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1. Introduction

The final report of the BENEFIT-NRF-BCLME stock assment workshop held in January 2004 provides
recommendations for the future assessment of hak8mfth Africa (BENEFIT, 2004). The workshop reconmahed
that the approach include the following features:

age-length keys for one year should not be apptig¢tie length-frequency data for another year hematif length«
frequency data are available for a year for whishage-length key is not available, the model shdeditted to
the length-frequency data for that year

a model which considers both species simultaneaistyld be developed and its results aggregateid tim data
that cannot be disaggregated between speciesiie.fCSEAF CPUE series);

the initial spatial structure of the model shouiddlve four components (west coast inshore, weastcoffshore,
south coast inshore, south coast offshore) — tfiieitien of inshore and offshore should be basedbaiogical
considerations and data availability;

~the initial version of the model should estimate ponent- and species-specific “selectivity” (whicftludes both
gear selectivity and availability) patterns;

AL -
5) the values for the parameter that determines thie @pong species of the exploitation rate on fidgtected

animals should be calculated to mimic the catchespegies each year, with a prior placed on thenexéewhich
it may vary over time;

6) the longline catches should be split to specigs,using observer data to develop a suitable dtgori

—future assessments should be sex-structured witlstsely defined in terms of length (rather tharepgecause hake
are sexually dimorphic — this will require the eaflion and use of sex-structure datacl

allowance should be made for age-determination evhen fitting the catch-at-age information.

A framework is outlined below which incorporategsk features. Recommendati@T} to-and8) arehoweverare not
taken into account at this stage as the necessaayatle not yet available, and seem unlikely to imeceo within the
next fewmmonths.
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2. Data

A-—strawmanThestructure of the data available is summarised in tidides belowto—facilitate—discussionsThis
information is divided into four periods, it diffemtiates between the two specidd.(capensis andM. paradoxus), three
four fleets (Small Trawler — e.g. as operate from Mo®a&y, previously referd to as inshore trawler; Standard
Trawler, previously referd to as offshore trawlerand-Longline’_and -handlineHandlineand the surveystreated
effectively as a fifth fleef)and four regions (south coast inshore, southtaftshore, west coast inshore and west coast
offshore).

From discussions in the MCM Demersal Working Gratipias suggested that the boundary separatinméere and
offshore regions be at the 300m isobath on the w@ss$t and at the 200m isobath on the south cBasghermore, it
was decided that the appropriate boundary to uspltbthe west and south coasts should start frapeCAgulhas
(20°E) to 36'S (as the old ICSEAF division), then from MCM bld680, staggered to the south-east by block (20)x20’
in order to include the whole of Brown’s Bank iretivest coast.
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Period 1917 — 1947

This period represents the beginning of the fisheryen the fishery confined (presumably) its atiggi to fishing
grounds relatively close inshore, around Cape Tamah to a lesser extent off the south coast. Thie diuthe catch,
which did not exceed 50 000 tons p.a. over thi®odemust have beeM. capensis.

Note that in the diagrams that follow indicates a presumptainzero effort and zero catches for the
fleet/region/species all concerned over the futiggk under consideration. Within such cells, datarses are marked
v/IX to indicate where such data are/are not availgibsitive indication mean for some, but not neagly all years of

the period.
Inshore region Offshore region
Fleet M. capensis M. paradoxus M. capensis M. paradoxus | General assumptions:
— Catchv’
@ [ Standarg » standard trawlers onty — - { Formatted: Bullets and Numbering
o | Trawter CPUE X operated _in the inshore
3] : - - -
e CAA X regions during this period
4]
= Longline  only M. capensis was caught
9 during this period
« hake was landed on the south
Small coast from mid-1930’s —
Trawler catch statistics are not
available

- Catch X
% Standard CPUE X
o | Trawler
o CAA X
ES
=]
8 Longline
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Period 194& - 19661959

During this period, locally based trawlers werespreably starting to move to deeper waters on thst weast,
catching bothV.. capensis andM. paradoxus.

Inshore region Offshore region
Fleet M. capensis M. paradoxus M. capensis M. paradoxus
Stand Catch not split by spp or region

5 andard . .

g Trawler CPUE not split by spp or region

o CAA X

D

4]

= | Longline

Small
Trawler
Catch X Assumptions:

z Standard

o | Trawler CPUE X » standard trawlers moved «to- - { Formatted: Bullets and Numbering

o CAA X deeper waters on the west

= coast during this period

o .

o | Longline o both M. capensis and M.
paradoxus were caught on
the west coast

Handling e standard trawlers on the
south coast stayed in the

inshore region and catdid.
capensis_only during this

period




Period 1967 1960 1976
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The firstofficial~ cecatcheson-the-south-coastby small trawlers on the soutktc8tandard trawlers on the south coast

moving to deeper water and starting to cditiparadoxus. This is also the period over which the foreigeflee { Formatted
operated.
Inshore region Offshore region
Fleet M. capensis M. paradoxus M. capensis M. paradoxus | Assumptions:
o | standard Catch not split by spp or region +_small trawlers fish only in the - - { Formatted: Bullets and Numbering
% Trawler CPUE not split by spp or region inshore region on the south
8 CAA X coast
g « small trawlers only catcM.
= | Longline capensis
 standard trawlers _on _the
Small Catchv’ south coast move to deeper
Trawler CPUE X water and start catchinil.
CAA X paradoxus
- Catch not split by spp or region
% Standarg CPUE not split by spp or region
o | Trawler pitby spp 9
o CAA X
=
>
8 Longline
Handline >< ><
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Period 1978 - present

From 1978 onwards, depth information has been datbfor tows. This information allows the catch a&ffibrt to be
split between the inshore and offshore regionalsid allows the catch to be species-disaggregasedg a proportion-
by-depth(and by sizejelationship. Survey data are also available gpegies and depth basis.

Inshore region Offshore region
Fleet M. capensis M. paradoxus M. capensis M. paradoxus Assumptions:
Catchv Catchv’ Catchv’ Catchv’ ’ h
Standard v v v v » small trawlers fish only in the - - { Formatted: Bullets and Numbering
| Trawer] CPUE CPUE CPUE CPUE inshore region on the south
a CAA not split by spp or region coast
3 Catchv Catchv small trawlers only catcM {
— : ° VI. _~ - Formatted
o Longline CPUE X CPUE X CAPENSIS
= CAA? CAA ?
¢ longline fleet operates only
Survey biomass” biomass” biomass” biomass” in_the inshore_regions_on
both coasts
CAA YV CAA YV CAA YV CAA YV
Catchv’ * longline fleet on the west
Small CPUE X coast _catches both M.
Trawler CAA ¥ capensis andM. paradoxus
Catchv’ Catchv’ Catchv’ Catchv’ ¢ longline fleet on the south
Standarq ., o CPUE v CPUEY CPUE v coast catchesM. capensis
Trawler onl
G CAA X ? only
©
g Catchv’ + handline fleet operates in the
< | Longline CPUE X inshore region only
=)
8 CAA v ¢ handline fleet catchesM.
Catchv’ capensis only
Handling] CPUE X
CAA v
Survey biomass” biomass” biomass” biomass”
CAA v CAA v CAA v CAA Y
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Summary of data whichstill needs to be prepared

Catches:

a) Pre-1978, redistribute catches by coast/regiece-the-gueries-above-have-beenaddressed

b)Post-1978, splitting the catches from the stantfandler fleet by species, coast and region. - - = { Formatted: Bullets and Numbering

€)b) Catches-for-thelongline{/handline)-fleet-on-thestamast.
CPUE:

a) GLM-standardised CPUE series for the standard tfi@et for each combination of speciéd. capensis and
M. paradoxus) and region (south coast inshore, south coashaffs west coast inshore and west coast
offshore), from 1978 to the present.

Commercial catches-at-age:

a) Update the west coast, species-combined, catcheatiata from the standard trawler fleet to incldd& up to
2003.

b) Update the south coast catch-at-age data for thé sensler fleet (assumed to consistMf capensis only) to
include data up to 2003.

¢)Update the south coast catch-at-age data for tiglite fleet (also assumed to consistvbfcapensis only) to- - - { Formatted: Bullets and Numbering

include data up to 2003 (why are such data notahlaiin 1998 and 1999 when the 2000 data are?).

Survey biomass estimates:

10
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a) For each coast, the biomass estimates for eachespeeed to be split between the inshore and afésho
regions.

Survey catches—at—age:

a) For each coast, the catch-at-age estimates for gzaties need to be split between the inshore Hsldooe
regions.

Other recommendations from the BENEFIT workshop thatneed to be discusseth due course
B.1 The catch by the handline sector and its specsex- and size-structure should be monitored.

B.2 The observer data should be used to test theityaof the algorithms for splitting the past comrmial trawl
catches among species

B.6 The observer programme for South Africa needsréwide regular and reliable information on thecsge-split of
the hake catch.

B.7 The spatial and temporal trends in the catchedfort data for the longline fishery should belymed.

B.9 Industry should be consulted to develop altéveehypotheses regarding the levels and spatsitidution of the
historical catches.

3. Methods

The model proposed for future assessments of thhem African hake stocks is an ASPM similar toséh used for
“standard” assessments (Rademeyer, 2003, for exanipie)nvolves a single spatially disaggregatednigdation, in
which both species are assessed separately. Tt ispatial structure considered will include forggions: all
combination of west coast/south coast and inshffséfre.

The model equations and the general specificatdbriibe model proposed are described below, follobwedetails of
the contributions to the log-likelihood functiorofn the different data considered. Quasi-Newton miaition is to be
used to minimise the total negative log-likelihdadction (implemented using AD Model Build¥; Otter Research,
Ltd.).

3.1 Population Dynamics
3.1.1 Numbers-at-age

The resource dynamics of the southern African tsikeks are modelled by the following set of popakatynamics
equations:

Ns,y+1,0 = Rs,y+1 (1)
Ns'yﬂaﬂ:[NS]a g M=l —ZCsfya]eME’z for 0Osasmg -2 %)
rf
Mgy /2 Mg /2 Ma /2 _ Mg,
Ns,y+Lm :[Nw,m—l e =t - zcsrfy,mlj e "ot +[Ns/me Man 2 zcsfymj g™Mm/2 3)
rf rf

where
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Nga  is the number of fish of specisand agea at the start of yeay,

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

Mg  denotes the natural mortality rate on fish ofcépes and age,

Cqa s the number of fish of specissaind agea caught in yeay by fleetf in regionr, and
m; is the maximum age considered (taken to be a plugsjifor species.

These equations simply state that for a closed lptipn, i.e. with no immigration or emigration, thaly sources of
loss are natural mortality (predation, disease,) &tnd fishing mortality (catch). They reflect Ppapproximation
(Pope,19841972 (the catches are assumed to be taken as a putbe imiddle of the year) rather than the more
customary Baranov catch equations (Baranov, 1918gr@vcatches are incorporated in the form of ailootis fishing
mortality). As long as mortality rates are not taugh, the differences between the Baranov and FRapeulation will

be minimal. Tests showed this approximation to degaate for the hake stocks (Punt, University oEkifegton, pers.
commn).

3.1.2 Recruitment

Next year’s recruitment depends upon the reprodeictutput of this year’s fish. The number of re@uaif each species
(i.e. new zero-year old fish) at the start of yearregion+is assumed to be related to the spawning stockisizethe
biomass of mature fishj-that-regionby a stock-recruitment relationship. Traditionalllye Beverton-Holt function
(Beverton and Holt, 1957) has been used for sontA&ican hake assessments.

The Beverton-Holt stock-recruitment relationshipowing for annual fluctuations, is written as:

aBY _52
R. = sTsy e((‘s, UR/Z) (4)

R sp
ﬁs + BS/
where

as and S are spawning biomass-recruitment relationship paienigor species, a being the maximum number of
recruits produced, anfthe spawning stock needed to produce a recruiteruml toa/2, in the deterministic
case;

Sy reflects fluctuation about the expected recruitirfer species in yeary, which is assumed to be normally

residuals are treated as estimable parameters imduel fitting process. Estimating the stock-recneint
residuals is made possible by the availability afch-at-age data, which give some indication of dge-

structure of the population. The a,%/z term is to correct for bias given the skewnesshef log-normal

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

Bjy’ is the spawning biomass of fish of speces the start of year, computed as:

m
BY =D faWaNg, (5)
a=1
where
W, is the begin-year mass of fish of spesesnd age, and

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

s|a

In order to work with estimable parameters thatracge biologically meaningful, the stock-recruitrheglationship is
re-parameterised in terms of the pre-exploitatiquiléorium spawning (“virgin®) biomassK , and the “steepness”,
hs, of the stock-recruitment relationship, which lie tproportion of the virgin recruitmen®{;) that is realised at a

spawning biomass level of 20% of the virgin spawgriomass:

12
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a,=2Ra ®
5hy -1
and
K (@-hy)
==s = s 7
A 5hy -1 (]
where
m-1
mzd i ex;{- Z—:‘)M E‘]
Ry =KP /) fowg exp[— M E.] + f g Wy ————% (8)
a=1 a'=0 1- eXF(_ M sn)

In the fitting procedure, bothg and K& are estimated. The steepness parameter is impaagathe overall potential

yield of a resource estimated by an ASPM depenidsapilty on the steepness of the stock-recruitmeme and on the
natural mortality rate.

3.1.3 Total catch and catches-at-age

The fleet-disaggregated catch by mass for spagiasyeary and region is given by:

m m
_ _ Mg /2
CSTfy - Zws,aﬂ/z Csfya = Zws,aﬂ/z Nsya € szya sty 9)
a=0 a=0

where

W a.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 bet/ieeis),

Cotya is the catch-at-age, i.e. the number of fishpefcgess and agey, caught in yeay and regiorr by fleetf,

sya IS the commercial selectivity (i.e. vulnerability fishing gear, which may depend not only on thar geself,

but also on distribution patterns of the fish by agpmpared to the areal distribution of fishingogijf of
speciess at agea for yeary, regionr and fleetf; when Sy, =1, the age-clasa is said to be fully selected,

and

Fgy  Is the fished proportion of a fully selected algss of species for fleetf in regionr.

Rather than having the annual catches as fixedt ipprameters (as it is in the ‘standard’ assessyettite fishing
proportions ofM. capensis in the west coast inshore region for each fleB,(,.-inr,) are treated as estimable

parameters in the fitting procedure. To obtainfitbieing proportions of the other combinations oécps and regions,
itis assumed that the relative selectivities atated by a series of parametefigy, , so that:

Fsrfy = srfy Fcap,wc—in,fy 7(10)
i - V 3 —E— (a1
cap,wc—off , fy — Yfy" capwc—in, fy \**)
F = 93 E
cap,sc-in,fy — Yfy" cap,wc-in, fy (12)
—pdr 13
" par,we—off . fy — “fy' cap,wc—off,fy Ao )
B | -EE—— 14
par ,sc—in, fy fy " cap,sc-in, fy (1 A)
r — 06 (15
"cap,sc-off, fy — “fy' cap,sc-in, fy (5)
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— F o w1 SO oot 1y @e
par,sc—off , fy fy " cap,sc—off , fy AY )

where gy, is modelled by a random wafknce fishing has commenced in that region; betfwae=0):

gsf Y+l = gsrfyezs"y (ﬂ)
an
with

{aty i N(O' (asfy)z)

For years in which data are available to estimaefishing mortality for a particular combinatiohspecies and region
directly and with reasonable precisiong, can be fixed at a very large value, so that tkeliiood contribution from
equation £717) plays little role.

The model estimate of the mid-year exploitable &itable”) component of biomass for each speciegt fand region is

calculated by converting the numbers-at-age intd-yeiar mass-at-age (using the mid-year individueights) and
applying natural and fishing mortality for half thear:

ms
Bsxfy = Zwsaﬂ/ZszyaNsyae_Msa/z (1_ Zssfya':sfy /2) 7(;781;3
f

a=0

The model estimate of the survey biomass at thieaitéhe year (summer) for each species and reigigiven by:
m
BSy =Y Wu SNy, o193
a=0
and in mid-year (winter):
ms
B:‘;V = Zwsa+1/283|aw Nsya eiME 2 (l_ z Ssrfya sty /2) 7(2_1-%
a-0 f
where
Sga’ is the survey selectivity for agefor speciesin regionr, and
Wq a4, IS the mid-year weight of fish of specieand agea at the start of the year.

It is assumed that the resource is at the detestigrequilibrium that corresponds to an absenckaofesting at the
start of the initial year considered, i.8g, = K.

3.2 The likelihood function

The model is fitted to CPUE and survey abundandi&és, catch information and commercial and sucaggh-at-age
data, as well as to the stock-recruitment curvedttmate model parameters. Contributions by eacthede to the
negative of the log-likelihood (L ) are as follows.

3.2.1 CPUE relative abundance data

14
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The likelihood is calculated assuming that the olesgtiabundance index is log-normally distributeduabis expected
value:

Iy = IA'y exp(s'y) or g, :fn(l ;,)—Zn(f'y) @219
where

I'y is the abundance index for ygaand series (referring which correspondse a combination of species, fleet
and reglon—iepexample QM%WWWMM%@M{#%CES

oul

A'y =q' é;"fy is the corresponding model estimate, whB, is the model estimate of exploitable resource bissn
given by equatiod-812

g is the constant of proportionality for abundanegesi, and

e, from N(O, (a‘y )2) .

In cases where the CPUE series are based uporesgemiregated and region-aggregated (offshorershdrie for the
west or south coasts) catches (as available pr8}18ie corresponding model estimate is deriveflasy:

Combining equations 9 and 10, we get:

m
_ M, /2
7Csrfy - srfchap.wcfin,fystaﬂ/ZNsyae Ssrfya (16)

a=0

The total catch CTOT) (M capensis andM. paradoxus combined) by ﬂeet in yeary off coastc (inshore and of'fshore {Formatted

o JC

regions combined), canitﬁeinibé Qvﬁtfen as \\\ R { Formatted
2 2 2 2 m , \\ { Formatted
TOT _ _ -M, /2
—Cay = ZZCS’W _Fcapvm"”vfyzz HS’WZW”*UZNWEe Sstya an {Formatted
s=1r=1 s=1r=1 a=0 \\{
Formatted
The effort of fleeif in remonr fishing speaes in n yeary (Egty ) is proportional to the corresponding fishing rabm
77777777777777777777777777777777777777777777 - ‘[ Formatted
1
Eqy = ] Faty (18) ‘[Formatted
sty { Formatted
Calibrating from when the disaggregation is knowa,have: { Formatted
qsrf = Asf qcap,wc—ln,f (19)
where /]srf and qcap.wc—in,f are estimable parameters
so that the total effortETOT) (to catchM capensis andM paradoxus) by fleetf in n yeary off coastc (inshore and _ {Formatted
offshore regions combined) can be ertten as: \\\\\\ ‘[ Formatted
2 2 2 2 W Formatted
1 1 Oty ‘ {
gToT L F.. =F oL sty (20)
—  Eery sfy cap,we—in, fy
;; srf qcap,wcfin.f ; ; Asf \{ Formatted
F tted
The model estimate of the species- and region-gatgd abundance index for ygesind seriegis then written as: {{ ormatte
Formatted
\{ Formatted

(D N/ WD U, U |
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2 2 m
o \Tor ZZ HSfyzwsaﬂ/styaeiMa/zSSfYa
(i =[C — s=1 r=1 a=0
Iy - %E oy Qeap we-in, > 2 21)
PIPICENZEY
s=1r=1

To correct for possible negative bias in estimafaariance(a'y) and to avoid according unrealistically high primis
(and so giving inappropriately high weight) to BPUE data, a lower bounr{diA)z) on each CPUE series is input to
the assessment model.

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

~nwe =33 o)+ e} eles ) + ) w2

where
O'iy is the (minimum, wherviA =0) standard deviation of the residuals for the ldbars of index in yeary,
O'iA is the square root of the additional varianceafloundance serieswhich is an input value; alternatively, this

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

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

? \/ﬂ e}y -n@f (o) o

y

. { Formatted

77777777777777777777777777777777777777777777777777777777 == { Formatted

The catchability coefficienty’ for abundance indeiis estimated by its maximum likelihood value, whia the more
general case of heteroscedastic residuals, is tiyen

: Z[]/{("iv)z +(‘7iA)2H('n I, -InB2, )
ng = N

SR

3.2.2  Survey abundance data

Data from the research surveys are treated asveel#ttundance indices in a similar manner to thelEBeries above,
with survey selectivity functionS3," replacing the commercial selectivitgqq, (see equationg0-13 and 21-14
above). Account is also taken of the begin- or gedf nature of the survey.

An estimate of sampling variance is available fastrsurveys and the associam‘(; is generally taken to be given by

the corresponding survey CV. However, these estisndikely fail to include all sources of variabjlit and
unrealistically high precision (low variance anchte high weight) could hence be accorded to thedieds. The
contribution of the survey data to the negativellkglihood is of the same form as that of the CPaltindance data
(see equatior2322). The procedure adopted takes into account artiadali variance in the same manner as for the

CPUE abundance indices, but instead of being ingbet,additional varlanC({aA) is treated as another estimable

16
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parameter in the minimisation process. This proaedsircarried out enforcing the constraint (bgt) >0, i.e. the
overall variance cannot be less than its externafiyt component.

3.2.3 Commercial Catches
The contribution of the annual catch estimates ¢oniegative log-likelihood € ¢nL%") is calculated by assuming that
the observed catctQyy, ) is log-normally distributed about its expectemea(ésfy):
Cary =Cayy exdleay) or Eaty = (Cay )~ nCay) @629
where

&gy, from N(O. (Ucatch)z), With & ey = 0.1 an input parameter.

- (nL®" is then given (after removal of constants) by:

2
— Lo :ZZZZénam‘ch +(€L)2 @729
s r f y z(acatch)

Generally species-disaggregated catches by regmredatively poorly estimated, and only for yeémsm 1978
onwards, whereas species-combined catches arveblavell known. To allow for this in a simple wawe assume
simply that:

Epsrry = (n[z Cgfy] - Zn[z égfy} @827
S S

where

Egsry from N(O, (acathS)z), With 0 4ps = 001 also an input parameter.

A further term is then added to the/nL%3"

2
—pLoch _ _yppcatch +zzzmgcawh85 + (EBsrfy) 2929
r f y

(UcatchBS ) 2

3.2.4 Commercial catches-at-age

Catches-at-age cannot be disaggregated by spedigsmshore and offshore region, the model isdfaee fitted to the
catches-at-age for both species and both inshateotishore regions combined. The contribution o tatch-at-age
data to the negative of the log-likelihood functiwhen assuming an “adjusted” lognormal error disition is given
by:

~mL =SS |0 1o )+ P p. - m B F 2]
i y a
(3629

where

the subscripti' refers to a particular series of catch-at-age dettich reflect a specific combination of fleet aawshst

{region22?)region or coast

C BS,ins+off , fya
Z c BS,ins+off , fya'
=

in yeary and regionr that are of age,

Piya = is the observed proportion of fiskl (capensis andM. paradoxus combined) caught by fleét
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ch.ins, fya + Cs.off,fya

é +
f),ya = BSinsrof.fya S+ = is the model-predicted proportion of fish caughtfleetf in
ZCBS,msﬂyﬁ ,fya' Z z (Cs,lns, fya' + Cs,off ,fya‘)
a' a s
yeary that are of age, where:
cEsfya = Nsya e_MSIZ szya stya 6‘1&
and

Owm  is the standard deviation associated with theheat-age data, which is estimated in the fittingcedure by:

Gl = Jzz By By ~In Blaf 1S 31 @23)
y a y a

The log-normal error distribution underlying eqoatB6-29is chosen on the grounds that (assuming no ageing e
variability is likely dominated by a combination @fterannual variation in the distribution of fisli effort, and

fluctuations (partly as a consequence of such tianis) in selectivity-at-age, which suggests tihet assumption of a
constant coefficient of variation is appropriat@vig¢ver, for ages poorly represented in the samspi®pling variability

considerations must at some stage start to domihatevariance. To take this into account in a sémpilanner,

motivated by multinomial distribution propertiesyr® (pers. commn) advocates weighting by ¢hkeected observed
proportions (as in equatid@®29 so that undue importance is not attached to lolaéad upon a few samples only.

Commercial catches-at-age are incorporated inikkéHood function using equation 30, for which gwenmation over
agea is taken from agemins (considered as a minus group)ags (a plus group). The ages for the minus- and plus-
groups are chosen so that typically a few perdmritno more, of the fish sampled fall into these groups.

3.2.5 Survey catches-at-age

The survey catches-at-age are incorporated intondgative of the log-likelihood in an analogous mamto the
commercial catches-at-age, assuming an adjusteddagal error distribution (equatio3029. In this case however,
the data is available disaggregated by speciesoaride inshore and offshore regions separately.

Psya = Csvya /Z 2Caya IS the observed proportion of fish of specteand agea from surveysurv in yeary and

regionr,

f):‘)[; is the expected proportion of fish of spe@@nd age in yeary and region in the surveysurv, given by:

surv
A surv 85 a N sya

Psya =7 8339
> SNy
a'=0

for begin-year (summer) surveys, or

SN, exp- Mg /2)[1 =Y SetaFsty /2}
asurv _ f
psrya -

o @433
D S3Nga exd-M, /2) [1 =Y SataFaty /2}
f

a'=0
for mid-year (winter) surveys.
3.2.6  Stock-recruitment function residuals

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

2
y2 -
- = z z nog + Sy Moy 203 @539
s y=yl+l 1—,02
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where

Coy =PCsy1+ ,ll—pzew is the recruitment residual for spec&gsand yeary, which is estimated for yead to y2
(see equation 4),

from N (O. (UR )2)

65)’
og is the standard deviation of the log-residualsictvis input, and
P is the serial correlation coefficient, which mpiut.

In the interest of simplicity, equation 35 omit¢eam in ¢, for the case when serial correlation is assumee 0),
which is generally of little quantitative conseqaerto values estimated (Cryer, 1986).

3.2.7 Smoothness in changes over time in focus of fishirgfort by region and species

The smoothness overtime desired of ﬂ@ parameters (see equations 10-17) is effected wdidition of a further
contribution to the negative log-likelihood funatio

oL D3 > gy + 5
k=1 f y 2(5"&)

(3639

where theg g, values will be input.

3.3 Model parameters

3.3.1 Estimable parameters

In addition to the species- and region-specifigivirspawning biomas(#(?’) and the species-specific “steepness” of
the stock-recruitment relationshiphy), the following parameters are also estimated dmes of the model fits
undertaken.

Natural mortality:

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

Mg for a<1

_ M
Ma M s for a=2 €739

Mg andMs are set equal e (= a;‘” + p’sM /3) as there are no data (hake of ages younger tham raren catch and
survey datpwhich would allow independent estimationhdy andMs;.
Fishing selectivity-at-age:

The fishing selectivity-at-age for each speciegiae and fleet,S

ofa+ IS €ither estimated directly:

estimatedeparately for a<ag
Sgia = 3
sta { =1 fora>ag 8a2)
or in terms of a logistic curve given by:
s = 0 fora=0 B
sfa = [1+ exp(— (a -a5 )/ o5 )]_1 fora=1 €929

where
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ag; years is the age-at-50% selectivity,

S year' defines the steepness of the ascending limb cfetestivity curve.
The selectivity is sometimes modified to includecaréase in selectivity at older ages, as follows:

Sgta = Sfa exp(— Sgfa (a ~ Agope ” for a> aope, 4039
where

Sgfa Measures the rate of decrease in selectivity vgénfar fish older thaagope for the fleet concerned, and is referred
to as the “selectivity slope” in this thesis.

Time dependence may be incorporated into theséfigpgion, so thatSgy, — Sgyya-

3.3.2 Input parameters
Age-at-maturity:
The proportion of fish of specissagea that are mature is approximated by

0 fora<a™

fa = 414
= {1 fora=al™ (4249

whereaT™ =4 for theM. capensis andM. paradoxus stocks (Punt and Leslie, 1991).
Weight-at-age:

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