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Abstract

Abstract

The hake fishery off southern Africa is a highlyluable and important fishery in terms of
both revenue and local employment. This thesisiders the current assessment and management of
the Cape hake stocks. It commences with a brigéwewof the biology of the Cape hakes and the

history of the fishery and the management of tseuece.

The data available for the assessments are dedcghéng some details as to how they are
collected and analysed. Three models commonly fmefish stock assessment purposes (Biomass
Dynamic Models, Virtual Population Analysis and A§euctured Production Models) are briefly
reviewed. An age-structure production model (ASPfitted on a maximum likelihood basis, is used
to provide an assessment of the southern Africke hesource, with reasons for using this model in

preference to others being given.

Currently, the management framework separatesetbeurce into three areas: Namibia and
South African west and south coasts. Although thsource comprises two specidderluccius
capensisthe shallow-water Cape hake, add paradoxusthe deep-water Cape hake, the Namibian
and South African west coast stocks are still mededs a single species. On the South African south
coast however, due to the development of a longdiishery, which targets principalM. capensis
the two species are distinguished in the assessnierg believed tha¥l. paradoxusoff the west and

south coasts of South Africa form a single stoal #ms resource is therefore assessed as such.

The Namibian hake stock is estimated to be at adoet (CV=0.39) in 2001 of its pre-
exploitation level in terms of the spawning biomasghough the best estimate for the 2001 spawning
biomass is slightly above that of the early 199@hg, possibility that there has been a net dedtine
the resource over the last decade cannot be extlddhs resource is estimated to be able to yield a
maximum of 300 thousand tons (CV=0.25) per annutma aspawning biomass level of 46%

(CV=0.04) of the pre-exploitation level.

After the heavy exploitation of the 1960's and 187@here has been a steady though slow
recovery in the South African west coast hake nesourhe 2001 spawning biomass is estimated to be
at 22% (CV=0.18) of its pre-exploitation level. $hs still below the level producing the estimated
MSY of 129 thousand tons (CV=0.03). The currentusteof the resource and MSY values are
estimated much more precisely than in the caseeofNtamibian stock, as a steady increase over the
past two decades means that this is not the ‘oneti@ scenario’ (Hilborn, 1979) reflected by the

Namibian case.
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The South African south coaMl. capensiscomponent of the resource is estimated to be
currently well above its MSY level. Since the mi@i8D’s, the stock has remained fairly stable, at
around 50% of its pre-exploitation biomass. MSY estimated to be about 33 thousand tons
(CVv=0.10).

The South AfricanM. paradoxusresource (south and west coasts combined) showvesya
similar pattern to that of the west coast hakeussoas a whole, with a slow recovery since the mid
1970’s. The recovery is estimated to be greatemvthe fishing selectivity (for both the commercial
sector and the research surveys) is assumed tattferfolder ages. However, a decrease in selgctiv
(selectivity slope of 0.2 ) at older ages provides the best fit of the madéehe data in terms of the
likelihood. In this case, the spawning biomass989.is estimated to be at 17% (CV=0.15), which is
below the estimated MSYL of 26% (CV=0.02), of iteqexploitation level.

The question of how successfully sustainable atili;i and resource recovery has been
achieved since management restrictions were fimpbsed in the mid-1970’s is addressed. Although
there has indeed been some recovery — to a greatent for the stocks off South Africa — the
historical record indicates over-optimistic appatssof likely recovery rates and sustainable yield
levels over this period, and some of the reasonstHiz are discussed. Certain key assessment
guestions remain: why is recruitment variabilityimsted to be so low, natural mortality so highd an
why do estimates of stock-recruitment steepnesseguselectivity-at-age and bias in swept-area

survey estimates differ so greatly between thekstc

An overview of the Operational Management Proced{®@®P) approach to fisheries
management is given. Since 1997, the Namibian Badek has been managed using a simple OMP.
This OMP did not have a specific longer-term tafgetch as getting the resource to MSYL) and was
tested over a limited range of operating modehefgossible underlying resource dynamics. A revised
OMP for this resource is developed. The anticipgtedormance, in terms of catch and risk of
resource depletion, of a number of candidate OM#Psevaluated. The OMPs are based on
generalisations of a constant proportion harvestingtegy coupled to an ASPM of the same form as
the operating model used to describe the underkgagurce dynamics. Candidate procedures are then
tested for robustness on a set of alternative tipgranodels. The baseline procedure appears
reasonably robust over the fairly wide range ofusibess test scenarios considered, except that
unnecessary catch reductions can take place ifingrcapacity has decreased, and a possible decreas
in biomass can occur when the selectivity is fortedecrease for older ages in the operating model.
Of a number of variants of this baseline procedtmasidered, notable differences in anticipated
performance are evident only for a paramglaf the catch control law which controls the rafe o
increase of TAC with abundance: high@rleads to more substantial resource growth, but tis

lesser catches and greater interannual variabilitatches. From discussions with NatMIRC sciesitist
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and representatives of the Namibian hake indusirgva OMP was recommended from the candidates

evaluated and subsequently used to recommend kleeTi#eC for 2002.

The current OMP used for the management of the weast hake resource (species
combined) has been in place since 1998. It is baseainfoo7sharvesting strategy coupled to a Fox
production model (Geromont and Glazer, 1998). Gn dbuth coast, an OMP for thé. capensis
component of the resource has been used for TA@meendations since 2000. It is of the same form
as the one used for the west coast, based on doFfuoxage-aggregated production model, but
incorporating &o.3 harvesting strategy (Geromont and Glazer, 2000¢s& OMPs are described and

the calculations for the 2003 TAC recommendationgims of these procedures are reported.

An OMP for M. paradoxuson the south coast was not developed at the Sameeat that for
the south coad¥l. capensistock because a separate assessment for this sentpad the resource did
not yield sensible results, given that this stackkely a component of the west codst paradoxus
stock (Geromont and Butterworth, 1999a). Based lm assessments summarised above, it is
suggested that the longer-term replacement yidlaegaestimated from thid. paradoxusassessment
(between 20 and 28 thousand tons) be used to groguidiance on the extent that the west coast OMP
output for the TAC be increased to take accountofparadoxuson the south coast as an interim

measure until separate OMPs for the two hake spéeiee been implemented.

Planned future initiatives towards refining theesssnent and management of the Cape hakes
are summarised. These include moving towards sperid possibly sex disaggregated assessments
and management &fl. capensisand M. paradoxusfitting population models to length, rather than
age distribution data, using Bayesian approachstomate assessment precision and allowing for
interchange between stocks. Future assessmentsmakow for time-series modelling of selectivity-
at-age, incorporate temporal changes in somatievtraand possibly include additional CPUE
information (such as catch rates from the inshaaltfishery on the South African south coast).
Multi-species models also need to be developepaiticular to include the effects of cannibalisnd an
inter-species predation. Furthermore, future reseaeeds to resolve the issue of why the estimated
survey multiplicative bias coefficients are so @iffint on the west and south coasts. Consideration
needs to be given to the possible incorporatiorsafio-economic factors and age data in the
development of future management procedures, aksasediving recent data a greater weight in

deriving management recommendations.
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Overview of thesis

This thesis is comprised of two sections, precdaed summary of the biology of the Cape
hakes and the history of the hake fishery in soutldrica (Chapter 1). Section | deals with thec&to
assessments of the Cape hakes, while Sectiondfides the management of this resource. The thesis
ends with Chapter 13, which describes the futurekwioat needs to be carried out in the next 3 to 5

years.

Section I; Stock assessment

Chapter 2 describes the data available to assedsalte stocks off southern Africa in broad

terms, giving some details as to how they are calband analysed.

Chapter 3 considers three models commonly usedfiébr stock assessment purposes
(Biomass Dynamic Models, Virtual Population Anatysind Age-Structured Production Models) and
explains why an Age-Structured Production model efassen to describe the dynamics of the hake

stocks. The details of this model are then giveGhapter 4.

Chapters 5 to 8 report on the assessments of ghe izkes. Three stocks (each comprising of
two hake species) have historically been distirgrds off Namibia and off South Africa’s south and
west coasts. In this thesis (for historical reasshich are detailed in Chapter 1), four componeifits
the southern African hake resource are assessedibMa hake (species combined) in Chapter 5,
South African west coast hake (species combine@hapter 6, South African south coast shallow-
water Cape hake (in Chapter 7) and South Africagpdeater Cape hake (west and south coasts
combined) (in Chapter 8). Each of these Chaptessribes in detail the data used, the assumptions

made for the Reference Case assessment and ths.resu

Chapter 9 provides a more general discussion orethdts from the stock assessments of the
previous Chapters. In the cases of the NamibianSandh African west coast, the extent of resource
recoveries from the heavy exploitation of the 1868hd early 1970’s is discussed and compared to
previous assessments. Estimated values for sortiee ghodel parameters seem unrealistic, and raise

some questions about the assessments.

Section Il: Management

Chapter 10 provides some background information tbe ‘Operational Management

Procedure’ or ‘OMP’ approach which is used to mantige hake stocks off southern Africa. A new
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OMP is developed and tested for the Namibian hadeksn Chapter 11. Chapter 12 describes the
current procedures used to manage the South Afha&a stocks. The calculations for the 2003 TAC

recommendations for the South African stocks imgeof these procedures are reported.



Chapter 1 — Biological and historical background

1 Biological and historical background

1.1 Review of the biology of hake

1.1.1Species and stock structure

Three species of hake inhabit the waters off saontidrica: the shallow-water Cape hake
(Merluccius capensjs the deep-water Cape haleldgrluccius paradoxysand the Benguela hake
(Merluccius poll). The last species is mainly caught off Angolahwiegligible catches off northern
Namibia and will therefore not be considered furihehis thesis, which focuses on the Namibian and
South African hake fisheries. The shallow-water €hpke and the deep-water Cape hake are known
collectively as the Cape haked. paradoxusvas originally regarded as a sub-specieslo€apensis
but the two are now recognised as full speciesn@aal962). Aspects of the general taxonomy,
anatomy, biology and distribution of adult Capedgmkave been reviewed in detail by Botha (1980),
Payne and Punt (1995) and Gor@bal. (1995).

Maps of the distribution and density of the thrpecses of southern African hake are given in
Fig. 1.1.M. capensigs distributed between about°B5lat. on the west coast of Africa to aboutiB1
long. on the south coast (Payne, 1989). It is widesd over the entire continental shelf and is the
dominant of the two hake species off Namibia. ®pecies also dominates the catches of hake made
on the Agulhas Bank, to as much as 70% (Payne,)1986 paradoxushas a more restricted
geographic distribution thal. capensisbetween 17S lat. on the west coast to about27ong. on
the south coast (Payne, 1989). The deep-water Galge is dominant off the west coast of South
Africa, contributing as much as 90% by number tet mmmercial landings of hake in this region
(Botha, 1985). Payne (1989) suggests that theritiffeabundances of the two species of hake off
different parts of southern Africa may be relatedhe width of the continental shelf and the rekati
steepness of the adjacent continental slope. Rypdhi temperature at the depths preferred by each

species is also a factor contributing to the diffigrabundance.

Fig. 1.1 also shows the management Divisions addpyethe International Commission for
South-East Atlantic Fisheries (ICSEAF). During tperiod of involvement of ICSEAF in the
management of the hake fisheries (1975 to 199@),Ghpe hake resource was divided into four

separate stocks, viz. Divisions 1.3 + 1.4, 1.5,dn@ 2.1 + 2.2. In recent years the stocks havae bee

10
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redefined as three, namely the Namibian stock [girto the old 1.3, 1.4 and 1.5 Divisions), the tBou
African west coast stock (previously Division 1&8)d the South African south coast stock (previously
Divisions 2.1 + 2.2). Rather than using théS(ne (the actual boundary between ICSEAF Division
1.5 and 1.6), the division between the Namibian thedSouth African west coast stock is now taken
as the political boundary between the two countfies., perpendicular to the coastline at the
boundary; line (a) in Fig. 1.1), since catchesdmelared by country. The boundary between the west
and south coasts has subsequently also been chamge@ parallel to that more northern political
boundary; it is shown as line (b) in Fig. 1.1. @& continue to be declared by ICSEAF Divisions,
but the diagonal lines (a) and (b) instead of theventional ICSEAF boundaries are used to define

the Division from which catches are taken.

The shallow-water Cape hake is usually found intliepf less than 400 m, with the largest
biomass in the 100-200 m depth range. The depthitdison of the deep-water Cape hake ranges
mainly from 150 to 500 m (Badenhorst and Smale1)},98lthough this species has been found down
to 1000 m water depth (Mas-Riera, 1991). The twecEs co-exist between 150 and 400 m in ratios
that change with depth (Botha, 1985). Because tkaesize gradation by depth for both specied) wit
larger fish generally found deeper than smallerspneedium to larg®l. capensiso-habit with, and
feed extensively on smalll. paradoxugBotha, 1980; Inada, 1981). Co-habitation amorgyadtults
(approximately age 4 and above) of the two spasiescommon (Badenhorst and Smale, 1991), but

may occur where the continental shelf is narrow.

Earlier workers were convinced that there was sfmma of geographical annual migration of
the Cape hakes, but such conclusions were basdteoarroneous premise that only one species
existed. There is a tendency for hake to move ofsinto deeper water as they grow older and there
appears to be some seasonal movement of adulterenstmd offshore (Paynet al, 1989); but
although many species of hake show seasonal lorgshigrations driven by annual cycles of cooling
and warming (Inada, 1981), there is no indicatibsaasonal longshore movement in concentrations
of South African hake. There appears to be, howeatdeast some seasonal longshore movement of
hake stocks in the Namibian region. This movememtesponds with seasonal movement of the
boundary between the warm Southern Equatorial surmed the cold upwelled Benguela current

which is linked to upwelling (Inada, 1981).

Although seasonal migrations may well not occur $ffuth Africa, Le Clus (MCM, pers.
commn) suggests thal. capensismight be moving to the south as they grow oldeap® of the
distribution of M. capensisby size-classes, off South Africa (obtained froesearch surveys) show
that while juveniles and small. capensisare concentrated on the west coast, the bulkeofrtadium
to large shallow-water Cape hake is found on théhswn west coast and on the western Agulhas

Bank off the south coast. This could be explaingé lifferential mortality on the west compared to

11
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the south coast, but more likely, medium-sized (e85 corresponding to ages 3 andw)capensis
move not only offshore, but also south onto thelAgs Bank. The reason for this movement might be
because an important component of their food sogarehovy Engraulis capens)s pilchard
(Sardinops saggx round herring Etremus whiteheagliand horse mackerell@achurus trachurus
capensiy) also move onto the Agulhas Bank to mature aravsp(Hutchingset al, 2002). Another
possibility is that the medium size hakes (which arostly mature fish) migrate to the south for
spawning purposes. Indeed, the strong jet cur@mithe west coast induce shallow-water Cape hake
to migrate southwards as they mature to spawn enAfjulhas Bank, thereby ensuring that the
juveniles enter the west coast nursery grounds diveamm (Hutchinget al, 2002). A migration of
this sort (between what are currently modelled iaBndt stocks) could have important implications

for the management of the hake resource.

Although morphologically the two species of Cap&dsaare superficially very similar, they
can be identified by differences in the gill sturet (Van Eck, 1969), the shape of the otoliths, the
length of the pectoral fins (Inada, 1981) and thmber of vertebrae (Franca, 1962). Other difference
which permit an experienced worker to separatevioespecies at a glance are the relative eye size,
the colour of the anal fin and the general bodypshisl. paradoxugends to be a longer, thinner fish
with proportionately larger eyes th&h capensisFurthermore, there are small regional genetic and
morphologic differences within each species. Greinal (1987) found some genetic subdivision
between the Namibian and South African populatioh#. capensisalthough no differences were
detected foM. paradoxugqthough all except one of the thirteen locatioasygled were on the west
coast of southern Africa). Also, north of the Orarigyver, the anal fin df1. capensiss entirely white
and that ofM. paradoxusis black in colour. However, at the Orange Rived & the south, both

species tend to have grey anal fins with black edbeslie, MCM, pers. commn).

The question of stock definition is of key importanin stock assessment, as trends in one
area could, for example, be misinterpreted if theynot actually reflect the trend in a particultarck.
The morphological differences described above neflgat real genetic differences between distinct
stocks but may also simply be reflecting environtakimfluences. For example, it has been suggested
that the Cape hakes, as many other fish specigs, tha ability to change colour to fit in with thei
background environment, although the advantageudfi & change is not clear (Leslie, MCM, pers.
commn). Granet al. (1987) suggest that movement of adults betweenilNamand South African
waters is restricted, but that there may be passbréhward movement of eggs and larvae by the
Benguela current. Burmeister (2000a) furthermorggests that there is only one stock Mf
paradoxusoff the west coast of South Africa and Namibiad dhat interchange between the two
populations should be taken into consideratiohexrhanagement of the Cape hakes. Her conclusion

is based on the fact that no genetic differences h&en found between the population off Namibia
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and South Africa (Granet al, 1987; 1988) and that spawning has not been dedooff Namibia
(Gordoaet al, 1995).

1.1.2Spawning and maturity

Osborneet al. (1999) found oocytes present in different mayusiiages in the ovaries of the
Cape hakes and they concluded that bétlcapensiandM. paradoxusare serial spawners. Although
the two species can and do spawn throughout theilyeaany areas of their distribution, their main
spawning season falls in the period August to Maklrthermore, there seems to be a peak in
spawning for both species in November/Decembelo@d by a secondary one of reduced intensity

in February/March, sustained largely by the deefem@ape hake (Botha, 1986).

There are several centres of spawning for eachespegith nursery areas downstream of the
spawning areas (Payne, 1989). However, no spavgrimgnds forM. paradoxushave been located
off Namibia, which could suggest that the Namib&éard South African populations of deep-water
Cape hake in fact form a single stock in the Belgytegion. Although some co-existence of adults of
the two species is possible owing to the narrowinégbe continental shelf in some regions, genetic
analyses (Grangt al, 1988; Beckeet al, 1988) show that the two species of hake aréndtsand
that the possibility of hybridisation is remote fleient centres and times of spawning probably help
to preserve species integrity. It has been sugdeistd adult Cape hakes migrate into shallower rgate
to spawn. This movement to midwater may explain few fish with very ripe gonads are found in
bottom trawls (Botha, 1973).

Length and age at different levels of sexual maturave been estimated by Punt and Leslie
(1991) for both species off the South African westst. There do not appear to be substantial
differences between the lengths-at-sexual-matddtyM. capensisand M. paradoxusnor between
lengths-at-age. Femal. capensisand M. paradoxusachieve 50% maturity at a length of 47 cm
(CVv=1.2%) and 49 cm (CV=1.5%) respectively, bothresponding to the approximate age of 4.
Females reach a level of 50% sexual maturity moa@ one year later than their male counterparts
and at a greater length. Md\& capensisachieve 50% maturity at 30 cm (CV=2.2%) at an @ig2,
while malesM. paradoxusachieve the same level of maturity at 33 cm (CW&2. and at the age of
2.5. Punt and Leslie (1991) pointed out that as#i@nates of age and size at maturity for malels an
females are so different, there is no clear justifon for pooling the data by sex for assessment
purposes, except that commercial catch informatiort available in a disaggregated form (either by
species or sex). On the other hand, in terms ofaegksize at maturity, pooling by species seems

appropriate.
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The south coast gives a slightly different pictive.capensiseach 50% maturity at a greater
length than on the west coast (42 cm for males6adndm for females, corresponding to ages 3 and 5
respectively), whiléVl. paradoxusseem to achieve 50% maturity at a smaller lerggin bn the west
coast (25 cm for males and 41 cm for females) (Pa¥886). The differences observed between the
south and west coast stocksMf capensiscould suggest differential exploitation levels ttve two
coasts. Payne (1989) suggests that hake couldreapended to the heavy exploitation of the early

1970’s by lowering their sizes and ages at matwity density-dependent responses.

Punt and Leslie (1991), however, found that theyldmot draw any conclusions on whether
or not the values of these parameters have resgdodehanges in abundance because of differences
in the estimation procedures used by different @stland the lack of estimates of the precision of
historical estimates. Indeed, Payne (1986) coliegienads in a period including anomalous years
(1976 and 1977) when possibly fewer fish were spagvri-Furthermore, his analysis was macroscopic
only and he could therefore not distinguish betwesiting and immature gonads. Consequently, some
mature females with ovaries in the resting stageldcthave been recorded as immature, thereby
inflating the estimated age at 50% maturity. Le§M&CM, pers. commn) furthermore indicates that
gonads oM. capensisnfested with a common protozoan gill parasitendodevelop (these fish being
effectively sterile). As this condition seems torbere common on the south coast, it could also have
biased the estimates of age at 50% maturity orsabéh coast. Thus these differences in estimates of
lengths at maturity foM. capensison the west and south coasts are not sufficiezghyclusive to
negate the hypothesis by Le Clus described eaHarthe south coast fish have migrated from the

west coast as they aged.

1.1.3Growth

The Cape hakes may grow to more than 1 m in leagthmay live to more than 12 years of
age (Botha, 1971). However, depending on the spexrid on local conditions, growth rates do vary.
Furthermore, the growth rate of each sex of the dpecies differs, females generally growing faster
than males. It has been suggested that the malhgrate is slower because more energy is used for
spawning, males maturing at an earlier age tharalfEsnand possibly spawning more frequently
(Payne, 1989). Life expectancy is also longer éondles and very few males above an age of 8 years
(M. capensis and 6 yearsM. paradoxu} are found in the commercial catches (Payne and, Pu
1995). The reason for the females dominating tleatio in the adult size classes caught is narcle
as the slower growth rate after maturity cannohalexplain the absence of large males from the
catches (Payne, 1989).
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Growth parameters for the Cape hakes, derived thenvon Bertalanffy equation, have been
published by different authors (e.g., Punt and ieed1991, for the west coast; Payne, 1986, for the

south coast). The von Bertalanffy equation is emitas:
L =L, A-e*™) 1.1

where L, is the mean total length of a fish ageyears, L is the asymptotic or maximum body

length, ', called the Brody growth coefficient, is a growtite parameter antj, is the (theoretical)

age at which length would be zero.

Mass-at-length can be provided by the power model:
w, =a(L,)’ 1.2
where W, is the mean mass at aggears and., is the length at age

Estimates of the length-at-age and mass-at-agengtees are listed in Table 1.1 for Namibian
hake (Anon., 1997) and in Table 1.2 for the weststqPunt and Leslie, 1991), while the growth
curves related to these estimates are shown inlR2gFor the hake stocks off the west coast ottsou
Africa, the estimates are available for speciessmdseparately. No recent estimates of growtls rate
are available for the south coast, and Leslie (bp88ggests using the west coast estimates of Punt
and Leslie (1991).

1.1.4Feeding

The feeding of the Cape hakes off South Africa Biasnibia has been studied extensively.
Examples of such studies include the works of Bdtt280), Paynest al (1987) and Pillar and
Barange (1993) for the South African west coasis¢hof Payne (1986) and Pillar and Wilkinson
(1995) for the South African south coast and thafséndronov (1987), Roel and Macpherson (1988)
and Huseet al. (1998) for waters off Namibia. Insights gainednfr all but the most recent of these
studies have been reviewed by Payne and Punt (B@@b{ordoat al (1995) for South African and

Namibian waters respectively.

Cape hakes are generally described in the litexadisr being opportunistic predators, with
seasonal and regional differences in their di¢écghg local variations in food availability rathiman
prey selection (Paynet al, 1987; Roel and Macpherson, 1988; Petral, 1992; Pillar and Barange,
1993). The diet of the two species is similar, the proportion of different groups in the diet can
differ, particularly as predator length increasesedl and Macpherson, 1988; Payne and Punt, 1995).

Studies have shown that juvenile Cape hakes typigakfer crustaceans (mainly euphausiids and
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amphipods) when young, but that large hake of bp#ties prey preferentially on fish, a large partio
of which is hake itself (Payret al, 1987; Roel and Macpherson, 1988).capensidhiowever tend to
switch to a fish diet at a smaller size théln paradoxus Because of the reduced availability of
zooplankton of suitable size on the south coasph(ausiids for example are nearly an order of
magnitude more abundant on the west than on thé soast — Pillaet al, 1992), Cape hakes in this
region tend to be more piscivorous than on the weast. On the south coast, hakes of small and
medium size feed primarily on anchov¥ngraulis capens)s and round herring Htrumeus
whiteheadj (Pillar and Wilkinson, 1995). Consequently, halkethe south coast operate at a higher
trophic level than in the Benguela system (Pillzdl 8Vilkinson, 1995).

The Cape hakes, in common with othderluccius species, undertake nocturnal vertical
migrations off the bottom, with small fish migragimnto midwater more extensively than larger fish
(Puntet al,, 1992). This behaviour is believed to be, attl@apart, in response to similar migration of
their food (Huseet al, 1998). However, a complete explanation for théd vertical migration has yet
to be achieved. Payrat al (1987) found stomachs with fresh prey in sampdéen at all times of
day, which suggests that Cape hakes may feed atirapyof day and that the nocturnal migration

(Botha, 1980) should not be considered as entirébeding migration.

Cape hakes are preyed upon by other fish (e.g.eksiitnyrsites atun Cape gurnard
Chelidonichthys capensigacopeverHelicolenus dactylopteryis cephalopods (mainly chokka squid
Loligo vulgaris reynaud)i and marine mammals such as the Cape fur Aesibcephalus pusillus
pusillus and several species of dolphins (e.g., commonhdtlolpelphinus delphisdusky dolphin
Lagenorhynchus obscuruéPillar and Wilkinson, 1995). However, predation the Cape hakes by
other predators is considerably less than thabattble to cannibalism and interspecific (hake-on-
hake) predation (Payret al, 1987). Indeed, small hakes form by far the mostroon item (by mass)
in the diet of large (>50cm) hake (Pweital, 1992). This is not all true cannibalism (whenyoohe
species is involved) however; indeed, the ratidofparadoxugo M. capensisn the diet is close to
100:0 forM. capensisand approximately 75:25 fod. paradoxugPillar and Wilkinson, 1995). This is
due to the different depth distributions of the tegecies, which results in large shallow-water Cape
hake being found in the vicinity of juvenile deepter Cape hake. Furthermore, true cannibalism in
M. paradoxuds less common than M. capensidecause small deep-water hakes are not available i
the vicinity of adults of that species, as sizersggtion by depth is more pronounced tharMin
capensigGordoa and Duarte, 1991). Cannibalism (includirigrspecific — hake-on-hake — predation)
is considered to be an important factor in regatptiake abundance off Namibia and South Africa,
especially on the west coast where the deep-wptsies is more abundant than elsewhere (Lleonart
et al, 1985; Payne and Punt, 1995). Cannibalism macafhe structure of the population as well as

the natural mortality rate, which may have an inguatrimplications for the management of hake.
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1.2 History of the hake fishery

1.2.1Development of the fishery

The demersal trawl fishery off southern Africa deped before the turn of the “L@entury.
This fishery originally targeted mainly Agulhas esdAustroglossus pectora)iswith hake landed
essentially as an incidental catch. At that tinme fishery confined its activities to fishing graolsn
relatively close inshore, around Cape Town and lesser extent off the south coast of South Africa
(Botha, 1985). The bulk of the hake catch must hheeefore been shallow-water rather than deep-
water Cape hake (Jones, 1974). Trawlers startednmddrger annual catches of hake of about one
thousand tons only after the First World War. Thétex, catches increased steadily, reaching 100
thousand tons in 1954 (Fig. 1.3) (Chalmers, 19B&fore the 1960’s, almost all the hake exploited
was caught by South African vessels, but after 11B82Cape hakes also became a target sought by
foreign fleets (Payne, 1989). Exploratory fishing ®pain and Japan showed that catch rates were
higher off Namibia than off South Africa and thesulted in the fishing grounds expanding from the
Cape Peninsula and Agulhas Bank area to coverallytthe entire continental shelf off the coast of
southern Africa. Over this period, the hake fishexperienced unprecedented growth. Catches were
virtually uncontrolled and escalated rapidly, peakat just over one million tons in the year 193@¢(
Fig. 1.3). This increasing fishing effort made &#santial impact on the stock of Cape hakes, which
resulted in an substantial drop in catch rate dies period (Fig. 1.4), threatening the economic

viability of the local industry (Payne and Punt9%®

In 1972, the International Commission for the Seaslt Atlantic Fisheries (ICSEAF) was
established to manage the fish resources in théh-sast Atlantic, following concern over the
combination of increasing catches and decreasitap cates in the hake fishery. Before this, despite
certain checks and restrictions, the industry dedréargely as an open access fishery. In an linitia
attempt to decrease fishing effort, the Commissieciared a minimum mesh size for the hake fishery
of 110 mm in 1975; it also brought in a systemmi&inational inspection and quota allocations to
each member country participating in the hake fish@ayne and Punt, 1995). However, these
measures were not sufficient to stabilise or tovalsome recovery of the hake stocks. In November
1977, South Africa declared its 200 nm Exclusiverteanic Zone (EEZ) and the South African hake
fishery finally reverted to an almost exclusivebcdl one as it had been before 1962. However, an
appreciable reduction in TAC was still requiredatimw the hake population to recover. In 1979, the
South African Government in association with theustry decided on a rebuilding strategy and

introduced individual quotas, based on recommeadatmade by ICSEAF. Since then, catches of
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hake in South African waters have been relativelystant, with a slightly increasing trend, averggin
120 thousand tons per annum (Fig. 1.3). Total estobf Cape hakes in the southeast Atlantic,
however, were not reduced in the same proportiaadse much of the foreign effort was diverted to
Namibian waters where the 200 nm EEZ had not yeh lenforced (Gordoat al, 1995). Though
catch limits for these waters were set by ICSEAErdhis period, there have been reports that they
were not respected by all countries participatingthat fishery (Anon., 1997). In 1991, after
Namibia's independence and the declaration of @8 2m EEZ, TACs off Namibia were cut
dramatically to less than 60 thousand tons. Sihea,tTACs for this country have increased steadily
and reached 200 thousand tons in 2001.

1.2.2The current fishery

The fishery for Cape hakes in the southeast Attdatone of the largest in the world for hake.
The current hake fishery is the most importantifighndustry in South Africa and Namibia, in terms
of both revenue and of local employment. In Soufhca, it accounts for approximately 50% of the
wealth generated from marine living resources, Wit 2001 TAC of 166 thousand tons representing
annual sales in the region of R1.5 billion (ESSQO®O0 Similarly, the fishery for Cape hakes in
Namibia (TAC for 2001 of 200 thousand tons) is ofithe largest single contributors (over 10%) to
the country’'s GDP (MFMR, 1999).

Annual catches are still controlled by TACs, wharle set annually, and the fishing effort is
furthermore controlled by limiting the number ofsgels operating in the fishery. On the South
African west coast, a minimum mesh size of 110 rarstill enforced. On the South African south
coast, the minimum mesh sizes allowed are 110 mmhdée targeted fishing, 85 mm for horse-
mackerel targeted fishing and 75 mm for sole tadjdishing. Until recently, a loophole in the law
made it impossible to enforce the 110 mm mesh atignl and as a result many operators targeting
hake have been using 75 mm mesh on the south ddestioophole has been closed with the issue of
medium term rights in 2002 (Leslie, MCM, pers. comntishing is prohibited within 5 miles of the

coast on the west coast.

The demersal hake fishery off southern Africa ifitdpto four sub-sectors according to
factors such as species, geographical area, megead,and vessel size. These four sectors are deep-
sea trawl, inshore trawl and more recently, hakeetitd longline and hake-directed handline. The
deep-sea trawling is concentrated in the Westeipe @Gand operates mainly out of Cape Town and
Saldanha Bay (see Fig. 1.1), targeting primarilyGape hakes, botkl. capensisandM. paradoxus
On the south coast, this offshore fishery is ret&d to depths greater than 110 m or, since 20020t

nautical miles from the coast, whichever is theatgst distance offshore. There are no such
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restrictions on the west coast, in practice howe¥kshore vessels do not operate in waters shatlowe
than about 180 m (Leslie, MCM, pers. commn). Beaapital intensive, deep-sea trawling has
traditionally been the domain of a few large fighoompanies operating their own trawlers (freezers
and wet fish, i.e., delivering frozen and fresthfisHowever, with the introduction of a policy to
broaden access in the mid-1980'’s, the number dicpznts in the deep-sea sector increased from 7
in 1986 to about 60 currently (ESS, 2000). In rédanes deep-sea trawler operators have become
more quality conscious and often operate below tm@iximum catch rate in terms of tons per day
(ESS, 2000). For the inshore sector, the compaositidhe catch varies between companies. To a great
extent this reflects the amount of hake allocatedach company: the greater the hake allocati@n, th
lower the percent “bycatch” (some of which is clgdargeted rather than incidental) of species rothe
than hake. Large quota holders typically manifegeecent bycatch of less than 10%, while for some
others it is as high as 86% (ESS, 2000).

The inshore trawl fishery operates mainly from Madd3ay and Port Elizabeth (see Fig. 1.1),
exploiting fish on the Agulhas Bank, and tends perate inside the 110 m isobath. It is a mixed
species fishery, principally targeting shallow-wa@ape hake and Agulhas sole (Booth and Hecht,
1998). Due to the restricted depth range, very dewp-water Cape hake are caught by this sector.
Only 20% of the inshore grounds are considered*daf bottom-trawling gear, the rest being hard
and rocky. Furthermore, the bay areas on the scodist (representing approximately 20% of the
trawlable grounds) are closed to inshore trawlidgppet al, 1994). The inshore trawling fleet is
characterised by relatively small vessels, less 8tam long and less than 750 hp; currently, tiaeee
about 30 such trawlers operating in the industiyotB and Hecht, 1998).

The longline fishery operates around the coasbafih most longline vessels operate from
Cape Town. Longlining started only in 1983, tanggtprincipally kingklip Genypterus capengiand
Cape hakes (Japp, 1988). At that stage kingkliphest were not restricted, while the hake catches
were offset against the quotas of the rights heldéor this reason and because of the high value of
kingklip, fishing effort increased considerably the kingklip stock (catches peaked at more than 10
thousand tons in 1986), which declined sharply fii®84 to 1989 (Punt and Japp, 1994). Kingklip
catches fell dramatically and although a longliregklip TAC was introduced for two years over
1988 and 1989, this fishery was stopped altogdifieghe end of 1990 (Punt and Japp, 1994). It was
only in 1994 that hake-directed longlining was akal again on an experimental basis, although some
‘illegal’ longlining continued on the south coafiea 1990 (ESS, 2000). Longlining is seen by some a
a less capital-intensive method of catching hala thawling, and as a means by which access to the
hake resource can be obtained. Initially, 4000 teese allocated to this experimental fishery and
currently about 10 thousand tons of Cape hakescamght annually off South Africa using this

method. Many of these current longline operatodsnait have previous quota allocations. On the west
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coast, longlining is likely to target the deep-waBape hake, but on the south coast the bulk of the
longline catch igVl. capensigBadenhorst, 1988). Initially, longliners targetedge fish on hard or
rocky grounds that are largely inaccessible taoibitom trawl fleet (Badenhorst, 1988). However, due
to decreasing catch rates and the increasing lwmglilocations over recent years, longline opesator
are moving off the rocky grounds onto the trawl ugrds. Partly as a result of this increasing
proportion of longline catch taken on trawl grountise mean size of longline-caught hake has
declined dramatically (by about 20 cm over the ghste years — Japp, Observer Program, pers.

commn).

A commercial handline hake fishery started in tag 11980's with the development of a
viable market for fresh whole hake, predominantly Spain (ESS, 2000). The handline fishery
operates up to about 100 m depth, mainly from &héterg Bay and, more recently, Knysna (see Fig.
1.1.), where hake is found relatively close to ¢bast. Conservative estimates put the 1998 handline
catch at 2500 — 3000 tons per annum. However,dbmishas continued to grow without control and
verifiable annual landings now approximate 4 508stowith unreported catch probably exceeding
1 500 tons (Sims, MCM, pers. commn). The handlimtetc consists almost entirely of shallow-water
Cape hake of premium quality. Generally the siZdsesh fish sold by the handliners are smallentha

those caught by bottom trawl and longline.

1.3 History of assessment and management

1.3.1South Africa

From its inception at the turn of the ML @entury to 1977, despite certain checks and
restrictions, the hake industry operated largelyamsopen access fishery. After the resulting heavy
exploitation of the late 1960’'s and 1970’s, a covestive stock rebuilding strategy was adopted and
individual quotas were introduced. The hake ressiron the west and south coasts are assessed
separately, but a global TAC is set. It has beseréed that the South African hake fishery is ohe o
the best-managed fisheries in the world (ESS, 2000)

Catch and effort statistics collected from the digshare not species-disaggregated and as a
result the assessment methods applied in the pasttheated the two hake specigls,capensisand
M. paradoxus as one. Punt (1993) argues (based upon his maeagesimulation studies) that
combining the two hake species in assessmentdasf@amanagement purposes, provided that the

selectivity pattern of the fishery as a whole @nns of species and age) remains unchanged. This
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assumption has however been violated with thegisaich made by longliners, on the south coast

principally, which mainly target oldévl. capensis

After South Africa declared a 200 nm EEZ in 197ake TACs for the west and south coasts
have been set by the South African authoritiesngakccount of recommendations made by ICSEAF.
From 1977 to 1983 the recommended TACs were baseldeouse of steady-state surplus production
models: a combination of Fox’s (1970) formulatidntlee surplus production function and Gulland’s
(1961) effort-averaging procedure (Butterworth axmbrew, 1984). Concerns about the effects of
cannibalism on the reliability of Virtual PopulatidAnalysis (VPA) approaches were reasons for the
use of surplus production approaches (Payne antj P8@5). In accordance with the accepted stock
rebuilding strategy, a policy aimed at maintainiogtches below annual sustainable yields was
applied, in general by use of@a-type strategy (Andrew, 1986). Fig. 1.5 gives gobiaal explanation
of afon harvesting strategy, which is a constant fishifigrestrategy. This approach means that when
the resource size increases (or decreases), theidTmbved up (or down) in proportion, with the aim
that (fluctuations in catchability aside) the samenmber of vessel-fishing-hours as for the previous

year will be required to take the catch.

Due partly to the unsatisfactory fits of the FoxHa@umd models to the CPUE data, it was
argued (ICSEAF, 1983) that allowance should be niaddynamic effects in the estimation of TACs.
Consequently, the results of the Butterworth-Andreynamic (i.e., non-equilibrium) surplus
production model were used to recommend TACs. Adaouth Africa generally kept to fa:;-type

policy (Butterworth and Andrew, 1984).

Since 1990, the South African hake fishery has bmeanaged in terms of an Operational
Management Procedure (OMP - see Chapter 10). Th® @bm 1990 to 1995 was based on a
dynamic production model linked tofg harvesting strategy. A production model, the Butteth-
Andrew observation error estimator (the Schaefenfaith the biomass at the start of exploitatioh se
equal to the estimate of the average pristine Jewas used to estimate the model parameters from
input comprising time series of catches and CPUEsamvey abundance estimates (Butterworth and
Andrew, 1984; Punt and Butterworth, 1991). Moreadstof the robustness testing and performance

criteria used in choosing this OMP are given intRt892, 1993).

Partly because the observed CPUE on the west badstot increased as much as predicted
earlier and given that there was some evidenceooelrmis-specification, the OMP had to be revised,
(Geromont and Butterworth, 1997). The need to &lkdhange in the fishing selectivity (probably a
result of phasing out the illegal practice of usamgall-mesh net-liners) into account was also bnbug
to light (Geromont and Butterworth, 1998a). Furthere, the CPUE time series for the commercial
fleet used in the OMP had been standardised byyiagplairly crude power factors instead of using

more modern general linear modelling (GLM) techesjuWhile a revised OMP was being developed
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— 1996 and 1997 — the TAC was held fixed. The néddPCadopted in 1998 for the west coast hake
resource is still in use at present and is based fap7s harvesting strategy coupled to a dynamic

production model with a Fox form of the surplusguation function (Geromont and Glazer, 1998).

The revised OMP for the south coast, adopted i) 2i300f the same form as the one used for
the west coast, but based ofy aharvesting strategy (Geromont and Glazer, 2000 ©DMP is for
the M. capensiscomponent of the resource only. Indeed, becausshafges in fishing selectivity
caused by the development of the longline fishéry,assumptions of Punt (1992) (that the selegtivit
pattern of the fishery stays constant over tima)ehaeen invalidated and it is no longer justified t
combine the two hake species when assessing terces Because commercial catches are not
distinguished at the species level, an averageoptiop of the species composition by depth, obthine
from research surveys, is applied to the depthrinétion recorded for commercial trawls to give an
approximate split of annual catches iMb capensisand M. paradoxus(Geromontet al, 1995b).
Unlike the situation foM. capensishowever, an attempted separate assessmeht. fparadoxuson
the South African south coast did not yield semsiieisults (Geromont and Butterworth, 1999a). The
south coasM. paradoxuscomponent is therefore for the moment computeahasl hocproportional
addition to the west coast OMP output. This prdpartvas initially based upon the average ratio of
the catches from these two components of the dvasdurce for the preceding five years, but this
adjustment has recently been revised (MCM, 2008pper 12 gives more details on this and the
current South African OMPs.

1.3.2Namibia

From 1974 to 1990, when it was dissolved followthg independence of Namibia, ICSEAF
produced (usually annually) updated assessmentiseoNamibian component of the hake resource,
which were used to recommend annual TACs. Bothlssipproduction models and VPA have been
applied to assess the Namibian hake stock. Frond,18&nagement recommendations for the
Namibian fishery were based on the results of tggemic (i.e., non-equilibrium) surplus production
models (Butterworth and Andrew, 1984; Babaydnal, 1985, 1986, 1987; Lleonaet al, 1985;

Lleonart and Salat, 1989). The annual TACs weredbas &o.1 harvesting strategy.

After Namibia’s independence and up to 1997, TA@senset at 20% of the combined hydro-
acoustic/swept-area estimates of fishable biomdweskiomass of fish greater than 35 cm) obtained
from surveys carried out by a Norwegian researép &he RV Dr Fridtjof Nansen. These survey
estimates were treated as absolute indices of almged In 1997 however, after three years during
which both the survey and commercial CPUE had shawacline of some 50%, it was clear that the

assessment of the status of the Namibian hakenaswas heavily dependent on the interpretation of
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the Nansensurvey data within the assessment (Gerombial, 1999). The resource was estimated to
be severely depleted if the estimates of abundanoethe research surveys were taken to provide an
absolute index of abundance. The Namibian Ministrstientists believed this was the case and
argued for the TAC to be halved. On the other hanthe Nansensurvey data were treated as a

relative index of abundance, the resource was asnto be in a relatively healthy state, above its
MSY level (Geromongt al, 1999), and the industry argued that the TAC khbe increased.

In response to this debate, an Interim Managemeotedure (IMP) was developed by
Butterworth and Geromont (2001). Its aim was tovjgte TAC recommendations that would perform
well (in terms of catch and risk of resource deapfetacross the wide range of levels argued for the
status of the resource. The formulae to provideTh€ recommendations (in thousand tons) were as
follow:

TACies = 1501+ 3[sa" + sisen) /2]
TAC, =TAC, [+ 3(sC™E + s/)/ 2| 13

where siy was a measure of the trend (relative change permanim the abundance ind@at

the start of yeay over the previous five years. In that way, if there pessimistic appraisals of the
resource were correct, the trend in the surveys@PUJE indices would be negative and the TAC
would be reduced. However, if the resource wasait fn a relatively healthy state, the trend in

indices would increase over time, which would Heoted by an increase in the TAC.

The control parameters of equations 1.3 (150 areh@8)the number of years over which the
trends were calculated (5) were chosen on the lpédlse results of simulation testing. The chosen
values had to achieve an appropriate trade-off detwsufficiently rapid reductions and reasonable
increases in the TAC, depending upon whether fuldate indicated that the more pessimistic or more

optimistic appraisals of the resource were correct.

The IMP was adopted in 1998 and was used to prolide recommendations until 2000. It
led to increases in the TAC, from 120 thousand tonk997 to 194 thousand tons in 2000, and it is
now accepted that tiéansersurvey data provide indices of abundance in radatither than absolute
terms. The IMP was, however, designed only as &-$&on measure and a revised procedure needed
to be developed. Pending species-split data begpemwailable and an OMP based on a species-
disaggregated model being constructed, a revisedespaggregated OMP has been adopted and was
used to recommend a TAC in 2002. This revised Od/Retailed in Chapter 11.
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Chapter 1 — Biological and historical background

Table 1.1 Estimates of the parameter values of the vonaBartfy growth-equation and mass-at-
length equation for the Namibian Cape hakes (y@aariant, derived from ICSEAF data for Divisions
1.3 + 1.4; Anon., 1997).

All data

a (gm/cn®) | 0.0055

B 3.100

L (Ccm) 120.0
K (yrd) 0.089
to (yr) -0.318

Table 1.2 Estimates of the parameter values of the vonaBartfy growth-equation and mass-at-
length equation for the west coast Cape hakes (Rom and Leslie, 1991).

M. capensis M. paradoxus

All data| Males Females Both sexddales Females Both sexes

a (gm/cn®) | 0.0055 | 0.0052 0.0050 0.005p 0.0067 0.0061 0.0062
B 3.084 3.105 3.116 3.113 3.022 3.048 3.046

L (cm) 230.3 144.6 260.9 270.6 126.6 207.9 2194
K (yrh) 0.046 0.086 0.041 0.039 0.093 0.051 0.049

to (yr) -0.825 | -0.449 -0.707 -0.73( -0.755  -0.912 9ia.
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Fig. 1.3 Catch time series for Namibian and South Afri¢aest and south coasts combined) hake

(See main text for data sources). The catches aithSAfrica that are shown distinguish between
domestic and foreign operators. Namibian catchies te catches landed in Namibia by Namibian and

foreign operators.
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—o— Ssouth coast
—a— West coast
—— Namibia

CPUE

1950 1955 1960 1965 1970 1975 1980 1985

Fig. 1.4 Historic catch rate data (each series is nor@dli® its mean) for the hake resources off
Namibia and the South African west and south cq#S8EAF, 1989).
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SECTION I: STOCK ASSESSMENT
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Chapter 2 — Available data for stock assessment

2 Avallable data for stock assessment

The data which are available to assess the hakerees off southern Africa can be divided
into four main types. These are the annual catihesass), commercial catch rates, survey biomass
estimates and age-structure information. Biologdath such as mass and length-at-age (see Chapter
1, section 1.1.3) are also used to model the resourhe general types of data utilized in the
assessments are discussed below, while the spdathcand assumptions used in the assessment of a

particular stock are given in the relevant Chapters

In the assessments of the southern African halaures, the hake population in each region
(Namibia and South Africa’'s west and south coaitsanalysed as a separate closed unit stock.
Although some immigration and emigration must takece between the stocks, these effects are
currently assumed to be small enough to be igndrbd.data described below are available for each

of these three stocks separately.

2.1 Catches

Throughout this thesis, if not indicated otherwiee term “catch” refers to the part of the

catch that is retained and brought ashore, i.e lahding, which does not include discards.

Commercial catches (by mass) for hake are avaifadahe the beginning of the fishery in each
region (Namibia and South African west and soutdists), and are, where possible, disaggregated by
fleet. Prior to 1954, annual catches were estimdteth data reported in logbooks (skippers’
estimates), in contrast to catches estimated #fiemperiod which are based on the actual measured
mass of fish landed. The catch estimates prioOtlare therefore less precise than the more recent

estimates.

The estimates of annual catch based on landedsvaheenot the actual catches made, because
they ignore the practice of discarding small fisid aas a consequence total removals are under-
estimated, particularly for the younger age clasegake this bias into account catches priordé2l
were increased by 39% (ICSEAF, 1978). It is noackow this figure of 39% was chosen and, if this
increase is applied to compensate for all discgrdimhy no correction is applied post-1972.
Discarding practices have undoubtedly changed timer and it has been suggested that, because of a
lesser demand for fish and a greater availabilitiame fish, the minimum size of fish retainedopri

to 1972 was somewhat larger than post-1972.
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Chapter 2 — Available data for stock assessment

Even taking discard levels into consideration,réqeorted catch is still an underestimate of the
total fishing mortality as it ignores the effectfighing on the individual fish not actually caudptg.,

death to some fish as a result of passing througimét meshes).

Catch statistics are reported as the nominal ye) Iinass rather than the actual landed mass of
cleaned, processed hake. The nominal mass is asdufrom the landed mass by applying raising
factors: 1.16 for head-on gutted hake, 1.46 fordhdaand gutted hake, 1.94 for skin-on fillets and
2.25 for skinless fillets (Leslie, 1998a). A gerneranversion factor of 1.46 (Chalmers, 1976) was
applied when the breakdown of the landed catch masknown, which could also lead to some

imprecision in the total catch estimates.

The combined effect, in terms of precision and eaoy of the catch estimates, of the biases
described above is assumed to be sufficiently stoalthe ignored in the assessments of the hake
resource off southern Africa. Sensitivity of thessessments and the related management procedures

to such errors in the data can nevertheless bedtbstsimulation.

Due to the very similar morphologies of the two cdps of Cape hakes, the catches are
reported as one group. In Namibian waters howefggrthe past four years, on-board observer
schemes have allowed catch statistics to be splplecies and these data will be available forréutu
assessments. In South Africa, where it has bec@oessary to assess the two hake species separately
because of the growing importance of longliningd(asonsequently differing fishing effort and
selectivities on the two species), the proportioh®. capensisandM. paradoxusn the commercial
catches have been estimated using species-by-defotimation obtained from research surveys
(Geromontet al, 1995b). These analyses assume a depth randerddif for the west and south
coasts) above which onlyl. capensisis present and below which onN. paradoxusis present.
Within this depth range, the two species are asduimenix in a proportion which changes linearly
with depth. Because the depth of each trawl isrdsmh the proportion of the two species can be

estimated and attributed to the catch made durjpeytecular trawl.

2.2 Catch rates

Commercial catch rates, or catch-per-unit-effolPJE) series, are key to stock assessment
analyses as these time-series are conventionalymesd to be proportional to abundance. They are
calculated from the total hake directed landingd hake directed trawl effort. To take into account
some of the factors which could bias the estimatbreffort (and therefore catch rate), such as
changes in technology, vessel power, fishing padgter extent of targeting, recent effort data have

been standardised using General Linear ModellingM}z Factors generally included in the GLM
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Chapter 2 — Available data for stock assessment

model are ‘year’, ‘month’, ‘latitude’, ‘depth’ an@GRT’ (the gross tonnage of the vessel) (Glazer,
1999; Branddo and Butterworth, 2001). The GLM-stadded CPUE time-series are updated

annually.

Data on which such standardisation is based areVvewavailable only from 1978 for South
Africa and from 1992 for Namibia. Prior to thoseay® the CPUE time series used have been
standardised only by applying crude vessel powepfa calculated in the early 1970’s, which fail to
account for technological improvements and shiftBshing patterns. The information on CPUE over
this period is however essential for the assessmwkttie hake resources off southern Africa as it
includes the period of heavy exploitation in the6Q8 and 1970's and the resulting substantial
decrease in catch rates. These historic CPUE tariessare therefore still used in the assessmints.
is possible to test the sensitivity/robustnesshef assessment and the management procedures to

possible biases in these data.

2.3 Survey biomass

Research surveys have been conducted in more rgearg to provide indices of biomass
which are independent of the commercial operatidhgy are particularly useful because the vessel
characteristics are constant over time, and theémegnd time of the surveys can be controlled.
Abundance indices from research surveys are therddéss likely to be biased than indices obtained
from the commercial fishery. However research sgg\gpically take place only once or twice a year,
while commercial CPUE series are obtained from datraged over a whole year. Consequently,

survey biomass estimates might be expected to s variability than CPUE indices.

Research surveys have been conducted in summewiatel off Namibia and off South
Africa’s west coast (although in more recent yeamly/ in summer) and in spring and autumn off
South Africa’s south coast. Off South Africa, that®ns are selected using a pseudo-random stichtifi
sampling design, within the 500 m depth contours(iee 1998a). Off Namibia, the stations are
selected using a systematic transect design, wihnai-random distribution of stations along each
transect. At least one trawl per 100 m depth rdagibtained (Burmeister, 2001). Different types of
data are collected during these cruises; they decleatch per tow-time data to provide estimates of
abundance, length frequency data to provide estBnait numbers-at-age and biological information.
The survey biomass (abundance) indices are cadcutat the swept-area method and are assumed to
reflect the true abundance of the fish in relatteems only (Leslie, 1998a, Butterworth and
Rademeyer, in press). This is because of possiéigirty effects, the possibility of avoidance of the

net by the fish and the fact that the water colmbove the net is not sampled. These effects are,
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however, assumed to be more or less constant lbereiars so that the assumption of proportionality
to abundance remains appropriate. The samplinglatdrerrors associated with the survey abundance

indices are also available.

2.4 Age-structure

Commercial catch-at-age data are obtained fromthefrgquency data (catch-at-length) in
conjunction with annual age-length keys (Leslie98#). The age-length keys are based on the count
of annual growth rings in otoliths collected durimgth commercial and research sampling. Individual
fish are selected for ageing using a random sgdtgampling design, while trying to ensure attleas
six hakes of each species per 1 cm length clase-l&gth keys are available disaggregated by

species and sex.

However, length frequency information from the coenamal catch is not available by species
or sex, the reason being that it is often basedlesned (headed and gutted) fish, which cannot be
sexed or easily identified by species (Leslie, H)98he length of headed fish is estimated by
measuring the cloaca-to-tail length and transfogniirto total length). As result it is not possilite
disaggregate the commercial catches-at-age byespecisex. A species-aggregated age-length key is
developed and applied to the length distributiotadar the two species combined to obtain the
species-aggregated catches-at-age. In Namibia fowebservers on-board commercial vessels have
been collecting hake data since 1997. On-boardfisheare still identifiable to species and hake

length frequency information off Namibia is themnef@vailable by species for recent years.

Length information collected by land-based samptings not reflect the lengths of discarded
hake (mainly small fish). In addition to providisgx and species disaggregated catch-at-length data,
sea-based sampling would have the further advamtfigealysing actual catches rather than landings
(i.e., no problem of ignoring the discard of fishpwever, this method of sampling requires many
more samplers than land-based sampling to obtaisdme coverage of the total catch. Indeed, a sea-
based sampler is restricted to a particular veasdl area for a relatively long period of time (the
length of fishing trip, typically 1-2 weeks for affshore trawler), while a land-based sampler can

analyse catches from several vessels and arelas gatme amount of time.

The age-structure of catches made by researchlséssmlculated in the same manner as for
commercial catch-at-age data. The sampling is asaeband a large proportion (often 100%) of the
catch is measured. Length frequency informaticiurithermore available for each sex and species so

that survey catches-at-age are available by species
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For commercial data particularly, but also for syrwlata, because of a combination of gear
selectivity (e.g., mesh size) and mortality (natarad fishing), a relatively small number of fishthe
youngest and oldest age classes are caught. Iequeisce, there can be relatively larger errors (in
terms of variance) associated with these data.efloae this effect, the assessments are conducted
with ‘minus-" and ‘plus-groups’ obtained by summitige data over the ages below and abmves
andapis respectively. Combining certain age-classes i wway also helps reduce the effect of ageing

error, which occurs for older ages particularly.
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3 The choice of model

The choice of which mathematical model to use Bessing fish stocks depends primarily on
the quality and quantity of data available and lo® actual dynamics of the population under study.
Models which are commonly used in fishery stockeassients include biomass dynamic models,
Virtual Population Analysis (VPA) and Age-Structdréroduction Models (ASPM). These models are
discussed briefly below, together with the motioatfor using an ASPM for assessing the hake stocks

in this thesis.

3.1 Biomass Dynamic Models

One of the key difference between biomass dynamidets and the other two types of stock
assessment analysis described in this Chaptee igtel at which they model the fish abundaniz,
whether the abundance is modelled as comprisingnefor several components. Biomass dynamic
models are so called because they deal only wihdtal biomass of the fish stock, while VPAs and
ASPMs keep a separate account of the number ofithdils in several age groups. Biomass dynamic
models, also referred to as simple production ngydeérefore assume that the natural growth irkstoc
size is independent of the age composition of thymufation. Despite their relative simplicity, biossa
dynamic models are frequently used in fisheriestiqdarly in cases where catch-at-age data are

difficult to obtain.

The change in population biomass from one yedngmext is simply written as:

Biomas Biomas ) . .
{ j = ( j + (Recruitmen) + (SomaticGrowth) - (NaturalMortality) —{

Catch
thisyear ~last yea r

last yea

which states that, ignoring immigration and emigmat the population increases through the
recruitment of new individuals (births) and thegtio in weight of the individuals already present in

the population. Natural and fishing mortality ane two sources of loss.

Biomass dynamic models do not explicitly consideowgh, recruitment or differential
vulnerability to fishing gear. The “net growth rafanction combines recruitment, growth and natural
mortality. It can take on different forms; a morengral form is that of the Pella-Tomlinson model
(1969), which is written as:

%:rB[l—(B/K)P] 3.1
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where dB/dtis the rate of change of population biomasss the intrinsic growth rateK is the
carrying capacity, a parameter which correspondbeainfished equilibrium stock size, aRds the

degree of compensation parameter.

Two special cases of the Pella-Tomlinson modelthee Schaefer (1954) and Fox (1970)

models, which are both commonly used in fisheries:

Schaefer: % =rB(L- B/K) (P=1) 3.2
dB
Fox: o rB[1-In(B)/In(K)] (P - 0) 3.3

These functions all assume that the rate of iner@aabundance depends only on the existing
stock size. The basic features of these net greatéhfunctions( f (B)) is that the growth rate is small

at low stock sizes; it increases with stock levsilit reaches a maximum and then begins to deerea
again until it becomes zero because of some comibimaf slower somatic growth, higher mortality

rates and limitations on recruitment (density dejes responses). In the case of the Schaefer model,
the surplus production curvéf (B)) is perfectly symmetric in relation to stock sizehile the

production relationship for the Fox model showseakpskewed to the left. Similarly, the paramé&ter
in the Pella-Tomlinson model allows the productmnve to show a maximum skewed to the left
(P<1), or the right P>1). This has important implications for what catusés biological
overexploitation, because a stock is defined tdibégically overexploited when its biomass falls

below that corresponding to the maximum for sucldehs

In the discrete form, a general form of the bionghszamic model can then be written as:

By« =By + f(By) -Cy 3.4
where By is the biomass at the start of ygarf (By) is the net growth rate in yegr(a function of
the population size) an@y is the catch in year.

To estimate the parameters of the biomass dynamitels when only an index of abundance,
such as catch rate, is available, it is assumedthieacatch rate (catch per unit effort or CPUE) is

proportional to the stock abundance, i.e.:
Cy/Ey =qB, 3.5

where Ey is the fishing effort in yeay andq is the catchability coefficient, a parameter thescribes

the effectiveness of each unit of fishing effort.
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From an initial estimate of the stock size at tkgibning of the data series available and an
initial estimate of the intrinsic growth ratethe model is then used to predict the whole tmees.
The parameter values (e.g,,K andq) are then adjusted to provide the best fit of phedicted-to-
observed time-series of relative abundance or aath This best fit of the predicted biomass, give
the observed catches, is obtained using non-lipgameter estimation techniques, with the notion of

“best” based upon least squares or the maximurhiHied criteria.

Biomass dynamic models can be useful tools in fiske particularly when catch-at-age
information is not available. However, some of #ssumptions underlying these types of models are
open to question. For example, they assume thapan@meters of the production function remain
unchanged over time, which is not always the calksa, because they model only the total biomass of
a population, they do not take into account theseqnences of time lags related to the age struofure

the population.

3.2 Virtual Population Analysis

Virtual Population Analysis (VPA) was first usedfish stock assessment by Gulland (1965).
This method, based on the analysis of catch-adage, is now widely used in fisheries. Traditional
VPA methods are recursive algorithms that calcustbek size based on catches with no underlying

statistical assumptions.

The stock is broken down into cohorts, which a@gs of fish of the same age (and therefore
of more or less the same size, maturing at the sam@and often found in the same area) and the

model follows each cohort from year to year. A atlo yeary of agea is subject to a total mortality

Z , which defines the rate of decrease of the catinet (N . Furthermore, the total mortality
y.a y,a

is composed of the fishing mortalitng,’a) and the natural mortality M ;) (all defined as

instantaneous rates). Within a time interval whir® mortality rates are constant, an exponential

decrease in numbers follows, i.e.:

Zya=Fya+M, 3.6

Y,
— _Zy,a
Ny+1a+1 =Ny € 3.7
where N y.a is the number of fish of ageat the start of year.

It can be shown by integration that the numberigii bf agea removed from a cohort by

fishing during yeay is governed by the ‘Baranov catch equation’ (Bavari918), i.e.:
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F.aN _
Cya=—22 )2 (1-g %s2) 3.8
Fya+M,

whereCy'a is the number of fish of agecaught in yeay.

Equation 3.8 cannot be solved fbky’a or Fy 4 directly but must be solved using numerical
techniques such as Newton-Raphson iteration. Greéres forCy ,, M 5 and either the population

size N y,a Of the fishing mortalityFy,a, the remaining unknown can be calculated.

By solving a series of equations 3.8, the sequefideés and N's for each cohort can be
defined. However, to start this process, at leastFoor N is heeded for each cohort. This is usually
the terminalF. In classical VPA, these parameters are pre-defibeit in tuned VPA, they are
estimated from other data, such as effort datauovey abundance indices. In the tuned VPA
approach, the terminal fishing mortalities are s@reated iteratively until a solution which is

consistent with the additional information is found

Although the method is valid for all levels of datdata, the estimates Bfprovided by VPA
will be more precise if a large proportion of tteeat removals for each cohort are due to fishing.
Indeed, the VPA procedure is simply using the suchwe&tches adjusted for losses to the natural
mortality as the stock estimate. This suggestsvitnain fishing mortality is high (compared to natura
mortality) the recruitment estimate is insensitivethe initial guess on survivors or fishing maitsal
of the oldest age group, because the remainingtlishare assumed to be still alive will constitute

only a small fraction of the total recruitment.
There are three major problems with VPA:

1) It requires catch-at-age information for the ehperiod under assessment, and assumes each

information to be completely free of errors.

2) It can give unreliable estimates for cohortd theve not completely disappeared from the fishery.
This is very problematic because it is the curitatus of the resource, which relates to exactly

those cohorts, which is usually of the greatesbirtgmce for management purposes.

3) It requires a reliable value for the rate ofunak mortalityM. Over or under-estimating will have

large effect on absolute values such as thosd-fand stock size (although less so on relative

statistics such asF— and B
MSY MSY

).
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3.3 Age-Structured Production Models

An Age-Structured Production Model (ASPM) is baseda fully age-structured population
model (e.g., Hilborn, 1990). From an initial esttmaf abundance (usually taken to be the unexploite
equilibrium biomass or some fraction of this sizajnual changes in biomass are calculated by
applying standard dynamics equations to each colmoa key difference from VPA, annual catches-
at-age in these model computations are not takebetoequal to values obtained from length
distribution data and age length keys. Instead esassumptions are made about the pattern of fishing
mortality-at-age (selectivity), and this is usedtonpute predicted catches-at-age which are comipare

to observations in the model fitting process.

For each year, the recruitment (i.e., the numbdr yéar old fish) is calculated using a stock-
recruitment relationship (which can be either datsistic, or make some allowance for fluctuations
about this relationship). The model is typicallgihfitted to indices of abundance, such as CPUE or
survey abundance estimates, and catch-at-age iafiomby maximising a likelihood function.
Parameters typically estimated in this fitting @es are the parameters of the stock-recruitment
function and fishing selectivity pattern assessmamtl sometimes also the natural mortality rate Th

model used for the southern African hake stockiegribed in detail in the next Chapter.

Given that some catch-at-age data are availabletHer hake stocks, VPA or ASPM
approaches seem preferable to biomass dynamicslsremi¢hat these data can be taken into account
in the assessments. The key reason for favourirf\Bver VPA is that it is more flexible, allowing
extension to years for which catch-at-age datanatevailable. Furthermore, Punt (1994) found that
some estimates provided by the VPA method are sengitive to the value assumed for the natural
mortality M, which is not well known; the ASPM approach, hoagwjiven general assumptions
about the shape of the selectivity pattern, alldvio be estimated for a self-consistent assessment.
Some problems remain however when using ASPM. Rstiaihce, in periods without age-structure
data, the model relies heavily on the assumed semkiit function. This stock-recruit function
usually also has to be assumed to remain unchangedime, an assumption which is not necessarily
realistic. Furthermore, although the ASPM approatkes allowance for errors in the catch-at-age
data, rather than having to assume that they aret @s in the VPA approach, to do this it requihes
assumption of a constant selectivity function (ne dor which the basis for any changes over time is

prespecified), particularly to be able to deal wigars without catch-at-age information.
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4 The Age-Structured Production Model

The model used in the revised assessments of tlieesn African hake stocks developed in
this thesis is a fleet-disaggregated Age-Structitestiuction Model (ASPM) (e.g., Hilborn, 1990).
Punt (1994) first applied an ASPM to the west amatls coasts stocks of Cape hakes off South Africa.
Geromont and Butterworth (1996; 1999; Butterwortid aGeromont, 2001) later extended this
application in a number of ways. The approach ursesth ASPM assessment involves constructing an
age-structured model of the population dynamics fitithg the model output to the available
abundance indices and catch-at-age information ayimising the likelihood function. The model
equations and the general specifications of theeinadk described below, followed by details of the
contributions to the log-likelihood function fromhea different data considered. Quasi-Newton
minimisation is used to minimise the total negativg-likelihood function (implemented using AD
Model Builder™, Otter Research, Ltd.).

4.1 Population Dynamics

4.1.1Numbers-at-age

The resource dynamics of the southern African fsiieks are modelled by the following set

of population dynamics equations:

Ny+1'0 = Ry+1 4.1

Ny+1,a+1:[ yae ZC g Mal2 forOsas<m-2 4.2

f

Ny =(Ny,m—l o - zcym—l e_M“’Z{Ny,m R —ZC;mj eM’? 43
where
Ny,a is the number of fish of ageat the start of yeay,

R, is the recruitment (number of 0-year-old fishjreg start of yeay,
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M denotes the natural mortality rate on fish of age

a

C;’a is the number of hake of agecaught in yeay by fleetf, and
m is the maximum age considered (taken to be a pluspg.

These equations simply state that for a closed lpbpua, i.e., with no immigration and
emigration, the only sources of loss are naturaltality (predation, disease, etc.) and fishing
mortality (catch). They reflect Pope’s approximatiPope, 1984) (the catches are assumed to be
taken as a pulse in the middle of the year) rati@n the more customary Baranov catch equations
(Baranov, 1918) (catches are incorporated in the fof a continuous fishing mortality). As long as
mortality rates are not too high, the differencesneen the Baranov and Pope formulation will be
minimal. Tests showed this approximation to be ades for the hake stocks (Punt, University of

Washington, pers. commn).

4.1.2Recruitment

Next year’s recruitment depends upon the reprodeictutput of this year's fish. The number
of recruits (i.e., new zero-year old fish) at tharsof yeary is assumed to be related to the spawning
stock size (i.e., the biomass of mature fish) bgtack-recruitment relationship. Traditionally, the
Beverton-Holt function (Beverton and Holt, 1957)shheen used for southern African hake
assessments. However, given that cannibalism ismmomnin hake, strong density dependent effects
might be expected and future work should investigla¢ effect of using a Ricker’'s model of stock and
recruitment (Ricker, 1954), which has recruitmert gpawner declining linearly with increasing

spawning stock.
The Beverton-Holt stock-recruitment relationshilipwing for annual fluctuations, is written

as:

aB3P 2
R, = y e(Cy 9&/2) 4.4
p+B5P
where

a and [ are spawning biomass-recruitment relationshiprpatars,a being the maximum number

of recruits produced, anflthe spawning stock needed to produce a recruitewumsl toa/2,
in the deterministic case,

¢y reflects fluctuation about the expected recrurthier yeary, which is assumed to be normally

distributed with standard deviatiooy (whose value is input in the applications constder
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here); these residuals are treated as estimabkmpters in the model fitting process.
Estimating the stock-recruitment residuals is maaiesible by the availability of catch-at-age
data, which give some indication of the age-stmgctf the population. The J§/2 term is

to correct for bias given the skewness of the logval distribution; it ensures that, on
average, recruitments will be as indicated by tle¢eministic component of the stock-

recruitment relationship;

B  is the spawning biomass at the start of yeaomputed as:

B;P = Z; fW,N, . 4.5
where
W, is the begin-year mass of fish of ageand f, is the proportion of fish of age that are
mature.

In order to work with estimable parameters thatracee biologically meaningful, the stock-

recruitment relationship is re-parameterised irmgerof the pre-exploitation equilibrium spawning

(“virgin”) biomass, K*?, and the “steepnessh, of the stock-recruitment relationship, which he t

proportion of the virgin recruitmentR;) that is realised at a spawning biomass levelQ8b 2f the

virgin spawning biomass:

a=R 46
5h-1
and
K @-h)
== 7 4.7
P 5h-1
where
i -1
sp T aZ:—l = _aZ—:OMaI
R = K"/ fawg,exp — > My |+ faw — 4.8
a=1 o a'=0 ? e 1_eXF(_Mm)

In the fitting procedure, both and K *Pare estimated. The steepness parameter is important
as the overall potential yield of a resource ediitidy an ASPM depends primarily on the steepness

of the stock-recruitment curve and on the naturaitatity rate.
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4.1.3Total catch and catches-at-age

The fleet-disaggregated catch by mass in yesugiven by:
f C f C M, /2 of f
Cy = zwa+1/2 Cy,a = zwa+1/2 Ny,a e Sy,a I:y 4.9
a=0 a=0

where

W,,,,, denotes the mid-year mass of fish of agevhich is assumed to be the same for each flget (a
there are no data available to discriminate betvileets),

c/ is the catch-at-age, i.e., the number of fishg#a, caught in yeay by fleetf,

s/ is the fleet-disaggregated commercial selectivigy,(vulnerability to fishing gear, which may
depend not only on the gear itself, but also ofritlistion patterns of the fish by age compared
to the areal distribution of fishing effort) at agdor yeary and fleetf; when S;ya =1, the

age-classi is said to be fully selected, and

f . . .
Fy is the fished proportion of a fully selected atgess, for fleet.

The model estimate of the mid-year exploitable &iable”) component of biomass for each
fleet is calculated by converting the numbers-a-ago mid-year mass-at-age (using the mid-year

individual weights) and applying natural and fighimortality for half the year:

y.a

B, = i W,.1,S;.N, . eXpEM, /12)A-> S F /2) 4.10
a=0 f
whereas for survey estimates of biomass at theddttlre year (summer):
B =3 W, SN, 411
a=0
and in mid-year (winter):
ya

B2 = Y w,,,,, SN, , exg-M, /2)1- Y S.F, /2) 4.12
a-0 f

where

S>*  is the survey selectivity, and

Wa.y2 is the mid-year weight of fish of ageat the start of the year.
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It is assumed that the resource is at the detestiunequilibrium that corresponds to an

absence of harvesting at the start of the iniéinconsidered, i.eBj§ = K.

4.2 The likelihood function

The model is fitted to CPUE and survey abundande@s, commercial and survey catch-at-
age data, as well as to the stock-recruitment ctovestimate model parameters. Contributions by

each of these to the negative of the log-likelih¢dthL ) are as follows.

4.2.1CPUE relative abundance data

The likelihood is calculated assuming that the olek abundance index is log-normally

distributed about its expected value:
=10 exdg)‘;") or &l :fn(I;")—En(f;'i) 4.13
where

fli : . .. .
I y is the abundance index for ygeand series corresponding to thigh fleet,

A

; d”éj is the corresponding model estimate, wh@é is the model estimate of exploitable
resource biomass corresponding to ffegiven by equation 4.10,

is the constant of proportionality for abundanesesi, and

eH from N(O, (O'f g )2)

y

To correct for possible negative bias in estimaufe\szariance(U)f,’i )and to avoid according

unrealistically high precision (and so giving inaggriately high weight) to the CPUE data, a lower

bound ((J,i’i )2) on each CPUE series is sometimes input to tressasgent model.

The contribution of the CPUE data to the negativethe log-likelihood function (after

removal of constants) is then given by:

—nL°PYE = ;Z%{fn\/(d")z + (a{\v‘)2 + (gj, ! )2 /[2((0{, ")2 + (a);" )zﬂ} 4.14

where
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g, " is the (minimum, Whem,i’i =0) standard deviation of the residuals for the lggars of

indexi for fleetf in yeary,

UA" is the square root of the additional variancedbundance serigs which is an input value;

alternatively, this can be used to as a meansafifyng an effective lower bound fcn; '

Homoscedasticity of residuals is usually assumedthat o' =o''is estimated in the

fitting procedure by its maximum likelihood value:

gt =\/:I/nf,i Z(En(l yH-m@''By ))2 —(a/'i’i )2 4.15

y

wheren, ; is the number of data points for abundance indekfleetf.

The catchability coefficient)’ ' for abundance indeixfor fleetf is estimated by its maximum

likelihood value, which in the more general casbeateroscedastic residuals, is given by:

3 PR R0 B CIMRTILH

ngfi =2 4.16

SHEDRER

y

4.2.2Survey abundance data

Data from the research surveys are treated asveeltundance indices in a similar manner to
the CPUE series above, with survey selectivity fiomc S;*" replacing the commercial selectivity
S;,a (see equations 4.11 and 4.12 above). Accounsistaken of the begin- or mid-year nature of the

survey.

An estimate of sampling variance is available farsmsurveys and the associatelii is

generally taken to be given by the correspondingesuCV. However, these estimates likely fail to
include all sources of variability, and unrealiatig high precision (low variance and hence high
weight) could hence be accorded to these indices.cbntribution of the survey data to the negative
log-likelihood is of the same form as that of thBPUWE abundance data (see equation 4.14). The

procedure adopted takes into account an additiemahnce in the same manner as for the CPUE

2
abundance indices, but instead of being input,athgitional variance(aA) is treated as another
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estimable parameter in the minimisation process plocedure is carried out enforcing the constrain

2
that(aA) >0, i.e., the overall variance cannot be less itsaexternally input component.

4.2.3Commercial catches-at-age

The contribution of the catch-at-age data to thgatiee of the log-likelihood function when

assuming an “adjusted” lognormal error distributi®given by:
_ f o f o f f Af | fo)2
—/n3%€= ZZZ[ﬁn(Jmm/ py,a) + py,a(ﬁn Pya = (N py,a) /2(acom) } 4.17
f y a

where
Pya =Cyal Y.« C, is the observed proportion of fish caught by fléetyeary that are of age,

Pya = éJ,a/Z o é;a is the model-predicted proportion of fish caugpfleetf in yeary that are of

agea, where:
o -M,/2 of f
Cy,a - Ny,a € Sy,a Fy 4.18
and
o' is the standard deviation associated with theheat-age data for fleét which is estimated in

com

the fitting procedure by:

a—;om:Jzzﬁ;,a(m pl-n B ) IY 31 4.19
y a

y a

The log-normal error distribution underlying eqoati4.17 is chosen on the grounds that
(assuming no ageing error) variability is likelyndimated by a combination of interannual variation i
the distribution of fishing effort, and fluctuatisn(partly as a consequence of such variations) in
selectivity-at-age, which suggests that the assompdf a constant coefficient of variation is
appropriate. However, for ages poorly representettheé sample, sampling variability considerations
must at some stage start to dominate the variahzdake this into account in a simple manner,
motivated by multinomial distribution propertiesyur® (pers. commn) advocates weighting by the

expected proportions (as in equation 4.17) souhdtie importance is not attached to data based upon

a few samples only.

Commercial catches-at-age are incorporated inikbéHood function using equation 4.17, for

which the summation over agds taken from ageminus (COnsidered as a minus group)atas (a plus
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group). The ages for the minus- and plus-groupschosen so that typically a few percent, but no

more, of the fish sampled fall into these two gup

4.2.4Survey catches-at-age

The survey catches-at-age are incorporated intondgative of the log-likelihood in an
analogous manner to the commercial catches-at-agsyming an adjusted log-normal error

distribution (equation 4.17) with:
Pya =Cya’/Y. aCya’  isthe observed proportion of fish of agérom surveysurvin yeary,

pf,“arv is the expected proportion of fish of e yeary in the surveysury, given by:

surv
N
f))s/ua{v - S y,a 4.20

Z survN

for begin-year (summer) surveys, or

f f
SN, exp-M, /2){1— >'SyaFy /2}
ASUIV _ f

Pya = 4.21

I MB

s; rVNyla-exp(—Ma-/Z){ zSyaFy /2}

for mid-year (winter) surveys.

4.2 5Stock-recruitment function residuals

The stock-recruitment residuals are assumed toofgendrmally distributed and serially
correlated. Thus, the contribution of the recruitineesiduals to the negative of the log-likelihood

function is given by:

2
y2 Gy — PGy
—/mLSR= E nog + y ~ Py

y=yI+l v1- p?

204 4.22

where
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Cy =PCyq + \V1- ,02£y is the recruitment residual for yegrwhich is estimated for yegd to y2
(see equation 4.4),

£ from N(O, (og )2)

y
Og is the standard deviation of the log-residualsictvis input, and

Yo is the serial correlation coefficient, whichmput.

Because of the maximume-likelihood nature of theeassient methodology applied to

incorporate recruitment fluctuations, the valueaf cannot be estimated from the data but must be
independently specified. Indeed, the penalisedlitiked formulation used will always vyield a
maximum for the deterministic limit ob gz — 0. This is problematic particularly in cases where
estimates of stock status and productivity arengfisodependent on the value chosen &og.One
would need to adopt fully Bayesian methodologyetbgr with a prior forog to deal properly with

this difficulty.

In the interest of simplicity, equation 4.22 omésterm in ¢, for the case when serial

correlation is assumedg# 0), which is generally of little quantitative consemce to values

estimated (Cryer, 1986).

However, for the applications reported in this thder the southern African hake stocks, the

stock-recruitment residuals have been assumeaet serially correlated, i.eq =0.

4.3 Estimation of precision

Coefficients of variation (CVs) and probability émvals have been evaluated using the
Hessian-based approximation, which involves reptathe log-likelihood surface in the vicinity o§it
global maximum by a quadratic form (Rice, 1995)eTdelta method is used by ADMB to compute
CVs for quantities that are functions of estimapégameters of the model. This approach does not
give exact answers. However, the more accuratdild@d profile calculations are very time
consuming, and the Hessian-based results regangliegision were considered adequate for the

purposes for which such results were used here.
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4.4 Model parameters

4.4.1Estimable parameters

In addition to the virgin spawning bioma@é Sp) and the “steepness” of the stock-recruitment

relationship ), the following parameters are also estimateaimesof the model fits undertaken.

Natural mortality:

Natural mortality M,) is assumed either to be independent of age ospggfic, and input

(fixed) or estimated using the following functioriaim in the latter case:

M, for a<1
M, = M 4.23
a aM+’3 for a=2

a+l

Mo andM; are set equal tM; (=a™ + M /3) as there are no data (hake of ages younger

than 2 are rare) which would allow independentastion ofMo andM;.
Fishing selectivity-at-age:

The fleet-specific fishing selectivit)S; , is either estimated directly:

; _ |estimatedeparately fora<a.
S, = 4.24
=1 fora>a.
or in terms of a logistic curve given by:
N 0 fora=0 405
= -1 .
é [1+exy{—(a—acf)/5f)] fora>1

where
acf years is the age-at-50% selectivity,

J' year! defines the steepness of the ascending limb ofetestivity curve.

The selectivity is sometimes modified to includelecrease in selectivity at older ages, as

follows:

S/ - S exp(— s'(a- aslope)) for a > @iope 4.26
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where

s' measures the rate of decrease in selectivity wigh for fish older tharesiope for the fleet

concerned, and is referred to as the “selectivdyes in this thesis.

4.4.2Input parameters

Age-at-maturity:

The proportion of fish of agethat are mature is approximated by

4.27

a

_ {O fora<a,,,
1 foraza,,

wherea,,, =4 for the southern African hake stocks (Punt andieg$b91).

Weight-at-age:

The weight-at-age (begin and mid-year) is calcdlateom the combination of the von

Bertalanffy growth equation and the mass-at-lefigitiction (equations 1.1 and 1.2 in Section 1.1.3).
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5 Assessment of the Namibian hake resource

The assessment described below was originally repon Rademeyer and Butterworth
(2001a).

5.1 Data

The data used for the assessment of the Namibiea dtack were obtained from NatMIRC
(National Marine Information and Research CentdieNamibia. For the last four years, on-board
observer schemes in Namibia have allowed catclistatat to distinguish between the two hake
species. However, these data are not yet avaitaidethe following assessment treats the two Cape

hake species as one.

5.1.1Total catch

Information on overall annual catch (by mass), CPWE survey biomass estimates (with
their estimated coefficient of variation) is listéd Table 5.1. Although hake off Namibia are also
caught by longliningthe principal fishing method is deep-sea bottonwlirg. Because of the
relatively small proportion of hake caught by ldnglg in this region (less than 10%, lllende,
NatMIRC, pers. commn), the model assumes a sirgé fishery, with the catches all assumed to
come from the offshore fleet. Catches are availabla 1964 to 2000 (1964 to 1988, ICSEAF, 1989;
1989 to 1996, Anon., 1997; 1997 to present: lllend®MIRC, pers. commn). The catch for 2001 is
set to the TAC value for that year, as catch esamtor that year were not available at the timéhisf

analysis.

5.1.2Abundance indices

Both CPUE indices and survey biomass estimatestrasged as relative indices in the
Reference Case assessment. Three CPUE time-segiesvailable for assessing the status of the

resource:

- ICSEAF CPUE for Divisions 1.3 + 1.4, from 196511888 (ICSEAF, 1989),
- ICSEAF CPUE for Division 1.5 from 1965 to 1988 8EAF, 1989), and
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- GLM standardised CPUE from 1992 to 2000 (Braret&al, 2001).

The ICSEAF CPUE values for 1981-1988 (in italicsTimble 5.1), however, are not used in
the Reference Case assessment, as recommendee PO BENEFIT stock assessment workshop
(BENEFIT, 2000). Indeed, these data, which shovearqositive trend, are considered unreliable due
to the known misreporting of catches over thisgee(iAnon., 1997; see Section 1.2.1) (the sengitivit
of the model results to the inclusion of the 19888 ICSEAF CPUE data is shown in Appendix Al,
as well as the effect of increasing the 1980-198@hes by 25%). Furthermore, the two ICSEAF
CPUE series are each downweighted by 50% in tletililod maximisation procedure, as they are
treated as equivalent indices of the same quarititg. 1992-2000 GLM standardised CPUE series is
as revised by Brandaet al. (2001), and takes account the following factoasitude, year, month,

depth and gross tonnage of a vessel.

Data from Spanish research surveys (summer anceryiate available from 1983 to 1990
(Anon., 1997). More recent research surveys haea benducted bi-annually from 1990 to 1996, and
in summer only from 1997 (Johnson, NatMIRC, pemmn). Until 1999, these surveys were
conducted by the Norwegian vessBl Dr Fridtjof Nansen(referred to as theNansensurveys”
hereafter). However, from 2000 onwards, the sunleyge been conducted by commercial trawlers
and a different value for the multiplicative biasctor g (“catchability”) is assumed to apply to the
surveys conducted by these trawlers. Calibratiopesments have been conducted between the
Nansenand three of the trawlers used in the researcregsrin order to provide a basis to relate the
catchability coefficients of the two types of vaS&RansenanNdgrawter) (Butterworthet al, 2001). The
log CPUE ratios between thHgansenand the trawlers are shown in Table 5.2. Applyingerse

variance weighting to these results gives the ¥alg estimates:
A/ng = 0100 with g, = 0032.
where
{NCyavier = MUyansen + ALNC 5.1

The following contribution is therefore added te tiegative log-likelihood in the assessment:
—ch _ 2 2
= (nLT" = (gnCItrawler —{N0Nansen™ AEnQ) /ZUan 5.2

Note thatgrawer above refers to the average value for the comw@letréwlers, so in order to

allow for inter-trawler variability ing, the sampling CVs from the surveys from 2000 onisdo )

are increased as shown below to account for thedatd deviation of 0.153 of the three means in

Table 5.2 about their global weighted mean, i.e.,:
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o, - g, + 0153 5.3

Equation 4.16 for the maximum likelihood estimate@mo longer applies with the addition of
the term in equation 5.2 to the log-likelihood, mbsed-form solutions are still available for the
maximum likelihood estimates @jansena@nd grawier from setting partial derivatives of the total log-
likelihood with respect to these two variables équazero. For the survey data, the likelihood
contributions (and only ones which involgginsenanddawier) are as follows:

i 2
gnl surv,l _fnqN _anSUrV)
—/nLsUY = z /n 102 +0.2 + ( y ansen y
y A

2 2
YN Z(Jy + JA)

; 2
/nl 34V —n - /B
+z m '0'32/"'0',%\ +( y Gtrawler y ) 54
\25

Ao +ah)

2 2
+ (antrawler _anNansen_Aan) /Zaan
whereyn/yr are the years witNanseritawler surveys.

A minimum is obtained from setting partial derivats of the total log-likelihood with respect
to these two variables equal to zero, i.e.:

z{(ﬁnli“r"’i—anNansen—ZnBiu“’)J(_ 1 J
2

2
YN gy +0p U Nansen

55
+ (fnqtrawler — /N0Nansen™ Afnq) (_ 1 J =0
ngq U Nansen
and
z (an ;urv,i — {NGyawler _ZnBiuw) [_ 1 J
v 0'5 +0'/2\ Utrawler 56
+ (gnqtrawler _gnqNansen_Afnq)( 1 j =0
ngq Qtrawler
It follows that:
/nl survi —EI’IBSUN
IN0nanse 21 2 + 21 + (Nrawler| ~ 21 = z ( ! 2 2 ! )_ Ainq 5.7
z Uy + O Uan Alng YN Uy + O Uan
YN

and
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1 1 (énl surv,i _ansurv) Aln
INGrter + + fnqNansn{_—J = z ! ! + A 5.8

1

2 2 2 2 2 2 2
z ay + Oa Uan Uan \as Uy + Oa O'an
YT

For givena,, g,, I§“”’" , Bju“’, these are two simultaneous linear equations whske a

y H

closed form solution fofNAyansen @Nd /NGy awier -

5.1.3Catches-at-age

Available commercial catch-at-age data are showiidhle 5.3, and those for thidansen
surveys in Tables 5.4 and 5.5 for summer and wistewveys respectively. They are given as
proportions. Commercial catches-at-age for theopleti968 to 1988 are from the ICSEAF records for
Divisions 1.3, 1.4 and 1.5 (obtained from summihg values for ICSEAF Div. 1.3 + 1.4 with the
values for ICSEAF Div. 1.5; 1965 to 1987, ICSEARB®P whereas those from 1997 to 1999 are from
NatMIRC catch-at-length data for the fishery offrilhia, coupled to an age-length key for the 1999
season (Dealie, NatMIRC, pers. commn). The sunaghes-at-age are also based upon 1999 age-
length keys. A separate age-length key for eachiespés available and has been applied to get the
survey catches-at-age for each species, which sidygequently combined (Dealie, NatMIRC, pers.
commn). Commercial catch-at-age data since 1992 wemputed in the same way. The use of an
age-length key obtained for one year to estimatehea-at-age for other years is undesirable, becaus
even if growth is constant over time (which is netessarily the case), changing recruitment levels
from year to year will result in changes to the -Bgegth key. However, despite the consequent
possible bias of the commercial catch-at-age datd$97 and 1998 and of the survey catch-at-age
data, they still provide important information abdhe structure of the catch, and seem desirably
taken into account in an age-structured productimrdel. Future assessments should, however,
consider fitting the model to the length-frequedeya of the catches rather than the catch-at-aige da

to avoid some of these problems.

The minus- and plus-groups chosen for the comnleccitches-at-age are ages 2 and 8

respectively, while for the survey these ages ten chosen as 0 and 8.
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5.2 Reference Case assessment specifications

The following assumptions have been made for thierRece Case assessment of the hake

stock off Namibia:

1) B, = K*: The model assumes that the stock was at itsineidevel when the fishery

commenced. Although it might be appropriate toxdldas assumption, there are no age or size
composition data in the early years of the fisiterprovide a signal to assess whether or not such
an assumption is justified. It is also implicitlgsumed that the unexploitation equilibrium leved ha
not changed over the period to which the assessapgiies, i.e., no regime shifts have occurred
(sensitivity of the model to a regime shift is haweinvestigated in the OMP context, see Chapter
11).

2) Natural mortality M, is taken to be independent of ag#),(as there is not enough information in

the data to estimate an age-dependent naturallityorta

3) Commercial selectivity-at-ag@he selectivity takes the form of a logistic cairfequation 4.25),
with the slope parameterof equation 4.26 set at zero. Furthermore, thectglty is taken to
differ pre- and post-independence. The post-inddgece period was marked by the exclusion of
vessels from fishing in waters shallower than 20@oravoid juveniles), i.e., it is characterised by
a lower selectivity on the younger age classes. Sehectivity function is taken to be independent
of time during this period (1990 to 2001) and isnated in Tables bySosia FOr the pre-
independence period, the catch-at-age data indi&catend over time towards selecting younger
fish. Selectivity has therefore been modelled bgran Sye1,4 Which is constant over the 1964 to
1973 period, after which it changes in a lineahifas to reach a formSyez29 in 1984, and this

remains constant from then until the end of thifiezgperiod in 1989.

4) Survey selectivity-at-agdhe survey selectivity function also takes therfaf a logistic curve
(equation 4.25), with a slope parametéequation 4.26) of zero. It is kept constant dherwhole
period of the assessment and is assumed to banhe fer all surveys (i.e., Spanish addnsen
whether summer or winter). By settisg= O for both the commercial fishery and the susydke
assumption is being made that older fish are albky susceptible to fishing — this is discussed

further in Chapter 9.

5) Stock-recruitment residualgr , which measures the extent of residual variabilgyfixed at 0.25

(the reasons for this are discussed later). Thduals are assumed not to be serially correlated,

i.e., 0 =0. They are estimated from yed964 to 1997 which correspond to yesgrsandy- in
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equation 4.22; reliable estimation for subsequeatyis not possible given the limited sampling to

date of the cohorts in question.
6) Lower bound on the variance on the CPUE d&mmce maximum likelihood estimates of the

standard deviation:(af’i) associated with these CPUE series turn out ndtetanrealistically

small, no minima for thesg'c ! estimates have been assumed.

7) Additional variance on survey8 common variance is estimated for the Spanisteys for which
no individual estimates are available. For tdansensurveys, for which sampling CVs are

available for each survey, an additional variascestimated.

5.3 Results and Discussion

Only results from the Reference Case assessmenpravided in this Chapter; however,
variants of this assessment which deal with someth® uncertainties about the model-
assumptions/structure are described in Appendibadd Chapter 11. Management quantity estimates
for the Reference Case assessment are given ire Tabl while Fig. 5.1 shows the resource
abundance time-series estimated. This shows a dapid in abundance from the beginning of the
fishery to the mid-1980's, as is to be expectednfrihe trend in the ICSEAF CPUE abundance

indices.

A strong recruitment was observed in the catche$982 and 1983 (1981 and 1982 year
classes — Table 5.3) and is clearly reflected m ¢stimated resource abundance: the spawning
biomass (age 4+) shows a substantial increase88. Ihe years 1983 and 1984 were characterised
by intense upwelling and strong penetration by #mgola current (Boydet al, 1985), two
oceanographical features which have been assomdtiedarger stock sizes (Strogalev, 1984). These
strong cohorts came when the resource was atvitssko(about 25% of pre-exploitation level) and
brought the stock close again to its Maximum Sustale Yield Level. After this substantial increase,

the hake resource off Namibia shows a decreasa agtil the early 1990’s.

Since Namibia’'s declaration of independence in 1996 large reduction in the TAC at that
time has assisted a slight recovery. The best asiwf current status of the Namibian hake stock is
that it is relatively healthy, at 40% of its prepoitation level in terms of spawning biomass. This
resource is estimated to be able to yield a maxin@i®00 thousand tons per annum, at a spawning
biomass level of 46% of the pre-exploitation levidie statistical precision of these estimates hewev
is relatively low. Fig. 5.1b shows the 90% probispihtervals for the spawning biomass estimatas (i

terms of the pre-exploitation level), as well astfee MSY level. The 90% probability interval is &1
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66% for ByP / K *Pin 2001, and the possibility that there has beenesnet decline in this resource

over the last decade cannot be excluded (see lawbability limit in Fig. 5.1b).

Fig. 5.2 and Fig. 5.3 show the Reference Case niibdelthe abundance indices and catch-at-
age data respectively, comparing the observed saud the corresponding model predictions. The
model shows generally reasonable fits to all thdices. However it does not seem to be able to
provide a decrease in the resource abundance firghevo years of the assessment as substastial a
the one reflected by the historic CPUE series;datithes in those years were relatively small, ab th
these anomalies could reflect either or both oh&rgsampling variability, and the fishery explogin
small dense localised concentrations in its inisi@lge. Furthermore, the model indicates relatively
high levels of residual variance, particularly foore recent years. The additional variance for the

Nansensurveys is estimated to be&, = 0225, which suggests that there is considerably more

variability in these indices than that accounted by sampling variability alone. Changes in the
availability of the fish with environmental conditis are probably an important source of this

additional variability.

From Fig. 5.3a and b, it is clear that before irgence, when fishing vessels were not
excluded from waters shallower than 200 m, the ceroial catches consisted mainly of relatively
small hake (less than 4 years old). Since indepwgjehe catches have been more widely spread
across ages, with a mode at fish of age 5, butralatively large proportions of 6 and 7-year akhf
Fig. 5.3c and d show the model fit to tN@ansensurvey catches-at-age. Although the selectivity is
assumed to be the same for winter and summer,uttmensr surveys are catching a slightly smaller

proportion of small to medium sized fish (3-yearsd ayounger) on average. Fig. 5.4 plots the

(ﬁnpiy,a - znf)iy'a)

o'/ Bya

This plot allows for the identification of poteritigearly patterns in the residuals, which is natgble

standardised catch-at-age residu&t§l,£—> ) for the commercial and survey data.

in Fig. 5.3 where the data are averaged over tlesy®r which data is available. There are some
indications of systematic effects in the residualgich warrant further investigations in terms bét
fishing selectivities. In the first few years ofethcommercial data for example, the model
systematically predicts too much catch in the higige classes (age 6 and above). The year 1983 in
the commercial data also looks problematic in teohghe catch-at-age residuals, with predicted

values systematically greater than the observategdbr ages above 2.

The multiplicative biaseg for the surveys are 0.37 and 0.42 for summer aintewNansen
surveys respectively. These biases are slightliadridor the 2000 and 2001 summer surveys (0.40),
which were conducted by commercial trawlers (Tab& third column of theNansensummer’ and

‘Nanserwinter’ rows). This suggests that the applicatibithe swept-area methodology to the survey
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results to provide biomass estimates in absolutaesteesults in underestimates of the biomass by
about 60%. This could be due to escapement abal/éelow the net, avoidance of the net and to the

fact that a portion of the population is off thetbam when the surveys are being conducted.

The estimate of natural mortality of 0.76 yr' is unrealistically high for a relatively long-
lived species such as hake. Similarly, the valuéhefsteepness parameke(0.32) estimated by the
model is surprisingly low. These estimates are €das concern and are discussed in more detail in
Chapter 9.

Fig. 5.5¢ plots the stock-recruitment curve — wite lowh value, recruitment falls off rapidly
as spawning biomass drops — while Fig. 5.5a shbe&s$timated residuals about this function. There
does not seem to be any clear pattern in the tawuni residuals. Fig. 5.5b plots the time series of
recruitment. Recruitment fell relatively steadilprin the commencement of the fishery to the early
1980’s. Again, the very strong recruitment of 1982clearly visible in this figure. Since 1990,

recruitment is estimated to have steadily increased

The sensitivity of the Reference Case assessmehetealue of thes-input has been tested
and is illustrated in Fig. 5.6. Sensitivity to tlae-inputis the only variant of the Reference Case
considered here, as it is the cause of the largesdrtainty in the model. Fig. 5.6 illustrates #dffect
of varying theogr-input (the input standard deviation for the stoekruitment residuals) on a) tlag-
output(calculated from the maximum likelihood estimates floe stock-recruitment residuals), b)
MSY and c) the present biomass (expressed in tefritee 2001 spawning biomass as a proportion of

the pre-exploitation equilibrium level). These plohdicate that the estimates of quantities of key
management importance depend heavily on the vaju# for ;. MSY, for example, can increase
more than three fold, depending on the valuersihput. In the Reference Case assessment, the input
value used foo is 0.25, in common with the South African assesdmeThe reason for this choice

is that, roughly speaking, the highest valuegefinput which yields a similar value fask-output.

Teleosts generally show much greater levels olrnent fluctuations, so that even the asymptote of

some 0.45 fook-output (Fig. 5.6a) is toward the lower end of taege (e.g., Beddington and Cooke,
1983, list 26 other gadoids for only 9 of whichdg, less than 0.3). Fig. 5.7 plots the time series of

spawning biomass for three values @finput (0.10, 0.25 and 0.40). This figure illusasthow

sensitive the estimates of the 1982 year clasdallodving mid 1980’s recovery are to the input valu

for . The sensitivity of the model to the value input &, is considered further in Chapter 11.
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Table 5.1 Total annual landings, CPUE and survey abundalata for Namibian hake (ICSEAF
Divisions 1.3, 1.4 and 1.5) for the period 1962891. The GLM CPUE series is from Branddal.
(2001). Catches and survey biomass estimates ateousand tons; the value for the 2001 catch is
assumed to equal the TAC for that year. CPUE vaklesvn in italics are considered to be of
questionable reliability and are excluded from Reference Case assessment (BENEFIT, 2000). The
2000 and 2001Nansefi summer surveys, shown in italics, were condudgadommercial trawlers.
For these years, an additional variance (CV = Q.b33 been added to the survey sampling variances
to make allowance for uncertainty in the relatiagcbability of the trawlers compared to tRansen
(Butterworthet al, 2001). See main text for data sources.

CPUEICSEAF CPUEICSEAF .o . . Spanish  Spanish Nansen suvey  Nansen survey
Year | Catches 1.3+ 1.4 1.5 wititer summer  summer  (CV) winter  (CV)
{tons/t) {tons/h) (keh) SUTVEY SUIVEY
1964 47.852
1965 193.200 178 2.24
1966 334627 1.31 2.62
1967 394 445 0.91 1.47
1968 630392 0.96 138
1965 526657 0.88 115
15870 627.198 0.50 1.10
1871 585215 0.87 1.44
1972 820.110 072 1.00
1973 667.965 0.57 1.00
1974 514.558 0.45 0,70
1975 488208 042 0.82
1976 601.045 0.42 0.58
1977 431483 0.49 0.69
1978 379.3%0 0.43 0.56
1979 310,175 0.40 074
1980 171.848 0.45 071
1981 211534 055 .85
1982 307.078 0.33 0.84
1983 339590 058 .90 T08.500
1984 364.993 0.64 093 2128.260 2187.600
1985 386.184 66 .03 1215.840
1986 381.189 o653 093 938.2%0 1018610
1987 300245 06l .88 721.020
1988 336.000 0.63 0.84 562.5%0 532550
1989 309329 485680 1737840
1930 132,379 1957130 586771 (0.154) 725893 (0.119)
1991 56.135 545824 (0.212)
1992 87457 1432 817.302 (0.110) 1005.620 (0.093)
1993 108.000 1.56% 942 584 (0.128) 798308 (0.112)
1594 112,206 1.187 T50.374 (0,119 964510 (0.090)
1995 130,362 0767 584 928 (01213 647.135 (0.104)
1994 129,102 06664 819415 (0.139) 729610 (0.112)
1997 116,593 0718 663,349 (0.123)
1693 150.825 0.925 157286 (0.145)
1999 160,630 0.962 1071.53 (0.129)
2000 162,821 0764 1357.109 (0.195)
2001 200.000 386.726 (0.233)
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Table 5.2 Log CPUE ratios between tidansenand commercial trawlers in calibration experiments
(Butterworthet al., 2001).

log CPUE ratios s.e.
Nansenvs Oshakati -0.2237 0.0713
Nansenvs Garoga +0.0567 0.0507
Nansenvs Ribadeo -0.1900 0.0494

Table 5.3 Commercial catches-at-age (shown as proportimngjie Namibian hake fishery. Catches
for the period 1968 to 1988 are from ICSEAF recdaidDivisions 1.3, 1.4 and 1.5 (ICSEAF, 1989),
while those from 1997 to 1999 are from NatMIRC baait-length data for the fishery off Namibia,
coupled to an age-length key for the 1999 seaseal{® NatMIRC, pers. commn).

Proportions caught at agderluccius capensigandM. paradoxuscombined
Age 0 1 2 3 4 5 6 7 8+
1968 0.000 0.002 0.094 0.548 0.244 0.081 0.024 0.005 0.003
1969 0.000 0.006 0.126 0.368 0.346 0.098 0.034 0.015 0.007
1970 0.000 0.000 0.155 0.402 0.269 0.127 0.031 0.011 0.004
1971 0.000 0.001 0.067 0.302 0.429 0.130 0.043 0.019 0.008
1972 0.000 0.004 0.101 0.468 0.282 0.095 0.034 0.014 0.003
1973 0.000 0.022 0.099 0.465 0.324 0.055 0.020 0.008 0.007
1974 0.000 0.068 0.278 0.278 0.147 0.127 0.073 0.024 0.005
1975 0.000 0.030 0.155 0.435 0.197 0.108 0.046 0.020 0.009
1976 0.000 0.054 0.280 0.416 0.192 0.043 0.011 0.003 0.001
1977 0.000 0.112 0.120 0.379 0.279 0.086 0.012 0.008 0.005
1978 0.000 0.059 0.399 0.341 0.112 0.055 0.023 0.008 0.002
1979 0.000 0.032 0.243 0.330 0.200 0.120 0.046 0.020 0.008
1980 0.000 0.143 0.157 0.267 0.217 0.112 0.065 0.025 0.013
1981 0.000 0.096 0.249 0.259 0.190 0.117 0.061 0.019 0.008
1982 0.000 0.148 0.354 0.236 0.127 0.061 0.041 0.022 0.010
1983 0.000 0.473 0.397 0.083 0.030 0.009 0.005 0.002 0.001
1984 0.000 0.058 0.532 0.294 0.077 0.025 0.009 0.003 0.001
1985 0.000 0.098 0.245 0.391 0.198 0.051 0.012 0.003 0.001
1986 0.000 0.048 0.391 0.251 0.169 0.094 0.032 0.013 0.003
1987 0.000 0.035 0.233 0.389 0.214 0.085 0.033 0.009 0.002
1988 0.000 0.023 0.268 0.451 0.202 0.041 0.011 0.003 0.001
1997 0.000 0.004 0.116 0.167 0.178 0.245 0.141 0.115 0.034
1998 0.001 0.005 0.061 0.121 0.157 0.307 0.179 0.131 0.038
1999 0.003 0.008 0.099 0.148 0.158 0.265 0.168 0.118 0.034
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Table 5.4 Summer survey catches-at-age (shown as propsjtidderluccius capensisand M.
paradoxuscombined, based upon a 1999 age-length key fdr species (similarly to the 1997-1999
data in Table 5.3) (Dealie, NatMIRC, pers. commn).

Proportions caught at agderluccius capensigndM. paradoxuscombined
Age 0 1 2 3 4 5 6 7 8+
1990 0.156 0.228 0.152 0.330 0.115 0.014 0.005 0.002 0.000
1991 0.051 0.051 0.085 0.422 0.222 0.116 0.043 0.008 0.002
1992 0.249 0.204 0.153 0.195 0.083 0.069 0.033 0.010 0.002
1993 0.060 0.211 0.176 0.370 0.075 0.048 0.032 0.022 0.006
1994 0.159 0.225 0.186 0.250 0.081 0.043 0.029 0.020 0.006
1995 0.321 0.198 0.171 0.158 0.072 0.040 0.022 0.013 0.004
1996 0.128 0.204 0.178 0.289 0.106 0.049 0.025 0.017 0.005
1997 0.025 0.075 0.196 0.354 0.209 0.074 0.036 0.025 0.007
1998 0.169 0.297 0.166 0.227 0.068 0.046 0.016 0.008 0.002
1999 0.197 0.107 0.157 0.353 0.114 0.040 0.018 0.011 0.003
2000 0.051 0.270 0.225 0.346 0.060 0.029 0.011 0.006 0.002

Table 5.5 Winter survey catches-at-age (shown as propal}ioMerluccius capensisand M.
paradoxuscombined, based upon a 1999 age-length key fdr species (similarly to the 1997-1999
data in Table 5.3) (Dealie, NatMIRC, pers. commn).

Proportions caught at agderluccius capensigndM. paradoxuscombined

Age 0 1 2 3 4 5 6 7 8+
1990 0.037 0.092 0.106 0.463 0.232 0.053 0.014 0.003 0.001
1991

1992 0.046 0.152 0.156 0.348 0.141 0.078 0.050 0.024 0.006
1993 0.011 0.089 0.130 0.489 0.148 0.062 0.038 0.026 0.007
1994 0.056 0.119 0.189 0.337 0.143 0.080 0.042 0.027 0.008
1995 0.363 0.174 0.198 0.134 0.059 0.038 0.020 0.011 0.003
1996 0.212 0.200 0.248 0.217 0.069 0.029 0.013 0.009 0.003
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Table 5.6 Estimates of management quantities for the Retere€Case assessment of the Namibian
hake. The first figure shown is the best estimitbowed by the Hessian-based CV in parenthesis.
B®* refers to the exploitable biomass as defined iratign 4.10 for the post-independen& o1, )
selectivity function. The estimates of MSY and MS4te also in terms of this post-independence
selectivity function.

Reference Case

Total negative loglikelihood -94.0
-InL : CPUE -32.4
-InL: Survey -14.1
-InL: CAA com. -58.3
-InL: CAA surv -8.9
-InL:SR Residuals 19.7
K SF 3640 (0.16)
K& 3953 (0.18)
B 2001 1466 (0.31)
B 2001 411 (0.55)
h 0.318 (0.19)
MSYL¥ 1657 (0.20)
MSYL® 476 (0.31)
MSY 300 (0.25)
B 2001/K ™ 0.403 (0.39)
B 2000/K & 0.104 (0.63)
B 2001/MSYL* 0.885 (0.42)
B 2001/MSYL” 0.863 (0.67)
MSYL*F/K 0.455 (0.04)
MSYL® /K 0.120 (0.20)
M 0.76 (0.04)
Age S1oe8; S1089, S2001. Ssurvi
0 0.00 0.00 0.00 0.00
1 0.00 0.00 0.00 0.00
2 0.09 0.63 0.01 0.77
3 0.66 1.00 0.03 1.00
4 0.97 1.00 0.12 1.00
5 1.00 1.00 0.37 1.00
6 1.00 1.00 0.72 1.00
7 1.00 1.00 0.93 1.00
8+ 1.00 1.00 1.00 1.00
Commercial sigma
CPUE ICSEAF (1.3+1. 0.171 (0.18
CPUE ICSEAF (1.5) 0.202 (0.12)
CPUE GLM 0.211 (0.25)

Commericialg's:
CPUE ICSEAF (1.3+1.{ 0.283x1¢ (0.21

CPUE ICSEAF (1.5) 0.432x1¢ (0.21)

CPUEGLM 2.215x1¢ (0.42)
Survey sigmas estimatt

Spanish winte 0.391 (0.09
Spanish summer 0.503 (0.04)
Surveyq's:
Spanish winte 0.401 (0.19
Spanish summer 0.557 (0.20) Commercial trawlegss:
Nansensummef 0.367 (0.19) 0.404 (0.25)
Nansenwinter| 0.418 (0.20)
Catches-at-age sigm
commercie 0.11C (0.04
summer survey 0.114 (0.06)
winter surve 0.161 (0.07)
Additional sigma (survey) 0.225 (0.26)
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Fig. 5.1 The Reference Case ASPM assessment (which in@igsofluctuations about the
stock-recruitment relationship) for the Nambianédagsource is shown in a), together with
the estimated MSYL and the annual catches. Thegmpost-1972 periods are distinguished.
b) shows the Hessian-based 90% probability intsrvidhe resource abundance is expressed
in terms of spawning biomass as a proportion ghiésexploitation equilibrium leveBEY/K®P).
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Fig 5.5 Time-series of a) estimated standardised stockuitenent residuals and b)
recruitment for the Reference Case assessmeng dfamibian hake resource (the
line is full only for years for which recruitmergsiduals are estimated). c) shows the

estimated stock-recruitment relationship.
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and c)B*,,, /K™, for the Reference Case assessment of the Nantibke resource.
0 shows the casey-input = 0.25 chosen for the Reference Case assessm
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Fig. 5.7 Time-series of spawning biomass (in terms opits-exploitation equilibrium level)
for three values of-input (0.10, 0.25 and 0.40), together with thinested MSYL.
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6 Assessment of the South African west coast

hake resource

6.1 Data

The two species which compose the hake resourdbefbouth African west coast remain for
the moment assessed as one (Rademeyer and Butter2@01b). The longlining fleet takes only a
relatively small proportion of the total hake catuffithe west coast, so that a species-disaggreégate
assessment has not yet been seen as a priorityeFagsessments, however, will certainly distirtyuis

the two species.

6.1.1Total catch

Leslie (1998a) describes the data available forwlst coast hake assessment in detail.
Annual total catches (by mass) are given in Table(8917 to 1975, Chalmers, 1976; 1976 to 1988,
ICSEAF, 1989; 1989 to 1997, Leslie, 1998a; 199fr&sent, Leslie, MCM, pers. commn). Before the
mid-1960’s the geographical location of hake cagalwvas not recorded, and for simplicity these have

all been taken to have come from the west coastigthh some would have come from the south coast.

Most of the hake taken off the west coast is cabghdeep-sea bottom trawling, with only a
relatively small fraction (a few percent) caught loynglining or handlining. The model therefore
assumes a single fleet fishery, with the catchlessalimed to come from the offshore trawl fleete Th
longlining component has however increased in regears and future assessments should take
account of separate fleets with their differeneselity patterns. Catches are available from 1817
2001, with the 2001 value being the best estimatettfat year at this stage as recent data capture

awaits finalisation.

6.1.2 Abundance indices

CPUE and survey abundance indices, along with dhgpBng standard errors for the survey
abundance indices, are listed in Table 6.2. Both@RUE index and survey biomass estimates are

treated as indices of relative abundance in thed@ete Case assessment. The CPUE index consists
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of two separate series, the first from ICSEAF 863 to 1977 (ICSEAF, 1989) and the second from
1978 to 2000 (Glazer and Leslie, 2001a), corresipgndo the historic (“old”) and the GLM-
standardised catch rates respectively. In additorthe factors listed in Chapter 2, the GLM-
standardised CPUE series for the west coast hales ta correction for the correlation between
bycatch rates and hake catch rates into accouaz€Ghand Butterworth, 2002). The inclusion of this
variable in the standardisation is to take accodithe impact that targeting on other species (tvisc

not reliably distinguished in the available datawd have on the hake CPUE.

Although in previous years data from all companiese used, in 2001, due to problems in
capturing and validating the data at a drag leaelvhich the standardisation is applied) from MCM'’s
new Demersal database, the GLM-standardised CPLi&s seas restricted to analysis of data for the
three biggest companies only (Irvin & Johnson, Baavest and Atlantic Trawling) (see Glazer and
Leslie, 2001a, for more information). These thrempanies account for the great majority of the hake

caught off the west coast, so that using the mdsttidata should not affect the assessment apphecia

Research surveys on board of the F&f8cana have been conducted bi-annually from 1985
to 1990 and in summer only from 1991 to 1999 (whth exception of the 1989 and 1998 summers)
(data sources: up to 1997, Leslie, 1998a; 1998 dsemt, Leslie, MCM, pers. commn). Because of
technical problems with théfricana from 2000 onwards, a different research veséel RV Dr
Fridtjof Nansen has been used. Although some calibration expaitsrigave been conducted (Leslie,
MCM, pers. commn), they have not been used inahalysis (as the raw data await evaluation), so
that theNansensurvey estimates for 2000 and 2001 are treatesl separate series of potentially
different multiplicative bias to thAfricana On the west coast, sampling at depths shallowaar 100
m is limited due to the rockiness of the seabethim depth range. Because of the size gradation by
depth, with larger fish living deeper than smablees, any bias resulting from the limited sampling
this range will be greatest for the younger agess#a oM. capensigasM. paradoxushas not been
recorded shallower than 100 m) (Leslie, 1998a). S8quently, in this assessment, the biomass

estimates and the age-structure information fragrstirveys for the 100-500 m depth range are used.

6.1.3Catches-at-age

Commercial catch-at-age data for the period 197889 are given in Table 6.3 (up to 1988,
Punt, 1989; 1989 to 1997, Leslie, 1998a; 1998 &s¢mt, Leslie, MCM, pers. commn). The catch-at-
age information obtained from the surveys is shaowhables 6.4 and 6.5 for the winter and summer
surveys respectively (up to 1997, Leslie, 1998871 present, Leslie, MCM, pers. commn). The
Nansensummer survey catch-at-age data are given in TabléLeslie, MCM, pers. commn). These

data are all for the depth range 100-500 m andji@en as proportions. The minus- and plus-groups
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chosen for the commercial catches-at-age are aged Z respectively, while for the surveys the ages
chosen are 0 and 7.

6.2 Reference Case assessment specifications

The following assumptions have been made for thier@ece Case assessment of the hake
stock off the west coast of South Africa (rationlades not been repeated below when it duplicatds tha

given for Namibian hake in Section 5.2):
1) B}, = K*": The model assumes that the stock was at itsrikvel when the fishery commenced.

2) Natural mortality M, is taken to be age-dependent (with the form oké&qn 4.23).

3) Commercial selectivity-at-agdhe selectivity takes the form of a logistic cairfequation 4.25),
with the slope parametsrof equation 4.26 set at zero. To account for thenge in the selectivity
pattern at low ages over time, as evident in Tagnote the fall in the proportion of catched of
and 2-year olds over time), the paramei@ysand o are estimated separately for two separate
periods, the first from 1917 to 1984 and the sedooith 1993 to the present, with selectivities in
the intervening period assumed to vary linearlyvMeen these 1984 and 1993 values. The industry
now tacitly admits that the 110 mm mesh regulationposed by ICSEAF in 1975 was
circumvented by the widespread illegal use of Brtermaintain economic catch rates at that time,
but that as resource abundance improved the uleesé liners was phased out. The 1984-1993

period corresponds to the period over which thesphout is assumed to have occurred.

4) Survey selectivity-at-ag&he survey selectivity is estimated directly &mges 0 and 1, and set to 1
for ages 2 and above&:"™ and S for the Nansensurveys are distinguished in estimation from

these values for earlier surveys. The slope paersef equation 4.26 is set to zero.

5) Stock-recruitment residualsry is fixed at 0.25. The residuals are assumed ndietserially

correlated, i.e = 0. They are estimated from yeE73 to 1995y, andy- in equation 4.22).

f

6) Lower bound on the variance on the CPUE ddaima for theseo ' estimates corresponding

to the GLM-based and ‘historic’ series are 0.1 arb respectively.

7) Additional variance on surveyAn additional variance is estimated for the sysveonducted by

the Africanaand theNanserresearch vessels.
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6.3 Results and Discussion

Only results from the Reference Case assessmenpraveded in this Chapter; however,
variants of this assessment, which deal with sonfiethe uncertainties about the model-
assumptions/structure, are described in Appendix B&anagement quantity estimates for the
Reference Case assessment are given in Table I@ilé, kig. 6.1 shows the resource abundance time-
series estimated. It is evident that the substadi@ in the size of the resource in the 1960'd an
1970’'s has been followed by a steady though sl@owery in the last three decades. This recovery is
also seen in the lower 5% probability limit in F@1b, particularly from the early 1990’'s, when an
OMP was put into place as the basis for TAC reconttattons. The resource is estimated to be
currently at about 22% of its pre-exploitation leym terms of both the mature and exploitable
components). Although this seems relatively lowjsitnot very far from the level estimated to
correspond to the MSY (31% of pre-exploitation aamce) for this resource. At this level, the
resource is estimated to be able to yield 129 #odisons per annum. In 2001, the intended west coas
component of the overall TAC was 107 thousand taitepugh only about 96 thousand tons were
actually caught on the west coast in that year. fbe state of the west coast hake resource is
determined much more precisely than in the cashefMNamibian hake (note the relatively narrow
probability intervals for recent years in Fig. 6. ddmpared to those in Fig. 5.1b). This is due ® th
increasing trend in recent abundance indices ofwlst coast hake, which is not evident for the
Namibian case and which allows for a more precssienation of the model parameters; i.e., it isaot
‘one-way trip situation’ (Hilborn, 1979, who showddiat given a relative abundance index with a
declining trend only, assessments would be unabldidcriminate the values of productivity- and

initial abundance-related parameters).

In the case of the west coast hake resource, ihstdficient information (for ages above 2) to
allow for an age-dependent natural mortallélg, to be estimated. (Results from an assessment with
age-independentl are shown in Appendix A2.) Although the age-demeny allows for a lower
mortality at higher ages, the estimates for intetiaie ages 3-5 still seem unrealistically high dor

relatively long-lived species such as hake. Thidbfam is discussed further in Chapter 9.

The multiplicative bias for thafricana surveys on the west coast are higher than thagbdo
Namibian case, witllsummer= 0.79 andjwiner = 0.90. Although the catching efficiency of tNansen
research vessetf{®™*"= 0.64) is estimated to be lower than that of Atfikicana on the west coast,
differences in gear alone cannot explain the gti#later negative bias off Namibia. Furthermore, the
fishing selectivity pattern of thdansenon the west coast and off Namibia differ subsgdiyti with a
greater proportion of small hake (age 2 and belestimated to be caught off the South African west

coast compared to off Namibia.
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The variances on the two CPUE indices are unlikelye as low as those estimated when
fitting the population model (less than 0.1 fortbthe historic and GLM-standardised series), sb tha
there is a case for imposing lower bounds on tlkagances in the fit so that these data do notivece
undue weight. Indeed, with such low variance edts\athere is a danger than the model is to some

extent tracking noise rather than a real trendimdance.

Fig. 6.2 and Fig. 6.3 show the Reference Case siages fit to the abundance indices and
catch-at-age data respectively, comparing the wbdewalues and the corresponding model
predictions. The model shows broadly reasonabdetditall the indices. The model doesn't fit the
observed decline in CPUE in the last two yeardefderies (1999 and 2000) because it estimates the
population to still be recovering slowly (Fig 6.2bJhis may be a consequence of assuming
recruitments given exactly by the stock-recruitatiehship from 1996 onwards. The model also
struggles to reflect the full extent of the pogtivend which is shown by the summer survey estisnat

over the last two decades (Fig. 6.2c¢).

The fits to the catch-at-age data are very goodhfith the commercial and the survey data

(Enpiy,a - Enf)iy,a)

o'/ Bya

commercial and survey data. This plot allows onilémtify potential yearly patterns in the residyal

(Fig. 6.3). Fig.6.4 plots the standardised catehgrt residuals £y 5 — ) for the

which is not possible in Fig. 6.3 where the data averaged over the years for which data are
available. There are some indications of systenmeffiects in the residuals, which warrant further
investigation of models for the fishing selectiegi For example, the model systematically predics
many fish in the age classes 4 and above in thensunsurvey catch-at-age data (excluding the
Nansendata). Similarly, from the mid 1980’s the modebi®dicting systematically more fish in the

7+ group than is actually observed.

The time series of the stock-recruitment residaals recruitments are shown in Fig. 6.5a and
b respectively. It is clear that on average, tteeuiement off the South African west coast, oves th
period for which stock-recruitment residuals canelsémated, doesn't vary as much as that off the
Namibian coast. There are still however four yedinecruitment evidently well below average (1978,
1984, 1992 and 1993). In Fig. 6.5b, it can be ghahrecruitment is estimated to have stayed high
(close to that at carrying capacity) from the comogment of the fishery to the late 1950’s. The high
level of exploitation in the 1960’s and early 195¥0@ésulted in a rapid decrease in recruitment.eSinc
then however, recruitment has been increasing istest is estimated to be currently at about two

thirds of that expected at carrying capacity level.

Fig. 6.5¢ plots the estimated stock-recruitmerdti@hship. It is evident from this figure that

this relationship extrapolates considerably beytiredrange of the data used in the analysis. In the

75



Chapter 6 — Assessment of the South African wast bake resource

Namibian case on the other hand, the recruitmetat dsed reflects a greater range of the spawning
biomass. Future assessments of the west coastdmkace should investigate the impact of different
forms of stock-recruitment relationships on theinestes of stock status and other management

quantities.

Fig. 6.6 shows the effect of varying tlae-input (the input standard deviation on the stock-
recruitment residuals) on th&-output (calculated from the maximum likelihoodimsttes for the
stock-recruitment residuals), MSY and the biomd$® or-output in Fig. 6.5a is consistently lower
than the input values and never exceeds 0.2. Bedhasrecruitment fluctuations are estimated to be
relatively small in any case, varyingk-input doesn’'t have a marked effect on the MSY (Bi%b).
Below an gr-input of about 0.5, the MSY estimate is relativebpust to changes in thek-input.
However, asor-input is increased the status of the resourcstimated to be somewhat poorer (Fig.
6.5e). Fig. 6.7 plots the time series of spawniiagniass for three values ok-input (0.10, 0.25, and
0.40). Although the current spawning biomass ismeded to decrease as-inputincreases, the effect
of varying the level of recruitment fluctuationnst nearly as dramatic as in the Namibian hake case
(Fig. 5.7).
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Table 6.1 Total annual landings of west coast hake (Divislog) for the period 1917 to 2001 (up to
1988, ICSEAF, 1989; 1989 to 1997, Leslie, 1998881 present, Leslie, MCM, pers. commn). The
catch assumed for 2001 is the current best estifoatbat year, as data capture is still being|faeal.

Year Catch Year Catch Year Catch
('000 tons) ('000 tons) ('000 tons)
1917 1.000 1946 40.400 1975 89.61)
1918 1.100 1947 41.400 1976 143.89
1919 1.900 1948 58.800 1977 102.32
1920 0.000 1949 57.400 1978 101.14
1921 1.300 1950 72.000 1979 92.70
1922 1.000 1951 89.500 1980 101.53
1923 2.500 1952 88.800 1981 100.67
1924 1.500 1953 93.500 1982 85.97
1925 1.900 1954 105.400 1983 73.67
1926 1.400 1955 115.400 1984 88.41
1927 0.800 1956 118.200 1985 99.59
1928 2.600 1957 126.400 1986 109.09
1929 3.800 1958 130.700 1987 104.01
1930 4.400 1959 146.000 1988 90.13
1931 2.800 1960 159.900 1989 84.89
1932 14.300 1961 148.700 1990 78.91
1933 11.100 1962 147.600 1991 85.52
1934 13.800 1963 169.500 1992 86.28
1935 15.000 1964 162.300 1993 98.11]
1936 17.700 1965 203.000 1994 102.7
1937 20.200 1966 195.000 1995 94.71]
1938 21.100 1967 176.700 1996 91.36
1939 20.000 1968 143.600 1997 92.32
1940 28.600 1969 165.100 1998 109.297
1941 30.600 1970 142.500 1999 86.48
1942 34.500 1971 202.000 2000 108.9
1943 37.900 1972 243.933 2001 95.73
1944 34.100 1973 157.782
1945 29.200 1974 123.000
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Table 6.2 Historic (ICSEAF) (ICSEAF, 1989) and GLM-standiaetl CPUE series witho(= 0.5)
and without p = 0) (Glazer and Leslie, 2001a) correction fordigh correlation (restricted to data for
Irvin & Johnson, Sea Harvest and Atlantic Trawlifig)) the west coast hake resource, together with
survey abundance data (and associated standard)giup to 1997, Leslie, 1998a; 1998 to present,
Leslie, MCM, pers. commn). Biomass estimates fer shrvey (from the swept-area method) are in
thousand tons.

ICSEAF (Div. GLM CPUE Summer survey Winter survey Nansensummer
vear | 1:6)CPUE (kg/min) Biomass (s.e) Biomass (s.e) Biomasss (s.e])
(tons/day) p =05 p=0
1955 17.31
1956 15.64
1957 16.47
1958 16.26
1959 16.26
1960 17.31
1961 12.09
1962 14.18
1963 13.97
1964 14.60
1965 10.84
1966 10.63
1967 10.01
1968 10.01
1969 8.62
1970 7.23
1971 7.09
1972 4.90
1973 4.97
1974 4.65
1975 4.66
1976 5.35
1977 4.84
1978 13.88 14.95
1979 15.37 15.78
1980 14.22 14.81
1981 13.97 14.82
1982 13.07 14.49
1983 15.66 17.16
1984 15.72 16.26
1985 19.07 19.88 231.134 (38.629) 398.193 (53.557)
1986 16.42 17.67 296.044 (42.744) 286.374 (32.737)
1987 13.91 14.22 352.874 (57.004) 270.946 (46.409)
1988 13.80 13.14 212.036 (31.640) 267.798 (64.461)
1989 14.46 13.75 627.147 (134.761)
1990 15.47 14.01 512.299 (98.448) 357.089 (55.307)
1991 17.29 15.64 384.147 (83.393)
1992 17.69 16.05 319.533 (37.493)
1993 15.13 14.30 395.642 (51.976)
1994 15.03 14.95 440.117 (68.667)
1995 12.14 12.32 462.707 (86.365)
1996 15.86 15.86 506.857 (84.235)
1997 16.15 16.06 752.837 (115.622)
1998 16.72 16.83
1999 15.89 16.43 761.736 (123.905)
2000 13.74 15.12 326.994 (36.816
2001 466.131 (41.683
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Table 6.3 Commercial catches-at-age (shown as proportiénsumbers) for the west coast hake
fishery (up to 1988, Punt, 1989; 1989 to 1997, ieesl998a; 1998 to present, Leslie, MCM, pers.
commn).

Proportions caught at agderluccius capensiandM. paradoxuscombined
Age 0 1 2 3 4 5 6 7+
1978 0.000 0.072 0.716 0.151 0.039 0.016 0.005 0.001
1979 0.000 0.114 0.545 0.215 0.063 0.046 0.013 0.003
1980 0.000 0.056 0.472 0.288 0.112 0.048 0.017 0.008
1981 0.004 0.235 0.492 0.158 0.068 0.026 0.011 0.006
1982 0.037 0.290 0.484 0.114 0.040 0.023 0.009 0.003
1983 0.001 0.121 0.488 0.238 0.085 0.044 0.016 0.007
1984 0.000 0.063 0.483 0.275 0.097 0.046 0.024 0.012
1985 0.000 0.008 0.350 0.395 0.133 0.069 0.030 0.015
1986 0.000 0.014 0.339 0.467 0.104 0.040 0.022 0.015
1987 0.000 0.023 0.524 0.276 0.103 0.048 0.016 0.009
1988 0.000 0.021 0.589 0.266 0.059 0.036 0.021 0.009
1989 0.000 0.014 0.434 0.402 0.090 0.036 0.018 0.006
1990 0.000 0.002 0.313 0.496 0.137 0.034 0.013 0.005
1991 0.000 0.002 0.253 0.357 0.233 0.087 0.048 0.019
1992 0.000 0.012 0.405 0.302 0.145 0.088 0.035 0.013
1993 0.000 0.003 0.146 0.378 0.307 0.128 0.029 0.009
1994 0.000 0.001 0.140 0.464 0.200 0.157 0.030 0.008
1995 0.000 0.001 0.109 0.552 0.207 0.075 0.044 0.012
1996 0.000 0.002 0.120 0.554 0.221 0.063 0.029 0.011
1997 0.000 0.012 0.201 0.500 0.187 0.059 0.033 0.008
1998 0.000 0.030 0.202 0.500 0.168 0.061 0.031 0.007
1999 0.001 0.056 0.256 0.462 0.128 0.057 0.031 0.009

Table 6.4 Winter survey catches-at-age (shown as propatamumbers)Merluccius capensiand
M. paradoxuscombined, for the 100-500 m depth range for thetweast hake fishery (up to 1997,
Leslie, 1998a; 1997 to present, Leslie, MCM, peosnmn).

Proportions caught at agderluccius capensiandM. paradoxuscombined
Age 0 1 2 3 4 5 6 7+
1985 0.012 0.267 0.522 0.149 0.028 0.013 0.006 0.003
1986 0.009 0.398 0.376 0.162 0.027 0.014 0.009 0.005
1987 0.020 0.359 0.454 0.115 0.027 0.018 0.004 0.004
1988 0.031 0.321 0.484 0.107 0.036 0.013 0.004 0.002
1989 0.074 0.395 0.309 0.182 0.029 0.006 0.003 0.002
1990 0.016 0.378 0.386 0.119 0.054 0.030 0.011 0.005
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Table 6.5 Summer survey catches-at-age (shown as propsrobmumbers)Merluccius capensis
and M. paradoxuscombined, for the 100-500 m depth range for thetweast hake fishery (up to
1997, Leslie, 1998a; 1999, Leslie, MCM, pers. commn

Proportions caught at agderluccius capensisndM. paradoxuscombined

Age 0 1 2 3 4 5 6 7+
1985 0.015 0.340 0.448 0.146 0.030 0.014 0.005 0.003
1986 0.025 0.315 0.505 0.126 0.013 0.008 0.005 0.003
1987 0.006 0.409 0.462 0.089 0.026 0.005 0.002 0.002
1988 0.021 0.538 0.357 0.052 0.012 0.010 0.007 0.003
1989 - - - - - - - -

1990 0.020 0.358 0.498 0.104 0.015 0.004 0.001 0.000
1991 0.022 0.247 0.584 0.106 0.026 0.010 0.004 0.002
1992 0.020 0.325 0.478 0.113 0.038 0.015 0.007 0.003
1993 0.004 0.177 0.549 0.203 0.045 0.015 0.005 0.002
1994 0.013 0.223 0.488 0.221 0.028 0.014 0.009 0.004
1995 0.084 0.494 0.308 0.079 0.021 0.009 0.003 0.001
1996 0.061 0.319 0.322 0.249 0.035 0.008 0.004 0.002
1997 0.025 0.189 0.497 0.262 0.018 0.005 0.002 0.001
1998 - - - - - - - -

1999 0.084 0.251 0.376 0.209 0.052 0.017 0.008 0.002

Table 6.6 Nansensummer survey catches-at-age (shown as proporodbmaimbers):Merluccius
capensisandM. paradoxusombined, for the 100-500 m depth range west dualet fishery (Leslie,
MCM, pers. commn).

Proportions caught at agéerluccius capensigndM. paradoxuscombined

Age 0 1 2 3 4 5 6 7+
2000 0.203 0.352 0.295 0.123 0.020 0.005 0.002 0.001
2001 0.239 0.285 0.255 0.157 0.049 0.009 0.004 0.002
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Table 6.7 Estimates of management quantities for the Reter€€ase assessment for the west coast
hake. The first figure shown is the best estimaligwed by the Hessian-based CV in parenthesis.

Reference Case
Total negative loglikelihood -176.7
-lnL. : CPUE -71.0
-lnL: Swrvey -16.0
-lnL: CAA com. -537.1
-lnL: CAA swv -35.7
-InL: SR Residuals 3.2
X¥ 973 (0.06)
P 1386  (0.05)
B¥ 3001 218 (0.13)
B o0 298 (0.12)
A 0.615 (0.08)
ASYLF 304 (0.09)
MISYL® 404  (0.09)
MSY 129 (0.03)
B¥ 001/ K¥ 0.224  (0.18)
B 3001/K7 0.215  (0.15)
B 001/ MSYLF 0.715 (0.19)
B yo01 MSTL™ 0.738  (0.17)
MSYLF/E? 0.313  (0.05)
MSYLE /KT 0.291 (0.05)
Age M, 81984,3 81993,3 Ssurv,a SNansen,a
0 1.06 (0.05) 0.00 0.00 0.01 0.09
1 1.06 (0.05) 0.00 0.00 0.26 0.36
2 1.06 (0.05) 0.73 0.10 1.00 1.00
3 0.82 (0.05) 1.00 0.84 1.00 1.00
4 0.67 (0.05) 1.00 1.00 1.00 1.00
5 0.58 (0.05) 1.00 1.00 1.00 1.00
6 0.51 (0.05) 1.00 1.00 1.00 1.00
T+ 046  (0.05) 1.00 1.00 1.00 1.00
Commercial sigmas:
CPUE ICSEAF (1.6) 0.349 (0.09)
CPUE GLM 0.182 (0.10)
Commercial g's:
CPUE ICSEAF (1.6) 0.019 (0.07)
CPUE GLM 0.058 (0.11)
Survey g 's:
sunumer 0.793 (0.13)
winter 0.899 (0.11)
Nansen 0.643 (0.13)
Catches-at-age sigimas:
commercial 0.107 (0.03)
summer suwrvey 0.121 (0.03)
winter survey 0.069 (0.07)
MNanen smrvey 0.070  (0.05)
Additional sigma (survey) 0.231 (0.24)
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Fig. 6.1 The Reference Case ASPM assessment (which inaigsdfluctuations about the stock-recruitment
relationship) for the South African west coast hedsource, is shown in a), together with the egBohdSYL
and the annual catches; b) shows the Hessian-888égrobability intervals. The resource abundarce i
expressed in terms of spawning biomass as a piopat its pre-exploitation equilibrium leveB{/K®P).
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Fig 6.5 Time-series of a) estimated standardised stockuitenent residuals and b)
recruitment for the Reference Case assessmeng ofeht coast hake resource (the
line is full only for years for which recruitmergsiduals are estimated). c) shows the
estimated stock-recruitment relationship.
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Fig. 6.7 Time-series of spawning biomass (in terms opies-exploitation equilibrium level)
for three values of-input (0.10, 0.25 and 0.40), together with thignested MSYL.
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7 Assessment of the South African south coast

M. capensis resource

Until recently, the two hake species off the sottlast of South Africa were assessed as a
single stock exploited by a single fleet, as isi#l the case for the South African west coast and
Namibian stocks. The justification for aggregatihg two species of hake in this way was based upon
simulation studies by Punt (1993), which sugges$itatl managing two such stocks as if they were a
single one was not problematic, provided that theci®s composition and age-selectivity of the
fishery remained unchanged. The development ohglilee fishery for hake, proportionately greater
on the south coast and targeting principally thalletv water hakeM. capensisbrought about the
need to modify this practice. The south cddstcapensisstock has been assessed as a single stock
since 1999 (Geromont and Butterworth, 1999a).

7.1 Data

7.1.1Total catch

Leslie (1998b) describes the data available forstingh coast hake assessment in detail. The
south coasM. capensishake stock is fished by three fleets: the offskad inshore trawl fleets and
the longline/handline fleet. The annual catchesnags assumed for each fleet are given in Table 7.1
for the period 1967 to 2001 (data sources: up @/ 1%eromont and Butterworth, 1999a; 1998 to
present, Glazer, MCM, pers. commn). The 2001 vatweshe current best estimates for that year as

recent data capture awaits finalisation.

For simplicity, the catches of hake made by thédns trawl and handline/longline fleets are
assumed to consist 8. capensionly. This assumption is considered to be readertadcause they
are restricted to relatively shallow water (LeslCM, pers. commn). The catches made by the
offshore trawl fleet have been split by species dpplying the species proportion-by-depth
relationship for the south coast developed by Gerdnet al. (1995b), which was estimated by
stratifying the south coast research survey catdheglepth. Prior to 1978, there is no depth
information recorded for the landings so that thepprtion ofM. capensicaught cannot be estimated

using this method. Consequently, the catch dataher1967-1977 period are split by species by
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assuming that the average proportiorivbfcapensisn the offshore catch over the 1978-1982 period
(45%) applies to the earlier data. This assumptas;, however, recently been questioned as trawling
was concentrated in inshore area around Cape Taownirabays along the south coast when the

fishery began. Future assessments will need teéesitivity to different assumptions about thitsp

Furthermore, because fleet-disaggregated catch afatanot available prior to 1974, the
assumption has had to be made that the annual afitbh inshore fleet from 1967 to 1974 was equal
to its 1974 value of 10 thousand tons, and thab#tence of the total catch recorded was takerndy t

offshore fleet.

7.1.2 Abundance indices

CPUE and survey abundance indices, along with dhgpBng standard errors for the survey
abundance indices, are listed in Table 7.2. BothGRUE indices and survey biomass estimates are
treated as indices of relative abundance in theri@ete Case assessment. The CPUE index consists
of two separate series, the first from ICSEAF f669 to 1977 (ICSEAF, 1989) and the second from
1978 to 2000 (Glazer and Leslie, 2001b), corresipgndo the historic (“old”) and the GLM-
standardised catch rates respectively. Both CPUiEssare for the offshore trawl fleet. As mentioned
above, there are no effort-by-depth data availphiter to 1978 so that the historic CPUE data far th
offshore fleet cannot be disaggregated by speldi@sever, since information on the CPUE trend over
this period is important for the assessment, tisaraption is made that these combined-species data
are also reflective of trends in tMe capensistock alone. The CPUE data for the inshore flehat
used in this analysis due to their unreliabilitye¢lie, 1998b). Although the total landed catch is
known (measured at discharge), there are some c@nabout the accuracy of the data recorded in the
logbooks, such as trawl duration. Further invesingeof the inshore CPUE data should be carried out
to ascertain if a subset might be of sufficientatality to provide a CPUE series for use in future

assessments.

Due to problems in capturing and validating theadat a drag level in 2001, the GLM-
standardised CPUE series is restricted to datéh#othree biggest companies (Irvin & Johnson, Sea
Harvest and Atlantic Trawling) (see Glazer and iee2001b, for more information). Because these
three companies account for the greatest majofithe catch, using these restricted data should not

affect the assessment appreciably.

Research surveys have been conducted bi-annuadlyring and autumn from 1986 on board
of the FRSAfricana(estimates up to 1997, Geromont and Butterwo®B894; 1998 to present, Leslie,

MCM, pers. commn). Survey biomass estimates ardasea for two depth ranges. The 0-200 m
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depth range excludes estimates for waters deepeittie 200 m isobath, while the biomass indices for
the 0-500 m depth range reflect the biomass fomthele survey area and are more representative of
the entire stock. Despite the fact that estimabeshfe 0-500 m depth range are not available for al
surveys (such as the 1989 and 1990 autumn surwégsReference Case assessment uses this series

of estimates as an index of relative abundanceusecthey reflect wider coverage of the resource.

7.1.3Catches-at-age

Commercial catch-at-age data are given as propsriio Table 7.3 for the inshore fleet. Data
for the longline/handline fleet are given in TalBld (up to 1996, Geromont and Butterworth, 1999a;
1997 to present, Leslie, MCM, pers. commn). It $suaned that these two fleets catch olly
capensislt is not possible to disaggregate the comme@ath-at-age data at a species level so that
the catch-at-age data for the offshore fleetMorcapensionly are therefore not available. The catch-
at-age information obtained from the autumn sufeeyhe 0-500 m depth range is shown in Table 7.5
(up to 1994, Geromont and Butterworth, 1999b; 189present, Leslie, MCM, pers. commn). The
plus-group age for both commercial and survey dathosen as 7. The commercial minus-group is
taken as 3 for the offshore and inshore trawl §legtd 4 for the longline fleet, which targets offilehn.

There is no minus group for the surveys.

7.2 Reference Case assessment specifications

The following assumptions have been made for thierRece Case assessment of khe
capensishake stock off the south coast of South Africsigraale has not been repeated below when it

duplicates that given for Namibian hake in Sectd?):

1)Byy, =K*®: The model assumes that the stock was at itsineisevel when the fishery

commenced.

2) Natural mortality M, is taken to be age-independeld) (as there is not enough information in the

data to allow for the estimation of an age-depeniien

3) Commercial selectivity-at-ag&ach fleet is characterised by a different selggtpattern. The
selectivity takes on the form of a logistic curegation 4.25). Due to the depth distribution & th
hake (with older fish found at greater depth thaanger ones) the inshore fleet does not fully
select older fish and a slope paramstéee equation 4.26) is therefore estimated farfteet. On

the other hand, the longline fleet targets printypalder fish so that the slope parameddor that
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fleet is set to zero. As there are no catch-atdaga available to estimate a selectivity vectottitier

offshore fleet, the selectivity for this fleet issamed to be the same as for the inshore fleet (i.e

acf and 5 for the offshore fleet are set to the same vahisesstimated for the inshore fleet), but

with a zero slope. For the longline fleet, the sty for ages< 4 indicated by a logistic curve is
multiplied by a factora . Indeed, the selectivity for this fleet and thages is so low that it is not
adequately represented by a logistic curve. Tharpeter 4 is treated as another estimable

parameter in the likelihood maximisation process.

4) Survey selectivity-at-ag&he survey selectivity is estimated separatelyefich age and is assumed
to be the same for the spring and autumn survettempts to use a logistic form for the survey
selectivity led to model mis-specification; catdrage residuals were particularly large for ages 1

to 4 when using the logistic form.

5) Stock-recruitment residualsry is fixed at 0.25. The residuals are assumed ndietserially

correlated, i.ep = 0. They are estimated from year 1984 to 199%0dy- in equation 4.22).

fi

6) Lower bound on the variance on the CPUE dMaima for theseg  * estimates corresponding

to the GLM-based and ‘historic’ series are 0.1 @rb respectively.

7) Additional variance on surveyAn additional variance is estimated for the sysveonducted by

the Africana

7.3 Results and Discussion

Only results from the Reference Case assessmeptarieled in this Chapter. For variants of
this assessment which deal with some of the urno&ds about the model-assumptions/structure see
Appendix A3. Management quantity estimates for Rederence Case assessment are given in Table
7.6, whereas Fig. 7.1 shows the resource abundaneeseries estimated. In thé. capensissouth
coast assessment, which distinguishes three ditfdighing fleets, the exploitable biomass and
associated quantities (such as MSY) have been astilrfor each fleet separately. These estimates,
which are different for each fleet because eaddt thas a particular fishing selectivity-at-age gait
are shown in Table 7.6 under the ‘Offshore’, ‘Indicand ‘Longline’ headings. In order to make
comments about the fishery as a whole, an avemgetiwity (and resulting exploitable biomass and
associated guantities) has been computed by asguh@nsame proportion of the catch as was made

by each fleet in 2001. These ‘average selectigstimates are shown in the first column in Tabe 7.

92



Chapter 7 — Assessment of the South African saatét &1. capensis resource

As with the Namibian and west coast hake stockshthcapensisesource on the south coast
shows a decline from the beginning of the fisheryhie mid-1970’s. The resource on the south coast
has, however, not been exploited to the same eatetite larger stocks off the west coast of sonther
Africa. The lowest the biomass is estimated to hraaehed was in 1976 when it fell to approximately
34% of its pre-exploitation level. By comparisolne twest coast stock fell to less than 10% of i&s pr
exploitation level. This can be explained by thet that the south coast fishery only really tookiof
the mid-1960’s relatively soon before the creatwinlCSEAF and the implementation of more
stringent management policies. In addition, a lspgeion of the south coast grounds is untrawlaisle

the area is too rocky, and could therefore prodidefuge for a part of the population.

The initial decline in the south coast. capensisstock was followed by a rapid recovery
period that lasted until the early 1980’s. Sinaentkthe stock has remained fairly stable, at ar@04d
of its pre-exploitation biomass. This is well abave ‘average selectivity’ MSYL of 0.376. The
‘average selectivity’ MSY for the south coddt capensisstock is 33 thousand tons. Surprisingly, the
probability intervals on the spawning biomass (Fid.b) are not widening with time as is the case fo
the Namibian and South African west coast hakeuress. A possible reason is that the proportionate

recovery of the south coadgt capensigesource is better than in the other two cases.

A number of the management quantities associatéfu twe inshore and longline fleets are
very poorly estimated. This results in the aversgjectivity estimates having very large CVs (Table
7.6). For example the 90% probability intervals tloe average-selectivity MSYL are extremely large
(Fig. 7.1b).

The natural mortalityM is taken to be independent of age and is estimatéuk 0.55 yt.
Although this is the lowest of tHd estimates for the various hake stocks off soutldriga, it is still
higher than what would be expected for a relativehg-lived fish such as hake. One of the reason
why M is estimated to be lower for this stock is theeatistically high value estimated for the
steepnesh (1.0), which would suggest an extremely producsiteek, for which no correlation exists
between recruitment and biomass. The estimateh#oCtv (0.01) on the steepness parameter is also
unrealistically low. This can be explained by tlaetfthat this estimate is Hessian-based and, as the
steepness parameter is hitting an upper bounddryiatot accurate as the log-likelihood will et
quadratic inh close to this point. These estimates are causediocern and are discussed in more

detail in Chapter 9.

Somewhat unexpectedly, this assessment suggesthdh@search survey swept area biomass
estimates overestimate the stock size on averagmbg than 100% (the proportional bias coefficients
for the spring and autumn surveys are 2.2 andeapectively). Again, a plausible explanation ig tha
a large portion of the south coast grounds is wiafale (R. Leslie, MCM, pers. commn). Indeed,

because the swept-area methodology used for tiveysuassumes that the fish are homogeneously
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distributed within the whole area surveyed, if hdkasities in the untrawlable area are actuallyelow
than in the area trawled by the survey vesselwbigdd lead to an overestimation of the biomasss as

suggested by the assessment model. The issueveysuias is discussed further in Chapter 9.

The Reference Case assessment fits to the abunitaimes and catch-at-age data are shown
in Fig. 7.2 and Fig. 7.3 respectively. These figurempare the observed values and the corresponding
model predictions. Although the model shows a realke fit to all the indices, the GLM-standardised
CPUE series seems to show some pattern in theusdsjdvith a profusion of positive values in the
middle of the series and mainly negative valueitimer side. The reason for this pattern should be
investigated further. The general fit to the higt@@PUE data is good although, similarly to the twes
coast case, the model does not mimic the initieépstdrop in abundance suggested by the CPUE

series.

The model fit to the catch-at-age data (Fig. 713D aeems reasonable for the commercial
data. There is however a particularly large diffies between the observed and predicted catch of 0
year olds in the autumn survey data. This is dughéodata for the 1999 survey which have an
unusually large proportion of 0 year olds (16% caneg to, on average, less than 3%). This might
suggest that an extremely good recruitment occurrddat year, but there are no subsequent years’
data available as yet to confirm this. The catehes data in Fig. 7.3 also show four very different
patterns depending on the fleet. To aid comparid@npredicted catch-at-age values for the offshore
fleet are also shown, although actual data ar@ventable for this fleet. The majority of fish cdudpy
the inshore fleet are 4 years old or younger; mrest the greatest proportion caught by the loegli
fleet consists of fish older than 6 years. Thehuife fleet is assumed to have a similar catch-at-ag
pattern to that of the inshore fleet, although caithing small fish to the same extent. Due tosthe
gradation by depth, smdll. capensisre not generally available to the offshore fl&st.contrast, the
survey data show a more uniform catch with agesé&ifferences in the catches-at-age are reflected

in the different selectivities for the fleets, asmde seen in Table 7.6.

The catch-at-age data obtained from the survey shather different pattern to that observed
for surveys off Namibia and off the South Africaest coast, where a larger proportion of small fish
are caught. On the south coast, the proportiomgrateaught by the survey are very widely spread
over the ages (Table 7.5) and consequently thenastd survey selectivity pattern shows a steady
increasing trend up to age 5. Possible explanafamthese different patterns might be relatechi t
hypothesis of Le Clus (MCM, pers. commn), whichgegis thaM. capensisnight be moving to the
south as they grow older. Furthermore, the west smgth coasts have very different seabed
topographies, with a very narrow continental slopethe west coast and the wide Agulhas Bank on
the south coast, which affects the distributiotheftwo hake species and possibly the survey etch-

age pattern. The greater proportion of untrawlgptainds on the south coast compared to the west
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coast could contain differentially more of the slexaM. capensisand so bias the survey results. The

question of differing selectivity functions fromearto area is discussed in more detail in Chapter 9

Fig. 7.4 plots the standardised catch-at-age raldar the commercial (inshore and longline
fleets) and survey data. There are no clear sysiesféects in the residuals, although Fig. 7.4oveé
two years (1992 and 1999) with systematically sematkatches of fish aged 3 years and above than

expected in terms of the model.

Fig. 7.5c¢ plots the stock-recruitment curve. Whk estimated high value, recruitment does
not decrease with the spawning biomass, but ratlags high until the resource is close to collapse.
Fig. 7.5a shows the estimated residuals abousthik-recruitment function. These residuals show a
consistent negative trend with time, which corregfoto poor recruitment in the last decade
compared to that in the 1980’s. During the periodvihich recruitment residuals are estimated, the
spawning biomass stayed relatively stable so thatetstimated decrease in recruitment cannot be
linked to a decrease in biomass. The reason ferpditern need to be investigated further. Figo 7.5
plots the time series of recruitment. Again, beeanfsanh value of 1, the recruitment is constant over

the periods for which recruitment residuals are¢®eaero rather than estimated.

Fig. 7.6 shows the effect of varying tlme-input (the input standard deviation for the stock-
recruitment residuals) on thek-output (calculated from the maximum likelihoodiesttes for the
stock-recruitment residuals), MSY (for each flemtd the spawning biomass. The model fit did not
converge for values afiz-input greater than 0.45. Tla-output in Fig. 7.6a is consistently lower than
the input values and never exceeds 0.2. Not surglystherefore, the estimated MSYs and current

resource depletion are not greatly influenced lewidue input foior, certainly forog-input > 0.1.

Fig. 7.7 plots the time series of spawning bionfasshree values obr-input (0.10, 0.25 and
0.40). Both the estimated spawning biomass and M&¥Lmore affected by a decrease in the scale of
the recruitment fluctuations than by an increaséh\&h ox-inputof 0.1, the south coaM. capensis
resource abundance shows a virtually flat trendr dlee last two decades and is estimated to be
currently at more than double the MSY level, whodmstitutes an even more optimistic appraisal of
the resource than the Reference Case ggitimput of 0.25. This is because the recruitmerfoiced’
to stay closer to the values indicated by the steckuitment curve and the decrease in recruitriment
the mid-1990’'s is not as evident. Increasing theinputto 0.4 did not affect the estimates as
dramatically as decreasing it by the same amoutitough the resource status is estimated to be

somewhat poorer. The sensitivity of the model te talue input foroy, is discussed further in

Chapter 11.
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Table 7.1 Assumed total annual catches by fleet for theétsoaast (east of 20°E) M. capensidor

the period 1967 to 2001 (up to 1997, Geromont antteBvorth, 1999a; 1998 to present, Glazer,
MCM, pers. commn). The catch assumed for 2001 asptiesent best estimate for that year, as data
capture is still being finalised. Note that longlicomponent of the line catches is relatively well
known, but that the handline component is onlythaacoarse estimate obtained from a combination
of reported catch, factory figures and export fegu(Sims, MCM, pers. commn).

Year Offshore Inshore Longlipe/ Total
Handline

1967 3.302 10.000 13.302
1968 9.614 10.000 19.614
1969 14.202 10.000 24.202
1970 8.008 10.000 18.008
1971 11.023 10.000 21.023
1972 21.320 10.000 31.320
1973 30.303 10.000 40.303
1974 40.875 10.056 50.931
1975 30.352 6.372 36.724
1976 23.363 5.740 29.103
1977 16.634 3.500 20.134
1978 15.340 4.931 20.271
1979 18.299 4931 23.230
1980 16.594 4.931 21.525
1981 12.470 9.400 21.870
1982 19.025 8.089 27.114
1983 16.544 7.672 24.216
1984 14.587 9.035 0.016 23.639
1985 21.940 9.203 0.357 31.50(
1986 16.975 8.724 0.386 26.084
1987 16.357 8.607 0.449 25.413
1988 17.973 8.417 0.402 26.799
1989 24.298 10.038 0.169 34.504
1990 25.656 10.012 0.348 36.014
1991 18.600 8.206 4.270 31.074
1992 15.106 9.252 2.599 26.957
1993 11.560 8.870 0.278 20.709
1994 11.729 9.569 1.129 22.421
1995 10.010 10.630 1.447 22.087
1996 14.046 11.062 3.354 28.462
1997 10.420 8.834 3.979 23.23]
1998 6.554 8.283 3.209 18.044
1999 7.385 8.595 6.893 22.873
2000 11.801 10.740 7.026 29.567
2001 13.575 10.165 6.900 30.644
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Table 7.2: Historic (ICSEAF - 1969 to 1977) and GLM-standaedl (1978 to 2001) CPUE data
(restricted to data for Irvin & Johnson, Sea Hanersd Atlantic Trawling; see Glazer and Leslie,
2001b), and spring and autumn surveys abundandématss with associated standard errors in
thousand tons for south coddt capensidor the 0-500 m depth range (up to 1997, Geronamwt
Butterworth, 1999; 1998 to 2000, Leslie, MCM, pezemmn). The historic CPUE series is fdr
capensisand M. paradoxuscombined (ICSEAF, 1989). The autumn surveys ditltake place in
1998, 2000 and 2001 because of technical probldathgshe survey vessel, tiidricana

; Spring Survey Autumn Survey

vear | 21122 CPUE G'(‘Q"/ﬁf:)’E (0-500 m) (0-500 m)

(tons/hr) ’ Biomass (s.e) Biomass (s.e)
1969 1.23
1970 1.22
1971 1.14
1972 0.64
1973 0.56
1974 0.54
1975 0.37
1976 0.40
1977 0.42
1978 4.59
1979 5.09
1980 5.33
1981 4.77
1982 6.23
1983 7.24
1984 7.60
1985 10.20
1986 8.39 202.871  (278.450)
1987 7.50 162.282  (17.512)
1988 7.38 165.184  (21.358)
1989 7.96
1990 9.55
1991 10.11 273.897  (44.363)
1992 8.35 137.798  (15.317)
1993 6.46 156.533  (13.628)
1994 7.57 158.243  (23.607)
1995 7.59 233.359 (31.862)
1996 6.08 243.934  (25.035)
1997 5.20 182.157  (18.601)
1998 6.40
1999 5.80 190.864  (14.929)
2000 6.67
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Table 7.3 Inshore fleet catches-at-age (proportions of nensipbfor M. capensison the south coast
(up to 1996, Geromont and Butterworth, 1999b; 1t@9gresent, Leslie, MCM, pers. commn).

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 0.00Y
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 0.01%
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 7.4 Longline/handline catches-at-age (proportionswafnbers) forM. capensison the south
coast (up to 1996, Geromont and Butterworth, 199987 to present, Leslie, MCM, pers. commn).

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 0.31
1995 0.000 0.000 0.000 0.006 0.093 0.262 O.BSI
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
1998

1999

2000 0.000 0.001 0.003 0.020 0.148 0.203 0.626¢
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Table 7.5 Autumn survey catches-at-age (proportions of rensfior the 0-500 m depth range for
south coastM. capensis(up to 1994, Geromont and Butterworth, 1999b; 189%resent, Leslie,
MCM, pers. commn)

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 0.029
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 0.052
1998

1999 0.159 0.140 0.281 0.145 0.117 0.087 0.040 0.030
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Table 7.6 Estimates of management quantities for the Reéer€Case assessment for south chhst
capensisthe first figure shown is the best estimate,diwitd by the Hessian-based CV in parenthesis
(note that the Hessian-based CV foris unreliable as this parameter is estimated aband).
Exploitable biomass and associated quantities atena&ted for each fleet (assuming that this
particular fleet is the only one operating) and dar‘average-selectivity’ in the first column (deat

for details).

Reference Case
Total -Inl. -116.6
-Inl. : CFTUE -36.7
-Inl: Survey -10.7
“Inl: CA A com -o0.4
-Inl: CA L surv -21.8
-Inl: 3E. Residuals 31
Offshore Inshore Longline
K% 170 (013
K% 115 (0.36) 142 (015 121 (0171 730.4m
B s000 20 01h
B a0 46 (045 38 (016) PR ) 13 (07
i 1.000 (0013
MEYLF 64 (027 49 (0.21) 21 (023 117 (0.08)
MEYL 27 (D08 26 (0.1 24 (0.16) 20 (023
MSY 33 (1m 35 (0.0 35 (01m 27 (022
B oo /KT 0471 (014
B pnor K 0401 (017 0406 (016) 063% (010 0130 (047
B pnor/MIYL® 1.251 034 1ed6 (012 3904 (026) 0635 (013
B snor/MSYL 1710 4 2224 (014 3209 (003 06728 (037
MEYLT KT 0376 (033 0286 (019 0121 (033 0637 (019
MSYL T 0235 (035 0182 (021  0.19% (010 0265 (017
M 0546 (019
Age|l Sapva Soffa Sina Sa
of 000 0.00 0.00 0.00
1 0.07 0.00 0.01 0.00
2l 015 0.0z 0.07 0.00
3l 0.2% 0.1z 0.44 0.00
4 060 0.53 1.00 0.00
sl 0.9 089 0.96 0.10
) 1.00 099 0.60 0.4z
T 091 1.00 0.35 1.00
Commercial sigma's:
historic CPTTE| 0.251 (0.31)
GLM CPTUE| 0.267 (014
Commercial g 's:
historic CPUE| 0.010 (020
GLM CPUE| 0.107 (0163
Survey g 's:
spring|  2.157 (031}
avtumn| 2511 (D.31)
Catches-at-age sigma's:
ishore| 0.102 (0.04)
longline| 0,147 (0.09)
autumn survey| 0130 (0.03)
Additonal sigma (survey) 0165 {0305
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Fig. 7.1 The Reference Case ASPM assessment (which inaigsofluctuations about the stock-
recruitment relationship) for the South African 8oooast hak&l. capensisesource is shown in a),
together with the estimated 'average-selectivit3¥¥ (see text for details) and the annual catches
(distinguishing the catches made by the offshaighore and longline/handline fleets); b) shows the
Hessian-based 90% confidence intervals. The res@bandance is expressed in terms of spawning
biomass as a proportion of its pre-exploitationikdaium level B%/K*").
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Fig 7.5 Time-series of a) estimated standardised stoctuitenent residuals and
b) recruitment for the Reference Case assessméime gbuth coadll. capensis
resource. ¢) shows the stock-recruitment relatignsh
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Fig. 7.6: gg-input vs. a)gg-output (the dashed line showg-output =gg-input),

b) MSY (for each fleet) and &°Pogy/K™, for the Reference Case assessment
with fluctuations in the stock-recruitment relatstwp. [J shows the casgg-input
= 0.25 used in the Reference Case assessment.
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Fig. 7.7 Time-series of spawning biomass (in terms opits-exploitation equilibrium level)
for three values of input, (0.10, 0.25 and 0.40), together with the estichddSYL.
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8 Assessment of the South Africaml. paradoxus

resource

Previous attempted assessments of the south &bagiaradoxusresource did not yield
sensible results, probably because it is not aragpatock, independent of the west coast stocksan
does not react in the standard manner implicitacks dynamics equations in response to what is in
fact only localised and hence partial exploitatiemels (Geromont and Butterworth, 1999a). This
Chapter describes assessments oMhparadoxugesource off South Africa, both for the west coast
only and for the south and west coasts combineddRayer and Butterworth, 2002b). The purpose
of this work is primarily to compare the relativeoguctivities of the south coakt. paradoxusstock
with the entire South African (west and south ceasimbinedM. paradoxusstock, in order to better
estimate a sustainable catch for the south coaspanent of theM. paradoxusstock, currently not
included in the OMPs. Estimating the current statuthe resource is therefore not the main aim of
this exercise and this is why it is considered adégjto use data up to 1999 only, which are readily

available.

8.1 Data

8.1.1Total catch

The total annual catches i paradoxusassumed for this analysis are shown in Table®.1 f
the south and west coasts separately, from theniegi of the fishery to 1999. Despite the fact that
proportion ofM. paradoxusare caught by the longline fleet, both on the Is@id west coasts, this
assessment is fleet-aggregated, as there is nomation immediately available on the species-
structure of the longline catches. All the catches therefore assumed to have been made by the

offshore trawl fleet.

The catches have been split by species by applytmg species proportion-by-depth
relationships for the west and south coasts deeeltyy Geromonet al. (1995b) (Glazer, MCM, pers.
commn), which were estimated by stratifying theeegsh survey catches for each coast by depth.
Prior to 1978, there is no depth information reedrdor the landings so that the proportionMf
paradoxuscannot be estimated by this method. Consequéhtycatch data for the 1917-1977 period
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have been split by species by assuming that theag&eroportion oM. paradoxusin the offshore
fleet catch over the 1978-1982 period applies i® ¢hrlier data. These proportions are 55% and 92%
for the south and west coasts respectively. As whith south coasM. capensisassessment, this
assumption has been questioned because when hleeyfisommenced, trawlers operated in inshore

areas close to Cape Town, so that future assessstenild consider other assumptions.

8.1.2Abundance Indices

Historic and GLM standardised CPUE data are giwefable 8.2. The historic CPUE data for
south coast from 1969 to 1977 and for west coash fl955 to 1977 are fdvl. capensisand M.
paradoxuscombined (ICSEAF, 1989). They cannot be disagdeshdy species, as there are no
effort-by-depth data available for this period. Hawer, since information on the CPUE trend over this
period is important for the assessment, the assomj® made that these combined-species data are
also reflective of trends in the separiteparadoxusstock alone. The GLM standardised CPUE data
from 1978 to 1999 are from Glazer (MCM, pers. conitimese are foM. paradoxuonly (and based

also on the estimated species-proportion vs. defdkionship).

Survey biomass estimates fiot. paradoxusfor the depth range 0-500m, along with their
associated standard errors, are given in Table(188lie, MCM, pers. commn). The combined
estimates were obtained by adding the south cofstna survey biomass estimates to the west coast
summer survey estimates and using them as an iodeegin-year abundance (as the west coast
contribution dominates). This is not ideal becanisthe different time of the year when these susvey

take place, but achieves the longest time series.

8.1.3Catches-at-age

Commercial catches are not split by species angkfitre catch-at-age information fod.
paradoxusonly is not available for the commercial catchempefully in the future, on-board
observers will be able to provide a basis to ednc@mmercial catches-at-age by species in South

Africa, as is currently the case in Namibia.

Survey catch-at-age data (expressed as proporéoasjven in Tables 8.4, 8.5 and 8.6 for the
south coast, west coast and the two coasts combisbctively (Leslie, MCM, pers. commn).
Because of the very low proportions of older figtg+ plus-group is adopted. The south coast catches

at-age have been calculated from length frequeaty asing an age-length key for fish caught on the
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west coast. Indeed, there are not enolMghparadoxuscaught and aged during the surveys on the

south coast to be able to reliably estimate a s¢page-length key for that area.

To obtain the survey catches-at-agévbfparadoxudor the west and south coasts combined,
the catches in numbers in each age class were d@ld#te south coast autumn survey and the west

coast summer survey (0-500m depth range), andddwverted to proportions.

8.2 Reference Cases assessment specifications

The M. paradoxusresource is assessed in two ways, the west coagtanent only (‘West
Coast only") and the stock as a whole (‘Both Cdgstee reasons for proceeding in this way are
discussed in Chapter 12. Three variants of thesassnt model are presented for each of the two
cases. The difference between the three variandslisin the shape of the selectivity function (for

both the commercial and the survey selectivititslder ages.

The age-structured production model used is exdlalysame in both assessments, only the
data inputs change. The following assumptions hiaen made in the assessments of the
paradoxushake stock off the south and west coasts of Saftica (rational as not been repeated

below when it duplicates that given for Namibiakdén Section 5.2):

1) B¥,=K*®: The model assumes that the stock was at itsin@idevel when the fishery

commenced.
2) Natural mortality M, is taken to be age-dependawit) (with the form of equation 4.23).

3) Commercial selectivity-at-agés there is no information on the age-structur¢he commercial

catches ofM. paradoxus commercial selectivity-at-age cannot be direc&lstimated.S?’;"is

therefore estimated by assuming that the ratiothefsurvey to commercial selectivities-at-age
from the combined-species west coast assessmeaptElle) apply here too. Similarly, the periods
of fixed and changing selectivity used in the camebi species west coast assessment (to take
account for the change in the selectivity pattdrioa ages over time in the commercial catches)
have also been used in this assessment. The dlesttisity period is from 1917 to 1984 and the
second from 1993 to the present, with the seldig#vin the intervening period assumed to vary
linearly between these 1984 and 1993 values. Toyoptions of the survey selectivity used for the

commercial selectivity are as follow:
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Ages 1917-1984 1993-1999

0 0.0 0.0
1 0.0 0.0
2 0.7 0.25
3 1.0 1.0
4 1.0 1.0
5+ 1.0 1.0

4) Survey selectivity-atge The survey selectivity is estimatdidectly by the model for ages 0 and

5)

6)

7)

8)

1 and set to 1 for ages above 1, as for the cordkspecies west coast assessment. However, both

the survey and the commercial selectivities cammbeified by including a downward slope for

a>a

slope?

which measures the rate of decrease in selgcivth age for fish older tham

slope*
Three variants on the assessment are reportedsitChapter; they vary only in the value of this
selectivity slope. These variants are: a) ‘no slopg‘slope of 0.2' § = 0.2 yr*) and c) ‘slope of

0.4’ (s= 0.4 yrY). The slope is taken to be the same for the suamelythe commercial selectivities.
The analysis with slope > 0 assumes the age fromhwthe decrease commenceg,,, = 3. A

decreasing selectivity at large ages Kbr paradoxusseems quite plausible, as the older animals

may be preferentially in deeper waters than areooarily trawled.

Stock-recruitment residualsr, is fixed at 0.25. The residuals are assumed ndietserially
correlated, i.ep=0. They are estimated from year 1985 to 1996 for whest coast only

assessments and from year 1986 to 1993 for théscoasbined assessments.

fi

Lower bound on the variance on the CPUE ddaima for theseo ' estimates corresponding

to the GLM-based and ‘historic’ series are 0.1 @rb respectively.

Additional variance on survey®\ common additional variance is estimated for gwveys

conducted by thafricanaand theNansen

CPUE series used he ‘Both Coasts’ assessment is fitted to boéhsibuth and west coasts historic
CPUE series.

8.3 Results and Discussion

Estimates of management quantities for the thremma of the model, for both the ‘West

Coast only’ and the ‘Both Coasts’ cases are gimehables 8.7 and 8.8 respectively, whereas Fids. 8.
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and 8.5 show the resource abundance time-seriegdoh of the three selectivity slopes. The
differences are minimal between the two cases withositive selectivity slope, but they differ
markedly from the ‘No slope’ case in terms of spengrbiomass trajectories. In both the ‘West Coast
only’ and the ‘Both Coasts’ cases, the fit is diglbetter when the selectivity on the older fish i
allowed to decrease (see Tables 8.7 and 8.8)atlsiss primarily because of a better fit to theveyr
catch-at-age data. A slope of 0.4 fits the ‘Wesast@nly’ data the best, while the ‘Slope of 0.25e
gives the best fit (of the three variants considgfer the ‘Both Coasts’ assessment. Figs. 8.2&#8Ad
show how these two models fit the abundance indibedoth cases, the model shows broadly
reasonable fits to the CPUE indices. The model doésiowever fit the clear positive trend shown by
the survey biomass estimates, particularly in YWest Coast only’ case, because very little recoigery
observed over the last 20 years in the catch ratesreason for such different trends in the CPOEE a

survey data should be investigated further.

Figs. 8.3 and 8.7 show the fit of these model$eodurvey catch-at-age data. The fits to the
catch-at-age data are good, although in both calespite the fact that selectivity is assumed to
decrease for older ages, the model predicts tae larproportion of fish of age 4 and above. This
pattern of too many large fish predicted in theclsas-at-age is also clear in the ‘bubble’ plotshef
standardised catch-at-age residuals (Figs. 8.8@)dwhere the residuals are systematically negati
for ages 4 and above. Furthermore, the model sézmsderestimate the proportion of O year old in

the ‘West Coast only’ case, though this might be tduthe large recruitment observed in 1999.

Having a decreasing selectivity at older ages tedul a more pessimistic estimate of the
status of the resource in 1999, compared to the wath a flat selectivity at older ages, but the
estimates oM, seem more realistic (not as high as for the ‘Npel case), particularly for older ages.
In the ‘Slope of 0.4’ case, the stock in 1999 isnested to be at about 17% of the pre-exploitation
spawning biomass. In the ‘No slope’ case, the 1§88vning biomass is estimated to be in a better
condition, at about 27% of the pre-exploitationelevi here has been a steady recovery in the South
African M. paradoxusstock since the sharp decline in biomass in tteell860’s and 1970’s; however,
in the models with a positive selectivity slopdsttecovery is estimated to be small and the ctirren
spawning biomass is still well below its MSYL ofppximately 0.26 — 0.30 (depending whether or

not the south coast is included in the assessment).

In all cases, the difference in the MSY estimatetsvben the ‘West Coast only’ and the ‘Both
Coasts’ assessments is approximately 19 thousarsd 8uggesting that the effective MSY for the

south coast portion of thd. paradoxusstock is close to this value.
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Table 8.1 Assumed total annual catches by coastMorparadoxusfor the period 1917 to 1999.
Catches are given in thousand tons. Refer to thiefée details on the assumptions made and the

sources for the data.

Year South coast West coast Total Ye+r South cdast  Wdast g Total
1917 0.920 0.920 1954 134.251 1=4.2
1918 1.011 1.011 1960 147.032 127.0
1919 1.747 1.747 196 136.733 136.7
1920 0.000 0.000 1962 135.722 185.7
1921 1.195 1.195 196 155.859 15%.8
1922 0.920 0.920 1964 149.239 139.2
1923 2.299 2.299 196% 186.663 18%.6
1924 1.379 1.379 1966 179.307 10B.3
1925 1.747 1.747 1967 2.657 162.480 165.137
1926 1.287 1.287 1968 7.735 132.044 139.779
1927 0.736 0.736 1969 11.475 153.81| 163.289
1928 2.391 2.391 1970 6.444 131.032 137.476
1929 3.494 3.494 197 8.869 185.744 194.613
1930 4,046 4.046 1972 19.825 222.30| 244.127
1931 2.575 2.575 1973 24.382 145.08| 169.466
1932 13.149 13.149 197§ 32.888 10B. 145.989
1933 10.207 10.207 197p 24.421 @&.4 106.826
1934 12.689 12.689 197p 18.798 aABR. 151.112
1935 13.793 13.793 197f 13.383 930 107.477
1936 16.276 16.276 197 13.947 5.3 109.281
1937 18.574 18.574 197 15.475 @3.4 99.874
1938 19.402 19.402 198p 15.328 &3.7 109.091
1939 18.390 18.390 198l 7.880 A.70 99.584
1940 26.298 26.298 198p 14.051 68.2 92.312
1941 28.137 28.137 198 12.447 8.9 81.385
1942 31.724 31.724 198¢ 13.960 3.3 95.314
1943 34.850 34.850 198p 18.651 8%.0 113.740
1944 31.356 31.356 198p 21.071 438 125.506
1945 26.850 26.850 198} 13.801 108. 113.919
1946 37.149 37.149 198 14.767 @%.4 101.176
1947 38.068 38.068 198 14.112 41.3 95.453
1948 54.068 54.068 199p 17.335 73.5 93.908
1949 52.781 52.781 199 20.999 &2.2 105.258
1950 66.206 66.206 199p 24.446 &2.6 109.106
1951 82.297 82.297 199 19.451 6.7 116.196
1952 81.654 81.654 199¢ 16.622 as4. 118.458
1953 85.975 85.975 199p 19.536 8.8 113.409
1954 96.918 96.918 1996 34.451 @D.2 124.652
1955 106.113 106.113 199 29.290 A8 120.770
1956 108.688 108.688 199 21.450 7.388 128.837
1957 116.228 116.228 199 29.096 585 114.689
1958 120.182 120.182
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Table 8.2 Historic ICSEAF (1969 to 1977 and 1955 to 19710SEAF, 1989) and GLM standardised
(1978 to 1999) (Glazer, MCM, pers. commn) CPUE dattaM. paradoxusThe historic CPUE series
is for M. capensisandM. paradoxuscombined, while the GLM-standardised CPUE sese®ii M.
paradoxusonly.

South coast West coast Combined
Year ICSEAF CPUE  GLM CPUE ICSEAF CPUE GLM CPUH GLM CPUH
tons/hr kg/min tons/day kg/min kg/min
1955 17.31
1956 15.64
1957 16.47
1958 16.26
1959 16.26
1960 17.31
1961 12.09
1962 14.18
1963 13.97
1964 14.60
1965 10.84
1966 10.63
1967 10.01
1968 10.01
1969 1.28 8.62
1970 1.22 7.23
1971 1.14 7.09
1972 0.64 4.90
1973 0.56 4.97
1974 0.54 4.65
1975 0.37 4.66
1976 0.40 5.35
1977 0.42 4.84
1978 2.172 10.166 12.338
1979 1.889 10.721 12.610
1980 2.640 10.148 12.787
1981 1.688 10.008 11.696
1982 2.520 9.443 11.963
1983 2.736 10.797 13.533
1984 3.160 11.271 14.430
1985 4,151 13.052 17.202
1986 4.679 11.435 16.113
1987 3.788 9.552 13.340
1988 3.260 8.971 12.231
1989 2.964 9.686 12.651
1990 3.497 9.568 13.065
1991 4.725 11.483 16.209
1992 5.040 10.966 16.006
1993 4.967 10.156 15.123
1994 4.393 10.801 15.194
1995 4.372 10.318 14.689
1996 6.574 11.070 17.644
1997 6.127 10.601 16.728
1998 5.640 12.243 17.883
1999 6.687 10.045 16.732
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Table 8.3 Survey abundance estimates and associated sfaedars in thousand tons fod.
paradoxusfor the depth range 0-500 m for the south and weasts (Leslie, MCM, pers. commn).
The combined estimates are obtained by addingdhth <oast autumn estimates to the west coast
summer estimates.

South Coast West Coast Combined

Year Spring Autumn Summer Winter Autumn/Summer

Biomass (s.e) Biomass (s.e. Biomass (s.9.) Biomass ) (dle.Biomass (s.e.)
1985 168.139 (36.607) 264.916 (52.968)
1986 23.049 (5.9449) 196.151 (36.3p6) 172.52224.129)
1987 21.545 (4.601) 284.859 (53.198) 195.53(q44.425)
1988 30.236 (11.084) 158.796 (27.3p0) 233.10364.016)|| 189.032 (29.54))
1989 468.928 (124.87
1990 282.225 (78.956) 226.910 (46.016)
1991 26.604 (10.431) 327.105 (82.2p9) 353.70982.868)
1992 24.305 (15.197) 234.699 (33.9p3) 259.00437.208)
1993 198.403 (98.423) 321.782 (48.7p9) 520.18809.856
1994 111.354 (34.622) 329.927 (58.3B2) 441.28X67.833)
1995 44.618 (19.823) 324.626 (80.3f0) 369.24482.778)
1996 85.530 (25.484) 430.971 (80.6[L4) 516.501484.547)
1997 134.656 (50.922) 570.091 (108.230) 70A.74119.611
1998
1999 562.988 (116.322)
2000

Table 8.4 Autumn survey catches-at-age (proportions of rensijpbof M. paradoxuson the south
coast for the 0-500 m depth range (estimated frapublished MCM records of catch-at-length and

age-length keys).

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 0.0097
1994 0.0054 0.0898 0.6558 0.1857 0.0170 0.0463
1995 0.0002 0.0002 0.1241 0.7729 0.0886 0.0139
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
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Table 8.5 Summer survey catches-at-age (proportions of rus)tofM. paradoxuson the west coast
for the 0-500 m depth range (estimated from ungbbli MCM records of catch-at-length and age-
length keys).

Proportions caught at agderluccius paradoxus

Age 0 1 2 3 4 5+
1990 0.0285 0.3098 0.4918 0.1583 0.0088 0.0017
1991 0.0182 0.2777 0.5608 0.1069 0.024 0.0079
1992 0.0098 0.3834 0.4847 0.0824 0.0231 0.0118
1993 0.0089 0.1995 0.5469 0.1866 0.0439 0.0097
1994 0.0107 0.2441 0.5508 0.1656 0.0174 0.007§
1995 0.0651 0.1905 0.4435 0.2583 0.0282 0.0094
1996 0.0572 0.3939 0.3018 0.2096 0.0298 0.005
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 0.0024

Table 8.6 Autumn/summer survey catches-at-age (proportansumbers) foM. paradoxudor the

two coasts combined for the 0-500 m depth rang&h@a in numbers in each age class were added
for the south coast autumn survey and the westtcaammer survey and then converted to
proportions.

Proportions caught at agderluccius paradoxus

Age 0 1 2 3 4 5+

1991 0.0177 0.2679 0.5594 0.1137 0.0274 0.0140
1992 0.0093 0.3653 0.4793 0.1039 0.0251 0.0179
1993 0.0064 0.1442 0.5097 0.2881 0.0388 0.0129
1994 0.0098 0.2174 0.5690 0.1691 0.0173 0.017H
1995 0.0605 0.1769 0.4206 0.2951 0.0325 0.0145
1996 0.0529 0.3642 0.2863 0.2503 0.0351 0.0112
1997 0.0052 0.1611 0.5212 0.2748 0.0215 0.0162
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Table 8.7 Estimates of management quantities for the weastccomponent of thil. paradoxus
resource, for three different shapes for the selgcfunction (see text for details). The firsgfire
shown is the best estimate, followed by the Hess&sed CV in parenthesis.

YWest Coast only
Mo slope Slope of 0.2 Slope of 0.4

Total -InL. 105,02 11285 11390

-l : CPUE -39.58 9355 9426

Il Survey 1415 1220 11594

Sl CAS com - - -

Anls TA S sury 792 BET 10066

-Inl: SF. Fesiduals 264 77 296

Fi 559 (0.0%) 692 (005 201 (0.0%)
e 573 (0.0 904 (004 213 (0.04)
BY 1000 133 (0.13) 125 (.14 136 (0.14)
B* 1000 201 (013 171 @13 135 (0.12)
A 0620 (0.06) 0645 (0.08) 0661 (0.06)
AEYLE 171 (009 208 006 233 0T
MEYL 262 (0.0%) 314 005 297 (0.0%)
AfEY 123 (003 128 (003 131 (003
BY 1000/KT 0273 (0.14) 0179 (0.16) 0162 (0.17)
B o0l 0207 (.10 0139 (.11 0190 (.10
B opufMEYLT 0291 (0.16) 0.599 (012 0382 (0.19)
B 1000/ MIYL® 0768 (0.14) 03544 (014 03521 (015
MSYLF T 0306 (005 0298 (005 0291 (005
MSFL S 0.270 (005 0342 (005 0365 (005

fge| Ma BT 517 50| Mo BT 501 50l Ma BT 507 500
0| 1185 0004 0000 0000 093s 0006 0000 0000 0900 0504 0000 0000
1] 1185 01982 0000 0000 099z 023 0000 0000 0500 0267 0000 0000
1185 1000 0Fo0 0100 099z 1000 0700 0122 0500 1p00 0700 0a325
0Ee1 1000 1000 0200 0731 1000 1000 Q977 0678 1000 1000  1.000
0715 1000 1000  1.000 003 0219 0219 1000 0344 0670 0670  0E3E
S+ 0597 1000 1.000 1.000 0504 0670 0670 0E19 0455 0440 0449 0562

In 3 b

Commercial g's:

S ICSELF CPUE
WCICSEAF CPUE| 0026 (D06 002E (006 0031 (006
GLLI CPUE| 0053 (010 00al @1t 0086 (011
Conumercial sigma's:
3 ICSELF CPUE
WO ICSEAF CPUE| 0113 (005 0112 (00 0114 {003
GLL CPUE| 0060 (009 0050 (0.1 0048 (0.1
Survey g's:
Summerfdutumn | 0610 (013 0E51 (015 0857 (015
Winter| 0724 (0.10) 0239 0.1 0984 (011
Catches-at-age sigma's: 0148 (D08 0.141  (0.0& 0138 (D08
Addnl sigma (survey) 0.208 (031 0247 02N 0253 02
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Table 8.8 Estimates of management quantities for the wif@eth Coasts’) component of thd.
paradoxusresource, for three different shapes for the sglgcfunction (see text for details). The
first figure shown is the best estimate, followedlie Hessian-based CV in parenthesis.

Both Coasts
Mo slope Slope of 0.2 Slope of 0.4

Total -InL. -109.02 11116 11060

L. - CPTIE 0616 9651 0503

Il Survey 672 611 597

-inl: CAS com. - - -

nl CAA sury 720 921 067
-Inl3E Eesiduals 1.06 1.07 0.97

Fiid 655 (008 241 (008 907 (.10
e 1020 (005 950 (105 862 (005
BY 000 172 (@10 143 @19 163 (0.19)
B* 1000 260 (0.09) 26 (0.10) 211 (@010
B 0743 (004 0767 (005 0780 (005
MY 174 (004 217 (004 251 (005
METT 259 (00D 315 (003 30 (00D
MY 142 (002) 147 (002 150 (0.02)
B 100K 0271 (@10 0171 (@015 0164 (0.16)
B jggofK 0254 (008 0236 (0.10) 0.245 (0.10)
BY o0/ MEYL® 1023 (013 0661 (0.16) 0650 (0.17)
B jgoofMEYL™ 1002 (0.10) 0717 (012 0701 (0.12)
MSYL P T 0265 (005 0258 (005 0252 (005
MY S e 0254 (005 0320 (004 0350 (004

fge| Mo FTT By Bpge| Ma BT By Bypee| Ma BT Bpa17 30
0985 0005 0000 0000 0200 000y 0000 0000 0701 000g 0000 0.000
0985 0181 0000 0000 0200 0220 0000  0.000 0701 0246 0000  0.000
0985 1000 0700 0100 0800 1000 0700 0122 0y01 1000 0700 0125
0741 1000 1.000 0200 0e03 1000 1000 0977 0528 1000 1000  1.000
0525 1000 1.000  1.000 0424 0g19 0219 1000 0425 0670 0670  DE3Z
5+ 0498 1000 1000 1.000 0405 0670 0670 DEL9 0336 0449 0449 0562

T =]

Commercial g's:

SCICSEAF CPFUE( 0003 (QO% 0oas (00w 0a03 (00N
WCICSEAF CFUE| 0025 (0.06) 0027 (006 0030 (0.08)
GLM CPUE( 0062 (0.10) 0020 (0.1 00sa (0.1

Commercial sigma's:
SCICSEAF CPFUE( 0210 (D0 0208 (00w 0217 (008
WCICSEAF CFUE| 0119 (0.03) 0116 (003 0111 (00D
GLM CPUE( 0065 (D07 0065 (008 0070 (009

Survey g's:
SummertAdutumn| 0777 (010 110l (0.1 1.234 (0.10)
Winter

Catches-at-age sigma's: 0.152 (D06 0.142 (D08 0.140 (D06
Addnl sigma (survey) 0231 (036) 0256 (034 0262 (0.35)
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Fig. 8.1 Estimated spawning biomass (as a proportion@ptie-exploitation level) for the
west coast component of the paradoxushake resource, for each of the three variants
of the assessment (see text for details). MSYllsis shown for each of the variants.
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Fig. 8.3 Model fit to catches-at-age, as averaged ovehallyears with data,
for the 'West Coast only' and 'Slope of 0.4’ case.
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Fig 8.4 "Bubble plots" of the survey catch-at-age resigifiar the "West Coast only' and
'Slope of 0.4' case. The size (radius) of the basbproportional to the corresponding
standardized residuals ((In(obs) - In(pred))/(sitsge(pred))). For positive residuals, the
bubbles are white and for negative residuals, thibles are gray.
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Fig. 8.5 Estimated spawning biomass (as a proportion@ptie-exploitation level)
for the whole ('‘Both Coastd\). paradoxushake resource, for each of the three

variants of the assessment (see text for detMIS)L is also shown for each of

the variants.
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Fig. 8.7 Model fit to survey catches-at-age fdr paradoxusas averaged over all the
years with data, for the 'Both Coasts' and 'Sldg@ad case.
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Fig 8.8 "Bubble plots" of the survey catch-at-age resisifiar the 'Both Coasts' and
‘Slope of 0.2' case. The size (radius) of the aisbproportional to the corresponding
standardized residual ((In(obs) - In(pred))/(sigsgéfpred))). For positive residuals,
the bubbles are white and for negative residulaésbtibbles are gray.
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9 General discussion and comparison between

stocks

This Chapter is based on a paper by Butterworth Rademeyer (in press) presented at a
Conference on the Scientific and Technical Basistlie Sustainability of Fisheries, University of
Miami, 26-30 November 2001.

9.1 Resource recoveries? A retrospective analysis

In the 1960’s and 1970’s, the southern African hetkeks were severely depleted, principally
because of the rapidly increasing foreign fishiffgre in the region during this period. One of the
questions raised in this Chapter is to what extemtmanagement initiatives of the past three dexade
have facilitated a recovery in the hake resourcgh \We declaration of the 200 nm EEZ in South
Africa in 1977 and Namibia’'s independence in 198Me substantial reductions in the total catch off
both countries. The results of the assessmentemrgsin the previous Chapters indicate that some
resource recovery has been achieved over thehigst tecades, but how did the situation appear as

this period progressed?

Fig. 9.1 compares the estimated biomass trajest¢aig proportions of their pre-exploitation
levels) for the current Namibian and west coasesmsents (Chapters 5 and 6 respectively), with
assessments carried out in earlier years. Theeeadsessment results shown are from Punt (1689)
the 1988 assessments and Butterwettll (1986)for the 1984 assessments for both the Namibian
and west coast hake stocks. For the west coast,99@ assessment results are from Punt (1994) and
the 1994 assessment results are from Geromont attdrBorth (1996). The plots in Fig. 9.1 also
show biomass projections, under the catches thiag stdbsequently taken, for the earlier assessments,

and the MSY values estimated in each case.

It must be noted that the results from the differessessments are not exactly comparable.
Indeed, the earlier assessments were carried omelays of an age-aggregated production model, the
dynamic Schaefer model (see Chapter 3), for whHiehMISYL is at half of the pre-exploitation level
(B/K = 0.5). For those assessments, the biomass sisatha total biomass, while for the more recent
assessments, it is the trajectory of the spawnioigdss which is plotted (in all cases in termsrefp
exploitation levels). Furthermore, the results shdwere for Namibia combine Divisions 1.3 + 1.4 and

1.5, though these were assessed separately pdd0th
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Nevertheless, even admitting the lack of precisepgarability over time because of changed
assessment methods, these plots show a clearpsttvg pattern. As time progressed, estimates of
the extent and rate of recovery declined, and estidhsustainable yield levels also dropped below
previous expectations. In the Namibian case, MSifmeses have dropped by more than 100 thousand
tons over the last two decades, and the biomazgiently still estimated to be below MSYL. In the
case of the west coast hake, the differences inesiienates of MSY (a decrease of less than 20
thousand tons over the 20-year period) are norest @s in the Namibian case, but the view on the
extent of recovery of the stock has changed sutisign What are the reasons underlying these

patterns?

The differences between the estimated extent ofvexy and MSY from the different
assessments are particularly large in the Namitéese and can for the most part be accounted for by
the CPUE data used in the different assessmengts92 compares the observed and predicted trends
of the CPUE index of abundance. The observed dattha CPUE data provided to ICSEAF (Table
5.1), while the predicted values are those obtaifech the ASPM currently used to assess the
Namibian hake resource (Chapter 5). The ICSEAF CB&tka show an upturn in the 1980’s, and these
data are the primary reason for the optimistic sssents during that period, as shown in Fig. 9rila.
line with these optimistic assessments, ICSEAFnah the catches to rise during this period (Table
5.1, Chapter 5). However, these 1980's CPUE da&&ew regarded with scepticism. It is now known
that there was misreporting of catches over thioggAnon., 1997), and furthermore the reported
rising CPUE hardly seems consistent with the faat towards the end of the 1980’s, some of the
foreign fishing vessels were leaving Namibian water fish elsewhere. Current assessments (as in
Chapter 5) disregard these post-1980 ICSEAF CPUR, deith the consequent major impact on

estimated resource trends and productivity levelsis evident in Fig. 9.1a.

The reason underlying the retrospective patterfign 9.1b for the west coast hake stock is
different, although it also involves the trend e {ICPUE data. Over the late 1980's and 1990's, CPUE
did not increase as rapidly as predicted by theathia Schaefer model used for assessments at the
time, resulting in increasingly less optimistic egipals of the resource. Before 1995, the nominal
CPUE was adjusted only by using coarsely estimager factors for vessel classes. When a
thorough GLM-based standardisation exercise wagrtakkn in 1995, the trend in the CPUE series
changed substantially, as shown in Fig. 9.3. Thminal upward trend in CPUE of 3.4% p.a. (Fig.
9.3a) remained positive at 1.2% after accountinmgtlie change in the fleet towards more powerful
vessels (Fig. 9.3b). However, when allowance wss alade for bycatch, depth and latitude factors,
the evidence for any increasing trend disappeaféd. (9.3c). This further adjustment was a
consequence of a movement of the fleet towardseteepter where catch rates were higher, and

possibly also a shift in the hake distributionatt@an towards deeper water. Even after refining the

126



Chapter 9 — General discussion and comparison betvetocks

GLM to take account of positive correlations in éand bycatch CPUE measures, such upward trend

as remained was rather small (only 0.6% p.a. —%8yl) (Glazer and Butterworth, 2002).

The industry however, argued that a lack of anglcate increase over the previous two
decades (indicating no recovery at all of the resmuwas contrary to their experience. They
furthermore pointed to the upward trend in the alamce estimates from research surveys (5.8% p.a.;
s.e. 2.6%), though large variability meant thatthesd estimate was not statistically inconsisteitt
that for the GLM-standardised CPUE data.

In off-the-record discussions with industry, theely real explanation for these results became
apparent. The first conservation measure takerCIBEAF, in 1975, had been to increase the mesh
size to 110 mm for the hake trawl fishery. Howethis had rendered catch rates uneconomical, so
that vessels had (illegally) inserted small mesk#b in their nets. As catch rates later improvetha
stock recovered, use of these liners had been gluageThus recorded catch rates did not increase a
fast as abundance, because CPUE was indexing magiregly smaller proportion of the biomass over
time (unlike the research surveys which were coatgarover time). The length distribution of the
hake catches provides independent confirmatiomief with a decreasing proportion of the two year
old fish in the catch as the 1980’s progressed|€Tal3).

Current assessments (as in Chapter 6) therefore midédwance for a decrease in selectivity
for younger fish over the period liners are assutodthve been phased out (see Fig. 9.4). Thisys wh
the ASPM model predicts a lesser increasing trendCPUE than for research survey results over the
last two decades (see Figs. 6.2b and 6.2c respBgtiand also why (despite only a small increasing
trend in the standardised CPUE of Fig. 9.3d) thetweast hake stock is considered to have made a

reasonable recovery over the last 30 years.

Even so, if the current ASPM methodology (from Cleaf®) is applied omitting data for the
last three years, the results shown in Fig. 9.5chtained, i.e., a retrospective pattern remaitg T
reason for this trend in estimates is that eveh liiiers presumably not in use for some time, CPUE
has not shown a recent increasing trend as thelrpogidicts (see Fig. 9.4). This is a matter of some
concern, which might be partly related to the iasein the proportion of the total catch made ley th
longline fleet in recent years. Indeed, longlinitaggets the older hake in the population, but the
ASPM used to model the west coast population isdisaggregated by fleet and therefore does not

specifically take this recent change in the ovesaléctivity pattern into consideration.
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9.2 Outstanding key assessment questions

The assessment results presented in Chapters75ar] 8 cannot be viewed with complete

confidence because of some important questionswarise from certain features of these analyses.

9.2.1Recruitment variability

A somewhat unsatisfactory aspect of the maximumilitiood-based assessment methodology
applied to incorporate recruitment fluctuationddrespecifically to equations 4.4 and 4.22, in Gbhap
4) is that the value afk cannot be estimated from the data but must beam¥ently specified. This
is problematic particularly in cases such as thatlie Namibian hake (see Fig. 9.6) where estimates

of stock status and productivity are strongly dejeer on the value chosen fagg —input.

From an assessment with a particuainput, a correspondingk—output value can be
computed in each case from the maximum likelihostth®ates for the recruitment residuals. Fig. 9.7
shows the relationship between ire-output andor—input values for the four stocks considered. The
similarity of the two values is not an argumenirtdicate a more appropriate choiceainput, as
the penalised likelihood formulation used will ajayield a maximum for the deterministic limit of
or — 0. One would need to adopt fully Bayesian methoghpl together with a prior foor—input to
deal properly with this difficulty. In the interasof inter-stock consistency, a common baselinaeval

of or—input (0.25) was used for the ASPM assessmenitsagported in the previous Chapters.

An intriguing feature of these plots is that foe tBouth African stocks, whatever the value of
Or—input specified gr—output does not exceed 0.25. The low level ofuitment variability that this
indicates for the South African stocks in particidaarcely seems credible. Teleosts generally show
much greater levels of recruitment fluctuationsttst even the Namibian asymptote of some 0.45 is
towards the lower end of the range (Beddington@ooke, 1983)

It could be that recruitment fluctuations are madied by the heavy degree of cannibalism and
inter-species predation on younger hale paradoxusdn particular. Fish younger than 2 years of age
are hardly captured either in surveys or commdygighe assessments’ estimates of recruitment
therefore really refer to the proportion of recsuitat survive their first two years of life. Hovegy it
might also be that there are errors in hake ageihg;h could confound the detection of stronger and
weaker cohorts. In the Namibian case for examplegnt catch-at-age data are based on a single age-

length key only.
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9.2.2Natural mortality

Fig. 9.8 shows the estimates of natural mortétjor each of the four stocks obtained when
fitting the ASPM. In the case of the west coast &hd paradoxusstocks, there is sufficient
information (for ages above 2) to move beyond s$simption thaM is independent of age What is
of concern is how high these estimates are. Valuexcess of 0.5 yrfor mature hake (age 4 and
above), which are little affected by cannibalism mredation by the other hake species, seem

unrealistically large.

Postulating decreasing selectivity-at-age for thldeofish (either as a result of greater net
avoidance or occurrence in deeper waters than edu®y fishing operations and surveys) would seem
to have potential to secure compensating reductiotisese natural mortality estimates towards more
realistic levels. However, maximum likelihood esdiion supports this only in the case of tiie
paradoxusstock. In the other cases, difficulties arisetf@ models to fit the historic decline in CPUE
and the catch-at-age data (see “Selectivity downTable 11.1 for Namibian hake and “Selectivity
slope of 0.2” in Appendix A2, Table A2.1. for wesbast hake), likely related to the fact that a

decreasing selectivity at large age implies a $rgiyptic biomass not available to the fishery.

Essentially, the higvl estimates arise because ageing (both commerdatemearch survey
samples) suggests the presence of only very few lodlkages 7 and above. As with recruitment

variability therefore, some questions about systenegrors in ageing must arise.

9.2.3Steepness

Natural mortality aside, the parameter upon whiddpctivity of a stock (as a proportion of
its average pre-exploitation biomass) most depentie stock-recruitment curve steepnessig. 9.9
shows the stock-recruitment relationships estimédethe Reference Case assessments described in
the previous Chapters. These plots also show replewt lines, and reflect the definitionlobs the
proportion of the average pre-exploitation recreitinlevel to be expected when spawning biomass
falls to 20% of its average unexploited vallk€®(. The sustainable yield capability of the stock is
roughly indicated by the difference between thelstecruitment curve and the replacement line, so

that lowerh values mean smaller stock productivity.

The surprising aspect of these results is the ndadiiference in thén estimates for the four
stocks. This is not simply a chance outcome forr@uise estimates: the likelihood profiles foin
Fig. 9.10 show that some of the differences atisstally significant. While the estimated valugfsh

= 0.615 for the west coast ahd= 0.767 for the south and west codgtsparadoxusare similar to
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what is typical for other fish stocks (Myess al, 1999, report a median estimate for gadoids 8 O.
with a lower 20%-ile of 0.67 and upper 20%-ile B0, the best estimate for south cddstapensis

of h = 1.0 is unrealistically high. At the other exteenanh = 0.318 estimate for Namibian hake is
extremely low (sensitivity of the model to a highewvalue is shown in Appendix Al). Possible
reasons for poorer estimated hake productivityNafinibia compared to South Africa are the greater
variability of the environment off Namibia (Shannenal, 1992), and a possible ecosystem change
related to the major reduction in the 1970’s of pheviously large sardin&érdinops saggxesource

off Namibia, which has remained at low levels sii8eyeret al, 2001).

Both steepness and natural mortality related touladion productivity. A number of data
issues could affect the estimates of these parasndier example, ignoring discards, combining sex
and species and errors in catch-at-age might leepirgted by the model by modifying estimatedof
and/orh from their true values, and may be playing a iol¢he surprising estimates obtained from

some of the hake assessments.

9.2.4Selectivity functions

The age-specific selectivity functions for eachtlod four stocks are estimated in the model
either directly or in terms of a logistic curve sequations 4.24 and 4.25, Chapter 4), with a plassi
decrease at larger ages (equation 4.26), for bmhcommercial fishery and the research surveys
(conducted for the most part by thinsenin Namibia and by théfricana in South Africa). The
selectivities for each stock obtained from the entrassessments are shown in Fig. 9.11. This
estimation is made possible through the availgbiit catch-at-age data for both commercial and

research catches.

The surprising feature of these plots is how d#fgérsome of these estimated relationships are.
The lesser selectivity for younger hake in the camumal fishery off Namibia is understandable
because of regulations there that restrict fishimgdeeper than 200 m to protect juvenile hake.
Similarly, the low commercial selectivity for yousgshallow-wateiM. capensison the south coast
may be attributable to the fact that the catchgat-@ata are from the inshore trawl fleet which rnay
avoiding the shallow depths at which these fishtarbe found, but that does not explain the similar
under-representation of youndgdr capensidn the research survey catches, as these aral@ddn
cover the full distributional range of the resourte Clus (MCM, pers. commn) suggests that
medium-sizedM. capensignigrate to the Agulhas Bank when they reach mgtusihile juveniles and
small shallow-water Cape hake concentrate on thet eaast. This different availability of the small
hakes on the two coasts might therefore explain thiey are not seen on the south coast and the

resulting different survey selectivities, but tHie Clus hypothesis needs to be reconciled with
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differing estimates oM. capensisbiological parameters for the west and south sogste Section
1.1.2). If this migration is real, then tMe capensistocks off the South African west and south coasts

should actually be assessed as one.

9.2.5Survey bias

Although hake abundance estimates from researcleysirare available in absolute terms,
based upon swept-area methodology, they are treatedlative indices in fitting the ASPMs, which
consequently estimate a multiplicative bias paranmgetor these surveys for each vessel and area. The

results, together with estimates of 90% confidentarvals for these biases, are shown in Fig. 9.12.

Once again the surprising result is how differdieise estimated biases are from area to area.
It is, of course, possible that these differenaesaatefacts of mis-estimation df or of selectivity
functions as a consequence of some errors in agiéitite differences are real, however, one likely
needs to look towards differences in substratepdain these results. éestimate well in excess of
1 suggests that there may be considerable undaetitn of the productivity of which the south coast
M. capensigesource is capable. Alternatively, however, tkganation may be that a large portion of
the south coast region is untrawlable, and hakesitles in such areas may be lower than in the
trawlable areas sampled by the research survegsy{tbpt-area methodology assumes these densities
to be equal) (R. Leslie, MCM, pers. commn). Thénestes for theAfricana andNansenon the west
coast do not differ greatly, and the direction loé difference is as would be expected from likely

greater escapement of fish underneatiNtaesers net (R. Leslie, MCM, pers. commn).
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Fig. 9.1 Current and historic assessments (with projest{olashed) under catches subsequently
taken) for a) Namibian and b) west coast hakenizggd MSY values are in thousands of tons.
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Fig. 9.2 ICSEAF CPUE data for the Namibian hake, showirgggeriod over which these
data are considered questionable, and the curi®@RMAprediction for the CPUE trend.
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Fig. 9.4 Time series of CPUE for west coast hake, showiegoeriod during which net liners
are assumed to have been phased out.
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Likelihood
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— - Namibian

104 — — West coast

— - South coasM. capensis
—— Both coast$. paradoxus

1.2

Steepness

Fig. 9.10Q Likelihood profiles for steepnessfor the Reference Case assessments for the four
hake stocks. The curves have been scaled so ¢hatdh under each is the same.
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Fig. 9.12 Current selectivity functions for a) researchveys and b) offshore commercial
trawlers. Note: for south codst. capensisthe offshore commercial trawlers are assumed
to show the same pattern as the inshore trawlarsyliich catch-at-age data are available,

at lower ages.
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Fig. 9.12 Swept area survey multiplicative bias coefficgm{with respect to the most
highly selected age group).
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10Overview of Operational Management

Procedures

Since 1990 in South Africa and 1998 in Namibia, grenary basis for scientific TAC
recommendations for the hake fisheries has beetOperational Management Procedure” or “OMP”
approach (Butterwortlet al, 1997; Butterworth and Punt, 1999; Geromenhtl, 1999). Other than
hake, the South African pilchard-anchovy pelagic avest coast rock lobster fisheries are also
managed using this approach, making South Africa @fnthe world leaders in putting this process

into practice. In Namibia, seals are also managethis basis.

An OMP is a set of rules which specify exactly hibv regulatory mechanism (e.g., a TAC or
allowable fishing effort) is to be computed eaclarydrom specified stock-monitoring data such as
commercial CPUE and/or abundance indices from relesurveys (Butterworth and Punt, 1999).
This approach is not necessarily related to ayfaidmplex assessment process. In the case of the
South African and Namibian hake, these rules amedaon fitting a population model, but the
approach can also be empirical, based primarilyeggnt trends in abundance indices. The empirical
approach has the advantage of simplicity; howether, population model-based procedures, which
generally take more data into account, seem tmparbetter than empirical approaches, by showing
less inter-annual variability in, for example, TA&vels (Butterworth and Punt, 1999). Indeed, the
model-based procedures incorporate a more develtgred of feedback control, with the model
parameters automatically adjusted each year akefudata become available (Butterwodhal,
1997).

An OMP should be agreed upon by all involved par{gcientists, industry, managers) and
put into place for a number of years (typically 3 years), after which it could be revised as
necessary (Cochrangt al, 1997). The selection of a particular OMP shobéd based upon the

comparison of performance across a range of cated{olsiPs.

The performance of a particular candidate OMP gessed by simulation. A model of the
stock is constructed and each simulation involvegepting the biomass trajectory forward for a @ixe
period (such as 10 or 20 years) with the futureres determined by the candidate OMP. This model
is called an ‘operating model’; it describes theetunderlying dynamics of the resource and fishery,
but its details are unknown to the process usezhltulate the TAC recommendations. The historic
catch data used in the model remain unchangeddrarsimulation to the next (unless potential errors
in such catches is under consideration); howewtuyé catches can vary due to stochastic effects —

both recruitment variability and noise in future WP and survey abundance indices, as well as
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imprecision associated with the estimates of parars@lescribing the stock’s dynamics (Punt, 1993).
The simulated performance of each candidate OMRes evaluated in terms of the projected risks
and rewards, as different candidate OMPs will imgodliffering trade-offs (Cochranet al, 1997).
Performance is generally assessed in terms of dhéliacting objectives of higher average annual
catch, lower risk of unintended depletion and lover-annual variability in catches (Punt, 1993)sIt

for the decision-makers to select their preferiskireward trade-off.

Another component of key importance in the OMP agph is that the candidate OMPs must
be shown to be adequately robust to a key rangmadrtainties (alternative defensible assumptions
and hypothesis) about the stock and its dynamigsh $incertainties can include concerns about the
validity of the data used, possible future envirental changes, recruitment variations, values
assumed for natural mortality-at-age, etc. (Gerdnadral, 1999). The robustness of the candidate
OMPs is tested by assuming that each of a seriakaerhative assessments, in turn, reflects the"tr
situation of the fishery and resource (Punt andtdBworth, 1991). In the future, the range of
uncertainties should be reduced with research amddata; OMPs could then made more ‘efficient’
(for example, take greater catches for the sameeped risk). This approach links closely to the
Precautionary Principle advocated by WSSD and byRAO for fisheries, which states that: “where
there are threats of serious or irreversible damagk of full scientific certainty shall not beadas a

reason for postponing cost-effective measureseaegnt environmental degradation” (UNCED, 1992).

The advantages of the OMP approach to managememoéentially considerable. An OMP
should run, unrevised, over a number of years, iderably reducing the time spent otherwise on
agreeing to annual “best” assessments as the foasésinual TAC recommendations, as these are
often based on complex models and involve lengtigted debates and bureaucratic processes
(Geromontet al, 1999). Furthermore, the OMP approach providés@sparent and objective basis
for setting TACs; the rules are understood andeafjl®y all as part of the “management game”. This
enhances credibility between fishery scientists ameimbers of the industry, and renders the
demarcation between scientific and policy respalisiis clearer: the anticipated performance of
different candidate OMPs is calculated by the diges while the managers select one of the
procedures based on their preferred risk/rewardletcdf, and the TAC is then calculated
automatically over the next few years (Butterwagthal, 1997). The longer-term objectives of the
OMP approach are also consistent with the factribhtin fisheries management cannot be sensibly
evaluated for short-term actions, but only for thedium term (Cochranet al, 1997). This longer-
term approach of the OMP, combined with the redotis) the simulated projections, also gives the
industry a better basis for future planning, bathihie short- and the longer-term (Butterwosthal,
1997). Finally, one of the greatest advantageshef @MP approach is that it automatically takes

account of uncertainties through the robustnessteapproach.
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11 An Operational Management Procedure for

Namibian hake

11.1Introduction

Over the immediate post-independence period, fré@8l 1o 1997, hake TACs in Namibia
were recommended as approximately 20% #&ahhoc choice) of the swept-area-based survey
estimates of biomass of fish above 35cm in lentth {fishable’ component of the resource). From
the severely reduced TAC of 56 thousand tons inL1@%e first year following independence), the
hake TAC rose to some 120 thousand tons in 1993ulstantial drop in both thdansensurvey
results and in particular in the commercial CPUg&e(Fable 5.1), led the local Namibian scientists in
1997 to recommend a TAC reduction of about 50%,aation which would have had severe
repercussions on the nation’s economy as the hiakery makes an appreciable contribution to
Namibia's GDP.

However, during an international scientific workphon hake held in October 1997 (Anon.,
1997), it became clear that estimates of the stttiee hake stock and associated management advice
were highly dependent on whether or notamsensurvey abundance estimates were to be regarded
as reliable in absolute (as distinct from only tigl terms in assessments. Assuming that\taesen
surveys provided reliable values for the resouraambss in absolute terms, the resource was
evaluated as heavily depleted with large reductiorthe TAC needed to avoid further depletion. On
the other hand, if th&ansenresults were considered as indices only of redadbundance, the
assessments indicated the resource to be well daboWSYL, with large increases in TAC being

possible without endangering the future of thedigh(Butterworth and Geromont, 2001).

This deadlock was resolved with the adoption ofnapke Interim Management Procedure
(IMP) developed by Butterworth and Geromont (2000)e aim of this IMP was to provide TAC
recommendations that would be robust to the ketainty regarding the reliability or otherwise of
the Nansensurvey abundance estimates in absolute termslatively simple approach was chosen
for this IMP because of the limited time availabbedevelop it. Its aim was essentially to decrease
catches if further abundance monitoring data inditahe resource to be dangerously depleted, but to

increase them if instead such data indicated theuree to be in a healthy state.
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The IMP did not have a specific longer-term tar{mich as moving the resource to an
abundance that could provide MSY). Furthermore, i4® was tested over a limited range of
operating models of the possible underlying resaulynamics; these concentrated mainly upon the
uncertainty regarding the value assumeddothe Nansensurvey multiplicative bias factor. Since
1997 this uncertainty has diminished and it is rameepted thalansensurvey estimates are reliable
indices of abundance in relative terms only. lodlecame recognised that the IMP had played its
required role and was due for replacement. Thigp@nalescribes a range of candidate Management
Procedures for the Namibian hake resource, predd¢ata meeting of the Namibian Hake Working
Group in February 2002. In collaboration with thdustry and the NatMIRC scientists, an OMP was

chosen and applied to recommend a TAC in 2002.

11.2Methods

[Note: The Namibian hake assessment presentedsinthibsis is not fleet-disaggregated. For

clarity therefore, the equations below will igndine fleet superscrit]

11.2.1The operating model

The operating model used to describe the underly@sgpurce dynamics in the simulation
testing process is an ASPM (see Chapter 4). TherRate Case operating model is detailed in
Chapter 5. To test the robustness of the OMP t@#isemptions made, the different candidate OMPs
have been tested for a series of different modetiSpations and these are described in section
11.2.3.3. The model is fitted to commercial CPUEadaurvey abundance estimates and catch-at-age
data. It treatdverluccius capensiandM. paradoxusn combination, and includes stock-recruitment

fluctuations.

11.2.2The candidate OMPs considered

The model used as the basis for setting the fuld@ is an ASPM of the same form as the
operating model (described in Chapter 4). Howewsly two parameters are estimated at each
application of the OMP: the pre-exploitation spawgnbiomassK®, and the steepness paraméter
The natural mortality, the selectivity parametett®e additional variance and the historic stock-

recruitment residuals are all fixed to the valustingated for the Reference Case operating model.

148



Chapter 11 — Management Procedure for the Namibike

The parameters of the ASPM modEF{andh) are estimated by maximising a likelihood of
exactly the same form as for the operating model, the indices of abundance provided by the
commercial CPUE data and by the scientific sunagsincluded, as well as the historic catch-at-age

data.

Future projections based upon an OMP require thelation of the future data to be used in
evaluating a TAC. For the OMP presented here,asmimed that the current commercial CPUE data
(with one year availability lag, as at present) greNansensummer surveys (though conducted by a
trawler which may change from year to year) corginGatch-at-age data on the other hand are not
included for future years because their regulailabiity is uncertain at present. The commercial
CPUE and survey data are generated from operatodehpredicted estimates of the appropriate
biomass component and catchability with noise added section 12.2.3.1). For the CPUE data, the
variance of this noise is as estimated in the aaswatassessment. For the survey data, an avefage o
historic sampling CVs (0.125) is used together with estimated additional variance, and also the
further added variance with CV = 0.153 which acdsdar different trawlers being used from year to

year.

Given estimates of the MSY levelNISYL®) and of the current exploitable biomasﬁf,(‘),

wherey is the year for which the TAC is to be set, theCTEAC,), corresponding to a generalisation

of a constant proportion harvesting strategy, impated as follows:

TAC, = (1- @) TAC, 4 + wQf" 11.1
where
- B
_ ByX, 0
Q) =4 @ (MSY 11.2

The S parameter is adjusted to modify the extent of Ma@ations with changes in estimated
abundance — a8 is decreased below 1, these variations drop ie. SiheA parameter effectively
selects the target equilibrium biomass —Aor 1, this is the MSY level; higher or lower valuafsi
target lower or higher biomasses respectively. Bheis of this harvesting strategy is therefore

equivalent to a standarH,,q, management policy, which is damped to reduce dhtains f) and

modified by a precautionary factof)(

Further rules which were considered were:
i) the TAC could not decrease before ygakieci

ii) any TAC increase was limited x86 per year;
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iii)  any TAC decrease (frogmo secrONwards) was limited tg% per year.

These further rules provided a basis to set limitsthe extent by which the TAC might
change from one year to the next without expodnegrésource to the danger of overfishing, thereby

facilitating improved socio-economic stability imetindustry.

For the baseline OMP, the following values weredusg= 0.5,5= 0.7,A4 = 1.0,Yno decr= 2001
(i.e., effectively this constraint did not applgny TAC increase was limited to 5% per year and any

decrease in TAC was limited to 15% per year.

Other structurally different OMPs were investigatett included a ‘trend’ OMP (which sets
the future TAC as a function of the trend in theUEPdata), a Fox model fitted to abundance
information only (i.e., ignoring catch-at-age dagsimilar to that used for South African west coast
hake — see Section 12.1) and an ‘amended’ Fox médelwhich older CPUE data were
downweighted). However, none of these showed afaatory adaptive behaviour (i.e., adequate TAC
adjustment to resource abundance trends), andeseoardiscussed in detail here). The problem with

the Fox model approach arose from multimodalitthefassociated likelihood function.

11.2.3The process used to test the candidate OMPs

11.2.3.1 Projection Methodology

Projections into the future under a specific OMRengvaluated using the following steps.

Step 1:

From an assessment of the resource, the comparfaihis numbers-at-age vector for the start

of yeary; (Nyl,a: a=1,..,m are estimated by application of equations 4.4.8 (the operating
model), wherey is the year the projections start, 2002 in thisecdhis requires specification of how

the catch is disaggregated by age to obtairGQlea, and how future recruitments are specified.

5 Vvalues follow from equation 4.9, under the assumnpthat the commercial

The Cyl’

selectivity function remains unchanged at its podependence fornﬁSyLa - SfOSt). From this it

follows that:

m
— -M, /2 t
Fyl—Cyl/Z:‘)Waﬂ,zNyl’ae alcghos 11.1
a=
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and hence that:

C,.=N

-M, /2 post,
wa - Nya€ " *"SF, 11.2

Future recruitments are provided by applicationtlod stock-recruitment relationship of
equation 4.4. Future recruitments will not be elyadétermined by the stock-recruitment relationship

but will be subject to fluctuation about the leveigicated by that relationship. Log-normal

fluctuations are introduced by generatigy factors from N(O,Jé) where g, = 025 for the

Reference Case assessment. Furthermore, so tHatflsgtuations affect the spawning biomass
“immediately”, and not only after a 4-year lag lntiew recruits become mature, projections
“commence” in 1995 rather than 2001, based upoadhgal catches made over the 1995-2000 period.

Step 2:
The information obtained in Step 1 is used to gateewalues of the abundance indices
CPUE surv ; ; : ;
|y1—1 and Iyl . Indices of abundance in future years will not éo@ctly proportional to true

abundance, but also subject to observation ermy-riormal observation error is therefore added to

the expected value of the abundance index evaluisged
I 'y = qi Biye‘gy giy from N(O, (O'i )2) 11.3

where

Bg/ is determined from equations 4.10 — 4.12 as apiatep

I reflects commercial CPUE or the surveys, and

q is as estimated (equation 4.16) for that assessment

Furthermore, it is assumed that:

o°PYE is as estimated (equation 4.15) for that assedsianeth
survs _ 2 2 2

(U - V)z - (Uav) + (UA) + (Utrawl)

where

o, = 0125 is the average of the historic sampling CVs fait gurvey,
O is the square root of the survey additional varéaas estimated for that assessment, and

Oyawi = 0153 s the extra CV corresponding to the inter-trawieriability (see Chapter 5).
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Step 3:

From these abundance indices, the OMP’s ASPM isl,uséth the estimates of natural
mortality, selectivities-at-age, additional varianand stock-recruitment residuals of the Reference
Case assessment, to estimate the pre-exploitggaansng biomask®? and the steepness paraméter
Step 4:

The OMP model-predicted exploitable biomass for yed (éif 1) is then calculated, using

equation 4.10.
Step 5:

Given estimates of MSY, MSY level NISYL®®) and of the current exploitable biomass

(ég‘_l) from the OMP's ASPM, equations 11.1 and 11.2 aeeits computelAC,, .

Step 6:

The numbers-at-agé\lyLa are projected forward under a cathH\Cyl by means of the

operating model to determinhlylﬂa (in this process, it is assumed that the recentnoenmial age-
specific selectivity pattern estimated in steprhais unchanged).

Steps 1-6 are repeated for each future year infarras long a period as desired, and at the
end of that period the performance of the candi€d#P under review is assessed by considering
statistics such as the average catch taken ovepdhied and the final spawning biomass of the

resource (as described in the next section).
11.2.3.2Performance statistics

The choice of an OMP depends on it being besttaldehieve a desired trade-off between the
conflicting objectives of higher catches on averdgeer inter-annual TAC variability, and lower
risks of unintended resource depletion. The measwtEch were chosen in this study to quantify

these management objectives were as follows:

Catch-related:

2021
« The average annual catch over a twenty year gtiojeperiod:— Z Cy
y=2002
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* The Average Annual Variation (AAV) in TAC from eryear to the next (expressed as a proportion

202
of the average annual catc{)%) %lgy —Cy_l‘/Cy_ll [(100. This statistic gives an indication
y:

of the industrial stability associated with a partar candidate OMP, and is expressed as a

percentage.

Risk-related (in terms of undesired biomass reduction):

« Final compared to initial depletiorstgzj/K P — stgm/K sp

Once stochastic effects (e.g., future errors incesl of abundance, “observation errors”, and
recruitment fluctuations, “process errors”) areetakinto account, the results for each of these
quantities when testing a particular candidate OMPa distribution arising from alternative
realisations of these stochastic effects (see AgigeBR). Results are reported in the form of median

and 90%-iles of these distributions.
11.2.3.3Robustness tests

The Reference Case operating model is the curtsedt “guess” for representing the actual
dynamics of the Namibian hake resource. There aweher some uncertainties (in the data for
example, as well as in some of the assumptions nmaile model) that need to be taken into account
when testing the performance of candidate OMPsstAof the associated robustness tests is given
below. This list was developed from discussionstiwiNatMIRC scientists in particular) in the
Namibian Hake Working Group. Ideally, the performarstatistics for a candidate OMP should be
‘robust’ across this range, i.e., show acceptakgults whatever the assumptions made in the

operating model.

a) Bias in historical CPUE seriesBfas in historic CPUB) The ICSEAF CPUE data (see Table 5.1)

are modified in the following way to reflect a clgad trend:

CPUE"™ = CPUE, [&°"%% 11.4

For this variant, the value @f=0.03was chosen to be positive (i.e., a positive biagahse this
resulted in an increase in the log-likelihood (iz.better model fit); a negativ@ leads to the

reverse effect.

b) Weighing recent CPUE data more heavily thanohisti CPUE data (survey data were not

similarly weighted) (More weight on recent ddia Because of the possibly greater reliability of

more recent data, the CPUE likelihood is modifiexhf equation 4.14 as follows:
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iV oy
—mL=Yw| Y m(e ] +(o,) + e, ferore= 115
i y

20, F +(0.F)

wherea* = 0.2.

¢) Nansensurvey estimates treated as unbiased absoluteesdif abundance Strvey g=1):

Although it is now accepted that the swept-area mdaations from theNansensurveys do
underestimate the hake biomass in absolute teh@ass ts still scepticism amongst some scientists
as to the reliability of the estimates gffrom the ASPM fit to the data, so that this tegtsw
included to reflect a bound on possibilities. Farthore, this assessment variant is useful because

it provides a more pessimistic dynamics model upbith to test the candidate OMPs.

d) Regime shift scenariosRegime shif): Two regime shift scenarios have been considdretoth

cases, the shift is assumed to have taken plaeeebet1970 and 1975, which corresponds to the
period of a substantial decrease in pilchard biemasmajor food source for hake (D. Boyer,
NatMIRC, pers. commn). In the first scenari&{* est’), the new carrying capacity is estimated
in the model fitting process, while in the secondrario the new carrying capacity is fixed at 80%
of the original.

e) Higher variability for stock-recruitment fluctiiens (““Higher ok—input): For the Reference Case

f)

operating modelgr = 0.25 was chosen on ad hocbasis, as there is no clear basis tagxinput.
However, it is clear that the estimates of managemaantities are very dependent on the value

assumed foor—input. In this variant assessmei-input = 0.40.

Lower variability for stock-recruitment fluctuanhs (“Lower gr — input”): In this variant,

Or—input = 0.10.

g) A decrease in selectivity for the older ageSe{ectivity dowt): Because of the concern over the

very high value estimated for natural mortalityniest other cases, a negative selectivity skpke
0.2 has been included from age 4 (equation 4.86gdd, the natural mortality is high because the
older age classes are not well represented inatoh-@t-age data, but this could also be due to a

lower selectivity on older fish.

h) Assessment model fitted to survey fishable b&sniastead of total abundancd-if‘to fishable

biomass¥): For each survey, the survey fishable biomaggesvided by T. lllende, NatMIRC, pers.
commn) were multiplied by the ratio of total biorsased in the Reference Case (from E. Johnson,
NatMIRC, using the stratification method of Burnteis(2000b)) over the total biomass from
lllende (NatMIRC, pers. commn). The survey fishablemasses were rescaled for comparability

because these values were obtained from a diffenettiod to Burmeister’s, which is used in the

other cases. The fishable biomass is the biomafsshafirger than 35 cm (i.e., approximately older
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than 3.5 years) and therefore only age classes 4laove were considered when definilaﬁ< for

equation 4.10.

11.3Results and Discussion

11.3.1Reference Case and Robustness test Operating Models

Management quantities estimates for the currenéfi@ate Case assessment and each of the
robustness test operating models are shown in Thblé. The values given below are the best

estimates followed by Hessian-based CVs in parsighe

“Reference Casde

For the Reference Case assessment, the currerdtidepin terms of spawning biomass
(Bsh,/K*) is 0.40 (0.39). MSY is 300 (0.25) thousand tohs &1SY level of 46% (0.04) of the

pre-exploitation level. In terms of this model ttesource is estimated to be in a relatively goatest
slightly below MSYL.

“Bias in historic CPUE

This assessment (with = 0.03) is more optimistic than the Reference Cassessment
because it suggests that the historic drop in admgelwas not as large as these historic CPUE data
suggest. In this case, the current depletion ((Q074R)) is estimated to be well above the MSYL of
42% (0.12) of the pre-exploitation level. The MSYeistimated to be 406 (0.43) thousand tons.

“More weight on recent data

The log-likelihood for the case weighting recentUEPdata more heavily than historical data
(w* = 0.2) cannot be compared with the other casesme the log-likelihood contribution of the
CPUE abundance indices is different (with the wisgidded). The management quantities estimated
are fairly insensitive to the weighting, but thsassment does give a slightly worse appraisadieof t

resource compared to the Reference Case.
“Surveyq=1

For g fixed at 1, the log-likelihood decreases by thasiderable amount of some 35 points,

which indicates very strongly that tiNansensurvey data are indices of abundance in relaguwag
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only. In this case, MSY decreases to 261 (0.13)ghnd tons and the current spawning biomass is
estimated to be at about only 21% (0.18) of itsepqeloitation level.

“Regime shift

In the first scenario K% est’), the new carrying capacity is estimated to bewthalf of the
original carrying capacity. The fit is improved,tithe very high value for the steepnelss=(1.0) is
cause for concern regarding realism and henceébililja In the second scenariol®* = 0.8K*""), the

steepness$ is estimated at a seemingly more reasonable @33)( In both cases, the resource is

estimated to be in a healthy state.
“Higher ox—input’:

With a or— input of 0.40 (compared to 0.25 in the Refere@ase), the resource is estimated
to be in a slightly better state than with a lowerinput because the effect of the good recruitment i
the mid-1980’s is accentuated. Note again thatdgdikelihood is not comparable to the Reference
Case. The current spawning biomass is estimated tbout 46% (0.38) of its pre-exploitation level,
which is just above the MSYL of 44% (0.06). The M®yalso raised substantially to 368 (0.28)

thousand tons compared to 300 (0.25) thousandndhe Reference Case.
“Lower gr— input:

On the other hand, loweringr—input (0.10) gives a more pessimistic appraisalthaf
resource, with the current spawning biomass at 8486 (0.34) of its pre-exploitation level. The
reason to consider differegk—input values is to reflect a trade-off: highm&input values than 0.25,
such as 0.40, seem more realistic; however, thegysalggest a marked improvement in the resource in
the mid-1980’s as a result of particularly goodrugment at that time — a result based on limited
historic age data of doubtful reliability, whichprisequently, seems questionable. The choice of

Or—input = 0.10 is to show the opposite effect.
“Selectivity dowh

Despite the forced decrease in selectivity of ofdr, the estimated natural mortality is only
slightly lower in this caseM = 0.67 (0.04) compared to 0.76%jin the Reference Case). The fit is

also much worse, essentially because of poor reptation of the survey catch-at-age data. This
assessment gives a very pessimistic view of theures, with the currenBSP/K*P at 0.18 (0.20)
and a MSY of only 255 (0.22) thousand tons.

“Fit to fishable biomass

Fitting to the survey fishable biomass rather tti@ntotal biomass results in a slightly more

pessimistic view of the resource in terms of cursgrawning biomass (estimated at 34% (0.20) of its
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pre-exploitation level), but a potentially slightimore productive stock, with MSY at 306 (0.11)

thousand tons compared to the 300 thousand tortsgdReference Case operating model.

11.3.2Management Procedures

Baseline OMP

Figs. 11.1 to 11.4 compare the performance of #selne OMP for the Reference Case and

the nine alternative robustness test operating teodég. 11.1 shows the initial (2001) depletion
(B ,/K*) and the depletion at the end of the 20-year ptigje period B5°,,/K ), with 90%

probability intervals. For each case, the estimd&¥L and its 90% probability intervals are also
shown. The values presented in this and the foligwkigures are the bootstrap medians and 90%
probability intervals. The former may differ slighfrom the best estimates given in Table 11.1. Fig
11.2 gives a measure of the variability in TAC otrex projection period, while Fig. 11.3 shows the
expected average annual catch. Time-series of TAé€dian) for each robustness test operating model
are given in Fig. 11.4. These results are for fgligchastic scenarios, i.e., including uncertainty

parameter estimates, errors in future data, anaveldl for past and future recruitment variability.

Fig. 11.1, which compares the current and projedegaletions under the baseline OMP, does
not gives the complete picture in terms the efiectiess of the OMP in regards to depletion status.
Indeed, even if the lower 90% probability limit féhe projected depletion shows an increase
compared to that for the current depletion, itti8 possible that for some of the realisationse th
spawning biomass actually decreased during thegtiop period. Furthermore, an increase/decrease
in the resource abundance is not always good/baiddépends on where the biomass starts and
finishes relative to MSYL. If the current biomasshielow MSYL, an appropriate OMP would lead to
an increase in the size of the resource. Converidlye current biomass is above the level at Wwhic
MSY is produced, one would want the size of th@uese to decrease so that a higher yield can be
produced. Fig. 11.5 makes an attempt at captuhiegettwo factors. In this figure the pie charts eom
in pairs, the right-hand one showing the proportibwccasions (for 100 bootstrap replicates) that t
resource starts below MSYL in light and above MSNldark. The left-hand one is divided into five

scenarios, the proportions of which are represemyeaislice of the pie.

Case 1: The resource starts below MSYL in 2001 inockases over the 20-year projection period
(“Very Good").

Case 2: The resource starts above MSYL, decreagzstive 20-year projection period, and is still
above MSYL in 2021 (“Good”).
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Case 3: The resource starts above MSYL in 2001 inogkases (“Middle”). This is not really
satisfactory in terms of yield, but it will not dsin a risk to the resource.

Case 4: As Case 2, but the resource is below MSYheaend of the projection period (“Bad”).

Case 5: The resource starts below MSYL and decsdagery Bad”).

It is clear that the “Very Bad” and “Bad” cases mlat occur often, except for the case for

which the selectivity decreases at older ages.

The time-series of depletion for the spawning bissnaith 90% probability intervals for the
Reference Case is shown in Fig. 11.6, with the &&-yrojection into the future, under the baseline
OMP. The MSYL with its 90% probability intervals &so shown. Figs. 11.7 and 11.8 are “worm”
plots of annual catch and depletion respectivelyttie Reference Case projected under the baseline
OMP (a “worm” plot shows a number of possible reaiions, rather than a distribution or confidence
band).

The results described above indicate that the inas€@MP shows the adaptive behaviour
desired, securing an abundance increase (in méelians) in all cases with an initial (2001) biomass
below MSYL, and allowing for an increase in catohthe more optimistic cases. Negative features
include the drop in the lower 5%-ile for depletionthe “Selectivity down” case, and unnecessary
catch reductions for the cases where carrying e¢gphes declined, because the OMP does not
“realise” that abundance is above MSYL (given asuagption of an unchangéd®, it interprets little
increase in CPUE and surveys as a need to redic®esao secure better — but in fact unnecessary —

recovery).

Other candidate OMPs

Figs. 11.9 to 11.12 compare the performance odlsernative OMPs (see Table 11.2 for a list
of the control parameter values for each OMP), ahdhe baseline OMP in the case of two
implementation uncertainties. The cases with implaation uncertainties are used to test the
performance of the baseline OMP when the OMP’s ToAiputs are not applied in practice exactly.
The first implementation uncertainty case is dethdtecr only”: if the OMP indicates a decrease in
the TAC, the actual TAC implemented is decreasdy iba decrease was also indicated the previous
year, otherwise it is kept constant. In the seawamk of implementation uncertainty (“uni. random”),
the TAC is increased or decreased at random bycapeage drawn from a uniform distribution [0.05;
0.05]. Scenarios with no catch, and with annuattcdiked at 200 thousand tons are also shown for
comparative purposes. Each of these scenariostiefmore compared for the Reference Case, and
the “higheror* and “lower ogr* operating models. As it becomes difficult to presthe results from
each candidate OMP for each of the robustnesspesating models, the “higher* and “lower or"

were chosen as reflective of the more optimistit raore pessimistic resource status scenarios.
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In terms of depletion (Fig. 11.9), only changeghia f andA parameters seems to make a
noticeable difference to the final depletion. Lowatues off3 lead to more catch on average (Fig.
11.11) and therefore result in a slightly lowerafirdepletion. A lowerS also means slightly less
variability in catches (Fig. 11.10). On the othant, a lower value of leads to less catch on average

but results in a slightly higher final depletion.

The implementation uncertainties considered dorasetilt in any marked deterioration in

performance.

The spread of the final depletion distribution &rmoewer (and in particular the lower limit is
higher) for all the OMP variants compared to thastant catch case, showing the value of adaptive

management which adjusts TAC's in response to Egmancerning resource status.

11.4Conclusions

Apart from the cases where carrying capacity hasedsed over time (resource under-
utilisation), and when selectivity decreases ajdaage (risk of further depletion), the candidak¢R3
examined all provide reasonable performance. Tlmapy selection choice is that of the control

parametefs. greater recovery for high@ versus larger catches and less catch variabalitiower S.

At a Namibian Hake Working Group meeting in Febyua®02 in Swakopmund, this work
was presented (Rademeyer and Butterworth, 2002d) discussions which followed with the
NatMIRC scientists and representatives of the Nanibake industry led to the recommendation for
a new OMP (to replace the IMP), which was subseitypiesed to recommend the hake TAC for that
year. For the OMP adopted, the following controlgpaeters values were used: as for the baseline
OMP, w= 0.5,8= 0.7,¥no decris 2001 and any TAC increase is limited to 5% yesr; the changes
from the baseline OMP are the choicedof 0.9 (to rather target for a spawning biomasghdly
above MSYL as another safety measure) and a limary decrease in TAC of 10% per year, rather
than 15% (as a restriction to 10% did not appede&ol to any appreciable increase in risk). The
choice ofA = 0.9 will mean lower catches in the short to medierm, but eventually catch rates that
are about 10% higher. Some management quantitya&s$ and catch projections under the adopted
OMP are given in Table 11.3, both for the RefereBase model, and also for the ‘highsf and

‘lower or' robustness test operating models.
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Table 11.1 Management quantity estimates for the Namibiakehaperating models for OMP
robustness tests: the first figure shown is tha besmate, followed by the Hessian-based CV in

parenthesis (except for selectivities).

1) Reference Case 2) Bias in historic CPTE 3) More weight on 4) Survey q=1
CPU'Ey eﬁ(y -1964) recent data
5=0.03 wx=02
Total negative loglikelhood -34.0 -100.2 -163.3 -69.3
nl - CPUE -32.4 -35.1 -104.0 -375
-Inl: Survey -14.1 -14.2 -14.2 20
SInle CAL com. -58.3 -61.1 -56.7 -50.6
Snle TA L surv -8.9 -97 -8.4 -30
“Inl: SR Residuals 19.7 19.8 19.9 19.8
f & 3640 (0.16) 3226 (0.17) 3719 (0.15) 3265 (0.10)
i 3953 (0.18) 3433 (0.18) 4076 (0.16) 3556 (0.11)
B onr 1466 (0.31) 2244 (0.35) 1367 (0.27) 697 (0.16)
B 001 411 {0.55) TET (0.51) 378 (0.48) 136 (0.32)
i 0.313 (0.19) 0.414 (0.43) 0.312 (0.16) 0,329 (0.11)
MSYL? 1657 (0.20) 1365 (0.28) 1701 (0.18) 1473 (0.12)
MSVLE 476 (0.31) 345 (0.54) 508 (0.28) 434 (0.23)
MY 300 (0.25) 406 (0.43) 291 (0.22) 261 (0.13)
B oY 0.403 (0.39) 0696 (0.42) 0.367 (0.33) 0.214 {0.18)
B oot K 0.104 (0.63) 0,229 (0.60) 0,093 (0.54) 0,038 (0.35)
B7 oo IMSYLF 0.885 (0.42) 1.643 (0.54) 0.804 (0.36) 0473 (0.19)
B por/MSYLS 0.363 (0.67) 2.231 (0.93) 0.744 (0.56) 0.231 (0.34)
MSYL P g7 0.455 (0.04) 0.423 (0.12) 0.457 (0.04) 0.451 (0.0%)
MSVL & e 0.120 (0.200 0.101 (0.40) 0.125 (0.19) 0.136 (0.18)
M 0.76 (0.04) 0.77 (0.04) 0.75 (0.04) 0.63 (0.04)
Age| Slega S1989,a S200la S |Ol968a 19892 S200la Sare | S1968a S1989a S200la Sy | O1968a ©l989,a S200la  Swrr
(| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1{ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.0 0.00 0.00
2| 0.09 0.63 0.01 077 0.08 0.62 0.0 0.76 0.0% 0.63 0.01 077 0.10 0.68 0.0 0.83
3| 0.66 1.00 0.03 1.00 0.61 1.00 0.04 1.00 0.68 1.00 0.03 1.00 0.70 1.00 0.04 1.00
4| 0.97 1.00 0.1z 1.00 0.97 1.00 0.15 1.00 0.98 1.00 0.1z 1.00 0.98 1.00 0.13 1.00
5 1.00 1.00 0.37 1.00 1.00 1.00 0.44 1.00 1.00 1.00 0.38 1.00 1.00 1.00 0.37 1.00
& 1.00 1.00 072 1.00 1.00 1.00 0,78 1.00 1.00 1.00 0.73 1.00 1.00 1.00 0.7 1.00
7| L1.00 1.00 0.93 1.00 1.00 1.00 0.95 1.00 1.00 1.00 0.93 1.00 1.00 1.00 0.92 1.00
2+ 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Commercial sigmas:
CPUE ICSEAF (1.3+1.43 0.171 (0.18) 0.126 {0.14) 0.008 (0.17) 0.144 {0.12)
CPUE ICSEAF (1.5)| 0.202 (0.12) 0.173 (0.08) 0.010 (0.09 0.133 {0.07)
CPUE GLM| 0.211 (0.25) 0.233 (0.15) 0.113 (0.21) 0.162 (0.18)
Clommericial ¢ 's: (2107
CPUE ICSEAF (1.3+1.4)| 0.283 (0.21) 0.391 {0.21) 0.000 (019 0.337 (0.13)
CPUE ICSEAF (1.5y 0432 (0.21) 0596 (0.21) 0.000 (019 0.513 (0.13)
CPUE GLM| 2.215 (0.42) 1.287 (0.49) 0.002 (0.36) 4,982 (0.21)
Zurvey sigmas:
Spanish winter| 0.391 (0.09) 0.432 (0.13) 0.087 (0.11) 0.339 (0.06)
Spanish summer| 0.503 (0.04% 0.503 (0.04) 0.138 (0.05) 0.543 {0.03)
Survey g 's
Spanish winter| 0401 (019 Commercial 0.314 (0.28)  Commercial 0431 (0.16)  Cormmercial 0,628 (0.12)  Commercial
Spanish summer| 0.557 (0.20)  trawlers g 's: 0.424 (0.30)  trawlers g 's: 0.601 (0.17) trawlersg's: 0.932 (0.13) trawlersg's:
Nansen summer| 0.367 (0.19) 0404 (0.25) | 0.252 (0.3  0.277 (0.34) | 0395 (0.21) 0434 (0.203 | 1.000 1.000
Nansen winter| 0418 (0.20) 0462 (0.24) | 0290 (0.35) 0321 (0.35) | 0.450 (0.20) 0497 (0.20) | 1.000 1.000
Catches-at-age sigmas:
commerciall 0.110 (0.04) 0.107 (0.04) 0.112 (0.04) 0.113 (0.05)
summer survey| 0.114 (0.06) 0.113 (0.06) 0.112 (0.06) 0,113 (0.07)
winter survey| 0.161 (0.07) 0.161 (0.07) 0.162 (0.06) 0.160 (0.07)
Additional sigma (survey)| 0.225 (0.26% 0.222 (0.25) 0.224 (0.26) 0.362 (0.35)
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Table 11.1 continued

5) Change in K 6) Change in K 7)o =040
Ksp * est fix Ksp *=0.80Ksp
(1970-1975) (1970-1975)
Total negative loglikelihood 983 -94.9 -110.1
-Inl. - CPUE -32.2 -30.1 =334
-Inl: Survey -13.3 -14.2 -13.2
SInl CAL com -65.9 617 -66.6
Sl CAL surv -5.0 In tertns of the -9 In tertns of the -10.7
-InL:5SR Residuals 221 new £F: 20.9 new K% 13.3
Fsd 3460 (0.15) 1873 (01%) | 3142 (017 2513 (0.13) | 461 (0.19)
F 3733 (0.16) 3354 (0.15) 3731 (0.200
B o0s 1586 (0.19) 1974 (0.21) 1581 (0.32)
B 2001 461 (0.29) 654 (0.29) 433 (0.5
I 1.000 {0.00) 0.554 (0.41) 0.365 (0.26)
ASYL T 755 (0.16) 1025 (0.16) 1535 (0.23)
MSTL S 110 (0.15) 213 (0.42) 371 (0.39)
MSY 339 (0.16) 429 (0.3%) 368 (0.28)
B 0ar/ KT 0457 (0.18) 0846 (0.11) | 0.628 (0.21)  0.785 (0.21) | 0457 (0.38)
B oK 0123 (0.30) 0.204 (0.31) 0116 (0.60)
B o001 MSYLF 2020 (0.27) 1.927 (0.28) 1.030 {0.43)
B oo FMSTL 4136 (0.49) 3216 (0.51) 1166 (0.72)
MSYLE KT 0467 (0.10)  0.864 (0.13) | 0326 (0.06)  0.40%8 (0L.07) | 0.444 (0.06)
ST 0.029 (0.25) 0.063 (0.31) 0.100 (0.26)
A 0.77 (0.04) 0.76 (0.04) 0.77 (0.05)
Age| Slesaa S1989.a P200La Sy | S1968a S1989a S200la  Sare | O1968a ©1989.a S200La S
0| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2| 0.08 0.61 0.01 0.76 0.08 0.62 0.01 0.78 0.08 0.62 0.01 077
3| 063 1.00 0.03 1.00 062 1.00 0.04 1.00 064 1.00 0.03 1.00
40 0.7 1.00 0.1z 1.00 0.97 1.00 0.15 1.00 0.97 1.00 0.1z 1.00
5| 1.00 1.00 0.3% 1.00 1.00 1.00 0.43 1.00 1.00 1.00 0.37 1.00
6| 1.00 1.00 0.74 1.00 1.00 1.00 0,78 1.00 1.00 1.00 0.73 1.00
7| 1.00 1.00 0.94 1.00 1.00 1.00 0.95 1.00 1.00 1.00 0.94 1.00
a2+ 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Commercial sigmas:
CPUE ICSEAF (1.3+1.4)| 0175 (0.19) 0185 {0.2%) 0169 {019
CPUE ICSEAF (1.5)| 0.209 (0.12) 0.214 (0.20% 0.207 (0.12)
CPUEGLM| 0189 (0.17) 0.22% (0.17) 0177 (0.24)
Commericial g 's: (Xle)
CPUE ICSEAF (1.3+1.4)| 029 (0.20) 0.329 {017 0.299 (0.2
CPUE ICSEAF (1.5)| 0451 (0.20) 0.502 (0.17) 04356 (0.22)
CPUE GLM| 1962 (0.26) 1444 (0.29) 2.150 (0.43)
Survey sigmas
Spanish winter| 0433 (0.07) 0.441 (0.0%) 0.419 (0.11)
Spanish summer| 0.523 (0.04) 0,511 (0.04) 0.520 (0.04)
Survey ¢ 's:
Spanish winter| 0363 (0.20)  Commercial 0.349 {0257  Commercial 0368 (0.22)  Commercial
Spanish summer| 0491 (0.20) trawlers g 's: 0470 (0.26) trawlersg's: 0501 (0.24) trawlersg's:
Nansern summer| 0331 (0190  0.364 (0.19) | 0284 (0.2%) 0312 (0.23) | 0.345 (0.27)  0.379 (0.27)
Nansen winter| 0377 (0L19) 0416 (018 | 0325 (027 0350 (0.23) | 0598 (0.27)  0.440 (0.27)
Catches-at-age sigmas:
commerciall 0,104 (0.04) 0.106 (0.05) 0.103 (0.04)
summmmer survey| 0.115 (0.06) 0.115 (0.06) 0.112 (0.06)
winter survey| 0157 (0.07) 0.161 (0.07) 0.157 (0.07)
Additional sigma (survey)| 0.235 (0.25) 0.222 (0.26) 0.237 (0.26)
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Table 11.1 continued

B)or=0.10 9) Selectivity down 10) Fit to fishable
Sel slope = 0.2 from age 4 bhiomass
Total negative loglikelihood -57.2 -81.0 -146.0
Jnl - CPTIE -30.5 -38.7 -34.3
-Inll: Survey -14.8 -13.3 -111
Sl CAA com. -28.7 -59.3 -30.6
Sl TAL surv 2.7 10.0 -84.2
-InL:5E. Eesiduals 142 203 142
f & 4085 (0.11) 4634 (0.12) 3009 (0.09)
re 4507 (0.13) 4105 (0.13) 3210 (0.11)
B¥ 001 1245 (0.28) 811 (0.15) 1030 {0.18)
B 2001 354 (0.51) a4 (0.14) 176 (0.31)
i 0.277 (0.13) 0.276 (0.10) 0.366 (0.11)
MSYLE 1913 (0.14) 2199 (0.14) 1229 (0.11)
MSYLE 646 (0.25) 458 (0.25) 206 (0.31)
MSY 237 (0.27) 255 (0.22) 306 (0.11)
B 400t /KT 0.305 (0.34) 0.175 (0.20) 0.342 (0.20)
B o /K 0.079 (0.57) 0.020 (0.22) 0.055 {0.35)
BF op1 MSYLF 0.651 (0.36) 0.369 (0.22) 0.838 (0.22)
B 001 /MSTLE 0.548 (0.57) 0.184 (0.31) 0.852 (0.40)
MSVLE ® 0.463 (0.03) 0.474 (0.03) 0,409 (0.03)
MY 0.143 (0.18) 0.111 (0.18) 0.064 (0.27)
M 075 (0.04) 067 (0.04) 0.73 (005
Agel S1o65. S1980. S2001a  Sewv | S1968a S1989a S200La  Sewr | Sl98Sa S198% S00La  Ssuv
0 0.00 001 0.00 0.00 000 0.00 0.00 0.00 000 001 0.00 0.00
1 0.00 0.03 0.00 0.00 0.01 00l 0.00 0.00 0.01 o007 0.00 0.00
2 0.10 040 0.01 0.73 011 072 0.0t 0.83 0.0% 0.24 0.01 0.00
3 070 0.54 0.04 1.00 071 1.00 0.0z 1.00 0.63 0.60 0.0z 0.00
4 098 097 0.13 1.00 1.00 1.00 0.05 1.00 0.97 0.87 0.07 0.60
5 1.00 1.00 0.38 1.00 0.84 082 0.13 082 .00 0.97 0.22 0.69
[ 1.00 1.00 0,72 1.00 069 0.67 0.32 0.67 1.00 0.99 0.52 079
7 1.00 1.00 0.93 1.00 0.56 0.55 0.66 0.55 1.00 1.00 0.83 0.59
8+ 1.00 1.00 1.00 1.00 046 045 1.00 0.45 1.00 1.00 1.00 1.00
Commercial sigmas:
CPUEICSEAF (1.3+1.4)| 0.176 (0.17) 0.161 (0.13) 0.124 (0.08)
CPUEICSEAF (1.5 0.184 (0.12) 0.197 {0.09) 0.172 (0.07)
CPUE GLM| 0.265 (0.20) 0.168 (0.22) 0.212 (0.14)
Cotnneticial ¢ 's: (21 03)
CPUE ICEEAF (1.3+1.4) 0.250 (0.18) 0.276 (0.14) 0.405 {0.12)
CPUE ICSEAF (1.5) 0.331 (0.13) 0.420 (0.14) 0.617 (0.12)
CPUE GLM| 2.517 (0.36) 8713 (0.21) 4.975 (0.21)
Survey sigmas:
Spanish winter| 0.37% (0.06) 0.310 (0.06) 0.478 (0.05)
Spanish sumraer| 0.522 (0.03) 0.575 (0.03) 0.556 (0.05)
Survey g 's:
Spanish winter| 0454 (017)  Commercial 0577 (010 Commercial 2510 (015 Commercial
Spanish summer| 0.652 (0.17) trawlersg's: 0916 (0.11) trawlersg's: 2838 (0.14) trawlersg's:
Nansen summer| 0423 (0200 0465 (0.21) | 0.767 (0113  0.843 (0.11) | 0.582 (0.14)  0.640 (0.14)
Nansen winter| 0480 (0.19) 0531 (0.19) | 0.845 (0.10)  0.934 (0.10) | 0.875 (0.14)  0.967 (0.14)
Catches-at-age sigmas:
commercidl| 0.137 (0.04) 0.109 (0.04) 0.130 (0.04)
summrmer survey|  0.130 (0.06) 0.122 (0.07) 0.077 (0.06)
winter survey| 0.168 (0.05) 0.160 (0.07) 0.066 (0.07)
Additional sigma (survey)| 0.215 (0.26) 0.230 (0.24) 0.290 (0.21)
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Table 11.2 Control parameter values for each of the six watd OMPs presented. The values in
bold reflect the changes from the baseline OMP.

A 4 w Yinodeer Maxincr. max decf.
a) Baseline 1.0 0.7 0.5 2001 5% -15%
b)3=0.5 1.0 0.5 0.5 2001 5% -15%
c)f =10 1.0 1.0 0.5 2001 5% -15%
d)w=0.3 1.0 0.7 0.3 2001 5% -15%
e) max decr. -10% 1.0 0.7 0.5 2001 5% -10%
f) adopted 0.9 0.7 0.5 2001 5% -10%

163



Chapter 11 — Management Procedure for the Namibike

Table 11.3 Management quantities estimates for the Refer&ase, ‘higheror’ and ‘lower or’
robustness test operating models projected undeDMP ultimately adopted for Namibian hake. The
gquantities in parenthesis are bootstrap estimadéd @obability intervals.

Reference Case org = 0.40 or = 0.10

B ooilK 0.354 (0,212, 0.675) 0428 (0220, 0757 0277 (0,120, 0.463)
BT 00a’E 0354 (0,219, 0737 0432 (0,223, 0.203) 0275 (0,173, 0.4871)
B7 100a/B7 100 1.026 (0,793, 1.303) 1.021 (0683, 1.370) 0983 (0,876, 1.097
B oK 0415 (0,231, 0.7748) 0.504 (0,241, 0570 0,299 (0,183, 0.580)
BT 011/B7 3000 1168 (0.800, 1610) 1196 (0,682, 2.136) 1065  (0.850, 1.277)
BF /K 0,450 (0.254; 0.344) 0.56% (0282, 0.934) 0.340 (0.154; 0.56%)
B® 100 1/B% 1001 1200 (0.869;, 1.911) 1326 (0.624; 2.452) 1193 (0.940, 1.473)
MSTL 0.45% (0408, 0.478) 0432 (0488, 0.470) 0469 {0.450; 0.482)
B 1/ MEYL 1.072 (0,553, 2.070) 1.310 (0622, 2.218) 0726 (0404, 1.212)
ARV 4.1 (3.0, 5.9) 4.3 (3.3, 62) 4.4 (3.1, 6.1)

Awerage antmal catch 1972 (134.6, 286.0) 2316 (1437, 306.6) 1657 (1131, 261.5)
Catch - 2001 200.0 (2000, 200.0) 2000 (200.0, 200.0) 2000 (20000, 200.0)
Catch - 2002 2054 (188.2; 2100 2100 (2100, 21007 197.4 (18000, 210.0)
Catch - 2003 206 6 (169.5;, 220.5) 22005 (185.0, 220.5) 1851 (162.0, 220.3)
Catch - 2004 155.0 (155.1; 231.5) 224.6 (170.1, 231.5) 174.8 (145.8; 231.5)
Catch - 2005 1878 (1326, 243.1) 2289 (1531, 243.1) 1657 (131.2; 243.1)
Catch - 2006 178.3 (127.2, 255.3) 2223 (1378, 255.3) 1534 (118.1, 247.53)
Catch - 2007 170.8 (117.2, 268.0) 221.2 (1245, 268.0) 150.6 (1063, 255.1)
Catch - 2008 1759 (1130, 281.4) 2267 (1232, 2814 150.4 (969, 266.6)
Catch - 2009 179.4 (102.1, 29273) 2287 (1178, 295.5) 154.0 (913, 2691
Catch - 2010 182.9 (97.8;, 307.6) 2327 (112,64, 310.3) 1531 (850, 282.4)
Catch - 2011 179.3 (1027, 314.6) 234.8 (106.0, 325.8) 1524 (855, 290.0p
Catch - 2012 186.4 (107.1, 3276) 238.8 (1096, 342.1) 1554 (B2.6, 290.2)
Catch - 2013 1517 (106.2, 322.8) 2378 (1151, 35%.2) 153.0 (823, 289.6)
Catch - 2014 1521 (111.5;, 330.4) 2374 (120.%, 372.2) 1527 (822, 2959
Catch - 2015 201.2 (111.5;, 338.2) 2356 (1164, 371.6) 155.0 (838, 301.1)
Catch - 2016 201.% (1155, 331.3) 2359 (122.2, 36377 1529 (856, 292.3)
Catch - 2017 202.5 (121.2;, 3258) 247.0 (1196, 3659 155.9 (859, 284.1)
Catch - 2018 2050 (1234, 328.2) 2531 (1254, 363.5) 1614 (944, 287.1)
Catch - 2019 2116 (1217, 325.0) 261.4 (131.1, 361.3) 162.2 (964, 272.5)
Catch - 2020 2145 (119.5;, 324.5) 2659 (1327, 358.2) 1638 (950, 283.8)
Catch - 2021 2159 (118.9, 3249 2778 (1347, 3614 165.0 {101.2, 284.0)
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B /KP

1.2

90% CI
0.2

0'0 T T T T T T
1960 1970 1980 1990 2000 2010 2020

Fig. 11.6 BySp/KSp with 90% bootstrap probability intervals for thefBrence Case
assessment projected 20 years into the future uhddraseline OMP. MSYL with its
90% probability intervals is also shown.
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Annual Catch (in '000 tons)

Annual Catch (in '000 tons)
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Fig. 11.7 "Worm" plots of annual catch, showing a) thetfBsand b) the first 10 bootstrap
replicates, for the Reference Case operating matigr the baseline OMP.
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Fig.11.8 "Worm" plots ofB /K™, showing a) the first 5 and b) the first 10 bawtst
replicates, for the Reference Case operating maut#r the baseline OMP.
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Fig. 11.9 Initial (2001) and projected final (2021) deptets under: no catch, a constant catch of 200 #mnulis
tons, six different candidate OMPs and two casesipfementation uncertainty, for a) the RefereneseC
operating model, b) the operating model with higtyeand c) the operating model with lowgy. The estimated
value of MSYL is also shown. The error bars sho&98% probability intervals.
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Fig. 11.10 Average Annual Variation (AAV) in catch for th@-¥ear projection period under: no catch, a constant
catch of 200 thousand tons, six different candid&t#*® and two cases of implementation uncertainty foine)
Reference Case operating model, b) the operating mttehighera,, and c) the operating model with lowey.

The error bars show the 90% probability intervals.
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error bars show the 90% probability intervals.
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Case operating model, b) the operating model wighéria, and c) the operating model with lowey.
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12 Operational Management Procedures for the

South African hake resources

12.1West coast OMP (species combined)

An OMP was first used as the basis for hake TA@radic recommendations in South Africa
in 1990. This OMP, which was applied from 1990 893 to provide recommendations for the years
from 1991 to 1996 for both the west and south sohake resources, was based orfpatarvesting
strategy coupled to the Schaefer form of a dynamgesaggregated production model. This production
model, the Butterworth-Andrew observation errorireator (Butterworth and Andrew, 1984), was
fitted to biomass estimates obtained from reseatrhieys as well as the abundance index obtained
from commercial catch rates (CPUE). Because theymtton model does not take the potentially
important catch-at-age information into considemtianad hoctuned VPA (Virtual Population
Analysis) based on the Laurec-Shepherd tuning glgor(Pope and Shepherd, 1985) was used in
addition to age-aggregated production models fawukition testing of alternative candidate OMPs
(Punt, 1993). However, the results obtained fronage-aggregated model were applied to provide
TAC recommendations, because it was found thaV&-based OMPs responded more to the noise
than only to trend in the data, and therefore slowgbstantially larger inter-annual variability in

catches with no compensatory gains in terms oee#llrerage catch or decreased risk (Punt, 1993).

This OMP had been chosen following thorough prioruation testing (Punt, 1992, 1993),
but in 1995 it became apparent that it was in nefedevision, for two main reasons. First, the
commercial CPUE on the west coast had not increasedhuch as predicted five years earlier,
suggesting some mis-specification in the base @psmting model which had been chosen in 1990 as
the most appropriate representation of the halamires dynamics (Geromont and Butterworth, 1997).
The matter of changes in the fishing selectivitgrotime (as a result of the phasing out the illega
of small-mesh net-liners in the late 1980’s) wasught to light and needed to be taken into account
(Geromont and Butterworth, 1998a), as this restitieitie CPUE series not providing a comparable
index over the full 1978-1995 period for which dietd data had been collected from the local trawl
fleet, and the Schaefer model no longer provididggaiate predictions of resource trends. Secondly,
general linear modelling (GLM) techniques appliecstandardise the CPUE series suggested a lesser

rate of recovery of the resource over recent dectd had coarser methods used earlier.
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For these reasons, the hake TAC was held fixethioyears 1997 and 1998, while a revised
OMP was being developed. In August 1998, the Sshefy Advisory Council (SFAC) adopted a
revised OMP to provide recommendations for the weast component of the hake TAC. This OMP
is still in use. It is based on &yrs harvesting strategy coupled to a Fox productiodeh¢Geromont
and Glazer, 1998). Although the OMP’s Fox modehge-aggregated, the model used to assess the
resource and provide the basis for testing theidatel OMPs was an age-structured production model
which, in addition to commercial CPUE and surveyratance indices, was also fitted to commercial
and survey catch-at-age data. To avoid the problesssciated with the non-comparability of the
CPUE series over time, the OMP omits the periodndwvhich the fishing selectivity is believed to
have changed (i.e., over which net-liners were @thasit) and uses only the pre-1984 and post-1991

CPUE data, treating them as independent series.

A Schaefer-based and an ASPM-based OMP were asedtduring the initial development
of this revised OMP. The Schaefer option was daméibecause it did not perform satisfactorily, with
initial catches rising too rapidly, causing res@udepletion, followed by a drastic cut in TACs as a
correction measure. The Fox-based OMP was chosemtioe ASPM option because, although both
performed satisfactorily and in a similar way, tigh computation time required by the ASPM option

would have limited the number of robustness testBpmed.

The basis of the OMP evaluations that led to th@cehof the current OMP for west coast
hake are summarised in Appendix C1, the scierdificument submitted to the SFAC in August 1998.
This document, which contrasted alternative candid@MPs, recommended that three main
objectives be considered when deciding betweepahdidate OMPs:
1) a high probability for the resource to recoeMSYL within the next 10 years;
2) a low probability of a net decline in the spamgnbiomass over this 10-year period; and

3) a low probability of a decrease in TAC earlyhe 10-year period.

The Fox-model-based OMPs proposed were linked teekting strategies ranging frofaos
to fo1s which provided different trade-offs between immagel TAC levels and longer-term
improvements in resource abundance. At one extrémad; os option provided the largest short-term
increase in catch, but the least longer-term irséa resource abundance; while at the other ertrem
an fo.15 option resulted in a slight decrease in the TAGhia short-term, and allowed for the largest

longer-term increase in resource abundance.

It was also shown that these candidate OMPs wéatvedy robust to a range of uncertainties
in both the model structure and in the data (Gerdnamd Butterworth, 1998b, 1998c, 1998d). The
robustness tests performed on the candidate OMPHsted in Appendix C1. The factors with the
greatest impact on anticipated performance of #mgliclate OMPs were a) the extent of variability in

future hake recruitment, and b) future positivesbia CPUE coupled with an absence of future
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research surveys. It was noted that in case b)sahdidate OMPs could lead to a marked decrease in
resource abundance over the next 10 years. Dweehoital problems, research surveys on-board the
Africana have taken place in only one year (1999) sinceatth@ption of this OMP, although the
surveys were subsequently conducted on-boardN#mesenin 2000 and 2001 (these two data points
are treated as a separate series, with a segprateen implementing the OMP). It is therefore very
important that the analysis of CPUE data does mefrlook any factor that may be leading to

enhanced fishing efficiency.

The data input to the OMP (see Tables 6.1 andifc)de (with yeary being the year for
which the TAC recommendation is made):

i) the historic annual catches up to yedr,

i) the historic CPUE series from 1955 to 197@4ted as an index of relative abundance),

iii) the GLM-standardised (cage= 0.5) CPUE series up to yea? (updated annually), omitting the
period in the 1980’s during which the fishing sélaty is taken to have changed from smaller to
larger fish and treating the resulting CPUE datan(f 1978 to 1984 and from 1993 to yge?) as
two separate indices of relative abundance,

iv) the summer (from 1985 to yewl) and winter (from 1985 to 1990) research sudata, treated

as relative abundance indices.

The formula which provides the TAC recommendation the 1998 revised OMP is as
follows (Geromont and Butterworth, 1998a; Gerormeomd Glazer, 1998):

TAC, = ATAC,; + (L- A)FOX 12.1

Y, foo7s

where TAC,is the TAC recommended for yegy A = 0.5 is a control parameter which
moderates the extent of the TAC annual variation IétOXy,f0075 is the estimated catch for year

corresponding to affvo7s harvesting strategy according to the Fox surphagiyction model (Fox,
1970; see Fig. 1.4).

The A of 0.5 was chosen to ensure relatively fast readid trends in recent data, while still
keeping changes in TAC from one year to the ndatively small. Thefy.o75 harvesting strategy was
chosen by the SFAC as constituting an appropriagetoff between average annual catches and

resource recovery.

179



Chapter 12 — Management Procedures for the Soutbaifhake resources

12.1.1TAC recommendation for 2003

From 100 000 tons in 1999, the west coast compooktite hake TAC under the revised
OMP has increased steadily up to 110 000 tons i@220he data input for the 2003 TAC
recommendation are shown in Table 12.1, with thve eemodified data (compared to the assessment
in Chapter 6) in bold. In 2000, th&fricana the vessel normally used in the South Africanehak
surveys, broke down. This is why tNensernwas used for the 2000 and 2001 west coast survégs.
OMP treats these two data points as a separatelahcs index series and hence estimates a separate
g for this Nansenseries. The GLM-standardised CPUE is not, asHerseries in the assessment in
Chapter 6, for the three biggest companies only,nlow includes data for all the companies. The
catch in 2002 is assumed to be 107 thousand todspat the 2002 OMP’s TAC recommendation of
110 000 tons. Indeed, for reasons discussed taegverall TAC recommendation for 2002 was not
increased as suggested by the OMP but maintaindts &2001 level for which the west coast
component was 107 thousand tons. Thus 107 000hamidbeen kept as the assumed catch level for
2002, but the application of the OMP formula foreesommendation for 2003 assumed a 2002 TAC
equal to that recommended by the OMP applicatipeaa previously.

Computation ofFOXz00310.075 @S Set out above yields 105 292 tons. Thus, imgeof the
revised OMP of equation 12.1 (after rounding to rilearest 1000 tons as is conventional), the 2003
TAC recommended for west coast hake is 108 000, ®rdecrease of about 2% compared to 2002
(MCM, 2002). This decrease follows from the downiverend in the CPUE index over the last four
years (the 2001 CPUE value is the lowest over thelev1978-2001 CPUE series), combined with the

rather low 2002 survey biomass estimate.

To get an idea of what recommendations the OMP hadlly provide in the near future,
‘theoretical’ 2004 and 2005 TAC recommendations eveomputed as follows. Given no further
information in terms of CPUE and survey data (ilee, observed CPUE and survey biomass estimates
are set equal to the values predicted by the OMBS&ssment model), and using the recommended
TAGooz as the catch for 2003, the TAC in 2004 is projgetebe 107 000 tons. Similarly, if this TAC
is taken to be the catch in 2004, the TAC in 2@0projected to remain unchanged at 107 000 tons.

12.2South coastM. capensis OMP

The need for a revised OMP for hake on the Southc#d south coast arose with the

development, in this region principally (relative the total hake catch off this coast), of a lomgli
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fishery for hake. Previously, the management okehatk the south coast was based upon aggregating
over the two hake species (as it is still done tfex west coast and Namibian stocks), with the
justification for aggregating the two species baspdn simulations which assumed that the species
and age-selectivity of the fishery remained uncedn@Punt, 1992). These assumptions became
invalidated on the south coast with the developnoérthe longline fishery for hake which targets

mainly olderM. capensis

The revised OMP for the south coddt capensiscomponent of the hake resource was
adopted by the Consultative Advisory Forum (or CARe body that replaced the Sea Fishery
Advisory Council in terms of a new Act of Parlianteim June 2000. It is of the same form as the one
used for the west coast, based on a Fox-form agesggted production model but incorporatinfg a
harvesting strategy (the smoothing paraméteis kept at 0.5 as for the west coast hake OMP)
(Geromont and Butterworth, 2000b). It is implemehnlg using the offshore fleet CPUE data (fbr
capensionly, based on splitting the catch by speciesralieg to depth) and research survey biomass
estimates oM. capensiqi.e., the assessment model within the OMP igntresnixed-fleet nature of

the fishery).

The objectives of the OMP for the south cddstcapensigesource were somewhat different
than in the case of the west coast hake resoundeed], the south coast shallow-water Cape hake
resource was (and still is — see Chapter 7) estuintd be in a healthy state, well above the level
estimated to yield MSY, and a resource ‘rebuildiodgMSY level’ strategy was not required for this
component of the overall hake resource. The chaigecandidate OMP, therefore, involved a trade-
off between catch and catch rate, rather than detodf between the average annual catch and the

extent of resource recovery, as had been the oagieef west coast OMP.

Representatives of the hake fishing associatiod&ated that economic viability required
CPUE levels to be maintained at their average valuer the 1990's; this entailed keeping the
resource abundance somewhat high, with a consegeeéuttion in the risks associated with other
uncertainties when making recommendations for TA@sthis fishery. The main consideration
therefore in selecting an OMP for the south cddstapensigesource became trying to keep catch
rates relatively stable over the next few years fth harvesting strategy option was chosen as it
projected roughly steady levels of both catch aatdicrate over the next few years. The basis of the
OMP evaluations that led to this choice of OMPammmarised in more detail in Appendix C2, which

includes two documents presented to the CAF aisd aflrobustness tests performed.
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12.2.1TAC recommendation for 2003

Table 12.2 shows the data input to the OMP, witlv me modified data (compared to the
assessment in Chapter 7) in bold. The data indjuitie series of annual catches (from 1967 to 2002)
with the 2002 catch assumed equal to the TAC fat year, ii) the historic offshore CPUE series
(from 1969 to 1977), iii) the GLM-standardised CPd&a (from 1978 to 2001) and the spring and
autumn survey biomass estimates for the 0-500 nthdepge. The GLM-standardised CPUE is not,
as for the series in the assessment in Chapter thd three biggest companies only, but now iresud
all the data. Unlike the more recent data, theohisiCPUE data correspond to bdth capensisand

M. paradoxusombined, as these data cannot be disaggregatguEbies.

Computation ofFOXzo0z10.3 Yields 24 003 tons. Thus, the 2003 TAC recommeridedouth
coastM. capensiss 25 000 tons, which is the same as for 2002 (M2002).

In the same manner as for the west coast, to gateanof what recommendations the OMP
might provide in the near future, ‘theoretical’ 208nd 2005 TAC recommendations were computed
as follows. Given no further information in ternls@PUE and survey data (i.e., the observed CPUE
and survey biomass estimates are set equal toatbesvpredicted by the OMP’s assessment model),
and using the recommend@&ACy ooz as the catch for 2003, the TAC in 2004 is projg@ttebe 25 000
tons. Similarly, if this TAC is taken to be the datin 2004, the TAC in 2005 is projected to remain
unchanged at 25 000 tons.

12.3South coastM. paradoxus

As mentioned in Chapter 8, an attempted separatsssent foM. paradoxuson the south
coast did not yield sensible results, given tha th paradoxuson the south coast is likely a
component of the west coddt paradoxusstock (Geromont and Butterworth, 1999a). In theeale
of an OMP for this component of the resource, tA€ Tontribution for south coadd. paradoxudor
2000 was computed as ad hocproportional addition to the west coast OMP outphis assumes
that changes in the south coltparadoxusallowable catch should match trends in west chake
abundance. This proportion was based upon the gweratio of the catches from these two
components of the overall resource for the precgfiire years (see Appendix C2). This method was
presented to, and accepted by, the CAF at its 406@ meeting, and was meant to be applied for the

following three years (or until a possible earlviP revision).
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In 2001, however, some concerns arose about thisosheas this averaged proportion was
noted to be appreciably higher for the five moserg years compared to the previous ten years (Fig.
12.1). For this reason, the TAC in 2001 was kepediat the 2000 level and not increased by 3
thousand tons as the OMP outputs at that time stggedthe increase arising from the OMP-based

recommendation for the combined-species west coasponent of the resource).

Fig. 12.2 shows th®l. paradoxusspawning biomass projected for 20 years undefegtsmn
of constant catch strategies for six scenariossé@lae the ‘West Coast only’ and the ‘Both Coasts’
assessments, for each of the three shapes of ltaiveey function (see Chapter 8). For each of the
cases, the catches were selected (to the neamestathid tons) as a) the one keeping the spawning
biomass constant over the last 10 years of theegtion period, b) 5 thousand tons above this value
and c) 5 thousand tons below this value. Thesee(egislonger-term replacement yield values are
some 20, 28 and 28 thousand tons larger for theéh‘Beoasts’ than for the ‘West Coast only’

assessments for the ‘No slope’, ‘Slope of 0.2' @idpe of 0.4’ cases respectively.

Probably these longer-term replacement yield estisngrovide the most appropriate guidance
(until the development of an OMP for tMe paradoxusstock) as to what extent the west coast OMP
output for the TAC should be increased to take aectof M. paradoxuson the south coast. The
results vary from 20 to 28 thousand tons, beingdafor greater values of selectivity slope. Sitiie
slope seems likely to be greater than zero, bathuse older fish tend to be found deeper (and lukyon
trawlers’ range) and because this results in mesdistic M values (see Table 8.7), one might
conclude that the appropriate correction is cltséhe upper rather than the lower value boundiigy t

range.

12.3.1TAC recommendation for 2003

As indicated above, the assessment models for dehSAfrican M. paradoxusresource
suggest that the south coast component of the satthinable yield of th#l. paradoxusresource
probably lies towards the upper end of the 20 0@8 900 tons range. The MCM Demersal Working
Group therefore recommended that the 2003 TACh®mtest coast should be adjusted by 25 000 tons

to incorporate the portion of thd. paradoxugesource on the south coast (MCM, 2002).
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12.4Summary of TAC recommendations for 2003

The direct applications of the adopted OMPs forvlest coasMerlucciusspecies and south
coastM. capensiscomponents for 2003 suggest a relatively smalredese of 2 000 tons in the
contribution of those two components to the globBAIC compared to 2002. However, thd hoc
adjustment for south coalst. paradoxusused in 2000 and 2001 appears to have been e, land
the MCM Demersal Working Group recommended that dbetribution of this component to the
global TAC be reduced by 6 000 tons from the 208lRer of 31 000 tons. This would have resulted in
the global TAC for 2003 being decreased by 8 00@,ta reduction that would have been disruptive
to the hake industry. Because projections (giverfuriier information in terms of CPUE and survey
data) indicate that the global TAC recommendatfomism the OMPs are expected to be stable over the
next three years, it was recommended by the WorGiragip that the reduction be spread over the next
three years to lessen the negative impact on tthestry, unless further data forthcoming over that
period indicate to the contrary (MCM, 2002). Thelgll TAC for 2003 subsequently approved by the

Minister of Environmental Affairs and Tourism refted a decrease by 2 000 tons to 164 000 tons.
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Table 12.1 Total annual catches for the period 1955 to 2@8¢ether with historic (‘old’) and GLM-
standardised CPUE series wij(.5) correction for by catch correlation (Glaz&dp2a) and survey
abundance data (with associated standard errarsydst coast hake (Div. 1.6). Data in bold have
been updated from those used in the assessmehajitet 6 (see Chapter 6 for data sources).

Vear Total annus ICSCIEAL\JFELG CPEE:(;LM Summer survey Winter survey Nansensummer survey
catch (tons/day) (kg/min) Biomass (s.e) Biomass (s.e.) Biomass (s.e))

195t 115.400 17.31

195¢ 118.200 15.64

1957 126.400 16.47

195¢ 130.700 16.26

195¢ 146.000 16.26

196( 159.900 17.31

1961 148.700 12.09

1962 147.600 14.18

196: 169.500 13.97

196¢ 162.300 14.60

196t 203.000 10.84

196€ 195.000 10.63

1967 176.700 10.01

1968 143.600 10.01

1969 165.100 8.62

1970 142.500 7.23

1971 202.000 7.09

1972 243.933 4.90

1973 157.782 4.97

1974 123.000 4.65

1975 89.617 4.66

1976 143.894 5.35

1977 102.328 4.84

1978 101.140 12.877

1979 92.704 14.156

1980 101.538 13.224

1981 100.678 12.908

1982 85.970 12.324

1983 73.677 14.235

1984 88.410 14.944

1985 99.590 231.134 (38.629) 398.193 (53.557)

1986 109.091 296.044 (42.744) 286.374 (32.737)

1987 104.010 352.874 (57.004) 270.946 (46.409)

1988 90.131 212.036 (31.640) 267.798 (64.461)

1989 84.896 627.147 (134.761)

1990 78.918 512.299 (98.448) 357.089 (55.307)

1991 85.521 384.147 (83.393)

1992 86.280 319.533 (37.493)

1993 98.110 14.490  395.642 (51.976)

1994 102.770 13.800  440.117 (68.667)

1995 94.716 12.646  462.707 (86.365)

1996 91.364 13.745  506.857 (84.235)

1997 92.328 13.411  752.837 (115.622)

1998 109.297 16.496

1999 86.489 12.464 761.736 (123.905)

2000 101.714 13.070 326.994 (36.816)

2001 93.940 11.650 466.131 (41.683)

2002 107.000 380.202 (38.701)
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Table 12.2 Total annual catches for the period 1967 to 2@0@ether with historic (ICSEAF Div.
2.1+2.2) and GLM-standardised CPUE series (Gla2602b) and survey abundance data (with
associated standard errors) for south cbhstapensisThe historic CPUE series (1969-1977) is for
M. capensisand M. paradoxuscombined. Data in bold have been updated frometha®d in the
assessment in Chapter 7 (see Chapter 7 for dateespu

ICSEAF Spring survey Autumn survey
Year TOti;ir;]”“a' et iy (0-500m (0-500m
(tons/hr) Biomass (s.e) Biomass (s.e.)
1967 13.302
1968 19.614
1969 24.202 1.23
1970 18.008 1.22
1971 21.023 1.14
1972 31.320 0.64
1973 40.303 0.56
1974 50.931 0.54
1975 36.724 0.37
1976 29.103 0.40
1977 20.134 0.42
1978 20.271 4.264
1979 23.230 4.747
1980 21.525 5.262
1981 21.870 4.857
1982 27.114 5.578
1983 24.216 6.523
1984 23.638 7.189
1985 31.500 9.050
1986 26.085 7.727 202.871 (278.450)
1987 25.413 7.482 162.282 (17.512)
1988 26.792 7.056 165.184 (21.358)
1989 34.505 7.842
1990 36.016 9.329
1991 31.076 8.739 273.897 (44.363)
1992 26.957 7.700 137.798 (15.317)
1993 20.708 6.240 156.533 (13.628)
1994 22.427 7.320 158.243 (23.607)
1995 22.087 6.509 233.359 (31.862)
1996 28.462 7.173 243.934 (25.03%)
1997 23.233 6.012 182.157 (18.601)
1998 18.046 5.479
1999 22.873 5.889 190.864 (14.929)
2000 30.798 7.724
2001 28.887 7.888 133.533 (20.845)
2002 25.000
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Fig. 12.2 Annual trend in south coakt. paradoxusatch as a proportion of the total west coast lcakeh.
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13 Overall conclusions and future research

Over the last three decades, management has adtseuse recovery in the hake stocks off
Namibia and South Africa, although this recoverg peoved to be less rapid than had been predicted

earlier, and the stocks are less productive thavigusly thought (see Chapter 9).

Some key questions concerning the assessmentesaf tesources remain: why is recruitment
variability estimated to be so low, natural mottatio be so high, and steepness, selectivity aad th
multiplicative bias for survey estimates of aburaamo be so different for the different stocks?
Possible bias in age readings might provide anamgtion for some of these features of the
assessments. Also the Namibian and the South Afrigsst coast assessments still ignore the fact that
the hake resource consists of two species. Givein potentially different dynamics and varying
contributions to the overall catch over time, safing the two species in future assessments might

lead to more realistic parameter estimates and eneydre consistency throughout the resource.

The current assessments and operational managemaagdures for the southern African
hake provide a reliable basis to manage this resofor the near future. The OMP basis used to
provide TAC recommendations for this resource awsrent years has demonstrated its intended
adaptive behaviour in responding to new data foriing over time. However, some important
guestions have been raised (see Chapter 9), whicrefresearch will need to attempt to solve. Some
recommendations to address these problems, aasveliggestions to improve the current assessments

and management of the resource are listed below.

13.1 Assessments and their uncertainties

13.1.1Fit the model to length distribution data

One of the first aims for future assessments ofthehern African hake resource is to move
towards length-based, rather than age-baseddfitfithe models. The reason for attempting to bee t
length data directly is that regular ageing of kiadke otoliths has not occurred because of staffing
difficulties at governmental agencies and, in saages, ageing data are available for only a vavy fe
years. Furthermore, errors in ageing are postulaseshe of possible causes for the unrealisticegalu
estimated in some cases for natural mortality, el as the surprisingly low levels of recruitment

fluctuations observed (by confounding the detectibistronger and weaker year-classes in the age-
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composition data). Furthermore, age data might b@tavailable in the future due to diminished

scientific capacity at governmental agencies.

Thus, to take account of as much data as posssbleay relate to the age structure of the
population, one desirably wants to try to utilise tatch-at-length data directly for both surveyd a
commercial catches. This will involve fitting thesessment model to the length, rather than the age
distribution of commercial and survey catches. Amlie B1 sets out how catch-at-length information
from the fishery can be taken into account in esting the population model parameters (Branetio
al., 2002). Initially, and unless there is evidencehe contrary, the somatic growth curve and the

extent of variability about it would be assumed toothange over time for this approach.

Models using spatially disaggregated (or not) Ibdzgsed assessment methods, such as
MULTIFAN-CL (for example, Fournieet al,, 1998), would be useful to consider.

13.1.2Move to species-disaggregated assessment and mamaget

Another problem of the current assessment and mneamawgt of the hake resource is that in
some cases (off the Namibian and South African weattsM. capensisandM. paradoxusare still
treated as a single species. Treating the two epexs a single stock could confuse the interpogtati
of the data and lead to management problems, ssidver-harvesting of one species and under-
utilisation of the other, and it is therefore ofjimipriority to first assess the two species sephraind
then develop separate OMPs for these speciesisThecoming of particular consequence due to the
growing longline component of the fishery whichgets largeM. capensigreferentially, in contrast

to the trawl fishery which utilises both species.

For the South African stock, it is planned to repléhe current hake TAC recommendation
process (a species-combined west coast OMPWagapensissouth coast OMP, and ad hoc
adjustment for south coabt. paradoxuy by OMPs forM. capensison the south and west coasts
separately, and an OMP fiot. paradoxudor both south and west coast combined. Similadparate

OMPs forM. capensisandM. paradoxusare planned for the Namibian resource.

The major problem in conducting species-disaggeshassessments of hake is that although
the two species are distinguished in the reseancteyg trawls, they are not in the commercial catche
In Namibia, however, some species-disaggregatedl lote been collected by observers on-board
commercial vessels since 1997, and hopefully suphogram might be instituted by MCM in the

future for the South African fishery.

Currently for the South African stocks, the split $pecies of the historic catches is pre-

specified externally to the model, based on thettdelgstribution of the catches (Geromastt al.,
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1995b). For years when depth information is noilaleke, a constant proportion of the two species in
the catches is assumed. This method, however, rdieallow for the effect of a possible differential
exploitation on the two species. Indeed, one spavight have been exploited more heavily than the
other, possibly affecting recruitment and resultimghe proportion of the two species in the casche
changing over time. It has therefore been sugge®EMEFIT, 2000) that historic catches should
rather be split by species internally within thesessment model, assuming a constant relative
selectivity of the two species over time, i.e., Meg the ratio of fishing mortality (rather thantaa)

for each species constant, by assuming that therfigdidn’t change its (distributional) behavioweo
time. A problem arises with this method in the Naiam case because, since independence in 1990,
vessels have been restricted to waters deeperiam, which would have an effect on the relative

selectivity of the two species. Sensitivity to difint assumptions will have to be tested in thée ca

13.1.3Use Bayesian approach to estimate assessment premis

Currently, the uncertainty in the parameters egtthan the hake assessments is Hessian-
based (therefore approximate only), while bootgtiragp is used to quantify the uncertainty of the
projected parameters in the Namibian hake OMP .t€3tene sensitivity tests have also been
conducted (particularly in the Namibian hake OMmMteat) to investigate the implications of
uncertainty associated with the model structurewéieer, the use of the Bayesian approach,
implemented in ADMB via the Markov Chain Monte G@arhethod, would facilitate representing and
taking fuller account of the uncertainties relatedparameter estimation and perhaps also model
structure (Punt and Hilborn, 2001).

A major advantage of this approach is the abildyirtcorporate prior information on the
parameter estimates, such asNbor h for which some current estimates seem unrealistithis way,
information obtained from historical experiencehwitther stocks, as well as from expert knowledge

about the biological parameters and processes edakien into account. This approach would also
resolve the gg-input problem (though only partially, as a prioor f og-input would need

specification), and also allow recruitment varigpiacross the full time series.

13.1.4Allow for time-series modelling of selectivity-at-ge

To date, only simple deterministic trends in sélitgt have been included in the southern
African hake assessments. In the Namibian casexample, the selectivity is simply taken to differ

pre- and post-independence (due to the exclusioves$els in waters shallower than 200 m after
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1990), with a trend over time (towards selectingnger fish) in the first period. Future assessments
should allow for the behaviour of the fishers toyaver time as regard to selectivity, for markgtin
and other reasons. Butterworth, lanelli and Hilbfmpress) present a time-series methodology to
incorporate a temporal variability in the seledgivat-age in ASPM assessments. This approach would
allow a more objective basis for accounting foesgVity changes, where at the moment, the choices
of periods for constant and then linearly changietectivity are somewhat arbitrary. This approach

could be implemented using the ADMB package.

13.1.5Incorporate temporal changes in somatic growth

For some species, the weight-at-age relationshipvasy considerably from one cohort to the
next. This can potentially have an important impatthe assessments, for example if the selectivity

is assumed to be a function of age (in case whéeactually a function of length).

Sampling data from the various commercial fishefogshake need to be examined to check
whether it is justified to assume that the somgtimwth curve is constant over time. If the results
indicate that the level of variability is of sufféimt magnitude to make an appreciable impact on the

assessment results, this will have to be takenaotount in future assessments.

13.1.6Explanation for different multiplicative biases for swept-

area survey estimates of abundance

A further surprising feature of existing hake assgnts (as discussed in Chapter 9) is the
appreciable differences, from area to area, ineitenated survey multiplicative bias coefficients
The models suggest that swept-area estimated fniemeisearch surveys substantially underestimate
the resource abundance off Namibia, while overegting it off the South African south coast. If thes
differences are real, rather then artefacts ofastgnation ofM or the selectivity functions related to
ageing errors (i.e., indicative of perhaps subs&thiias in some of the current assessments), it is
possible that differences in substrates betweendiffierent areas could explain these results. An
examination of possible changes in substrate ptigpsr and hence in the trawlable portion of each

area needs to be conducted.
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13.1.7Include additional CPUE information

Hake assessment models are at present fitted onbffshore trawl CPUE information.
Consideration needs to be given to the possiltslitieusing CPUE data for the trawl fleet operating
inshore on the south coast, as well as CPUE datthéolonglining fleet on both the south and west
coasts and off Namibia. It is possible that thessees will give a different perspective on the ssabf

the resource, because each fleet has a differkmctiséy and target different areas.

13.1.8Develop multi-species models

It has been shown (for example Pawgteal, 1987; Punet al, 1992) that the most important
form of predation on Cape hakes is interspecifigk@ion-hake) predation and to a lesser extent
cannibalism. For that reason, inter- and intradjgepredations are considered to be a very importan
factors in regulating hake abundance off Namibid &outh Africa and a multi-species model-
estimation procedure which takes explicit accounthe high levels of interspecific predation and
cannibalism should be developed, perhaps by uggatid extending the type of models developed by
Punt and Hilborn (1994) and Punt and Butterwor89§).

13.1.9Sex-disaggregation of assessments

Geromontet al (1995a) noted that, on the south coast, the atguinfemale proportion in the
longline catches greatly exceeds that for the traeatch; in contrast, on the west coast, similar
proportions of females were caught by the longhne the trawl fleets. This differential selectivity
might affect the sex-structure of the populatiohjal could have consequences for recruitment as thi
would likely depend primarily on egg production amehce the female component of the spawning
biomass. Furthermore, Punt and Leslie (1991) rateds the estimates of age and size at maturity fo
males and females are so different, there is nar glestification for pooling the data for males and
females for assessment purposes, except that camameatch information is not readily available in
a sex-disaggregated form. Although of lesser gyidhian some of the other points mentioned above,

sex-disaggregated assessments should be pursexaine the effect of this sex-specific selectivity

Fig. 1.2 shows that they are appreciable differennegrowth between males and females,
especially at older ages, in fact more so than éetvspecies. Routine application of age-length keys
to obtain catch-at-age proportions is conductedhaut attention to difference in growth between

sexes; but sex-differential growth means that laggees of males are not well represented in the
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catch. This could confound estimates based on cdataelge data developed from a sex-aggregated age-
length key, which might consequently underrepretiemtumber of older hake present, and this may

have some effect on the estimate§/of

13.1.10Allow for interchange between stocks

It has been suggested that populationsl oparadoxuoff Namibia and South Africa actually
form a single stock (Burmeister, 2000a). This hjests is based on the facts that no genetic
differences between the two stocks have been obddGrantet al., 1987, 1988; Beckest al, 1988)
and thatM. paradoxusspawning has not been recorded off Namibia (Goedad, 1995). Similarly,

Le Clus (MCM, pers. commn) suggests thatcapension the South African west and south coasts,
which are currently treated as two different stocaually form a single stock. Future assessments
should investigate the effect of a possible intange between what are currently treated as separate

stocks.

A natural step in future work would be to formaligk the different hake stocks via some
form of meta-analysis. Information about the difetr stocks would be related via some distribution
rather than treating each stock as a completelgtesth and independent unit. Migration could also be
build into such an analysis. However, before cagyssuch a joint assessment with common
parameters, the differences between the stocks bwusixplored carefully in order to understand
whether these differences are real or rather tefi@ferent area-specific biases. A meta-analysis
would not be appropriate if such biases are apghbézibecause it rests on the assumption that

differences arise only from real natural variailit

13.2Operational Management Procedures

The first priority in terms of the future managemehthe hake stocks is, once the appropriate
operating models have been constructed, to dewsglepies-split OMPs: for the South African stock,
OMPs forM. capensi®n the south and west coasts separately, and & fONW. paradoxudor both
south and west coast combined; and for the Namistiack, separate OMPs fbt. capensisand M.
paradoxus These OMPs will have to be robust to the key ctag#ies about the model structure and
the data, as with the current OMPs. The associgedating models, which would be used in testing

the candidate OMPs, might incorporate some ofehéufes discussed above.
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As mentioned above, species-split OMPs are a prioriterm of the management of the hake
resource, but how practical would species-split SA®? It would be very difficult to manage the
fishery using separate species-specific TACs, bigsaudo species-specific’ management could be
implemented by balancing allocation among sectdth e productivity of the component of the
resource they target. In this light, the effectgaater flexibility in implementation, such asoaling
TACs each year to be over- or under-caught by ugdpshould be investigated. Also, consideration
should be given as to what extent monitoring datdhe catch species-composition (from on-board
observers) should be an input to the OMPs. Indatthe moment for the south codét capensis
OMP, the splitting of the catch by species is basethe depth distribution of the species, andue

of direct observational data from on-board obsergdiould be discussed.

Furthermore, future OMPs should:

13.2.1Incorporate socio-economic factors

The comparison of alternative candidate OMPs fmrgific advice for the management of the
hake resource off southern Africa is in terms offgrenance statistics. To date these performance
statistics have, so far as the hake resourcesoothern Africa are concerned, been based only on
biological and ‘operational’ measures, such a etquecatches and projected depletion levels. These
measures need to be extended to incorporate econpamameters. The existing process to test
candidate OMP already provides the necessary framkevor this, so that including economic
considerations should be straightforward if thetipent quantitative inputs are made available.
Examples of economic factors which could be tak#o consideration include the proportion of the

TAC caught by trawling vs. longlining, and the ammiate number of vessels in the fishery.

13.2.2Incorporate age data

The two South African OMPs in use at the momentftke are both based on a dynamic age-
aggregated production model, i.e., they do not takeh-at-age information into consideration as is
the case with the current Namibian OMP, based oA%PM (see Chapter 11). Consideration should

be given to include at least some age-data inutuwed South African OMPs.
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13.2.3Consider increasing the weight of recent data

A concern with the current OMPs is that they worikhweonsiderable historic data, so that
each new year's data has a proportionately lesffecteon the estimates and resulting TAC
recommendations. Upweighting of recent data needsetconsidered to ensure that the OMP will
react in time to possible sudden changes in resaldynamics (e.g., a series of poor year classes). O
the other hand, more weight on the more recentwl@dtancrease the likelihood of greater inter-aahu
fluctuations in the TAC and might result in a prdeee adjusting more to noise in the data thanue tr

underlying trends.
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Appendix Al

Appendix Al — Sensitivity tests to the Reference

Case assessment of the Namibian hake resource

Table Al.1 compares management quantity estimatethé Namibian hake Reference Case
assessment (Chapter 5) with those for five keyatians of this assessment. The changes to the
Reference Case assessment for the different sdtnsstiare motivated and described below, together

with some discussion of the results.

“M fixed at 0.5

One of the concerns with the Namibian hake Referébase assessment in Chapter 5 is the
unrealistically high estimate for the natural mbtyaM. In this sensitivity testM is fixed at 0.5 yt, a
value which is more in the line of what would bgeated for a relatively long-lived fish such asdak
This results in a slightly more optimistic appraieithe stock status. The stock is estimated to be
currently above MSYL and to be able to yield a maxn of 316 thousand tons. In this case, the value
of the steepness paramehds 0.593, a value which seems also more credilale the extremely low
value of 0.318 in the Reference Case assessmentCVh also decrease considerably, suggesting that
the estimation oM is a major cause for uncertainty in the assessofahte Namibian hake resource.
The model fit to the catch-at-age data (both coroiakrand survey) deteriorates enormously

compared to the Reference Case.

“h fixed at 0.623

As mentioned in Chapter 9, the steepness estini@&8b8 of the Reference Case assessment
is extremely low. In this assessment, the steepmasdeen fixed to 0.623, which corresponds to the
upper 95% end probability interval obtained frora tikelihood profile forh. In this case, the stock is
estimated to be extremely productive (the estimd&Y — 570 thousand tons — is nearly double that
for the Reference Case assessment) and in a vefjhyestate. This is due to the fact that,
surprisingly, the estimated value Mf does not decrease compared to the Reference €sesssment.
The combination of a high natural mortality and ighhsteepness leads to this view of a very
productive stock. The fit of the model to the caéttage data actually improves compared to the

Reference Case, but there is an appreciable detiéoioin the fit to the CPUE trends.



Appendix Al

“incl. 81-88 ICSEAF CPUE data

The historic ICSEAF CPUE data from 1981 to 1988igrmred in the current assessments.
Indeed, they show a clear positive trend, whictegarded with scepticism, and it is now known that
there was misreporting of catches over this peffotbn., 1997). This sensitivity test includes thé f
ICSEAF CPUE series. As expected from the positread in these data in the late 1980’s, their
inclusion results in a more optimistic appraisalttid stock (currently slightly above rather slightl
below MSYL).

“80-89 catches up by 25%

As mentioned above, it is known that there was soriseeporting of catches in the 1980's.
The sensitivity of the model to an increase of 26%e catches over the 1980 to 1989 period iedest
here. The results are only slightly affected by ttihange in the data. The stock is estimated to be

slightly more productive.

“no last 3 years of data

Excluding the last 3 years of data results in aemgptimistic view of the stock, as this
excludes recent low CPUE and survey biomass estgndthis shows that these recent data are

responsible for current estimates that the resdaroelow rather than above MSYL.
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Appendix A2

Appendix A2 — Sensitivity tests to the Reference
Case assessment of the South African west coast

hake resource

Table A2.1 compares management quantity estimatethé South African west coast hake
Reference Case assessment (Chapter 6) with thosedovariations to this assessment. The changes
to the Reference Case assessment for the diffsgssitivities are motivated and described below,

together with some discussion of the results.

"M age-independent

Keeping the natural mortalityl constant over the ages, results in an estimatdf¢0.80)
which is unrealistically high, and gives a slighthyre optimistic view of the current status of the
resource. The fit to the data, however, is muchse/oessentially because of poor representatiameof t

survey catch-at-age data.

“Selectivity slope of 0.2

Because of the concern over the relatively highueag¢stimated for natural mortality, a
negative selectivity slopgof 0.2 has been included from age 4 (equation 4r28)is sensitivity test.
Indeed, the estimateld for the Reference Case is high because the olgerckasses are not well
represented in the catch-at-age data, but thisicab be due to a lower selectivity on older figh.
lower selectivity on older fish could reflect a ptic biomass of this component of the resourctgrif
example older fish were found preferentially onramable grounds. However, the estimatdd
vector hardly changes at all and the fit to bo#h ¢cbmmercial and survey catch-at-age data is worse.
Other management quantity estimates are fairlynisiige to this change, although it does give a

slightly more optimistic view of the current statfsthe resource.
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Table A2.1: Estimates of management quantities for the Reter€€ase and two key variants of this
assessment for the South African west coast halefifist figure shown is the best estimate followed
by the Hessian-based CV in parenthesis.

Reference Case a) M age independent b) Selectivity slope of 0.2
Total -InL.: -179.9 -157.7 -170.6
-lnL. : CPUE =71.0 =70.1 -70.8
-InL: Survey -16.0 -16.5 -16.2
-lnL: CAA com. -57.1 -54.3 -50.7
-lnL: CAA surv -35.7 -16.8 -32.8
-lnL: SR Residuals 32 34 32
E¥F 973 (0.06) 920 (0.09) 1092 (0.07)
£ 1386 (0.05) 1450 (0.09) 1270 (0.06)
B¥ o0 218 (0.13) 325 (0.106) 297  (0.16)
B o 298 (0.12) 435 (0.15) 339 (0.14)
h 0.615  (0.08) 0471 {(0.11) 0.566  (0.09)
MSTEE 304 (0.09) 338 (0.13) 335 (0.11)
MSYL® 404 (0.09) 454 (0.13) 406 (0.10)
MSY 129 (0.03) 130 (0.05) 126 (0.04)
BF a1 iKF 0.224  (0.18) 0.353  (0.20) 0.272 (0.2
BY o0 /K 0.215  (0.15) 0.300  (0.16)
B oo AMSYLF 0.715  (0.19) 0,963 (0.22) 0.836 (0.21)
B oo AMSYLE 0.738  (0.17) 3.960 (0.19) 0.836  (0.18)
MSYLESEF 0.313  (0.05) 3.367  (0.006) 0.325  (0.06)
MSYL® /K 0291 (0.0%) 0.313  (0.05) 0.319  (0.04)
Age My Swge Simme S Shamsena My Siwpae Swmme S Shamsena My Siae Swme  Souva Shansena
(] 1.06  0.00 0.00 0.01 0.09 0.80  0.00 0.00 0.01 0.16 1.04  0.00 0.00 0.01 0.09
1 1.06  0.00 0.00 0.26 0.36 0.80 0.00 0.00 0.37 0.53 1.04  0.00 0.00 0.26 0.37
2 1.06 0.73 0.10 1.00 1.00 0.80 0.88 0.12 1.00 1.00 1.04 0.76 0.11 1.00 1.00
3 0.82 1.00 0.84 1.00 1.00 0.80  1.00 0.85 1.00 1.00 0.80 1.00 0.86 1.00 1.00
4 0.67 1.00 1.00 1.00 1.00 0.80  1.00 1.00 1.00 1.00 0.66 1.00 1.00 1.00 1.00
5 0.58  1.00 1.00 1.00 1.00 0.80 1.00 1.00 1.00 1.00 0.57 0.82 0.82 0.82 0.82
6 0.51 1.00 1.00 1.00 1.00 0.80 1.00 1.00 1.00 1.00 0.50 0.67 0.67 0.67 0.67
T+ 046  1.00 1.00 1.00 1.00 0.80 1.00 1.00 1.00 1.00 045 0.55 0.55 0.55 0.55
Commercial sigmas:
CPUE ICSEAF| 0.099 (0.09) 0.080 (0.10) 0.082 (0.10)
CPUE GLM| 0.082 (0.10) 0.085 (0.13) 0.082 (0.13)
Commercial 's:
CPUE ICSEAF| 0.019 (0.07) 0.039 (0.16) 0.050 (0.14)
CPUE GLM| 0.058 (0.11) 0.039 (0.16) 0.051 (0.14)
Swrvey g's:
sununer 0.793  (0.13) .591 (0.18) (0.16)
winter|  0.899  (0.11) 0.650 (0.17) (0.15)
MNansen 0.643  (0.13) 0482 (0.17) (0.15)
Catches-at-age sigmas:
commercial| 0.107  (0.03) 0.104  (0.03) 0.109  (0.03)
summer survey|  0.121  (0.03) 0.146  (0.04) 0.123  (0.03)
winter survey 0.069  (0.07) 0.076  (0.08) 0.071  (0.07)
MNanen survey 0.070  (0.05) 0.072  (0.07) 0.069  (0.04)
Addul sigma (survey) 0.231 (0.24) 0.223 (0.24) 0.238 (0.25)
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Appendix A3 — Sensitivity tests to the Reference

Case assessment of the South African south coast

M. capensis resource

Table A3.1 compares management quantity estimareghé South African south coalst
capensiReference Case assessment (Chapter 7) with thosed key variations to this assessment.
The changes to the Reference Case assessmentefatiftbrent sensitivities are motivated and

described below, together with some discussioh®fesults.

" Steepness fixed at 0.8

Because of the concern over the unrealisticallyh higlue estimated for the steepness
parameterh (1.0) in the Reference Case assessment, this paamas been fixed to 0.8 in this
sensitivity test. Although a value of 0.8 fois outside its Hessian-based 90% probability watefor
the Reference Case assessment, the negative &igpdiéd is hardly affected by this change. Here,
however, the Hessian-based CV estimatédnfisrunreliable, likely becaudeis estimated at a bound of
its range. The likelihood profile fdn (see Fig. 9.10) indicates thht= 0.8 falls within the 90%
probability interval. As expected, the estimate fbe natural mortalityM is increased slightly
compared to the Reference Case assessment. Thaisappyf the stock status is slightly less
optimistic, although the resource is still estindate be well above its MSYL. Broadly speaking, the

management quantity estimates are not greatlytaffduy arh fixed at 0.8.

“ B, = 07K P

For the Reference Case assessment, the resousssumed to be at its pre-exploitation
equilibrium level K*P) in 1967; in other words, the hake fishery ongbath coast is assumed to have
commenced only in the mid-1960’s. However, thereewteawlers operating from Mossel Bay, East
London and Port Elizabeth during the first quanérthe 20" century. Although they principally
targeted sole, they would have caught some haldke pare specificallyM. capensisas these were
inshore trawlers. This sensitivity test therefosswanes that the spawning biomass in 1967 was
already reduced to 70% of its pristine level (wath equilibrium age-structure, taken for simplidiby
be that forF = 0). With this assumption, the model fit improwagghtly, particularly to the CPUE

data. The decrease in the value of the sigma ®rGhM-standardised CPUE series (but not the

Vi
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historic CPUE) from the Reference Case assessmeggests that smaller negative log-likelihood is
due mostly to a better fit of the GLM-standardis&lUE data. This assessment gives a slightly more
pessimistic appraisal of the resource in termsuofent biomass; indeed, the estimated currentdize
the spawning biomass is similar to that in the Refee Case assessment Kiftis now increased by

about 15%. The current depletion is therefore egeohto be 0.41.

Vii
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Appendix B1

Appendix Bl — Incorporation of catch-at-length

information in fitting an ASPM

The ASPM-predicted annual catches-at-age (by nunmhade by each fleea;’a) are given

in equation 4.18 (Chapter 4). These are conventiedpredicted proportions of catch of age

~f _A~f ~ f
py,a - C:y,a/Z:Cy,a'
a B1.1
The proportions-at-age are then converted intogntams-at-length using the von Bertalanffy
growth equation (equation 1.1, Chapter 1), assuntivad the length-at-age distribution remains
constant over time:

ﬁ;,l = f’y,aA%IJ

B1.2

where AafJ is the proportion of fish of agethat fall in the length groubfor fleetf (i.e., z A;J =1
|

for all agesa for fleetf).

The matrixA is calculated under the assumption that lengtgatis normally distributed

about a mean given by the von Bertalanffy equatien,

La - N|L, fi-e™@0) )92 B13
where
N is the normal distribution, and
0, is the standard deviation of length-at-ssgewhich is modelled to be proportional to the

expected length at agei.e.:
— _ A~k (atp)
Oa = ﬂ-w(l e ) B1.4

with B a parameter estimated in the model fitting process

Note that since the model of the population’s dyiears based upon a one-year time step, the

value of S and hence thé(a) ‘s estimated will reflected the real variability tife length-at-age as

well as the ‘spread’ that arises from the fact fisdt in the same annual cohort are not all spavated
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exactly the same time, and that catching takesplaoughout the year so that there are differeimces

the age (in terms of fractions of a year) of filbcated to the same cohort.

The following term (replacing equation 4.17, Chapte is then added to the negative log-
likelihood:

~ o 5 2 2
SRR 32 3 [0 CINA Y R T RUE N S N B
foy |
where

pyJ is the observed proportion (by number) in lengtiugl in the catch in year for fleetf, and

Oen is the standard deviation associated with thetteagtage data for fledf which is estimated

in the fitting procedure by:

R N 2
Ulcfen =\/Z$ p;,l (ln p;,l —In p;,l) /221
y y

B1.6

Equation B1.5 makes the assumption that propodidength data are log-normally

distributed about their model-predicted values. Hssociated variance is taken to be inversely
proportional to ﬁ;l to downweight contributions from expected small gandions which will
correspond to small observed sample sizes (A. Rlmiversity of Washington, pers. commn).

The w,, weighting factor may be set at a value less themdownweight the contribution of
the catch-at-length data to the overall negativglikelihood compared to that of the CPUE and

survey data. The reason that this factor is intcedus that thep;’| data for a given year frequently

show evidence of strong positive correlation, andase not as informative as the independence

assumption underlying the form of equation B1.5 M@mtherwise suggest.
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Appendix B2 — Estimation of precision for the

projections for Namibian hake OMP tests

The calculation of the probability intervals, apaged in Table 11.3 and some of the figures
of Chapter 11, is effected by a parametric bogispeocedure. Standard terminology for bootstrap
methods as used in fisheries may be found in Setigth (1993).

[Note: The Namibian hake assessment presentedsinthibsis is not fleet-disaggregated. For

clarity therefore, the equations below will igndine fleet superscrigt].

B2.1 Abundance data

Bootstrap samples are generated from the predatteddance series obtained by fitting the

model to the data. Error is then added to the ptediabundance indices according to the formula:
1V =TexdelV)  whereelV -~ N(o, (o, )2) B2.1
when U; is provided or input, or:
1)V = f'y exdgiy'u) wheree}” ~ N(O, (&i )2) B2.2

when o' is estimated when fitting the model to the dataere:

I;'U is the abundance index for ygeand series in bootstrap data sét,

A

I is the estimate of the abundance index for yeand series obtained by fitting the model to

i
y
the data,

g, is the input value of the standard error for ygdor survey abundance indéxadjusted as
necessary to allow for estimated additional vamaaied inter-trawler variance ifng, and

o is the estimate of this standard error for indésee equation 4.15).

Imprecision in the calibration factor betweéid,,,s.,and/nd,,.. could be taken into

account by replacing the estimadéng = 0100 by A¢ng” where:

Ang” =Anq+e-0y,, 12 £ fromN(O, ajmq). B2.3

Xi
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but in the code actually implemented/nq was treated as “data” in the interests of

simplicity, i.e., A/ng” = 0100.

B2.2 Commercial catches-at-age

For the catch-at-age data, the bootstrap replmaeess assumes an adjusted log-normal error
distribution, and that these errors occur onlyhi@ &ssignment of the ages of the fish, rather teah
fluctuations in selectivity at age from year to ydaootstrap samples are generated from the model-
fitted catches-at-age as follows:

Cya= éyya exr{sb”a) whereg, , ~ N(O, Gl f)y’a) B2.4

com

where

C;”a is the number of fish caught of agén yeary in bootstrap samplé,

O»

va Isthe corresponding model estimate given in egonat.18, and

&}

om IS the associated estimate of standard deviati@ndy equation 4.19.

The pseudo catches-at-age are then scaled soythaw,.;,,C}, = W,.,,,C,. for each

yeary (i.e., the total mass caught each year is asstioneel known without error). [Note that this is in
any case implicit in equation 4.17, in which infatmon on catches-at-age is used in the form of

proportions.]

B2.3 Survey catches-at-age

For the survey catch-at-age data, the bootstraplsanare generated in exactly the same

manner as the commercial catches-at-age when asgamiadjusted log-normal error distribution.

Xii
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Appendix C1 —West coast hake OMP evaluations

C1.1 Paper presented to the SAFC — June 1998 (MCNI998)

WG/06/98/D:H:37

DEPARTMENT OF ENVIRONMENTAL AFFAIRS AND TOURISM
SEA FISHERIES RESEARCH INSTITUTE

A REVISED OMP FOR THE WEST COAST HAKE RESOURCE
AND A RECOMMENDED HAKE TAC FOR 1999

1. SUMMARY

The results of robustness tests carried out fodidate OMPs for the West Coast hake
resource are described. Adoption of a Fox-modekthaSMP for this resource is
recommended. Within the range of associated hangestrategies fronfo.os to fo.1s
investigated, it is the Institute’s view that a i@oclose tdo.1 strategy be made for the
OMP, which will then serve as the basis for Wesasidake TAC recommendations
for at least the next three years. The overall Ti@Chake for 1999 is the sum of
contributions for the West and South Coasts. Catmn of the West Coast
component awaits both a decision by the SFAC oin theice between OMP options,
and evaluation of hake CPUE data for the 1997 sed$awever, in terms of the rules
of the candidate OMPs suggested, the West Coagtawent for 1999 will not be less
than 100 thousand tons. OMP testing for the SouthsChake resource is still in
progress, and final selections for that resourdenet be possible before 1999. Thus,
and in the absence of any negative indicatorshisrresource, it is recommended that
the South Coast contribution to the overall hakeCTiar 1999 remain 51 000 tons.
Hence, the overall TAC for hake (for all fishertegether) for 1999 would not be less
than 151 thousand tons.

2. OMP REVISION

Progress with revision of the OMP for the West Cdeke resource was reported in
detail to the last meeting of the SFAC, so that thaterial will not be repeated here.
That report provided 10-year projections of catcid apawning biomass under a
variety of candidate OMPs. Note that to a good @gpration, trends in spawning

biomass mimic those to be anticipated in futureltaates (CPUE).

In considering the trade-offs between immediate TA&@els and longer-term
improvements in CPUE, the SFAC indicated that ghed to see further computations
focus on the range of OMP option that gave trade-cbrresponding to Fox-model-
based OMPs linked to harvesting strategies ffesato fo.1s It further indicated that

Xiii
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the extent of TAC change from one year to the séxtuld be limited to a maximum

of 10%. Subsequent work has indicated that theageeT AC change anticipated for
the candidate OMP’s under consideration is typycailly 1-2%. This is so far below

the 10% limit suggested, that it was considereceaassary to formally include such a
restriction on the OMP candidates as tested.

Results presented to the last SFAC meeting wertdierministic” scenarios. These
assume that current estimates of the status ardugeity of the hake resource are
exactly correct, and that information to be cokekctin future (both CPUE and
scientific survey data) will be similarly perfediaturally this is unrealistically

optimistic, and the “stochastic” analyses that hawece been conducted make
allowance for the presence of noise in the datalamdonsequent uncertainties.

Figure 1 shows 10-year projections for the TAC #relspawning biomass computed
on this basis for the Fox-model-based candidate ®M#th linked fo.0s, fo.10, fo.1s
harvesting strategies. The solid lines in thesetspkhow the central (median)
predictions, while the dashed lines show the aasetienvelopes of uncertainty about
these predictions (strictly, these are 90% prolighihtervals). Note that at the one
extreme, thdo o5 option the largest short term catch increasestheuteast longer-term
increase in spawning biomass (and hence CPUH)epabther extreme, dn.1s choice
achieves the largest longer-term CPUE increasewbutd likely see a slight decline
in the TAC in the short term.

Figure 2 provides a clearer basis to summarisedifierences between the three
options. It plots likely levels with their range$ uncertainty for three measures of
anticipated performance over the next ten yearghiese three candidate OMPs: the
average annual catch, the final spawning biomasd, land the increase in spawning
biomass.

It is recommended that the SFAC focus on threeatibgs in deciding between these
OMP options:

1) a high probability of achieving recovery to therb@ss level which provides MSY
(shown by the dotted line marked MSYL in the cdnidack in Figure 2) within
the next 10 years — the greater the proportiom@frange shown above the dotted
line in this Figure, the better this objective thigved;

2) a low probability of a net spawning biomass decbnmer this 10-year period — the
lesser the proportion of the range below the sliie in the right hand block in
Figure 2, the better this objective is achievedt an

3) a low probability of a reduction in TAC early inetllO year period — as evident
from the TAC projection envelopes in Figure 1.

The fo.05 option best satisfies objective (3), but is poar dbjectives (1) and (2). In
contrast,fo.15 satisfies (1) and (2) well, but is poor with redjao (3). On balance, it
seems that a choice &f1 (or a harvesting strategy close to this) wouldiagh the
best compromise.

The results quoted above all presume that the lyndgr‘base case” model of the
West Coast hake population dynamics and its adgsodciassumptions are exactly

Xiv
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correct. It is also important to check that if tlishot the case, the OMP will (as far as
possible) self-correct for this as further datadmee available over time, so that the
resultant performance of the fishery over the rigxtyears will remain close to the

predictions of Figures 1 and 2, i.e. to check that OMP is adequately “robust” to

such uncertainties.

The Fox-model-baset.. candidate OMP has been subjected to most of tiye la
number of such robustness tests listed in the pusvieport. The factors tested have
been:

Al: A different level of variability (0.2 insteadf ®.45) in future hake
recruitment.

A2:  Future changes in fishing efficiency which ftol be detected, so that
CPUE data are not corrected to compensate:

a) positive: +2% pa
b) negative: -1% pa.

A3: There are no future research surveys.

A5: Carrying capacity drops by 50% due to some ystesn change.
Correspondingly, future average recruitment wouso arop by 50%.

B1. The commercial CPUE data are split into twoasafe series for small
and for medium + large fish.

B2:  Natural mortalities-at-age are fixed at lowalues than those estimated
by an age-structures model — these values beipgisiagly high.

B3:  Allowance is made for post-1990 variation ofrcetments about the
deterministic stock-recruitment relationship of trege-structured
assessment model.

B5: Discards (both past and future) are takenaatmunt.

B7: Results from the CPUE analysis which ignores Hycatch CPUE
correlation effect are used.

Furthermore, some of these factors have been testmanbination.

In the interests of brevity, only results for thdaetors which were found to have the
greatest impact on anticipated performance arertegbere:

a) the extent of variability in future hake recruitntrethis value is poorly known for
West Coast hake — the “base case” results assufaglyalarge value for this
variability which, roughly speaking, correspondsaio average variation of 45%
pre year, whereas test A1 assumes a lower val2%f (the value used also for
the results shown in Figures 1 and 2);

b) future positive bias in CPUE coupled with an abseotfuture research surveys
(test A2a + A3): note that summer surveys did a&etplace in 1997 and 1998,
there are questions about their resumption, and éwhey do resume, possible
gear change may lead to problems of comparabilithé short term, so that it is
both (regrettably) realistic and important to cadesithe implication of a possible
absence of future surveys.

Figure 3 contrasts results for these various rotasst test for the Fox-model-based
candidate OMP by presenting results in a similglesto those in Figure 2. These
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results give rise to some concern in the evenh@ftbombination of the circumstances
envisaged in (b) above, which could lead to a nthri@awning biomass reduction

over the next 10 years. Hence, if fae option | adopted but surveys do not continue,
particular care will need to be given to ensuringttthe analysis of CPUE data does
not overlook any factor that may be leading to eckdishing efficiency.

Figure 3 also includes results for test B2, forakhinake natural mortalities-at-age are
set lower than the present best estimates. Thecerisiderable concern that these
estimate (which follow from the hake age composititata provided by the research
surveys) may be too high, but it is comforting menthat the OMP does manifest
considerable robustness to this source of uncéytain

The Fox age-aggregated production model is nowtig possible approach to link
some fo.n harvesting strategy in formulating a candidate OMIA age-structured
production model (ASPM) could also be used, and #pproach was thoroughly
investigated for a similar range of trade-offs begw immediate TAC levels and
longer-term spawning biomass recovery as for th&-rRodel-based procedures
described above. These calculations suggesteditibeg was very little to choose
between these approaches in terms of anticipatddrpeance. However, the Fox-
model-based procedures are simpler to define, meliably tested and easier to
implement, and are accordingly recommended.

WET COAST CONTRIBUTION TO THE 1999 OVERALL HAKEAC

This contribution can be computed once the SFAC diexsen between the OMP options
advised, and CPUE data for 1997 have been analigsgtbuld be noted that the rules for the
OMP suggested include the provision that this doution not be less than its level since
1995 of 100 thousand tons.

SOUTH COAST CONTRIBUTION TO THE 1999 OVERALL HAKTAC

Separate evaluations for a revised OMP for thelB@ualast hake resource are still in progress,
and are unlikely to be finalised before 1999. ThautB Coast situation differs in many
respects from that for the West Coast fishery i@aerly given the diversity of fisheries there,
and this has to be taken into account. Therefompas not necessarily follow that the OMP
chosen for West Coast hake will also turn out téhieemost appropriate for South Coast hake.

In these circumstances, and noting that no negatidieations regarding the status of this
resource have become evident, it is recommendddtibaSouth Coast contribution to the
overall hake TAC for 1999 be kept at it level sirk®@5 of 51 thousand tons (so that the
overall hake TAC for 1999 will not be les than tBtusand tons).

RECOMMENDATIONS

i) A Fox-model-based OMP should be adopted to proVid€ recommendations for
the West Coast hake resource for at least thethiee years. Given the results above,
the choice of the harvesting strategy componettisfOMP should probably be close
tofo1.

i) The West Coast contribution to the overall hake TAC1999 should be finalised by
application of the OMP chosen as soon as analydise01997 hake CPUE data has
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been completed, though it should be noted thaOk® rules suggested preclude this
contribution being less than 100 thousand tons.

i) The South Coast contribution to the overall hakeCTiar 1999 should remain 51 000
tons.

iv) The guideline division of the overall hake catchms1999 between West and South
Coasts should be the ratio 2:1.

V) The overall TAC should apply to all forms of hakshing in combination (i.e. all
sources of fishing mortality on hake should be aoted for).

Dr A. Badenhorst

Chairman: Demersal Working Group
Sea Fisheries Research Institute

18 June 1998
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ADDENDUM

SOME QUESTIONS (AND ANSWERS) ABOUT THE OMP FOR THE WEST

1)

2)

3)

4)

COAST HAKE RESOURCE

Since the South Coast hake OMP is delayed untiB19$y not wait the West
Coat one until then too, to be able to do more vaorkt?

Considerable time and effort has already been aqukron the West Coat hake
OMP development. Little further benefit is likelypom devoting further resources
to this exercise, i.e. a situation of diminishiregurns. Resources are now better
directed towards the South Coast hake OMP finabisaEurther work on the West
Coast should rather be focused towards initiatirggrtext revision, likely in about
three years time, which is planned to take accoamipngst other factors, of the
two-species nature and sex-structure of the resodreextensions which will
require some time to develop.

When natural mortality M is set lower than estindaft®m survey data, doesn’t the
OMP overshoot the biomass target too much, theuelmgcessarily depriving the
industry of additional catch?

Test B2 in Figure 3 shows the anticipated resuitden the OMP when M is lower

than currently thought, corresponding to a moredpetive resource. The OMP
achieves automatic self-correction to a large @xtéeely increasing TACs to 115

rather than 106 thousand tons over the next temsy@de biomass also rises
further than anticipated under the base-caseltesthe difference is only some 3%
of K, which is not substantial. The OMP could oficse be set to give larger TACs
in this case, but this would simultaneously inceeti®e probability of causing a
resource decline if the base-case assumptions farévicorrect |- and one must
keep in mind that resolution of the question of thkee or not the base-case
estimates of M are too high will likely take soneay yet.

Shouldn’t greater weight be given to the more redata in the OMP, so that it is
able to react faster to recent trends? (and hemoedoe robust?)

This would carry an increased likelihood of greatger-annual fluctuations in the
TAC, with up and down adjustments that are not s&aey or desirable, and reflect
the procedure adjusting more to noise in the deta to true underlying trends.

Could the TAC drop fast under some choices folbastrategy?
Of the options considerett,1s carries the greatest likelihood of a short-termopdr
in TAC. The most likely scenario under this choweuld be a drop from the

present level by a total of some 10% by 2001, faithg which a slow increase in
TAC would follow (see Fig. 1).
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5)

6)

7)

Isn’t the Fox model too simple to be reliable?

Greater complexity does not necessarily guaranteater reliability. This |
because of the danger that more complex model faea more likely to follow
what is noise in the data rather than true undweglftrends, thereby leading to
unnecessary inter-annual fluctuations in the TA€st$ of an OMP based on a
more realistic, but also more complicated, ageetined production model which
is fully updated from one year to the next givemvraata, showed precisely this
poorer behaviour compared to the simple Fox model.

Shouldn’t future surveys receive much more weightitCPUE in the OMP, given
likely problems in interpreting the latter (becaa$g@otential problem allowing for
bycatch effort direction, etc.)?

In the OMP as proposed, survey results are slighwigr-weighted compared to
CPUE data anyway, because the weighting of the dorassumes that survey
sampling error is the only contribution to noisehe survey results as an index of
the underlying abundance. In reality, there aratemhél sources of noise in such
data, such as variation from year to year in tlopprtion of the overall stock in the
area surveyed. More complex weighting proceduresnsenlikely to bring any
large benefits, and could be complicated furthetngyneed to perhaps try to make
allowances for the possible short-term absencemeys.

Is the OMP, once adopted by the SFAC and Ministeast in stone” for a
minimum of three years?

No — should clear evidence come to light at anyetithat the assumptions
underlying the basis on which the OMP was testekweriously in error, review
would commence immediately. A past example of ailamoccurrence was the
near-disappearance on anchovy at the end of 1986¢lanstance not foreseen in
the development of the pelagic (pilchard-anchovyWIRD which led to an
immediate revision of the pilchard component ot tB&P. Certain assumptions of
the testing process could well be in error, e.g.a@bsumption made for the value of
natural mortality M as discussed above. But iti$® ainlikely that evidence clearly
favouring another value will become available befsome extensive experimental
work has first been conducted.
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C1.2 Additional information concerning the robustness tests

MCM (1998), reproduced above, lists the robustests performed on the west coast OMP.
However, some details were omitted in that reporthsit more information on these tests is provided

here.

The robustness tests were divided into two maimumso The first group (A) concerned the
future data generated by the operating model, wthike second group (B) tested the effect of

alternative choices or assumptions concerninggetston the assessment results.

B2: The natural mortalities-at-agél,, were fixed at lower values than those estimaiethb ASPM
(Geromont and Butterworth, 1998a) — these valuég;wfollow from the signal provided by the
survey catch-at-age data, being surprisingly highus, in conjunction with fixingVl, at lower
values (0.7, 0.7, 0.7, 0.6, 0.5, 0.4, 0.3, 0.3) asgliming a negative slope of —0.2 at older ages fo
both commercial and survey selectivities, the surgata were excluded from the likelihood

function in the assessment for this case.

B5: Discards (both past and future) are taken atwount by inflating the total annual catch by 25%
and distributing these discards between the 1-Zgdar old fish by increasing the reported

numbers caught each year by an 8:1 ratio for ttveseges.
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Appendix C2 — South coast M. capensis OMP

evaluations

C2.1 Paper presented to the CAF — June 2000 (MCM0R0a)

WG/06/00/D:H:18

DEPARTMENT OF ENVIRONMENTAL AFFAIRS AND TOURISM
MARINE AND COASTAL MANAGEMENT

PROPOSED REVISED OPERATIONAL MANAGEMENT PROCEDURES FOR
SOUTH COAST HAKE

June 2000
Summary

Proposals are made for OMPs to provide the basietmmmending South Coast hak&Cs

for the next two to three years. These proposab shallow wateMerluccius capensiand
deepwaterM. paradoxusCape hakes separately. This is necessary becanfike the
offshore trawlers, the developing longline and Hiaedfisheries on the South Coast td#e
capensisalmost exclusively. Favl. capensisthree options for an OMP are presented. All are
based on the Fox age-aggregated production modelddfer in the harvesting strategies
applied:fo 25 fo.3 andfo.3s The choice between these involves a trade-offiden increases in
catch and decreases in catch rate (CPUE), or sy Thdo 3 option is recommended as it
Is anticipated to keep both catch and CPUE faidady over the next few years. Industrial
input has emphasised the importance of maintaicatgh rates near recent levels for the
economic viability of the fishery. The South Colstparadoxugesource appears likely to be
a component of the West Coast. paradoxusstock. Pending later development of a
combined West and South Coast OMP Nbrparadoxusit is recommended that the South
CoastM. paradoxuscomponent of the overall haKBAC be set as a defined proportion
(calculated from past trends in the fishery) of #&C recommendation provided by the
current OMP for West Coast hake.

Background

Throughout the early 1990's, tHACs recommended for the West and South Coast hake
resources were calculated by means of OMPs basedh@nSchaefer age-aggregated
production model for both species combined, coupdeanfo.» harvesting strategy. However,

in the mid-1990s it became necessary to keep catohiestant for an interim period while
these OMPs were revised. The reasons were linkegkdessary revisions of the processes
used to refine CPUE data; inappropriate previoterpmetations of these data had led to the
Schaefer model no longer providing adequate priedisof resource trends.
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In 1998, following resolution of these problemsteaised OMP for West Coast hake was
adopted, and has been used to provide the assbdiAteé recommendations since then. A
key change from the previous OMP was to move toRbr form of the age-aggregated
production model. Howeverad hoc approaches continued to be used to develop
recommendations for the South Coast componenteof &C. The reason for this was the
rapidly changing nature of this fishery, with acreasing and substantial component of the
catch being taken by longlining and handlining. ikimloffshore trawling, these methods of
fishing take essentially onlyl. capensisin addition, line fishing selects older fish thames
trawling. It therefore became evident that a Sd@lwast hake OMP for both species combined
was no longer viable. Instead, the two species voakd to be assessed separately, requiring
the development of separate OMPs for each. Nayuthils more complicated process, which
involves splitting the historic catches by speciasd consideration of the associated
uncertainties, has taken longer than was the aasthé West Coast (where longlining, as a
proportion of the overall catch, is not nearly abstantial).

Assessments

M. capensis

The line and inshore trawl fisheries for hake oa 8outh Coast takil. capensisvirtually
exclusively (only the offshore trawl fishery refte@ substantial component Mt paradoxus

in its catch). Fig. 1 shows a recent decreasedregtimated historic spawning biomass trend
for this resource, apparently as a result of aopeof weaker recruitment, following a period
of stronger-than-average recruitment. Despite #eent downward trend in CPUE that
underlies this interpretation, the resource isnestied to be in a healthy state, well above the
level estimated to yield MSY. It should, howeveg, rioted that the resource is estimated to be
relatively small in absolute terms (compared toehak the West Coast), with a current
spawning biomass of some 60 thousand tons.

M. paradoxus

Attempts to conduct a separate assessmentifgraradoxuson the South Coast have not
yielded sensible results. The most likely reasarthts is that this is not an isolated stock, but
rather a component of a single paradoxusstock that extends continuously from the West to
the South Coast. As suchl. paradoxusis more sensibly assessed for both the West and
South Coasts combined.

No further work on developing a separate OMP foutBdCoastM. paradoxushas therefore
been pursued. Rather, in the longer term, it isndéd to develop an OMP for West and
South CoasM. paradoxuscombined. Development of this néw paradoxusOMP, together
with new separate OMPs for the more discrete WestsCand South CoaM. capensis
stocks will commence once an interim OMP for SaDdastM. capensishas been accepted.
These OMPs are scheduled for implementation iny2&8's time, then replacing the current
West Coast hake OMP and the (interim) South CiglastapensiSOMP proposed below. This
leaves a temporary void in the basis for South CidaparadoxusTAC recommendations. A
proposal to address this issue until the combines$tVend South coaMt. paradoxusOMP
becomes available is also made below.
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OMP Proposals for South Coast hake

M. capensis

A wide range of simulation tests of candidate ONt?ghe South Coadil. capensisesource
has been carried out. These include considerafitimeoconsequences of uncertainties about:
the species-split for the earlier catches in tishdry; the value for natural mortality; the
continued availability of information from fishergelependent research surveys; and possible
changes in the relative magnitudes of the longlared the trawl-based components of the
fishery.

A particularly important consideration is that ecomc viability requires CPUE levels to be
maintained at the average value over the 1990s iBhbased on information provided by
representatives the hake fishing associations. teiaing the CPUE level requires that
resource abundance be kept somewhat high, with nsegoient reduction in the risks
associated with other uncertainties when makingmauendations fol ACs for this fishery.
For this reason, and also because this OMP isipatéd to be utilised for the next 2-3 years
only, before revision as described above, it isse®n as necessary to go into details on the
guantitative evaluations of the consequences olitteertainties listed above. The candidate
OMPs put forward here have been shown to demoastadequate robustness to these
uncertainties. Thus the key consideration in sgigcan OMP for the South CoaM.
capensisresource becomes the trade-off between catchexatol-rates (CPUE) over the
next few years.

Fig. 2 indicates the anticipated trends in catcdmes spawning biomass for South Colsist
capensiunder three alternative OMP candidates. The spayniomass trends indicated are
essentially equivalent to the CPUE trends to besetqal. The form of the OMP applied is as
at present for the West Coast hake. This is anaggeegated Fox production model,
implemented in this case by making use of bothhoifs fleet CPUE data (favl. capensis
based on splitting the catch by species accordindepth) and research survey biomass
estimates forM. capensisfor the 0-500 metre depth range. What distingustiee three
curves shown in the plots in Fig. 2 is the harvesBtrategy applied to calculate thAC -
results are shown fofo.25 fos and fo.ss options. As for the West Coast hake OMP, the
smoothing parameter delta in tHAC formula, introduced to limit the extent GfAC
fluctuations from year to year, is kept at 0.5.

Note that thefo.os option projects increased catches, but at the resqp®f a fall in the
spawning biomass and hence the catch rate. Onthee band,fo.3s predicts a catch rate
increase, but at the expense of a reduction icdnent catch level. The intermediate option,
fo.3, IS anticipated to achieve roughly steady levélbath catch and catch rate over the next
few years.

On the basis of these results, itegsommendedthat the CAF adopt thig.s OMP option for
recommending@ ACs for South Coad¥l. capensidor the next three years, with re-evaluation
anticipated to occur at or shortly before the ehthat period.

M. paradoxus

Given that theM. paradoxuson the South Coast is likely a component of thesM\asiM.
paradoxusstock, and that most of the West Coast hake ¢atcbmprised oM. paradoxusit
seems reasonable that changes in the allowed c&t8outh CoastM. paradoxusshould
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match trends in West Coast hake abundance, astesflen theTACs provided by the West
Coast hake OMP.

It is thereforeececommendedthat the CAF agree that for the next three yearsirtil possible
earlier OMP revision is effected), the South CddsiparadoxusTAC be set as a proportion
of the West CoasIAC as evaluated by the present West Coast hake OME .proportion is
defined as the ratio of the average catchMVof paradoxuson the South Coast over the
preceding five years, to a similar average forttial West Coast hake catch.

C.J. Augustyn
Acting Director: Offshore Resources
June 2000

C2.2 Paper presented to the CAF — August 2000 (MCN2000b)

WG/06/D:H:19

DEPARTMENT OF ENVIRONMENTAL AFFAIRS AND TOURISM
MARINE AND COASTAL MANAGEMENT

RECOMMENDATION TO THE CONSULTATIVE ADVISORY
FORUM FOR THE HAKE TAC FOR 2001

August 2000

Summary

A global Total Allowable CatchTAC) for the Cape hakedMrluccius capensigand M.
paradoxu3 of 166 000t is recommended. Although there dmeee components to the
assessment, viz. a West Coast component and twth Seast components, one fit.
capensisand the other foM. paradoxus a globalTAC is recommended because of the
difficulties involved in managing and policing sepi@ TACs. Nevertheless, the relative
magnitudes of the three separate components ofltiml TAC must be considered when
access rights are allocated, to ensure that fiskiiigrt distribution matches that of the
resource. To achieve this goal, rights allocattonsngline, handline and inshore trawl on the
South Coast must not exceed the capacity of thehSoaastM. capensigesource. It must
also be remembered that the offshore trawl fislo@rthe South Coast, although taking mostly
M. paradoxuswill also take som#l. capensis
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A procedure to apportion thHEAC among the four sectors of the hake fishery is qoresl.
This procedure will balance the exploitation of theee components of the hake resource
with the estimated productivity of each compondins considered that this approach will be
almost as effective as formal resource-spe@iACs, but easier to implement and manage.

Background

The hake fishery off South Africa is based on tvaddnspecies, the shallow-water and deep-
water Cape haked/erluccius capensiandM. paradoxuy that differ mainly in their biology
and distribution. They are similar in appearance iams not possible to distinguish them in
cleaned or processed form without using time-comsgmolecular techniques. There is very
little difference in quality, and no difference market value between the two species for
trawl-caught hake. Trawl-caught hake are marketed aingle commodity and it is not
possible to obtain species-disaggregated commeaielh statistics.

Consequently, the assessment methods applied paiiehave, of necessity, had to treat the
two Cape hakes as a single species. In terms ofOtherational Management Procedure
(OMP) applied during the early 1990s, the hakeursgs on the West and South Coasts were
assessed separately, but a glab&C was set. Allocations to smaller, inshore operatcese
generally taken close to their base of operatiand,the offshore operators were requested to
manage their fishing activities such that the globaC was apportioned between the West
and South Coasts in a 2:1 ratio. This arrangemasteasier to manage than, applying formal,
area-specifidACs.

With the advent of a line fishery (including botarline and longline) that targets maiiy
capensis it has become necessary to assess the two smmpasately to ensure balanced
exploitation of the two species. In addition, adnale between the catches taken on the West
and South Coasts equivalent to the productivitytlod respective resources must be
maintained.

West Coast contribution to theTAC

In terms of the revised OMP for the West Coast BEE division 1.6) component of the
hake resource which was accepted and implement2€898, the recommended contribution
to theTAC by this component is 107 000 t (Table 1). This Oi#ffines the selection of input
data and calculates the recommend@dC based on those data. The input data are: annual
nominal catch for 1917-2000 (fig 1a); historicatataper unit effort (CPUE), standardised by
power factors for 1955-1977 (fig. 2a); post 197 {UUEFseries standardised by General Linear
Modelling (GLM), split into two series (1978-1986ch1993-1999) to account for changes in
fishing selectivity (fig 2a); and relative biomaisglices with associated standard errors for
summer (1985-1999) and winter surveys (1985-19%9 Bj.

Due to technical problems, there were no directmiaiss surveys by the FR&ricana in
2000. The GLM-standardised CPUE in 1999 is estith&tebe the lowest since 1995. This
arises partly from a changed distribution pattdrthe fish, but may also reflect variations in
environmental factors beyond those that can bentakéo account in the GLM. This
emphasises the importance of the fishery-indepdri@iemass indices as they would provide
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additional evidence to aid in deciding whether thenge in CPUE reflects a change in
abundance or simply random effects. However, iukhalso be emphasised that the OMP
selected has been tested for robustness in theofdlestuations of this nature, and will, over

time, adjusfTACs to compensate if necessary.

Table 1. Contributions to the globBAC by the three components of the
assessment of the Cape hake resource

Component of the assessment Contribution
West Coast - both species combined (ICSEAF Div). 1.6 107 000

South CoasMerluccius paradoxu§ilCSEAF Div. 2.1/2.2) 34 000

South CoasMerluccius capensigeast of 20°E) 25 000

Global TAC 166 000

South Coast contribution to theTAC

Unlike for the West Coast, the longline and haralibatches taken on the South Coast are a
substantial portion of the hake catch. These “lifisheries targetM. capensisalmost
exclusively, and select older, larger fish (preduoenitly large, highly fecund females) than do
the trawlers. In addition, the inshore trawl fldatgets exclusivelyM. capensis These
differences in selectivity between the sectorfishery means that the two species have to
be assessed separately to ensure that an increse fishing does not put tHé. capensis
resource at risk.

a) M. capensis

Three candidate OMPs for tiv capensigesource on the South Coast were presented to
the previous meeting, in June 2000, of the Consudtaddvisory Forum (CAF). The CAF
selected an OMP that implementsfag harvesting strategy and the following input data:
annual nominal catch for 1967-2000 (fig 1b); histalr CPUE (1969-1977) for both the
offshore fleet (both hake species combined), staliskzd by power factors (fig 2b); GLM-
standardised CPUE for the offshore fleet kbr capensig(fig 2b); and relative biomass
indices with associated standard errors for spaimg) autumn surveys (fig 4). In terms of
this OMP the recommended contribution to T#C by this component of the resource is
25000t (Table 1).

b) M. paradoxus

Model fits obtained to date are unrealistic, quitessibly because these fish are a
component of the West Coast stock of this speaied,migration occurs between the two
regions. A mechanism to adjust th&C from the West Coast OMP to incorporate the
portion of theM. paradoxusstock on the South Coast was presented to, areptactby,
the CAF at the June 2000 meeting. The recommendattilsution to theTAC by this
component is 34 000 t (Table 1).

Associated issues
Some important issues related to allocation arm@ the OMP revision process
1. Handline catches on the South Coast

Uncontrolled growth in the informal handline fisii@n the South Coast continued during
1999 and the first half of 2000. The landings frohis sector have increased to an
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estimated 2740 - 3500 tons in 1999. This secttassbecoming a major component of the
South Coast hake fishery, and urgent action isireqo control the escalating catches.

2. Effort limitation
It is important to stress that the approach undeglypoth the West Coast hake and South
CoastM. capensiSOMPs, is aconstant fishing effort strategy. This means that when the
resource size increases (or decreases)[Alieis moved up (or downip proportion, with
the aim that the same number of vessel-fishingshasrthe previous year will be required
to take the catch. In other words, a change in ddwice is accompanied by a proportional
change in catch rate ad@\C so that the adjusteBAC will be taken without adjusting the
amount of fishing effort. Thus, if increasesTIAC are allocated to new entrants with new
vessels, not only must the percentage shares efirexiquota holders in the fishery be
reduced, BUT ALSO their fleets must be reducedhim same proportions. Unless this is
done, an excess of fishing capacity will develope@apitalisation is an unnecessary waste
of the country's resources, and will lead to a tgreeoncentration of fishing effort by the
fleet as a whole on bycatch species, to the prebkdrig-term detriment of sustainable
utilisation of these other resources.

3. Apportioning thefAC among fishing sectors and regions

The following points must be considered when trabgl TAC is apportioned among the

different fishing sectors and regions. See Apperdior a worked example based on the

TAC recommendation for 2001, and the allocations ntadke Inshore and “Line” sectors

for 2000.

¢ Allocations to the inshore trawl fleet, to the infal handline fishery, and to the
longliners based on the south coast must not extbeegdroductivity of the South Coast
M. capensisesource.

¢ Although the offshore trawl fleet takes mainy. paradoxus it will take someM.
capensis

¢ Increases or decreases in the glab&C as a result of changes in the abundanadd.of
paradoxusshould be absorbed by the offshore trawl sectdahabundue pressure is not
placed on th&. capensisesource.

Recommendations

A global TAC for the Cape haked/ capensisandM. paradoxu} of 166 000 t for the year
2001 is recommended.

In addition, it isstrongly recommendedthat those undertaking allocation decisions pursue
calculations along the lines of those illustratedAppendix A o0 ensure appropriate balance
between allocations and the productivity of eaclmponent of the hake resource, and in
particular, to protect th#®l. capensigesource on the South Coast. Judicious apportjooin
the TAC among the different fishery sectors could be atnagseffective as applying formal
stock-specificTACs, but will be easier to implement and manage.

R.W. Leslie
Chair: Demersal Working Group
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APPENDIX A

This Appendix serves to illustrate the concern®aased with apportioning the glob@alAC among the hake
fishing sectors. It is based on th&C recommendations for the year 2001, and on theatilins made to the
Inshore and “Line” sectors in the year 2000. THecaltions per sector used here ARE NOT intended as
recommendation, but merely serve to illustrate fiogtors that must be balanced when the globaC is
apportioned among the different hake fishing sector

A. The components of thél ACzo01

D.

West Coast OMHA ACz01 107 000
Adjustment to the WC OMRAC001to account foM. paradoxuson the South Coast 34 000
South CoasM. capensiSOMP TACzo01 25 000

Global TAC 166 000

Allocations to sectors that exploitM. capensis on the South Coast.

The catches taken by the handline, longline anldoirestrawl sectors of the hake fishing industry @reost
exclusivelyM. capensisTherefore their allocations must be viewed injenation with the estimate@AC
of 25 000 t for the South Codét capensigesource.

For the purposes of this example, the allocationghe inshore trawl and handline sectors for 2000,
and 45% of the longline allocation (the proportiaken on the South Coast) are used as follows:

Inshore trawl 9 500
Handline 5500
Longline (45% of the 10 000 t allocation) 4 500
Total 19 500

Therefore, in effect, an amount of 5 500 t (25 6010 500) ofM. capensiss available to the offshore trawl
sector of the South Coast, east of 20°E, usingieze scenario.

Note:

1. The handline reserve is presently under-utilizecibyestimated 1 000 t.

2. There is likely to be pressure from the fishingustly to allow a greater proportion of the longline
allocation to be caught on the South Coast.

3. The inshore trawl allocation has, in the past beamtained at approximately 6% of th&C

Allocations to sectors that exploit mainlyM. paradoxus.

The offshore trawl sector fishes in deeper watantthe other three fishing sectors, and, therefales
mainly M. paradoxusNevertheless, over the past 5 years, catches take¢he offshore trawl sector on the
South Coast, east of 20°E, have averaged Bb%apensisand 65%M. paradoxus

If 35% of the hake catch M. capensisthen a catch of 5 500 t M. capensiquates to a total hake catch
of 15 714 t. Therefore the offshore trawl sectandt not catch more than 16 000 t of hake easOE Zthe
average catch over the past 5 years is 17 800 t).

Implications

1. The take ofM. paradoxuseast 20°E is limited by the amountMf capensisavailable to the offshore
trawl sector.

2. It may be possible for the offshore fleet to redtimproportion oM. capensisn the catch by reducing
the effort in the 200-300 m depth range, and irsirgpthe effort in deeper water.

3. ltis assumed that thd. paradoxugesource is a single stock, so it is not necedsarhe “South Coast
M. paradoxusto be taken from the South Coast.
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Figure 1. Annual landings of Cape hakes on th&\(@$t Coast and (b) South Coast.
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Figure 2: Historic CPUE series standardised by pdaetors (solid circles) and GLM-standardised
CPUE (open circles) for the (a) West Coast andS@)th Coast. Note the historic and GLM CPUE
series do not have the same units and are nottlgimmparable and that the GLM series for the
South Coast is favl. capensisnly.
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Figure 3: Direct survey biomass estimates for Qagdees (0-500m) from summer (solid circles) and
winter (open circles) surveys of the West CoagoiHrars represent one standard error

280 M gSouth Coast
260

240
220
200
180

160 [

| + . | +

Biomass Estimate ('000t)

120

100
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

Figure 4: Direct survey biomass estimatesVbf capensis(0-200m) for spring (open circles) and
autumn (closed circles) surveys to the South Cé&asbr bars represent one standard error.
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C2.3 List of robustness tests for the south coadt. capensis
revised OMP

This list of robustness tests, developed by the MG&mersal Working Group, is taken from
Geromont and Butterworth (2000a, 2000b).

A: Robustness tests related to the input data

1) Investigate sensitivity to alternative optiorsr,for trends/biases in, the pre-1978 CPUE data
(species-lumped data are fitted at present) bynasisgua decline of a) 50% and b) 85% in the

historic CPUE series.

2) a) Investigate sensitivity to the pre-1978 seeaplit of the offshore catch (currently assum2h 6
M. capensiy by assuming &1. capensigproportion of 82%.
b) Investigate sensitivity to different proportiooSM. capensisn the offshore catch from 1978 to

1998:M. capensizatches 25% lower.

3) Investigate sensitivity to pre-1974 inshore tflegtch levels by assuming catch levels of 6 008 to

(currently assumed equal to their 1974 level ofesdih 000 tons).
4) Fit to survey abundance data for different deptiges (0-200 instead of 0-500 m).

5) Take account of trawl discards and natural goedhefts from longlines. For this test, it is ased
that trawl discards constitute 10% of the annuadiéal trawl catch; to breakdown the discards by
age the ratio of the numbers by age in the obssampling of discards (approximately 0.1:0.5:0.4
for ages 1, 2 and 3 respectively) is used. Natpratator thefts from longline is assumed to
constitute a 10% of the longline catch; the sizmpaosition of their catches is assumed identical to
that of the fish finally landed.

6) Investigate sensitivity to omission of surveyiatiance data in model fit.

B: Robustness tests related to the model

1) Investigate sensitivity to age-dependence immaaimortality, M, by a) estimating and b) fixing a

separatéV for younger agesa(< 7+) and for the plus-group € 7+).

2) Investigate the sensitivity to lower values géandependent natural mortality1€0.4, 0.5, 0.6 and
0.7).

3) Investigate sensitivity to alternative assummidor commercial (offshore) selectivities-at-age

(increase the negative lope at larger ages asstondte inshore fleet selectivity from 0.3 to 0.4).
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4) Extent period over which stock-recruitment residare estimated (from 1967 instead 1978 in the

Reference Case).
5) Explore fixing the “steepness” parameterto 0.8 (estimated in the fit for the Reference&)a

6) Investigate sensitivity to relaxing the assumptihat the resource was at its pre-exploitation

equilibrium level in 1967 (assuni®;g,,/ K ** = 0.7).

C: Robustness tests related to projections
1) Investigate the effect on projections if themrevno future survey data.

2) Investigate the extent of fluctuation of futueeruitments ¢z = 0.25 instead ofr = 0.45 assumed

in the Reference Case).

3) Investigate the effect of different level of dtedisaggregated catches by assuming a fleet-
disaggregated catch split of 1:4:5 for the offshinshore:longline fleets compared to the Reference
Case split of 4:4:2.
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