® 0.39 0.52 0.46 0.43 0.48 0.45 0.44 0.46 0.46 0.46 0.45
v» B0 /MSYL® 1.33 2.00 1.87 1.79 1.53 1.46 1.68 1.72 1.60 1.68 1.64
.g M 0 0.50 1.00 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75
% 1/ 0.50 1.00 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75
© 2| 0.50 1.00 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75
= 3 0.40 0.75 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57
4] 0.34 0.59 0.47 0.46 0.47 0.47 0.46 0.47 0.47 0.47 0.47
5( 0.30 0.49 0.39 0.39 0.40 0.40 0.39 0.39 0.40 0.39 0.40
6| 0.30 0.49 0.39 0.39 0.40 0.40 0.39 0.39 0.40 0.39 0.40
7+ 0.30 0.49 0.39 0.39 0.40 0.40 0.39 0.39 0.40 0.39 0.40
SC surveyy 0.93 0.69 0.84 0.89 0.74 0.78 0.84 0.82 0.77 0.81 0.81
2004 species ratio BY 1.69 2.47 2.48 1.37 2.95 1.52 1.98 2.03 2.24 2.08 2.08
B%| 1.05 1.31 1.32 0.85 1.56 0.97 1.12 1.15 1.26 1.15 1.21
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Fig. 1 Assumed proportion dfl. capensis in the offshore catches for the west coast andhsooast for the catch

variants C3a, b and ¢

and C6 (see text for details)
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Biomass trajectories
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Fig. 2 Trajectories of resource abundance for the Reteré&et. Resource abundance is expressed in terms
of a) spawning biomass, b) spawning biomass apopion of its pre-exploitation level, c) expldita
biomass and d) biomass of fish of age 2 and abidve median is indicated by a thick line while thaded

area represents the full uncertainty of the Revigeference Set (minimum and maximum for each year).
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Appendix A - Data Tables

Table Ala: Assumed total annual catches by species for tisbare fleet (for the three different scenari@ssuming
different historic species split of the catches) &or the inshore fleet for the period 1917 to 193@e Data section of
text for details) for the South African hake resmurCatches are given in thousand tons.

Offshore Inshore

Vear C3a, Cba scenarios C3b, C6b scenarios C3c, C6c sceasr

M. paradoxus M. capensis | M. paradoxus M. capensis | M. paradoxus M. capensis M. capensis
1917 1.000 1.000 1.000
1918 1.100 1.100 1.100
1919 1.900 1.900 1.900
1920 0.000 0.000 0.000
1921 1.300 1.300 1.300
1922 1.000 1.000 1.000
1923 2.500 2.500 2.500
1924 1.500 1.500 1.500
1925 1.900 1.900 1.900
1926 1.400 1.400 1.400
1927 0.800 0.800 0.800
1928 2.600 0.001 2.599 2.600
1929 3.800 0.002 3.798 3.800
1930 4.400 0.004 4.396 4.400
1931 2.800 0.005 2.795 2.800
1932 14.300 0.052 14.248 14.300
1933 11.100 0.078 11.022 11.100
1934 13.800 0.188 13.612 13.800
1935 0.001 14.999 0.392 14.608 15.000
1936 0.001 17.699 0.872 16.828 17.700
1937 0.003 20.197 1.826 18.374 20.200
1938 0.005 21.095 3.339 17.761 21.100
1939 0.010 19.990 5.146 14.854 20.000
1940 0.028 28.572 10.847 17.753 28.600
1941 0.057 30.543 15.336 15.264 0.001 30.599
1942 0.126 34.374 20.709 13.791 0.001 34.499
1943 0.268 37.632 25.321 12.579 0.003 37.8971
1944 0.465 33.635 24.185 9.915 0.004 34.0949
1945 0.763 28.437 21.385 7.815 0.007 29.193
1946 1.991 38.409 30.092 10.308 0.020 40.38(¢
1947 3.743 37.657 31.110 10.290 0.040 41.36(0
1948 9.304 49.496 44.386 14.414 0.110 58.69(
1949 14.770 42.630 43.431 13.969 0.209 57.19]
1950 27.306 44.694 54.543 17.457 0.509 71.49]
1951 44.856 44.644 67.842 21.658 1.221 88.279
1952 53.304 35.496 67.333 21.467 2.320 86.48(
1953 62.466 31.034 70.908 22.592 4.608 88.897
1954 74.752 30.648 79.939 25.461 9.530 95.87(
1955 84.517 30.883 87.528 27.872 18.260 97.14(
1956 88.043 30.157 89.653 28.547 30.415 87.7891
1957 94.982 31.418 95.874 30.526 47.938 78.463
1958 98.660 32.040 99.136 31.564 65.505 65.199
1959 110.468 35.532 110.742 35.258 87.640 58.36!
1960 121.131 38.769 121.285 38.615 106.828 53.07p 1.00
1961 112.716 35.984 112.790 35.910 105.462 43.23 1.308
1962 111.918 35.682 111.955 35.645 108.099 39.50}1 1.61%
1963 128.545 40.955 128.567 40.933 126.254 43.24 1.928
1964 123.095 39.205 123.106 39.194 121.959 40.341 2.231
1965 153.970 49.030 153.977 49.023 153.237 49.768 2.538
1966 147.905 47.095 147.909 47.091 147.543 47.45¢Y 2.846
1967 139.687 51.199 139.689 51.197 139.511 51.37% 3.154
1968 120.057 51.451 120.058 51.450 119.980 51.529 3.462
1969 140.365 62.666 140.365 62.666 140.318 62.718 3.769
1970 117.553 48.670 117.554 48.670 117.533 48.69 4.07Y
1971 165.235 66.880 165.235 66.880 165.221 66.89)% 4.38%
1972 203.658 86.971 203.658 86.971 203.649 86.98¢ 4.699
1973 148.551 81.587 148.551 81.587 148.548 81.59 5.00
1974 129.550 84.303 129.550 84.303 129.548 84.309% 10.096
1975 94.895 62.185 94.895 62.185 94.895 62.181 6.373
1976 129.867 65.957 129.867 65.957 129.866 65.95 5.749
1977 92.370 46.930 92.370 46.930 92.369 46.93] 3.50(
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Table Alb: Assumed total annual catches by species for tisbare fleet (for the two different scenarios sasing
different species split of the catches) and forittstore fleet for the period 1917 to 1977 (seeaBaction of text for
details) for the South African hake resource. Gadgddire given in thousand tons.

Offshore Inshore Longline Handline
v Scenarios C3a, b, ¢ Scenarios C6a, b, ¢
ear
M. paradoxus M. capensis | M. paradoxus M. capensis M. capensis | M. paradoxus M. capensis M. capensis
1978 108.110 26.988 101.239 33.859 4.931
1979 98.133 42.309 87.456 52.986 6.093
1980 103.714 36.274 95.243 44.745 9.121
1981 92.900 33.516 85.254 41.162 9.400
1982 89.230 35.477 81.380 43.327 8.089
1983 77.325 29.624 71.310 35.639 7.672 0.161 0.064
1984 86.647 35.543 79.085 43.105 9.035 0.256 0.124
1985 101.532 43.554 92.526 52.560 9.203 0.817 0.647 0.06p
1986 113.619 36.151 105.621 44.149 8.724 0.965 0.714 0.08p
1987 103.993 29.216 97.785 35.424 8.607 2.500 1.424 0.09p
1988 90.389 30.709 83.627 37.471 8.417 3.628 1.884 0.071
1989 90.162 36.009 83.541 42.630 10.038 0.203 0.114 0.13f
1990 88.679 37.749 81.635 44.793 10.012 0.270 0.114 0.34B
1991 100.148 28.376 94.455 34.069 8.206 0.000 3.00( 1.27p
1992 101.802 27.947 95.611 34.138 9.252 0.000 1.50( 1.09p
1993 113.050 19.275 108.361 23.964 8.870 0.000 0.00 0.27B
1994 111.927 22.992 106.177 28.742 9.569 1.130 1.11] 0.44p
1995 97.884 30.163 90.425 37.622 10.630 0.670 0.934 0.75p
1996 119.576 22.888 113.065 29.399 11.0624 1.676 2.54 1.51p
1997 111.776 21.214 105.589 27.401 8.834 1.806 2.644 1.40¢
1998 121.650 20.156 116.194 25.612 8.283 0.647 1.74 1.73B
1999 99.942 19.165 94.811 24.296 8.595 1.963 4.984 2.749
2000 103.982 27.250 97.975 33.256 10.906} 3.456 3.55 5.50p
2001 113.337 19.342 108.542 24.137 11.692 2.793 2.88 7.300
2002 101.575 21.297 96.569 26.303 9.448 4.772 5.99( 4.50p
2003 98.696 12.902 95.266 16.332 9.787 4.668 6.879 5.94}1
2004 112.609 16.771 109.594 19.786 11.346 5.411 7.974 6.888
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Table A2: South and west coast historic and coast-comb{®EM standardized (for the two different scenarios -
assuming different species split of the catchesYERlata (Glazer, 2005) fdvl. paradoxus and M. capensis. The
historic CPUE series are ftf. capensis andM. paradoxus combined.

ICSEAF CPUE (tons/hr) GLM CPUE (kg/min)
Scenarios C3a, b, ¢ Scenarios C6a, b, ¢
Species combined M. capensis M. paradoxus| M. capensis M. paradoxus

Year South Coast  West Coa$t Both Coasts Both Coasts
195¢ 17.31

195¢ 15.64

1957 16.47

195¢ 16.26

195¢ 16.26

196( 17.31

1961 12.09

1962 14.18

196: 13.97

196/ 14.60

196¢ 10.84

196¢ 10.63

1967 10.01

196¢ 10.01

196¢ 1.28 8.62

197C 1.22 7.23

1971 1.14 7.09

1972 0.64 4.90

197z 0.56 497

197¢ 0.54 4.65

197¢ 0.37 4.66

197¢ 0.40 5.35

1977 0.42 4.84

197¢ 3.12 5.34 4.7¢ 3.6¢
197¢ 3.5C 5.1¢ 4.5(C 4.2z
198( 3.9¢ 5.4z 4.7t 4.7z
1981 3.5¢ 4,9t 4.37 4.1¢
198: 3.5¢ 5.24 4.64 4.1¢
198: 4.1¢ 5.6¢ 4.9¢ 4.8¢
198/ 4.84 5.7¢ 5.07 5.67
198t 5.9t 6.9¢ 5.9¢ 6.9¢
198¢ 4.8: 6.4¢ 5.7¢ 5.61
1987 4.31] 5.64 4.9¢ 5.01
198¢ 4.21 5.14 4.5¢ 4.87
198¢ 4.71 5.3¢ 4.7C 5.41
199(C 5.27 5.9¢ 5.1¢ 6.1
1991 5.2¢ 6.5¢ 5.8t 6.0C
199: 5.17 6.34 5.5t 5.9¢
199: 4,24 5.9¢ 5.3Z 4.8¢
199/ 4.9 6.1 5.4¢ 5.64
199t 5.1C 4.67 4.0¢ 5.7¢
199¢ 5.01 6.27 5.5¢ 5.72
1997 451 6.07 5.31 5.2¢
199¢ 4.7¢ 6.1 5.44 5.4C
199¢ 4.9C 5.6¢ 4.9¢ 5.54
200( 5.54 5.61 4.9¢ 6.1
2001 4.61 5.31 4,77 5.2¢
200z 5.0C 4.6( 411 5.5¢
200¢ 4.84 5.37 4.8¢ 5.5¢
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Table A3: Survey abundance estimates and associated stiagidars 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

18



WG/02/06/D:H:5

Table A9: Summer survey catches-at-age (proportion$)l afapensis 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 A1G: 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 (proportiond)lotapensis 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 Al4: 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 Al16: Longline fleet catches-at-age (assumed to considt 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 Model

The model used in the assessment of the coast3odéh AfricanM. paradoxus and M. capensis hake stocks is an
ASPM. It involves assessing the two species asit@ependent stocks. The model is fitted to spediszggregated
data as well as species-combined data. The modetieqs and the general specifications of the madeldescribed
below, followed by details of the contributionstt® log-likelihood function from the different datansidered. Quasi-
Newton minimisation is used to minimise the totabjative log-likelihood function (implemented usiAdp Model
Builder™, 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 (Baranov, 1918):

Ns,y+].0 = Rs,y+1 (Bl)

N yitan = Nsyae_z%‘ for0<asmg -2 (B2)
-Z mg-1 ~-Z Mg

Nslyﬂ’rrE = ng_le ¥ / e (B3)

where

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

Ry is the recruitment (number of 0-year-old fishspEcies at the start of yeay,

mg is the maximum age considered (taken to be a pluspd for species,

Zy, = Z stySSfya + M, is the total mortality in year on fish of speciesand age, where:
f

Mg  denotes the natural mortality rate on fish ofcgpes and age,
sty is the fishing mortality of a fully selected agjass of species for fleetf in yeary and
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 by agpmpared to the areal distribution of fishingodif of
species at agea for yeary, and fleef; when Sy, =1, the age-clasais said to be fully selected.

These equations simply state that for a closed lptipn, i.e. with no immigration or emigration, tlealy sources of
loss are natural mortality (predation, disease) atad fishing mortality (catch).

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:

a.BY 2
Y= (B4)
ﬁs + Bw
where
a, and B, are spawning biomass-recruitment relationshippatars for species a being the maximum number of

recruits produced, anflithe spawning stock needed to produce a recruitecuml toa /2, in the deterministic
case;
Cy 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 consdehere); these
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residuals are treated as estimable parameterssimtdel 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;

Bjyp is the spawning biomass of fish of spedeas the start of year, computed as:

m

BY =) fuWaNy, (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-recruitmheglationship is
re-parameterised in terms of the pre-exploitatiquiléorium spawning (“virgin”) biomassK P, and the “steepness”,
h,, 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:

L (86)
5hy -1
and
Kssp(l_ hs)
=— = B7
b= (B87)
where
a l _"ilMs'
e a'=0
=K®/ Zf e By +fsmswsms1_e——Msms (B8)

In the fitting procedure, bothg 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-recruitmemnte 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

—_ ~Zgn

—z sa+1/2 Cya z saru2 N (1_e s/) (B9)
a=0

where
Ws4+1/2 denotes the mid-year mass of fish of spesiaad ages, which is assumed to be the same for each fleet (a

there are no data available to discriminate betvileets), and

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

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-yeiar mass-at-age (using the mid-year individueigits) and
applying natural and fishing mortality for half tiear:

Z sar1/294yaNga Zon/2 (B10)

The model estimate of the survey biomass at thieaftéhe year (summer) for each species is given b
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mS
BS™ =D WuSINg, (B11)

a=0

and in mid-year (winter):

ms

— ~Zgal2

By =) W1, SEV N, €7 (B12)
a-0

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 detestigrequilibrium that corresponds to an absenchan¥esting at the
start of the initial year considered, i.B;’O =K.

B.2 The likelihood 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 curvedtimate model parameters. Contributions by eacthese 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 okesit abundance index is log-normally distributedughts expected
value:

1= IAiy exp(gi ) or siy :Zn(l iy)—!én(lAiy) (B13)

I 'y is the abundance index for ygeand series (which corresponds to a combination of speciesfleed)

I'y = di é;"y is the corresponding model estimate, Whé@ is the model estimate of exploitable resource bissn

given by equation B10,

g' is the constant of proportionality for abundanegesi, and

£, from N(O, (aiy )2) :

In cases where the CPUE series are based uporesjaggiregated 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,fy) can be written as
Ces.ty =Ccaty TCczty T Cp gy, Where

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

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

C is theM. paradoxus catch by fleef in yeary in the mixedzone.

P.fy

Catch rate is assumed to be proportional to exgitetbiomass. Furthermore, lebe the proportion of thil. capensis
exploitable biomass in the mixed zong =% B(%’;z’fy/BS’ffy ) (assumed to be constant throughout the period)saybe

the proportion of the effort of fle¢tin the mixed zone in year(s;, = EE,Z/Efy ), so that:

Cony = UenBE B2 = gu (L-y)BE, (1-5, )E,, (B14)
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CH? = 0coBSoyEf = deriBEy Sy Ey, and (B15)
Cf, = pBE W Ef = apBE Sy Ey, (B16)
where

Ey = E§ + Efyz is the total effort of fleet, corresponding to combined-species CPUE sériddch consists of the

effort in theM. capensis only zone E@l) and the effort in the mixed zonEfyz).

It follows that:

Cay =BG Ey ot - Va-s, )+ dbassy | (B17)
Cpy = BEYE(OpSy (B18)
By solving equations B17 and B18, we get:
S, = qlch(l_ y) (B19)
" [y By b
o . .
“ VT b+ deall-y)
BciyCrry
so that:
. Cy CyBE agps
[=—% = ZY YRRy Py Sty (B20)
Ey cpfy
Zone 1 (z1): Zone 2 (z2):
M. capensis only Mixed zone
M. capensis: M. capensis:

biomassB,1), catch Cc,,) | biomassBc,,), catch Cc,»)

M. paradoxus:
biomassBy), catch Cp)

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

Fig. BL: Diagrammatic representation of the two theoréfishing zones.

y) and to avoid according unrealistically high

To correct for possible negative bias in estimaiéssariance (J

precision (and so giving inappropriately high wejgto the CPUE data, lower boundéfL)Z) on the standard

deviations of the residuals for the logarithm of BPUE series have been enforced; for the hist@&EAF CPUE
series (separate west coast and south coast sthréel)wer bound is set to 0.25 and for the re@ntl-standardised

CPUE series the lower bound is 0.15, i@ > 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:

—/nL®PVE = Zzy:{fnﬁ(a;)z + (aiA)Z + (g;)z /[2((0;)2 + (U}\)Zﬂ} (B21)

where
0’; is the (minimum, wher(ffiA =0) standard deviation of the residuals for the lgars of index in yeary,
JEA is the square root of the additional variancedloundance serigswhich is an input value; alternatively, this

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

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

ZW{(‘TV f+lonf H(In Il -InB, )

Ing' = (B23)

S+

y

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 lteeisame 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 seétgctunction SZ™ replacing the commercial selectivity

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

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 CPalitindance data
(see equation B21). The procedure adopted takesartount an additional variance in the same maasdpr the

2
CPUE abundance indices, but instead of being injmat,additional variance(aA) is treated as another estimable

2

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 dsitions for the

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

AMGEPTEE =~ 0494 With 0y, e = 0141 and

AlnqPFaS = _ 0053 with O ypqpscons = 0117

where
g, = NgLy +A/Ng'  with i = capensis or paradoxus (B25)
No plausible explanation has yet been found orp#récularly large extent to which catch efficierfoy M. capensis is

estimated to have decreased for the new reseanmsteystrawl net. It was therefore recommended (BENEF
Workshop, Dec 2004) that the ratio of the catclitghilf the new to the previodsR.S. Africana net be below 1, but not

as low as the ratio estimated from the calibraﬂ'mperimentsAEnqcapenSiS is therefore taken as 0.8.

The following contribution is therefore added apenalty (or a prior in a Bayesian context) to tlegative log-
likelihood in the assessment:
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=L = (/mqnew —NQgq — A(nq)z/zaglnq (B26)
This assessment assumes that the change fronAfiatthna” to “new Africana” involves a change ig alone, i.e. the

pattern of age-specific selectivity remains unclehg

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 = ZZZ[E” (0% 1Pon )+ Pyt By — B, ) 1200 V] (B27)
iy a

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

C
BS.a is the observed proportion of fisN(capensis andM. paradoxus combined) caught by fleétin

Pya =~
Z Cos, ya

=
yeary that are of age,

. C
CBS, fya ; > ha

f). = = = =
> z CBS, fya' z z Cs, fya'
a' a s

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

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

com
G = \/ZZ Byl pla — 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 fishi effort, and

fluctuations (partly as a consequence of such tiang) in selectivity-at-age, which suggests thhet 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 séampilanner,

motivated by multinomial distribution propertiesyr® (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,

ﬁgj;" is the expected proportion of fish of sped@nd age in yeary in the surveysurv, given by:

surv
S@a Nwa
psya - m,

3 SN,

a'=0

Asurv

(B30)
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for begin-year (summer) surveys, or

~Zy./2
Asurv S::WNsyae n/
pwa T m /
surv ~Zya /2

D SA'N,,e

a'=0

(B31)

for mid-year (winter) surveys.

B2.5 Stock-recruitment function residuals

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

2
y2 -
- /LR = Z Z nog + Sy “Psy 202 (B32)

s y=yl+l V1-p?

where

Coy =PCsy1 + V1- 02 &g is the recruitment residual for spec&@sand yeary, which is estimated for yead to y2
(see equation B4),

£ from N (0, (O'R)Z)

=Y
OR is the standard deviation of the log-residualsictvis input, and
Yo, 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 consequerto 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(KSSp) and “steepness” of the stock-recruitment relatigms
(hy), the following parameters are also estimatedines of the model fits undertaken.

B3.1.1 Natural mortality:

Natural mortality (M ¢, ) 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
Mg = M B33
= aé"'+’8$ for a2 (B33)
at+l

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

B3.1.2 Fishing selectivity-at-age:

The fishing selectivity-at-age for each speciesfte®t, Sy, , is either estimated directly:

estimatedseparately fora< a
<o ={ paraiey = (B34)

=1 fora>ay

or in terms of a logistic curve given by:
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_ 0 fora=0
Sea = {[1+ exp(— (a—agf )/ o )]_l fora=1 (B3%)

where

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(— S¢a (a— Agope )) for a> agope, (B36)
where

Sga Measures the rate of decrease in selectivity vgehfar fish older thamsqpe for the fleet concerned, and is referred
to as the “selectivity slope”.

Time dependence may be incorporated into thesefigpgion, so thatSy, — Sgys-
B3.2 Input parameters

B3.2.1 Age-at-maturity:

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

(B37)

sa

¢ =)0 fora< al™

1 foraza™
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 eacltiggeis calculated from the combination of the \Rertalanffy
growth equation and the mass-at-length function.
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Appendix C — Further Results for the Reference Set

Table C1: Estimates of management quantities of Mheparadoxus andM. capensis coast-combined resources for the ReferenceNsgY.and associated quantities are given in
relation to the selectivity for the offshore fleet.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
M1 M1 M1 M1 M4 M4 M4 M4 M1 M1 M1 M1 M4 M4 M4 M4
c3 c3 c3 c3 c3 c3 c3 c3 C3b C3b C3b C3b C3b C3b C3b C3b
H1 H2 H3 H4 H1 H2 H3 H4 H1 H2 H3 H4 H1 H2 H3 H4
SR1 SRL SRl SRL SRl SR1 SRl SR1 SRL ___ SR1 SRL SRl SR1 SRl SR1 SR1
-InL total -175.8  -167.8  -169.5 -159.7 -185.6 -179.6  -BB4. -1782 -1754 -168.2 -168.8 -160.6 -1858 -179.9 -184.7 784
K 2404 3316 2366 3278 1360 1092 1352 1080 2400 3323 2365 3286 3 1391104 1381 1103
h 095 08 095 080 095 08 095 08 095 080 095 08 509 080 095  0.80
MSY 155 170 153 169 126 129 127 129 155 171 153 170 128 129 128 130
D BP0 /KT 007 012 007 012 009 016 009 016 007 012 007 012 800 016 008 0.5
é B s004/MSYL ™ 034 046 034 047 054 069 053 068 034 046 034 047 105068 051  0.67
S M 0o | 050 050 050 050 100 100 100 100 050 050 050 050 010 1.00 100  1.00
8 1/ o050 050 050 050 100 100 100 100 050 050 050 050 010 100  1.00  1.00
= 2l o50 050 050 050 100 100 100 100 050 050 050 050 010 1.00  1.00 100
3l o40 040 040 040 067 073 067 073 040 040 040 040 706 073 067 073
4 034 034 034 034 047 057 048 057 034 034 034 034 704 057 047 057
54/ 030 030 030 030 034 046 035 047 030 030 030 030 403 046 034 046
K® 861 853 1081 1025 631 601 633 625 861 858 1080 1033 588 607 631 6 62
h 095 095 070 070 092 08 070 070 095 095 070 070 608 090 070  0.70
MSY 61 60 60 57 75 74 68 67 61 61 60 57 77 75 68 67
B 004 /K P 035 034 046 040 052 051 050 048 037 036 047 042 405052 051 050
0 BT /MSYLT 141 135 139 121 258 236 171 164 145 143 142 129 923 246 172 169
'% M 0o | 050 050 050 050 100 100 100 100 050 050 050 050 010 1.00 100  1.00
% 1l o050 050 050 050 100 100 100 100 050 050 050 050 010 100  1.00  1.00
_ of o50 050 050 050 100 100 100 100 050 050 050 050 010 1.00  1.00 100
= 3l o40 040 040 040 072 073 075 075 040 040 040 040 507 073 075 075
4 034 034 034 034 056 057 060 060 034 034 034 034 006 057 060 060
sf 030 030 030 030 044 047 050 050 030 030 030 030 005046 050 050
6|/ 030 030 030 030 044 047 050 050 030 030 030 030 005046 050 050
74 030 030 030 030 044 047 050 050 030 030 030 030 005046 050 050
SC survey 105 109 076 08 074 076 072 076 103 104 075 08 107 075 071  0.73
2004 species ratio B® | 188 073  3.10 102 277 179 276 180 197 078 321 110 227 18 276 184
B*| 106 057 165 077 131 099  3g37 102 109 061 170 08 613 1.00 137 105




Table C1: continued

WG/02/06/D:H:5

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
M1 M1 M1 M1 M4 M4 M4 M4 M1 M1 M1 M1 M4 M4 M4 M4
C3c C3c C3c C3c C3c C3c C3c C3c C3a C3a C3a C3a C3a C3a C3a C3a
H1 H2 H3 H4 H1 H2 H3 H4 H1 H2 H3 H4 H1 H2 H3 H4
SR1 SR1 SR1 SR1 SR1 SR1 SR1 SR1 SR2 SR2 SR2 SR2 SR2 SR2 SR2 SR2
-InL total -176.4 -165.6 -173.6 -162.8 -185.9 -177.3 -B85. -177.3 -169.5 -161.4 -163.2 -153.2 -179.5 -173.2 -1785 7184
K*® 2401 3251 2382 3214 1221 987 1220 987 2406 3320 2369 3282 1360083 1 1346 1071
h 0.95 0.80 0.95 0.80 0.95 0.80 0.95 0.80 0.95 0.80 0.95 0.80 5 0.9 0.80 0.95 0.80
MSY 153 165 152 164 125 124 125 124 155 171 153 169 127 129 127 129
a B¥ j00u/K® 0.07 0.13 0.07 0.13 0.10 0.17 0.10 0.17 0.07 0.12 0.07 0.12 8 0.0 0.16 0.08 0.15
é B¥ 5004/MSYL® 0.37 0.49 0.37 0.49 0.62 0.74 0.62 0.74 0.33 0.46 0.34 0.47 2 0.5 0.69 0.52 0.68
T 0 0.50 0.50 0.50 0.50 0.97 1.00 0.97 1.00 0.50 0.50 0.50 050 0 1.0 1.00 1.00 1.00
g 1| 0.50 0.50 0.50 0.50 0.97 1.00 0.97 1.00 0.50 0.50 0.50 050 0 1.0 1.00 1.00 1.00
s 2| 0.50 0.50 0.50 0.50 0.97 1.00 0.97 1.00 0.50 0.50 0.50 050 0 1.0 1.00 1.00 1.00
3| 0.40 0.40 0.40 0.40 0.67 0.74 0.67 0.74 0.40 0.40 0.40 0.40 7 0.6 0.73 0.67 0.74
4| 0.34 0.34 0.34 0.34 0.49 0.59 0.49 0.59 0.34 0.34 0.34 0.34 8 0.4 057 0.48 0.58
5+ 0.30 0.30 0.30 0.30 0.37 0.48 0.37 0.48 0.30 0.30 0.30 0.30 5 0.3 047 0.35 0.47
K® 955 954 1117 1112 683 685 703 703 860 853 1080 1025 592 603 632 4 62
h 0.95 0.90 0.70 0.70 0.74 0.74 0.70 0.70 0.95 0.95 0.70 0.70 5 0.8 0.89 0.70 0.70
MSY 67 64 62 62 78 78 76 76 61 60 60 57 76 74 68 67
B® 5004/K¥ 0.40 0.33 0.39 0.37 0.56 0.57 0.55 0.55 0.35 0.33 0.45 040 3 0.5 0.50 0.49 0.48
0 B¥aou/MSYLY 1.59 1.20 1.17 1.13 2.03 2.02 1.87 1.88 1.38 1.33 1.37 120 023 231 1.68 1.61
'% M 0 0.50 0.50 0.50 0.50 1.00 1.00 1.00 1.00 0.50 0.50 0.50 050 0 1.0 1.00 1.00 1.00
§- 1| 0.50 0.50 0.50 0.50 1.00 1.00 1.00 1.00 0.50 0.50 0.50 050 0 1.0 1.00 1.00 1.00
. 2| 0.50 0.50 0.50 0.50 1.00 1.00 1.00 1.00 0.50 0.50 0.50 050 0 1.0 1.00 1.00 1.00
= 3| 0.40 0.40 0.40 0.40 0.75 0.75 0.75 0.75 0.40 0.40 0.40 0.40 5 0.7 0.73 0.75 0.75
4| 0.34 0.34 0.34 0.34 0.60 0.60 0.60 0.60 0.34 0.34 0.34 0.34 0 0.6 057 0.60 0.60
5( 0.30 0.30 0.30 0.30 0.50 0.50 0.50 0.50 0.30 0.30 0.30 0.30 9 0.4 047 0.50 0.50
6| 0.30 0.30 0.30 0.30 0.50 0.50 0.50 0.50 0.30 0.30 0.30 0.30 9 0.4 047 0.50 0.50
7+ 0.30 0.30 0.30 0.30 0.50 0.50 0.50 0.50 0.30 0.30 0.30 0.30 9 04 047 0.50 0.50
SC surveyy 0.92 1.06 0.84 0.86 0.61 0.61 0.61 0.61 1.06 1.09 0.77 0.86 2 0.7 0.77 0.72 0.77
2004 species ratio B¥ 2.22 0.76 2.49 1.02 3.30 2.37 3.32 2.38 1.89 0.72 3.11 1.01 327 177 2.77 1.79
B> 1.25 0.60 1.39 0.78 1.60 1.26 1.61 1.27 111 0.58 1.74 079 414 1.04 1.45 1.08
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WG/02/06/D:H:5

Table C1: continued
33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 44
M1 M1 M1 M1 M4 M4 M4 M4 M1 M1 M1 M1 M4 M4 M4 M4
C3b C3b C3b C3b C3b C3b C3b C3b C3c C3c C3c C3c C3c C3c C3c ¢3c
H1 H2 H3 H4 H1 H2 H3 H4 H1 H2 H3 H4 H1 H2 H3 H4
SR2 SR2 SR2 SR2 SR2 SR2 SR2 SR2 SR2 SR2 SR2 SR2 SR2 SR2 SR2 SR2
-InL total -169.1 -161.8 -162.4 -154.2 -179.4 -173.6 -Pr8. -172.2 -170.1 -159.2 -167.3 -156.4 -179.5 -171.0 -179.5 704
K*® 2402 3327 2367 3290 1387 1094 1375 1092 2404 3256 2384 3218 1 121 980 1211 980
h 0.95 0.80 0.95 0.80 0.95 0.80 0.95 0.80 0.95 0.80 0.95 0.80 5 0.9 0.80 0.95 0.80
MSY 155 171 153 170 128 129 128 130 153 166 152 164 125 125 125 125
g B¥ 00 /K¥ 0.07 0.12 0.07 0.12 0.08 0.16 0.08 0.15 0.07 0.13 0.07 0.13 9 0.0 0.16 0.09 0.16
_>%<; B ,004/MSYL ¥ 0.33 0.46 0.33 0.47 0.51 0.68 0.51 0.67 0.36 0.49 0.37 049 1 0.6 0.73 0.61 0.73
S 0 0.50 0.50 0.50 0.50 1.00 1.00 1.00 1.00 0.50 0.50 0.50 050 6 0.9 1.00 0.96 1.00
g 1] 0.50 0.50 0.50 0.50 1.00 1.00 1.00 1.00 0.50 0.50 0.50 050 6 0.9 1.00 0.96 1.00
$ 2| 0.50 0.50 0.50 0.50 1.00 1.00 1.00 1.00 0.50 0.50 0.50 050 6 0.9 1.00 0.96 1.00
3] 0.40 0.40 0.40 0.40 0.67 0.73 0.67 0.73 0.40 0.40 0.40 040 6 0.6 0.74 0.66 0.74
4] 0.34 0.34 0.34 0.34 0.47 0.57 0.48 0.57 0.34 0.34 0.34 0.34 9 0.4 0.59 0.49 0.59
5+ 0.30 0.30 0.30 0.30 0.34 0.46 0.34 0.47 0.30 0.30 0.30 0.30 7 0.3 0.49 0.37 0.49
K% 861 858 1080 1033 590 610 630 625 953 952 1117 1111 684 686 702 3 YO
h 0.95 0.95 0.70 0.70 0.86 0.90 0.70 0.70 0.95 0.90 0.70 0.70 4 0.7 0.74 0.70 0.70
MSY 61 61 60 57 76 74 68 67 67 64 62 62 77 77 75 76
B¥ 500 /K¥ 0.36 0.36 0.46 0.42 0.53 0.51 0.50 0.49 0.39 0.32 0.38 0.37 5 0.5 0.55 0.54 0.54
vn BP0 /MSYL® 1.43 1.41 1.40 1.27 2.34 241 1.69 1.66 1.56 1.18 1.15 1.12 8 19 1.97 1.83 1.84
% M 0 0.50 0.50 0.50 0.50 1.00 1.00 1.00 1.00 0.50 0.50 0.50 050 0 1.0 1.00 1.00 1.00
% 1] 0.50 0.50 0.50 0.50 1.00 1.00 1.00 1.00 0.50 0.50 0.50 050 0 1.0 1.00 1.00 1.00
0_ 2| 0.50 0.50 0.50 0.50 1.00 1.00 1.00 1.00 0.50 0.50 0.50 050 0 1.0 1.00 1.00 1.00
= 3] 0.40 0.40 0.40 0.40 0.75 0.73 0.75 0.75 0.40 0.40 0.40 040 5 0.7 0.75 0.75 0.75
4] 0.34 0.34 0.34 0.34 0.60 0.57 0.60 0.60 0.34 0.34 0.34 0.34 0 0.6 0.60 0.60 0.60
5/ 0.30 0.30 0.30 0.30 0.50 0.46 0.50 0.50 0.30 0.30 0.30 0.30 0 0.5 0.50 0.50 0.50
6] 0.30 0.30 0.30 0.30 0.50 0.46 0.50 0.50 0.30 0.30 0.30 0.30 0 0.5 0.50 0.50 0.50
7+ 0.30 0.30 0.30 0.30 0.50 0.46 0.50 0.50 0.30 0.30 0.30 0.30 0 0.5 0.50 0.50 0.50
SC surveyy 1.03 1.04 0.76 0.82 0.71 0.76 0.72 0.73 0.92 1.06 0.84 0.86 1 0.6 0.61 0.61 0.61
2004 species ratio B¥ 1.97 0.77 3.23 1.09 2.73 1.81 2.78 1.83 2.22 0.74 2.50 1.01 5 3.3 236 3.36 2.37
B> 1.15 0.62 1.79 0.84 1.44 1.05 1.46 1.10 1.31 0.61 1.47 080 2 1.7 1.33 1.73 1.34
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Table C2 Log-likelihood contributions for the Referencet.Se

WG/02/06/D:H:5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16|
M1 M1 M1 M1 M4 M4 M4 M4 M1 M1 M1 M1 M4 M4 M4 M4
C3 C3 C3 C3 C3 C3 C3 C3 C3b C3b C3b C3b C3b C3b C3b ds3b
H1 H2 H3 H4 H1 H2 H3 H4 H1 H2 H3 H4 H1 H2 H3 H4
SR1 SR1 SR1 SR1 SR1 SR1 SR1 SR1 SR1 SR1 SR1 SR1 SR1 SR1 SR1 SR1
-InL: Total -175.8 -167.8 -169.5 -159.7 -1856 -179.6 -1849 -178.2 547 -168.2 -168.8 -160.6 -185.8 -179.9 -184.7 -1785
-InL: CPUE WC historic (spp combined) -10.0 -9.8 -9.2 -8.6 -10.0 -9.9 -9.8 -9.9 -10.1 -10.0 9.2  0-9. -101 -10.0 -10.0 -9.8
SC historic (spp combined) -29.4 -27.9 -29.6 -27.3 -29.5 -28.6 -29.6 -28.5 -29.1 -28.4 29.5 -28.1 -29.3 -28.7 -29.4 -28.1
M. paradoxus GLM -41.6 -41.9 -41.7 -41.9 -42.4 -43.0 -42.2 -42.9 -41.6 -41.9 41.7 -42.0 -42.3 -43.1 -42.3 -43.(
M. capensis GLM -41.7 -41.6 -38.2 -37.1 -43.7 -43.8 -42.5 -42.5 -41.5 -41.4 37.8 -37.0 -43.6 -43.7 -42.4 -42.3
-InL: Survey M. paradoxus, WC summer| -8.0 -7.4 -8.1 -7.4 -8.6 -8.7 -8.6 -8.7 -7.9 -7.4 -8.1 -7.4 6-8. -8.7 -8.6 -8.7
M. paradoxus, WC winter -4.0 -3.8 -4.0 -3.8 4.1 4.1 4.1 -4.1 -4.0 -3.8 -4.0 -3.8 1-4. -41 4.1 4.1
M. paradoxus, WC Nansen -1.8 -1.7 -1.8 -1.8 -1.9 -1.9 -1.9 -1.9 -1.8 -1.7 -1.8 -1.7 9-1. -1.9 -1.9 -1.9
M. paradoxus, SC spring -0.6 -0.5 -0.6 -0.5 -0.6 -0.6 -0.6 -0.6 -0.6 -0.5 -0.6 -0.5 -0.6 -0.6 -0.6 -0.6
M. paradoxus, SC autumn 6.8 6.8 6.8 6.8 6.7 6.8 6.7 6.8 6.8 6.8 6.8 6.8 67 8 6 6.7 6.8
M. capensis, WC summer | -1.9 -1.9 -1.8 -1.9 -1.9 -2.0 2.1 2.1 -1.8 -1.9 -1.8 -1.9 0-2. -1.9 2.1 2.1
M. capensis, WC winter 0.4 0.4 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.3 0.3 0.4 0.4 0.4 q.4
M. capensis, WC Nansen -1.4 -1.4 -1.4 -1.4 -1.4 -1.4 -1.4 -1.4 -1.4 -1.4 -1.4 -1.4 4-1. -14 -1.4 -1.4
M. capensis, SC spring -1.6 -1.5 -1.5 -1.5 -1.5 -1.5 -1.4 -1.4 -1.6 -1.6 -1.6 -1.5 5-1. -1.5 -1.4 -1.4
M. capensis, SC autumn -7.7 7.7 -7.9 -7.8 1.7 -7.6 -7.6 -7.6 -7.8 -7.8 -7.9 -7.9 7-7. 1.7 -7.6 -7.6
-InL: commercial CAA  species combined, offshofe -38.9 -35.2 -39.3 -35.7 -42.5 -39.4 -42.6 -39.8 -39.0 -35.2 39.3 -35.6 -42.1 -39.5 -42.6 -39.4
M. capensis, inshore -22.5 -22.7 -21.0 -21.7 -25.5 -25.9 -26.6 -26.8 -22.4 -22.5 20.9 214 -26.3 -25.7 -26.6 -26.1
M. capensis, longline -14.4 -14.6 -12.9 -13.6 -15.3 -15.5 -15.6 -15.6 -14.3 -14.3 12.8 -13.3 -15.6 -15.5 -15.6 -15.4
-InL: survey CAA M. paradoxus, WC summer| -16.5 -16.4 -16.3 -16.4 -15.6 -15.3 -15.6 -15.3 -16.5 -16.4 16.3 -16.4 -15.7 -15.3 -15.7 -15.3
M. paradoxus, WC Nansen -10.9 -11.0 -11.0 -11.0 -11.0 -10.9 -11.0 -10.8 -10.9 -11.0 11.0 -11.0 -11.0 -10.9 -11.0 -10.4
M. paradoxus, SC spring -4.2 -3.3 -4.3 -3.3 -3.6 -25 -3.7 -2.6 -4.2 -3.3 4.3 -3.3 6-3. -25 -3.7 -25
M. paradoxus, SC autumn 28.8 29.5 28.9 29.5 28.3 29.3 28.4 29.4 28.8 29.528.9 295 28.3 29.3 28.4 29.4
M. capensis, WC summer 83.6 83.6 83.5 83.7 83.9 84.0 84.2 84.2 83.6 83.683.5 83.7 84.1 83.9 84.2 84.3
M. capensis, WC winter 7.0 7.1 6.7 7.0 7.2 7.2 7.6 7.7 6.9 7.0 6.7 6.9 72 17 76 7.7
M. capensis, WC Nansen -6.0 -5.9 -6.0 -6.0 -5.9 -5.9 -5.9 -5.8 -6.0 -6.0 -6.1 -6.0 9-5. -59 -5.9 -5.8
M. capensis, SC spring -8.7 -8.7 -8.8 -8.8 -9.0 9.1 -9.3 -9.3 -8.7 -8.7 -8.8 -8.8 2-9. -91 -9.3 -9.3
M. capensis, SC autumn | -29.9 -29.9 -29.5 -29.4 -29.7 -29.5 -29.3 -29.2 -29.9 -29.9 29.5 -29.4 -29.4 -29.5 -29.2 -29.1
Recruit residual penalty 15.5 16.0 15.4 15.9 14.9 15.1 14.9 15.1 15.5 15.8 15.4 16.0 8 14. 15.0 14.9 15.0
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Table C2 continued

WG/02/06/D:H:5

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 3p
M1 M1 M1 M1 M4 M4 M4 M4 M1 M1 M1 M1 M4 M4 M4 M4
C3c C3c C3c C3c C3c C3c C3c C3c C3a C3a C3a C3a C3a C3a C3a C3a
H1 H2 H3 H4 H1 H2 H3 H4 H1 H2 H3 H4 H1 H2 H3 H4
SR1 SR1 SR1 SR1 SR1 SR1 SR1 SR1 SR2 SR2 SR2 SR2 SR2 SR2 SR2 SR2
-InL: Total -176.4 -165.6 -173.6 -162.8 -1859 -177.3 -1859 -177.3 946 -1614 -163.2 -153.2 -179.5 -1732 -1785 -171.8
-InL: CPUE WC historic (spp combined) -9.5 -7.0 -9.4 -6.6 -9.3 -6.7 -9.3 -6.7 -10.0 -9.8 -9.2 -8.6 0.1 -9.9 -9.9 -9.9
SC historic (spp combined) -29.7 -28.2 -29.8 -28.3 -29.9 -29.4 -29.9 -29.4 -29.4 -27.9 29.6 -27.3 -29.5 -28.6 -29.6 -28.5
M. paradoxus GLM -41.7 -41.5 -41.6 -41.5 -42.2 -42.8 -42.2 -42.8 -41.7 -42.0 41.8 -42.1 -42.3 -43.2 -42.2 -43.(
M. capensis GLM -43.9 -43.5 -40.8 -40.6 -43.7 -43.7 -43.6 -43.6 -41.7 1.4 -38.2 -37.1 -43.6 -43.8 -42.5 -42.%
-InL: Survey M. paradoxus, WC summer -8.0 -7.6 -8.0 -7.5 -8.7 -8.9 -8.7 -8.9 -8.0 -7.5 -8.1 -7.5 -8.7 -8.8 -8.7 -8.8
M. paradoxus, WC winter -4.0 -3.9 -4.0 -3.9 -4.1 -4.1 -4.1 -4.1 -4.0 -3.8 -4.0 -3.8 1-4. -41 -4.1 -4.1
M. paradoxus, WC Nansen -1.8 -1.8 -1.8 -1.8 -1.9 -2.0 -1.9 -2.0 -1.8 -1.8 -1.9 -1.8 9-1. -1.9 -1.9 -1.9
M. paradoxus, SC spring -0.6 -0.5 -0.6 -0.5 -0.6 -0.7 -0.6 -0.7 -0.5 -0.3 -0.5 -0.3 5-0. -05 -0.5 -0.5
M. paradoxus, SC autumn 6.8 6.9 6.8 6.9 6.7 6.8 6.7 6.8 6.7 6.7 6.7 6.7 6.6 6.7 6.6 q.7
M. capensis, WC summer -1.8 -1.9 -1.9 -1.9 -2.0 -2.0 -2.0 -2.0 -1.8 -1.8 -1.7 -1.8 9-1. -1.9 -2.0 -2.0
M. capensis, WC winter 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.3 0.4 0.4 0.4 0.4 g4
M. capensis, WC Nansen -1.4 -14 -1.4 -1.4 -1.4 -1.4 -1.4 -1.4 -1.4 -1.4 -1.4 -1.4 4-1. -14 -1.4 -1.4
M. capensis, SC spring -1.6 -1.5 -1.5 -1.5 -1.5 -1.5 -1.5 -1.5 -1.6 -1.6 -1.6 -1.5 5-1. -15 -1.5 -1.4
M. capensis, SC autumn -7.6 -7.5 -1.7 -1.7 -7.6 -7.6 -7.6 -7.6 -7.8 -7.8 -7.9 -7.9 7-7. 1.7 -7.7 7.7
-InL: commercial CAA  species combined, offshofe -38.7 -35.3 -39.2 -36.0 -42.6 -40.2 -42.7 -40.3 -38.9 -35.2 39.3 -35.7 -42.1 -39.4 -42.6 -39.1
M. capensis, inshore -21.3 -22.1 -21.4 -21.5 -25.9 -25.8 -25.9 -25.9 -22.4 -22.7 20.9 -21.6 -26.2 -25.8 -26.6 -26.7
M. capensis, longline -13.4 -14.2 -13.3 -13.4 -15.5 -15.5 -15.5 -15.5 -14.4 -14.6 12.9 -13.6 -15.6 -15.6 -15.6 -15.1
-InL: survey CAA M. paradoxus, WC summer| -16.4 -16.2 -16.4 -16.2 -15.5 -15.0 -15.5 -15.0-11.8 -11.6 -11.6 -11.5 -10.9 -10.5 -10.9 -10§5
M. paradoxus, WC Nansen -10.9 -11.0 -11.0 -11.1 -10.9 -10.8 -10.9 -10.8 -11.7 -11.8 11.7 -11.8 -11.8 -11.8 -11.8 -11.8
M. paradoxus, SC spring -4.3 -3.4 -4.3 -3.4 -3.7 -2.5 -3.7 -2.5 4.2 -3.2 4.2 -3.2 -3.6 -2.5 -3.7 -2.5
M. paradoxus, SC autumn | 28.9 295 28.9 295 28.4 29.4 28.4 29.4 30.2 30.9 30.2 30.9 7 29.30.8 29.7 30.9
M. capensis, WC summer | 83.1 83.2 83.3 83.4 83.8 83.8 83.8 83.8 83.8 83.9 83.8 840 3 84.84.2 84.4 84.5
M. capensis, WC winter 6.4 6.7 6.7 6.7 7.0 7.0 7.1 7.1 7.0 7.1 6.6 7.0 7.2 7.1 7.6 n7
M. capensis, WC Nansen -6.0 -6.0 -6.0 -6.0 -5.9 -5.9 -5.9 -5.9 -6.2 -6.2 -6.3 -6.3 2-6. -6.2 -6.2 -6.2
M. capensis, SC spring -8.7 -8.7 -8.8 -8.8 -9.1 9.1 -9.2 -9.2 -7.6 -7.6 -7.6 -7.6 9-7. -7.9 -7.9 -8.0
M. capensis, SC autumn -30.4 -30.4 -29.9 -29.9 -29.6 -29.5 -29.6 -29.5 -30.0 -30.0 29.6 -29.5 -29.5 -29.6 -29.3 -29.3
Recruit residual penalty 16.0 17.2 15.3 15.9 14.9 15.2 15.0 15.3 10.9 11.1 10.7 11.0 0 10. 10.2 10.1 10.2
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Table C2 continued

WG/02/06/D:H:5

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48
M1 M1 M1 M1 M4 M4 M4 M4 M1 M1 M1 M1 M4 M4 M4 M4
C3b C3b C3b C3b C3b C3b C3b C3b C3c C3c C3c C3c C3c C3c C3c C3c
H1 H2 H3 H4 H1 H2 H3 H4 H1 H2 H3 H4 H1 H2 H3 H4
SR2 SR2 SR2 SR2 SR2 SR2 SR2 SR2 SR2 SR2 SR2 SR2 SR2 SR2 SR2 SR2
-InL: Total -169.1 -161.8 -1624 -1542 -1794 -173.6 -178.2 -172.2 047 -159.2 -167.3 -1564 -179.5 -171.0 -1795 -170.9
-InL: CPUE WC historic (spp combined) -10.1 -10.0 -9.2 -9.0 -10.1 -10.0 -10.0 -9.9 -9.5 -7.0 94 66 -94 -6.7 -9.4 -6.7
SC historic (spp combined) -29.1 -28.4 -29.5 -28.1 -29.3 -28.7 -29.4 -28.7 -29.7 -28.2 29.8 -28.3 -29.9 -29.4 -29.9 -29.4
M. paradoxus GLM -41.7 -42.1 -41.8 -42.1 -42.3 -43.2 -42.3 -43.1 -41.7 -41.6 41.7 -41.6 -42.2 -42.9 -42.2 -42.4
M. capensis GLM -41.5 -41.4 -37.8 -37.0 -43.6 -43.7 -42.4 -42.3 -43.9 3.5 -40.8 -40.6 -43.7 -43.7 -43.6 -43.6
-InL: Survey M. paradoxus, WC summer -8.0 -7.5 -8.1 -7.4 -8.7 -8.8 -8.7 -8.7 -8.1 -7.6 -8.0 -7.6 -8.8 -9.0 -8.8 -9.0
M. paradoxus, WC winter -4.0 -3.8 -4.0 -3.8 -4.1 -4.1 -4.1 -4.1 -4.0 -3.9 -4.0 -3.9 1-4. -4.2 -4.1 -4.2
M. paradoxus, WC Nansen -1.8 -1.8 -1.9 -1.8 -1.9 -1.9 -1.9 -1.9 -1.8 -1.8 -1.8 -1.8 9-1. -2.0 -1.9 -2.0
M. paradoxus, SC spring -0.5 -0.3 -0.5 -0.3 -0.5 -0.5 -0.5 -0.5 -0.5 -0.3 -0.5 -0.3 5-0. -05 -0.5 -0.5
M. paradoxus, SC autumn 6.7 6.7 6.7 6.7 6.6 6.7 6.6 6.7 6.7 6.8 6.7 6.8 6.6 6.8 6.6 6.8
M. capensis, WC summer -1.8 -1.8 -1.7 -1.8 -1.9 -1.8 -2.0 -2.0 -1.7 -1.8 -1.8 -1.8 9-1. -1.9 -1.9 -1.9
M. capensis, WC winter 0.4 0.4 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 g4
M. capensis, WC Nansen -1.4 -14 -1.4 -1.4 -1.4 -1.4 -1.4 -1.4 -1.4 -1.4 -1.4 -1.4 4-1. -14 -1.4 -1.4
M. capensis, SC spring -1.6 -1.6 -1.6 -1.6 -1.5 -1.5 -1.5 -1.4 -1.6 -1.6 -1.5 -1.5 5-1. -15 -1.5 -1.5
M. capensis, SC autumn -7.8 -7.8 -7.9 -7.9 -7.7 -7.7 -7.7 -7.7 -7.7 -7.6 -7.8 -7.8 7-7. 1.7 -7.7 -7.7
-InL: commercial CAA  species combined, offshofe -39.0 -35.2 -39.3 -35.6 -42.1 -39.5 -42.6 -39.8 -38.8 -35.3 39.2 -36.0 -42.5 -40.2 -42.6 -40.3
M. capensis, inshore -22.3 -22.4 -20.9 -21.4 -26.2 -25.6 -26.6 -26.6 -21.2 -22.1 21.3 -21.4 -25.8 -25.8 -25.8 -25.8
M. capensis, longline -14.3 -14.4 -12.8 -13.3 -15.6 -15.6 -15.6 -15.7 -13.4 -14.3 13.3 -13.5 -15.5 -15.5 -15.5 -15.5
-InL: survey CAA M. paradoxus, WC summer| -11.8 -11.6 -11.6 -11.6 -10.9 -10.5 -10.9 -10.5-11.7 -11.4 -11.7 -11.4 -10.8 -10.2 -10.8 -1042
M. paradoxus, WC Nansen -11.7 -11.8 -11.7 -11.8 -11.8 -11.8 -11.8 -11.8 -11.7 -11.8 11.7 -11.9 -11.8 -11.8 -11.8 -11.8
M. paradoxus, SC spring -4.2 -3.2 -4.2 -3.2 -3.6 -2.5 -3.7 -2.5 -4.3 -3.2 4.2 -3.2 -3.7 -2.5 -3.7 -2.5
M. paradoxus, SC autumn | 30.2 30.9 30.2 30.9 29.7 30.8 29.7 30.9 30.2 30.9 30.2 30.9 8 29.30.9 29.8 30.9
M. capensis, WC summer | 83.8 83.8 83.8 83.9 84.3 84.2 84.5 84.5 83.3 83.4 83.6 83.6 1 84.84.1 84.1 84.1
M. capensis, WC winter 6.9 7.0 6.6 6.9 7.2 7.1 7.6 7.6 6.4 6.7 6.7 6.7 7.0 7.0 7.1 71
M. capensis, WC Nansen -6.2 -6.2 -6.3 -6.3 -6.2 -6.2 -6.2 -6.2 -6.2 -6.2 -6.3 -6.3 2-6. -6.3 -6.2 -6.3
M. capensis, SC spring -7.6 -7.6 -7.6 -7.6 -7.9 -7.8 -7.9 -7.9 -7.6 -7.6 -7.6 -7.6 9-7. -7.9 -7.9 -7.9
M. capensis, SC autumn -30.0 -30.0 -29.6 -29.5 -29.5 -29.6 -29.3 -29.2 -30.5 -30.5 30.0 -30.0 -29.6 -29.6 -29.7 -29.4
Recruit residual penalty 10.9 11.0 10.7 11.1 10.0 10.1 10.1 10.1 11.5 12.5 10.7 11.0 1 10.10.3 10.1 10.4
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