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The code used to condition these Operating Models, the results for which have been
reported in documents such as MCM/2010/FEB/SWG-DEM/05, has been subjected to
careful independent checking by the first author.

This checking has focused on aspects leading to the computation of the likelihood upon
which this conditioning is based. It has not (as yet) extended to the specification of outputs
and all aspects of the computation of projections which are also part of the software in
question. This checking is now about 90% complete.

This checking process has not yet revealed anything that would result in the computation of
the likelihood (and hence the consequent results) by this software differing from what was
intended.

However it has revealed a few omissions and typos in the documentation of the Operating
Models, as set out in Appendix Il of MCM/2010/FEB/SWG-DEM/05. The consequent
corrections are shown in track changes in an updated version of that Appendix which is
attached hereto.
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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 @amstof 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 Buildef™, 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 = (Nj’ae‘“"g/z - ZC?yaje"Mg/z for0<as<m -2  (App.li.2)
f

N im :(ij_le_M'?“/z - ZC?’ym_lje_Mﬁ”/z +(N3me"“'?‘/2 - ZC?ymje‘M'%/z (App.11.3)
f f

where

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

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 ofdgrig and age, 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 matuneafe fish) by means of the

Beverton-Holt (Beverton and Holt, 1957) or a maglifi (generalised) form of the Ricker stock-
recruitment relationship, parameterized in terms tbé “steepness” of the stock-recruitment

relationship, h, and the pre-exploitation equilibrium female spagnbiomass, K®*® and pre-

exploitation recruitmentR, and assuming a 50:50 sex-split at recruitment.

1 In the interests of less cumbersome notation, sigts have been separated by commas only when
this is necessary for clarity.
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4hR,BS®

Ry = K?®{-h)+ (5n-1)BI™ o7l (App.Ii.4a)
for the Beverton-Holt stock-recruitment relationshind
RS =B} ¥ exp(— ,8(B§"S°)y " )e(‘y'”é/ & (App.11.4b)
with
SR exp(,é’(KQ’Sp )y) and B In(5h)

P s

for the modified Ricker relationship (for the trRécker, )z =1) where

¢y reflects fluctuation about the expected recruittrie yeary;

OR is the standard deviation of the log-residualsiciviis input;

Vr is a parameter of the modified Ricker relationshifich is estimated in the model fitting
o procedure;

Bs‘s” is the female spawning biomass at the start af yecomputed as:

m
o — QWPN
B, _zfaWaNya

(App.11.5)
a=1
where
Wg is the begin-year mass of fish of gendend age;
fag is the proportion of fish of gendgrand agea that are mature; and
_ a-1 _"ilMg‘
o | N7 oy a L con0 €5
Ry =K Y fiwe =+ fiwg ——o (App.11.6)
a=1 1-e™n

For the Beverton-Holt fornt) is bounded above by 0.98 to preclude high recesitnat extremely low

spawning biomass, whereas for the modified Rickemf h is bounded above by 1.5 to preclude
extreme compensatory behaviour.

Total catch and catches-at-age

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

m m
— — -M2/2 o
ny - ZZWS*']/Z C?ya - ZZW§+]/2 N?ae f nysga (App.IL.7)
g a=0 g a=0

where

C?ya is the catch-at-age, i.e. the number of fisharfderg and age, caught in yeay by fleetf;
ny is the fishing mortality of a fully selected agjass, for fleef in yeary (independent of) ;
Sf?/a = W?y,a+]/2/wg+]/2 (App.ll.8)

Sga is the effective commercial selectivity of gendeat agea for fleetf and yeay; with
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W avy2 = z Sy’ Py (App.11.9)
i

W?y'aﬂ/z is the selectivity-weighted mid-year weight-at-agef gendeig for fleetf and yeay;
V\I,g is the weight of fish of gendegrand length;

Wgﬂ/z is the mid-year weight of fish of gendggand age, at median length for that age;

S?y, is the commercial selectivity of gendgat length for yeary, and fleef;

P;im, is the mid-year proportion of fish of ageand gendeg that fall in the length group (i.e.,
D RS, =1 for all ages).
|

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

(&)

2
- _ A k(a-ty) . a
|a N |n(|w(1 e )) ,(C(l_e_—l((a_to))J (App”lO)

whered, is the standard deviation of length-at-agevhich is estimated directly in the model fitting

for age 0, and for ages 1 and above a linear oslstiip applies, with species and gender-spegifind
L estimated in the model fitting procedure. A pgnatadded so thaf, is increasing with age.

Exploitable and survey biomasses

The model estimate of the mid-year exploitable &iable”) component of biomass for each species
and fleet is calculated by converting the numbérsge into mid-year mass-at-age and applying
natural and fishing mortality for half the year:

m
_ o -M3/2| 4 _
By => > W, ,Se.NLe / (1 ZS?WFW/ZJ (App.I1.11)
g a=0
The model estimate of the survey biomass at thieadtéhe year (summer) is given by:
mg -
By =) > wiSINS (App.11.12)
g a=0

and in mid-year (winter):

m
Bj.]rv — zzwgﬂ/zsag,win N)gl]ae—Ma?/Z(l_ ngyany/zj (App.11.13)
g a=0 f
where
§f’s“m/""i” is the effective survey selectivity of gendgfor agea, converted from survey selectivity-

at-length and selectivity-weighted weight-at-agethe same manner as for the commercial
selectivity (eqns App.1.8 and App.I.9), takingcaeint of the being-yeanys ™" from Py))

or mid-year (W3, from PS,, ) nature of the surveys

Note that both the spring and autumn surveys &entto correspond to winter (mid-year).
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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® = K% and yeay=1 corresponds to
1917 when catches are taken to commence.
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MSY and related quantities

The equilibrium catch for a fully selected fishipmpportionF* is calculated as:

C(F* ) =33 wg,,,SPF NS (F*)E_((Mﬁsgﬁ)’z) (App.I1.14)
where v

SJ and S are average selectivities and effective sele@iviacross all fleets, for the most recent

five years;
2009
25,2 Sy
9 — y=
S = 2000 (App.I1.15)
g
max > > Si.Fy
y=2005 f
2009 -
o ;:‘oszf“sglalzfy
9 — y=
S’ = o0s (App.I1.16)
R PIPR
y:
where the maximum is taken over genders and agdsydh
Rl(F*) fora=1
NE(F*)= NS, (F" Je™a 1—S§_1F*) forl<a<m (App.11.17)
NS (F e (-0 F)
; . fora=m
et )
where
. aB*P(F’
R (F )_ ~) (App.I1.18)

for a Beverton-Holt stock-recruitment relationship.

The maximum ofC(F*) is then found by searching over to giveF,,qy , with the associated female
spawning biomass given by

Big = I WINS (Fisy)
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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 negativéeflog-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:

1} = fiyegiy or & = fn(l iy)—fn(fiy) (App.11.19)

where

v is the abundance index for ygaand series (which corresponds to a specified species and

fleet)

IA;, = Qi éfyx is the corresponding model estimate, Whé%( is the model estimate of exploitable
resource biomass, given by equation App.Il.11,

g' is the constant of proportionality for abundanegesi, and

sg, from N(O, (G'iy)z) .

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

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

Ces,y =Clty +C&% +Chyyy (App.I1.20)
where

Céfy 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

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

P.fy

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

the M. capensis exploitable biomass in the mixed zong = Bgfﬁz/sgffy) (assumed to be constant

throughout the period for simplicity) angly, be the proportion of the effort of flein the mixed zone
in yeary (¢, = EZ /E, ), so that:

C&y = AP BSPER = g (1- y)BE -0y JE,, (App.11.21)
C&y = B ER = a’ By Ey, and (App.11.22)
Ch.ry = UpBEWEY = apBEy#/yEyy (App.11.23)
where

2 Strictly it is a penalised log-likelihood which imaximised in the fitting process, as some
contributions that would correspond to priors iBayesian estimation process are added.
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Eg = Eﬁ} + Efyz is the total effort of fleet, corresponding to combined-species CPUE sénmsich
consists of the effort in th®l. capensis only zone E%) and the effort in the mixed zone
(E¥). and
qui is the catchability foM. capensis (C) for abundance seriésand zonej, and
i

dp is the catchability fomM. paradoxus (P) for abundance seriés

It follows that:

Coy = BEWEy o 0- -y )+ d?y | (App.11.24)
Cp.yy = BEWE bty (App.11.25)
From solving equations App.ll.24 and App.11.25:
_ "Ly
Yy = C B g (1) (App.I1.26)
c,fy Pp,fyHp i .22 izl
he o ATy a ()
C,fyCP,fy
and:
i _Cy _CyBRyGety
ly=—=——"7"" (App-11.27)
Efy CP,fy
Zone 1 (z1): Zone 2 (z2):
M. capensis only Mixed zone
M. capensis: M. capensis:
biomass BZ"), catchCZ") biomass BZ? ), catchC&?)

M. paradoxus:
biomassBp), catchCp)

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 consistendis for each species(and zone) are forced to be in the same proportion

9" =rge” (App.11.28)

The contribution of the CPUE data to the negatif’¢he log-likelihood function (after removal of
constants) is then given by:
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—(nL*YE = Zzy:lfn (a;)+ (5;)2 /2(0;)2J (App.11.29)

where

a.l

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

Homoscedasticity of residuals for CPUE series istamarily assuméedso thataiy =o' is estimated
in the fitting procedure by its maximum likelihowédlue:

g = \/J/ni Z(ﬁn(l )= ﬁn(IAiy))2 (App.11.30)

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

In the aploli(:ation,ai are taken as estimable parameters in the motabfiorocedure. To correct for

possible negative bias in estimates of varialﬁdé) and to avoid according unrealistically high

precision (and so giving inappropriately high we)dio the CPUE data, lower bounds on the standard
deviations of the residuals for the logarithm of tBPUE series have been enforced; for the historic
ICSEAF CPUE series (separate west coast and soast series) the lower bound is set to 0.25, and to

0.15 for the recent GLM-standardised CPUE series,d'“F¥ = 025 and %™ > 015.

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:

Xy -me5) (o)
e

In the case of the species-combined Cqu'ﬂ, qc ", q\é,vc , I andyare directly estimated in the
fitting procedure.

(App.11.31)

Survey abundance data

Data from the research surveys are treated asveslabundance indices in a similar manner to the
species-disaggregated CPUE series above, with ysussfectivity function S>*™"" replacing the

commercial selectivityS%a (see equations App.l.12 and App.11.13 above, Whitso take account of
the begin- or mid-year nature of the survey).

An estimate of sampling variance is available faysisurveys and the associater';i 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(da¢aequation App.Il.29). The procedure adopted

takes into account an additional varla(ﬂg) which is treated as another estimable parametdrein

2
minimisation process. This procedure is carried enforcing the constraint thequ) >0, i.e. the
overall variance cannot be less than its externafiyt component.

% There are insufficient data in any series to emdtik to be tested with meaningful power.
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In June 2003, the trawl gear on tAEicana was changed and a different value for the muttitive
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 théd “o
Africana”) and theNansen, and between théfricana with the new gear (“nevAfricana”) and the
Nansen, in order to provide a basis to relate the muttgilve biases of thAfricana with the two types
of gear (yq and g,y )- A GLM analysis assuming negative binomial dimitions for the catches

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

MG =-0494  With 0 s = 0141 e (0™ /g ™™ = 0610 and

DGO = 0053 With 0, agons = 0117 Le. (o fqod " = ogag

where

gy, = IngSy +ANg°  with s = capensis or paradoxus App.11.32
new old

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

capensis

net be below 1, but not as low as the ratio eséchétom the calibration experimentA/nq is

therefore taken as -0.223, i.((q.”ew /g )capms =08 (With 0, capensis = 0141).

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

—nLT™ = ((NGpg,, — fNGyq — ANG) /202 1, (App.11.33)

A different length-specific selectivity is estimdtfor the “oldAfricana” and the “newAfricana”.

The survey’s coefficients of catchability(for the survey with the oléfricana gear) are constrained
below 1:

penq = Z(quld _1)2/0-022 if q:)Id >1 (App.11.34)

Commercial proportions at length

Commercial proportions at length cannot be disagmesl 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:

Cy =22 2 NS Fy S PL, 6™ 2(1— 2. S4aFy / 2] (App.I1.35)
f

s g a=0

With the predicted proportions at length:
Py = CM/ZCM. (App.I1.36)

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.lZZl_ﬁn(afen 1Py )+ Py (ﬁnpiy, - (n Py )2 /Z(J,ien )2J (App.11.37)
y |

where

10
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the superscripti” refers to a particular series of proportions erigth data which reflect a specified
fleet, and species (or combination thereof) and

O,,, s the standard deviation associated with the gntam at length data, which is estimated in

the fitting procedure by:
= \/ZZ Py (In py —In P, )2 1> >1 (App.11.38)
y | y |

The initial 0.1 multiplicative factor is a somewtatitrary downweighting to allow for correlation
between proportions in adjacent length groups. d@terse basis for this adjustment is the ratio of
effective number of age-classes present to the aumiblength 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.I1.37,
for which the summation over lengths taken from lengthy..s (considered as a minus group)! g

(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 fisimpled 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-agesuming an adjusted log-normal error
distribution (equation App.l8637). In this case however, data are disaggregatespbygies, and for
some surveys further disaggregated by gender.

g,surv

po = —% s the observed proportion of fish of speciegenderg and length from

zcg ,surv

"
surveysurv in yeary,

pe™" is the expected proportion of fish of speciegenderg and length in yeary in the survey
surv, given by:
Seempg N

P = Za: = ” (App.11.39)

CST SR

-
for begin-year (summer) surveys, or

-MZ/2
ng wpe L, NG e (1—ZS§yanfy/2J

peom = ! (App.I1.40)

PSP N 1 T SFy 2]
f

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

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:

nLA* = wZZZ[A"F;In(A,a) A"F;In( )J (App.11.41)

where

11
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w is a downweighting factor to allow for odespersion in these data compared to the
expectation for a multinomial distribution with iependent data; for the moment this weight
factor is set to 0.01,

obs

a1 Is the observed number of fish of ag¢hat fall in the length clads for ALK i (a specific
combination of surveygeaderyear, species and gender),

A bs

A ., isthe model estimate of’

a) » COmputed as:

A Ci a,l #a,l

L =W, el (App.11.42)
A’ : ! ZCi,a,l n;',l

where

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

C is the predicted catch-at-length for agand ALK :

ial

Ci al — Sﬁ's“mN;*/a for begin-year surveys,

C. = Sg'meg,ae_M“ga/{l— > ngyanfy/Zj for mid-year surveys, and
T

Ciar = NGS5y e'M%/Z(l—ngyaFw/zj for commercial ALKs.
T

77;,, = ZQ' (a'|a)P3§j is the ALK for agea and length after accounting for age-reading error,
a

with Q' (a'|a), the age-reading error matiiar readerr, representing the probability of an animal of
true agea being aged to be that age or some otheraag&or commercial ALKs and ALKs from

middle of the year survey®?’, ., -

, replacesPJ _in the computation oﬂ;, above.

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

When multiple readers age the same fish, theseatataonsidered to be independent information in
the model fitting.

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:

2 2 2
—(nLR = Z icwz/zmi + ( icm 001? (App.11.43)

s | y=y1 y=y1
where

Cy is the recruitment residual for specigsand 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

12
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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 hgutme oz (which measures the extent of variability in
recruitment — see equation — App.l1.43) decreadingarly from 0.45 in 2004 to 0.1 in 2009,
effectively forcing recruitment over the last yeaoslie closer to the stock-recruitment relatiopshi
curve.

The second term on the right hand side is introduoeforce the average of the residuals estimated
over the period fromyl to y2 to be close to zero, for reasons elaborated imia text.

Model parameters

Estimable parameters

The primary parameters estimated are the specexsfigpfemale virgin spawning bioma é(fSp)

and “steepness” of the stock-recruitment relatigngh, ). The standard deviations' for the CPUE
series residuals (the species-combined as wellea&LM-standardised series) as well as the addition

. i . . .
varlance(a'A) for each survey abundance series are treated tmabkle parameters in the

minimisation process. Similarly, in the case of $pecies-combined CPUE]CWC’Zl, qg/c,zz, q\Q'C T

andy are directly estimated in the fitting procedure.

The species- and gender-specific von Bertalanfytin curve parametertd, « andty) are estimated
directly in the model fitting process, as well &s, & and 6., values used to compute the standard
deviation of the length-at-age

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

Natural mortality:

Natural mortality (M fa) is assumed to be age-specific and is calculasadyuhe following functional
form:

MZ, for a<1
ﬁM
M =<aM +=— for 2<ac<5 (App.11.44)
a+l
M for a>5
and
M e = 5\ e (App.11.45)

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, .

WhenM values are estimated in the fit, a penalty is dddehe total —InL so thaM , = M :

s2 =
penM - Z(M s5 M52)2/0'012 if Msz < MsS (App'”'46)

S

Stock-recruitment residuals:

13
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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 ppl®the information necessary to inform estimation.

Table App.ll.1 summarises the estimable parameéxduding the selectivity parameteend gives
the bounds enforced for each estimable parameter

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-aghaathan proportion-at-length, survey
selectivities were estimated directly for each dge. seven age classes). The lengths at which
selectivity is estimated directly are survey spediinear between the minus and plus groups) aed a
given in Table App.ll.2. Between these lengthseslity is assumed to change linearly. The slope
from lengthsl s tO Ininustl IS assumed to continue exponentially to lowegthes to lengthl, and
similarly the slope from lengthg,s-1 toly,s for M. paradoxus andM. capensis to continue for greater
lengths.If the resulting slopes are positive, they arentet to zero (i.e. the selectivity cannot be
increasing below the minus group and above the grioisp).

For the south coast spring and autumn surveys, egespkcific selectivities are estimated fdc
paradoxus. Furthermore, the female selectivities are scdtman by a parameter estimated for each of
these two surveys to allow for the male predomiranahe survey catch.

A penalty is added to the total —InL to smoothdbkectivities:
L1, _ v
pen*"® =%’ Zs(S'L_l -2S + S'Lﬂ) (App.11.47)
i L=+

wherei is a combination of survey, species and gender.

Commercial fishing selectivity-at-length:

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

Sy = [1+ exd-(1-15)/ 6% )]_l (App.11.45)
where

lg cmis the length-at-50% selectivity,

fo) cm’ defines the steepness of the ascending limb dfetetivity curve.

The selectivity is sometimes modified to includéezrease in selectivity at larger lengths, as ¥ato
Sy =S4 " for | > lgoper (App.11.46)
where

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

lyope is fixed externally from the model, values for ledleet and species are givenliable App.II.3.

Periods of fixed and changing selectivity have bagsumed for the offshore trawl fleet to take aotou
of the change in the selectivity at low ages ovweretin the commercial catches, likely due to the
phasing out of the (illegal) use of net liners hhh@nce catch rates.

14



MCM/2010/APR/SWG-DEM/16

On the south coast, favl. paradoxus, the female offshore trawl selectivity (only theawl fleet is
assumed to catdkl. paradoxus on the south coast) is scaled down by a fact@rtals the average of
those estimated for the south coast spring andrautwrveys. Although there is no gender information
for the commercial catches, the south coast s@imjautumn surveys catch a much higher proportion
of maleM. paradoxus than female (ratios of about 7:1 and 3.5:1 foirgpand autumn respectively).
This is assumed to reflect a difference in distitu of the two genders which would therefore affec
the commercial fleet similarly.

Details of the fishing selectivities (including theumber of parameters estimated) used in the
assessment are shown in Table App.Il.4.

Input parameters and other choice for application b hake
Age-at-mMaturity-at-length and at-age:

The proportion of fish of specissgenderg and lengtH that are mature is assumed to follow a logistic
curve with the parameter values given below (framieather and Leslie, 2008, “stage 2, >40cm” for
females and Fairweather, pers. commn for males):

I'50 (cm) N
M. par adoxus:
Males 28.63 5.07
Females 4224 4.46
M. capensis:
Males 34.35 7.38
Females 40.80 7.51

Maturity-at-length is then converted to maturityagfe as follows:

fa=> fIR3 (App.I1.47)
|

Weight-at-length and at-age:

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

L (gm/cn”) o
M. paradoxus:
Males 0.007541 2.988
Females 0.005836 3.065
M. capensis:
Males 0.006307 3.061
Females 0.005786 3.085

Weight-at-length is then converted to weight-at-agdollows:

we => WPy (App.11.48)
|

for beqgin-year weight-at-age, and

Wy = ZWF’ Py (App.l1.49)
|

for mid-year weight-at-age.

15
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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 cauglbrisequence, there can be relatively larger efiors
terms of variance) associated with these data.efiaae this effect, the assessment is conducted with
minus- and plus-groups obtained by summing the oega the lengths below and abdyg,s andlys
respectively. The minus- and plus-group used arengin Table App.II.5 (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.

16
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Table App.Il.1: Parameters estimated in the moitkihd procedure, excluding selectivity parameters
with bounds enforced

No of :
00 Parameters estimated Bounds enforced
parameters
K° 2 (K ® 1) and In(K % pirg) (3.5:9.0)
h 2 hegp and P prg (0.2:0.98)
M, 4(6)* For each species: M3, M5 (and v) M,:(0.2;1.0), M52 (0.1;0.5), v:(0.01;5)
Additional variance 2 G 4eqp ANd T4 parg (0;0.5)
Recruitment residuals 50 & cap,1985-2000 ANd & g 19852000 (=5:5)
TCPUE 6 1 for each series ICSEAF: (0.25;1), GLM (0.15; 1)
ICSEAF CPUE 5 g gV g5, 1 and yp g andr:(0,10), and yz (0;1)
6, 12 For each species and gender: 6, 6; and &4 8y: (1;100), 8, and 6,4 (1; 100)
Growth 12 For each species and gender: L5, x and 1 |L5:(30; 60) &2 (0.00005; 0.2) and r: (-10; 0)

* if not fixed on input

Table App.11.2: Lengths (in cm) at which surveyesgivity is estimated directly.

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

% West coast winter 13 18 24 29 35 40 46 5L
§ South coast spring 21 26 30 35 39 44 48 53
= South coast autumn 21 26 31 36 42 47 52 65
" West coast summer 13 20 26 33 39 46 52 99
€ West coast winter 13 17 21 30 40 47 54 6l
‘%3 South coast spring 13 19 28 38 46 54 63 1
= South coast autumn 13 19 28 36 44 52 61 69

Table App.I1.3: Length (cm) at which selectivityds to decreaséy(,) for each species and fleet.

M. par adoxus M. capensis

WC offshore trawl 40 70
SC offshore trawl 70 70
SC inshore trawl - 55
WC longline 85 85
SC longline - 85
SC handline - 70

17



Table App.ll.4: Details for the commercial seleitfivat-length for each fleet and species combimatio

as well as indications of what data are available.

MCM/2010/APR/SWG-DEM/16

M. paradoxus M. capensis
No of est. No of est. data available
Comments Comments
parameters parameters
1. West coast
offshore
1917-1976 0 set equal to 1989 0 set equal to 1989
two logistic parameters estimated differential shift compared to 1993+ as . .
1977-1984 2 -~ . bined
(same slope as 1993+) 0 for paradoxus, slope 1/3 of inshore spectes combine
1985-1992 0 linear change betwe.a.l 1984 and 1993 0 linear change betwe.er.l 1984 and 1993 species combined
selectivity selectivity
two logistic + slope parameters same as SC inshore but shifted to the . .
1993-200% = . . . bined
3 estimated 0 right by 5 cm, slope 1/3 of nshore spectes combne
2. South coast
offshore
1917-1976 0 set equal to 1989 0 set equal to 1989
differential shift compared to 1993+ as differential shift compared to 1993+ as . .
19771984 0 for WC (same slope as 1993+) 0 for paradoxus, slope 1/3 of inshore species combined
1985-1992 0 linear change betwe.a.l 1984 and 1993 0 linear change betwe.er.l 1984 and 1993 species combined
selectivity selectivity
two logistic + slope parameters same as SC inshore but shifted to the . .
1993-200% = . . . bined
3 estimated 0 right by 5 cm, slope 1/3 of nshore spectes combne
0 female downscaling factor (av. of SC
spring and autumn surveys's factors)
3. S.OUth coast i i 3 two logistic —.slope parameters M capensis
inshore estimated
4. West t ro logistic + sl
1 BSE;GE{S 3 e oglstlcest&nc:zzfarameters 0 same as South Coast longline species combined
onghne
5. Somh. coast i ) 3 two logistic —.slope parameters M capensis
longline estimated
6. South coast 0 parameters taken as average of SC
handline ) longline and inshore parameters
West coast
SUITIIIET SUIVEY
Africana old 7 estimated for 7 specified lengths 7 estimated for 7 specified lengths species disaggregated
Africana new 5 same slope as old 5 same slope as old species disaggregated
West coast
winter survey
Africana old 7 estimated for 7 specified lengths 7 estimated for 7 specified lengths species disaggregated
South coast
spring survey
Africana old 7 estimated for 7 specified lengths 7 estimated for 7 specified lengths species disaggregated
Africana new 5 same slope as old 5 same slope as old species disaggregated
1 female downscaling factor
South coast
autumn survey
Africana old 7 estimated for 7 specified lengths 7 estimated for 7 specified lengths species disaggregated
Africana new 5 satne slope as old 5 same slope as old species disaggregated
1 female downscaling factor
Total 56 49
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Table App.Il.5: Minus- and plus-groups taken foe thurveys and commercial proportion at length

data.

SURVEY DATA

M. paradoxus M. capensis

Minus Plus Minus Plus
West coast summer 13 47 13 59
West coast winter 13 51 13 61
South coast spring 21 53 13 71
South coastautumn 21 65 13 69
COMMERCIAL DATA

Minus Plus
West coast offshore, species combined 23 65
South coast offshore, species combined 27 75
South coastinshor®]. capensis 27 65
West coast longline, species combined 51 91
South coast longlin@). capensi s 51 91
Both coasts offshore, species combined 25 65
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