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The hake 

both revenue and 

off southern is a valuable and ;lMonn,Ft"",t in terms of 

e1l1LPU)V[nellt. This thesis "'V'o"""''''''' the current assessment and mamagelneint of 

the hake stocks. It commences with a oftheb of the Cape h akes and the 

of the and the ''''''''''5'''"'''1'' of the resource. 

The data available for the assessments are u"o,,,uU"'-', some as to how are 

collected and U ... H.\J'U.)' used for fish stock assessment purposes 

fitted on a maximum U,,""'U'''V'l.'U is used 

this model in to "'''''''''''''' an assessment of the southern African resource, reasons for 

"",,'1-.......... ,-1' to others 

the ... """.5 ....... ..,JlA< framework sep'ara,res the resource into three areas: Namibia and 

South .n.UlA""CU west and south coasts. the resource two Merluccius 

I.:UlleftSIS. the shallow-water and M. pairat<toxus, the (1P,>n_Ul"tPT the Namibian 

South African west coast stocks are still HAVU"""'U as a ;)11"''''''';)' On the South south 

coast due to the of a """6"U"'6 IIHoU"'II,Ul)' M. CUlJelliSIS 

the two ::;1J~;Clt;S are Ul;)UUi,,-Ul"U',U in the assessments. It is nPII1P.,pn that M. nmrndnrl10~ off the west and 

south coasts of South forma stock this resource is the:retore assessed as such. 

The H" ...... V ..... hake stock is estimated to be at 40% in 2001 of its pre-

eXIHolltatlon level in terms of the biomass. the best estimate for the 2001 

biomass is above that of the the l'V.'<>UIlU")' that there has been a net decline in 

the resource over the last cannot be o;;;.II.~;"'''.''''U. This resource is estimated to be able to a 

maximum of 300 thousand tons per annum, at a biomass level of 46% 

of the level. 

After the of the 1960' s there has been a slow 

recovery in the South African west coast hake resource. The 2001 biomass is to be 

at 22% of its level. is still below the level the estimated 

MSY of 129 thousand tons The current status of the resource and MSY values are 

estllmated much more than in the case of the Namibian as a increase over the 

two ue(;aoc~s means that this is not the ." ...... -""~ 

Namibian case. 
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The south coast M. I,;Uj~t:r,I.Hol cOlnponlent the resource is estimated to be 

I',,,r ........ ,tlu well above its MSY level. Since 

around its MSY is 

similar 

1970's. 

sector 

The African M p ar{,l{ln.xu,~ resource ( 

to the west coast hake resource u a 

recovery is "".l1ua." ... to be when the 

is assumed to be flat 

~~~hu ~ 

to be about 33 thousand tons 

a nd west coasts '"'v ... .." ........ shows a very 

with a slow recovery since the mid 

the commercial 

nWf'Vf~r a in selectlvl1tv 

the best fit of model to the data in terms 

In this cue, the "LJa,VVllllU' IHoma:ss in 1999 is u","a.",,,, to be at 1 7% 

pn:-eJl(pl'Ommcm level. below the MSYL of 26% 

is 

The of how suc:cesistu,U resource recovery been 

since m,magelne:nt restrictions were first Impoised in the is ad(irelssed. n,,,u'I.1U)i~U 

been some recovery to a extent for the stocks off Africa - the there has 

historical indicates ov,er-'opltlm,lStiIC "TUU','''''' recovery rates and ,,,,,,""',,U<I.',,." 

over this 

au(~stl!ons remain: 

and some of the reasons this are Olscw;seill. Certain 

natural "',,. .. u,,."' .... to be so 

stocK··re(:rulltm,em ste,ePlless, survey do estimates 

survey estimates differ so between the stocks? 

An of the Procedure 

manag;ement is Nanlibian hake stock has been mainal~ed 

This OMP did not have a "11""U"" lCmger-[enm as 

over a range 

assessment 

and 

OMP. 

and was 

OMP for this resource is in tenns catch and risk 

resource of a number of "0.'.1"""'0.1." 

15"""""''''''1\)11'' of a constant nT'l' .... "·rl'l'.n h~~,"'"t,i ... 

OMPs is evaluated. The OMPs are on 

stnlteg;y "', .. 1'." .... to an ASPM of the same fonn as 

the model used to describe the "n,nM'IU""Y Candidate pr()CedUlres are then 

for robustness on a set of alternative models, The baseline appears 

robust over the wide range of lVL'U"'''''""", test scenarios that 

unnecessary catch reductions can take 

in biomass can occur the older ages in opf:ratmg model. 

a number of variants of this baseline pr()Cedul:e ..... "", ........... '", notable QIlIer'enlces in 

pertormance are n:U>I,nl.,I,.,r P of control law controls the rate of 

increue of T AC with abundance: P leads to more substantial resource but also to 

lesser catches and interannual <l.U'",UJ.H,Y in catches. From with NatMIRC scientists 

6 
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represlenultives of the a new OMP was recommended the "<U.1U!lUU;:; 

"nn"",,,n"'T.th, used to recl:>nuneI1td the TAC for 2002. 

The current OMP used for the of the west coast 

since 1998. It is based on "V~'f''''U to a Fox 

an OMP for the M ClUj',"" •• ',.,' model On the 

COll11POn,ent of the resource has been used for TAC recommendations since 2000. It is ofthe same form 

as one used for on a Fox-form but 

ct,.<.t"n.v (]eromont and These OMPs are described and 

the ..... ' .. U ..... 'JH;) for the 2003 TAC recommendations in terms of these pr()ce:dures are Tf'I".nT1rPIl 

An OMP for M nnl'nt1nxll.<: on south coast was not at the same for 

the south coast M stock a assessment for this of resource did 

not sensible that this stock is a of the west coast M nn~'nn'''Y1J 

stock and on the assessments summarised it is 

sug;ges:ted that the lOnl!er··renm n:plllcelmeltlt the M nnJ"nt1{rni.<: assessment 

", .. ""u",.'n 20 and 28 mOlilSartG be to extent that west coast OMP 

for the T AC be increased to account of M naJ"ntioxlls on coast as an interim 

measure until OMPs for the two hake 

future initiatives towards .... hi ... ',.,'" 

are s uml111~Lrlsed. These UJ. ... ' .... ,.'" 

and of M and M Va1'aaI7XUS, 

assessment and m~magelne:nt of the 

assessments 

age to estimate assessment for 

.... ' ............ )';" between stocks. Future assessments to allow for Utl1le-s:enes U'~U'''''''ll5 

in somatic and additional CPUE 

information rates from the inshore trawl on t he South African s 

""'UIl'''U, in to include the effects of cannibalism and 

""" ... ,u .... u needs to resolve issue of 

survey coefficients are so 

eiopment of future u."' .. "'E,"'..,''' ..... pr()Ce,aUI 

Ii .. ,""",,., n u."'U .. ~"lll"JL .. recommendations, 

on the west and 

of socio-economic factors and age data in the 

as well as recent data a in 

7 
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This thesis is cOlnplrts(:d of two a summary of the V'V"""" of the 

hakes and the of in southern Africa 1). Section I with stock 

assessments of the ",,,,,,tAU'll II nf'~:rT1nf''' the IlUImagelne:nt of resource. The thesis 

ends with which "''''0'''''''''''''' the future work that needs to carried out in the next 3 to 5 

years. 

'"''''''''''''"'' 2 np.,rnn .. <: .. .. u ... u ..... to assess the off s011thiern Africa in 

terms, some details as to how '"'v", .. ", ..... and 

3 considers three models used for fish stock assessment purposes 

IVI1",rnlr IVJLV"".,ll). Virtual 

an Production was chosen to the nVT'''' ... '',..'' 

stocks. details of this model are then '"' .... u ....... 4. 

Ch,apters 5 to 8 on assessments of the Three stocks of 

two hake have been off Namibia and off South Africa's south 

west coasts. In historical reasons which are detailed 

the southern African resource are hake m 5, 

r'--'..I,' .... "'H west coast hake m 6, South African south coast shallow-

water and 

Each of these ...... H .. ".,""'." 

made for the Reference Case assessment and the 

in detail 

nnw""",,, a more discussion on the results from 

In the cases of the and South African west 

recoveries from the of the 1960's 1970's is 

... ,.""i,.,,,,,, assessments. Estimated values for some of model IJ .... , .. " ...... ~, 

some about the assessments. 

10 some on the 

coasts 

data the "".'"''''1''11.11,''' 

stock assessments of 

the extent of resource 

and to 

seem "''''',''''U'''. and raise 

Procedure' or 'OMP' "n.,,.n,.t'n which is to manage the hake stocks off ""'"''''''101''' Africa. A new 

8 



Univ
ers

ity
 of

  C
ap

e T
ow

n

OMP is "'~ •. ~I. ___ .... and for Namibian stock in 1 L 12 the 

current orclce(iur,es used to manage the South African hake stocks. The calculations for the 2003 T AC 

recloIIllmelldatloIls for African in terms nrclce(lurc~s are TfmOrtf~t1 

9 
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1 

1.1 

of hake inhabit the waters off southern A 

the hake 

The 

Namibia and will not be further in this which focuses on the Namibian and 

hake fisheries. The shallow-water hake and the hake are known 

M was of M (;uJJenSt;li, 

but the two are now ''''''''"'F,A''''''''' 

1.1. M cap'enS'iS is 

three 

hpt'",,>,>n about 16°S on 

of the EO .. '."' ..... • "AVIIVHIY 

reviewed in detail Botha 

""",th",,.,, African hake are in 

west coast of Africa to about 31 °E 

on It is wl(lesJ)re2Id over the entire continental shelf is the 

dornmant of the two hake 

on the 

Namibia. This 

as 70% 

also dominates the catches of hake made 

M n£ll-nl1'nXll.'i/ has a more ... " ....... "' ... 

cyprIOT,.n"u' <i,i~+'-'ih".t.",n than M callen.SlS. between 17°S lat. on the west coast to on 

the The aee:n-\liIarl:::r UVllU""",,, off the west coast South 

as much as 90% 

Payne bWldancc~s of the two of hake off 

different of southern Africa may of the cO[ltinental shelf and the 

stelE:J)llleSS of the "' ... 1' ........ ' .. C()ntllnelltal tpnlnpT~tll1TP at the each 

is also a factor ,..n""rnl~"T1 

1.1 also 

South-East Atlantic 

......... E' ..... ' ...... Divisions <>I1C,nfF'11 the International for 

of involvement of ICSEAF in the 

•• _, •• _!:,_ ••. '_~. of the hake fisheries the hake resource was into 

viz. Divisions 1.3 + 1.4, I 1.6 and 2.1 + 2.2. In recent years the stocks have 

10 
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"-'ftUVi~er J - un;,uJI::' 

redefined as the Namibian stock , ________ to the 1.4 and 1.5 the South 

African west coast stock and the South African south coast stock 

Divisions 2.1 + Rather than actual oOlmaary between ICSEAF 

1.5 and 1 

as the 

the division between the Namibian and the South west coast stock is now taken 

to the coastline at between two 

line m since catches are ~"" .... ""u The ommaary between the west 

and south coasts has n"p' .. ""~nT'''' also been to one to that more northern !J" .... "" .. 

it is shown as line m 1.1. Catches CODltlmle to be declared ICSEAF 

but the .... ~,I;';vu,.. lines and of the conventional ICSEAF are used to define 

Division from which catches are 

The shallow-water 

biomass in the 100-200 m range. The 

in of less than 400 m, with 

hake ranges 

from 150 to 500 m lUQ,U'-'.iU1Ul .............. ,1;'; .. this has been found down 

to 1000 m water 

that with 

feed pyt''''"'''ivpiiv 

apt:,rm(lm.ately age 4 and 

The two co-exist between 150 and 400 m ratios 

Because there is a size for both "v'",,,,'''''. with 

than smaller ones, medium to and 

vV'-U,.U1!.Q ... VU among the adults 

is uncommon but 

may occur where the continental shelf is narrow. 

workers were 

the but such 

there was some form of ge()graplillcal 

were based on the erroneous 1l."'UH' ..... 

of 

existed. There is a tenaeI1CY for hake to move offshore grow older and there 

appears to be some seasonal movement of adults but 

,UlJllU"J5li many of hake show seasonal 'V"'6"'''V' 

and 

of 

there is no indication of seasonal 1\U16" .. V1l" movement in concentrations 

African hake. There appears to at least some seasonal ''''lM''''V'''_ movement of 

hake stocks in the Namibian This movement COJTeSpOllldS with seasonal movement of the 

between the warm Southern -"1----­ current and the cold current 

which is linked to 1In'wp,n" 

AlthOllgh seasonal """"'nnT'" may well not occur off South Le Clus \'YA~"A, pers. 

c~mnlDJ "YI.M'"'''''' th~A1. CW7eniSIS b e to the south as 

distribution of AI. "''''''''-''''''''''''''. off South Africa oOltauled from research show 

that while and small M Cal1en:S1S are concentrated on the west the bulk of the medium 

to I arge shallow-water C ape hake is found on the southern west coast and on the western .,."'UHl<''',. 

Bank off the coast. This could be a differential on the west to 

Jl 
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,-,,,'uvn:;, 1 - DI(}Wli!1 

more medium-sized cm, cOITe~'POlndmg to ages 3 and M. (;UIJtm:.H.:l the south 

move not 

because an 

oUshc_re, but also south onto the ... ,,' ..... ,"" Bank. The reason this movement be 

of their 

round and horse mackerel 

also move onto the ru'uulo"'" Bank to mature and spawn (Hutc:hillgS Another 

""i9""'''' to the south for I'V""'L'I!!'CY is that the medium size 

" ........ '"Ulli< purposes. currents on west coast shallow-water hake 

that the to .. Uj,,'''''''' southwards as mature to spawn on the "s,"'''''''' 

enter the west coast nursery downstream (Hutc:hlIlgS et "UJI',J."'U'U'U of 

this sort "'PT'!UP"" what are modelled as 

for the m~magelnelnt of the hake resource. 

can be lU~;l""U""U 

1'"\JlVl",I..."",,] the two 

QlIler'em;es in the 

very ::IIllI"".!, 

VLV!!U'''. the 

of the pec:tor,al fins and the number of vertebrae 

which an P .... ,pri,pn,,,'''l'I worker to the two SP(;CH;S are the relative eye 

the colour of the anal fin and the tends to be a thinner fish 

with prc)ponl(ma'[el} eyes than M CUL/tm,;:)ts • .. ".1"hl'·rrnn .... there are small and 

Grant et al. found some &~,~"'''''' 

between the Namibian and 

detected for M ,.,,.,,-/In,nyU 

African ... vIJ ..... "U\'U" of M. cUJ'Jt:fl:SIS were 

n",~"", .. all one of the thirteen 10catH)nS " ......... ,'" ... were on the west 

coast of southern the anal fin of M ca!1ensis is white 

b and arc.!ao:JCus is black in colour. However, at 

tend to have grey anal fins with 

The ,""""d,,,,," of stock definition is of 

area .... A'UU~JA"'. be if 

Orange River and to the s 

pers. COlnmm 

in stock assess:me:nt, as trends in one 

the in a 

The morph:ololglcal above may iI;+''f",,.,.n,',.., between U'''Ull,.,L 

... "" .... ~" ... , it has been sUj~ge:ste:d .... 'l ............ jt; environmental 

to fit in with their 

is not 

cOInmm). Grant et al. that movement of adults between Namibian and South 

waters is but that there may be movement eggs and larvae 

current. Burmeister furthermore that there is one 

pers. 

the 

of M 

nn.'nrl'nTIJ,<;: off the west coast of South Africa and n"" ..... " ... and that .. "' ....... U<11115'" between the two 

IJVIJ,uaU\JU::I should be taken into consideration in the of the 

is on the that no have been between the ... "IJ ..... "' .... ,,, off Namibia 

12 
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CnaDjrer 1 - NUllmYU',']1 

and South Africa ( Grant eta I., 1 and that h as not been recorded 0 ffN amibia 

et 

1 

Osborne et on"·,"",, ....... ",,,.nt in different ..... ~,t" • .;t" in the ovaries of the 

and concluded that CUllerllSIS and M. are serial spawners . ....,. .. .uVIAI::U 

the two can and do spawn the year in many areas of their their main 

"n~lun"na season falls in the there seems to be a in 

in Novernbc~r/lJe(:errlber, a one of reduced IIlll.:mmy 

in l·i ...... ,."<.1'"<'1 

" ... ,O."" .. U,", for each with nursery areas downstream of the 

!<..vu ..... " for M. have been located 

which could " .... ~,,!<."". that the Namibian and South African of rI"''''n_"""t''r 

hake in fact form a some of of 

the two IS to narrowness of the continental shelf in some 

et show that the two of are distinct and 

that the "'V""U""':! ''''<.3''''''-''' is remote. Different centres and times of c:n~lun11na 

to preserve It has been sug;geslted that adult "II,Uill"";;< waters 

to spawn. This movement to may "AI" ...... are found in 

bottom trawls 

... "IL ...... } have Punt and Leslie 

African west coast. There do not appear to be substantial 

differences between the H;LJIl;;""'-' .. -"'<;;A.Ad.··U ....... M. and M. nor between 

Females reach a 

and at a 

while males M. 

M. £'nnlen.~'l.~ and M. nlll"a110Xl~.~ achieve 50% u ... ,,, ..... "J' 

both correSIDOrldltlg to the 

of 47 cm 

VAIU ... "<;; age of 4. 

of 50% sexual more than one year later than their male I'nll1nt". ..... "T1'" 

Male M. achieve 50% at 30 cm at an age of 2, 

achieve the same level of and at the age of 

2.5. Punt and Leslie 

females are so r!;ff-pr,,,nf 

1) out that as the of age and size at for males and 

there is no clear for the data sex for assessment 

purposes, 

ors 

that commercial catch information is not available in a dlSlaggre:gated form 

On the other in terms of age and size at p by 

13 
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south coast a"' .......... rliH',..p,nt M. cal'Jel,lsts reach 50% "'~"""";] at a 

than on the west coast cm and 64 cm for to ages 3 and 5 

while M. nl1l"f1t:1nnl." seem to achieve 50% than on the west 

The differences observed between the coast cm for males and 41 cm for '''''''''''''''''') 

south and west coast stocks 

coasts. 

1970's 

...... ''''.u ..... eXJ)101ltatlon levels on the two 

have respOlllac:a the 

slt)r-a,ep~maent responses. 

could not draw any conclusions on wrlet11er Punt and 

or not the values par·arn.ete:rs have reSl)Onllea ,",11""'1';'_'" in abundance ..,,,, .. ·aU:.1;; 

in the estimation prC)CedUI 

historical estimates. ll'~'I;;I;;'U. 

and when 1"'1 .... ,",,,,.,,,, 

could the:retore not U'~"UIOU.''''l1 

mature ''''H''''''''' with ovaries in the 

authors and the lack of estimates of the Ul ....... ".'Ull of 

• .. " ........... '" anomalous years 

was maICf()SCOO:lC 

some 

could have been recorded as U .. JiU ...... ''', 

""nUllQ.",u age at 50% 1T111ih .. ..;t" Leslie \ .. A~ •• 'A' pers. COlmrm turtnerm,ore indicates that 

c.:UI'.IeT".ns ...... " .... y with a common pr<)to:roan parasl1te do not fish 

... ,,~.,.. .. ·,n .... seems to be more common on the 

biased the estimates m<l,h .. ';t" on the south coast. Thus these 

for M. CUl'Jtm:sls 0 n the west and south coasts are not s 

also have 

np,rp..,t'''Cl in estimates of 

the hVI)otltleS1S 

west coast as 

1 

Le Clus described that the south coast fish have 

to 

from the 

The hakes may grow to more than 1 m in and may live to more than 12 years 

age .... """,,,,,. U'''P'',UY'U,!; on the and on local l"".,ri,·tll"'" rates do vary . 

the rate of each sex 

than males. It has been sug,ges:ted that the male rate is slower because more energy is used for 

."" ..... _" and more :tre'Cluc:ntllV 

males above an age 8 years 

males 1" ....... 'u)<, 

Life extlec1:an(:v 

and 6 years are found in the commercial catches and 

as the slower 

catches 

females dOltnUlatltng 

rate after .... , ....... ;] cannot 

14 

in the adult size classes 

"''''IJ,Q''U the absence 0 f 

is not 

males from the 
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Growth pru'amleters for the rlp,'i""rl from the von 

different authors Punt and for the west for the 

south The von LJ_-'!;:;;!~~;,"LOJ eOl1at:Lon is written as: 

= (1- ) 1.1 

where is the mean t ota11 ofa fish a t years, is the aUJ"1.,.-;:.,t.(".,h,.. or maximum 

K , called the ..... ".AU ..... ~'u •• is a rate nl'l"l'I."pt, ... and to is the fth",,,,·,,,ti,..,,l 

age at be zero. 

can be n .. ''''11' .. " the power model: 

1.2 

where is the mean mass at age t years and is the at age t. 

Estimates of the and are listed in 1.1 for 

hake and in Table 1 .2 for the west coast (Punt and 

curves related to these estimates are shown in 1.2. For the hake stocks off the west coast of South 

the estimates are for and sex "'P1"Il'ITl'Itp No recent estimates of rates 

are for the south coast. Leslie the west coast estimates of Punt 

and Leslie 

1 

The of the hakes off South Africa and Namibia has been studied 

EX~ilml)Jes of such studies include the works of Botha et al. and Pillar and 

for the South African west and Pillar and Wilkinson 

African south coast those of Andronov for the 

and Huse et al. waters off Namibia ..... ".5 .. .., from all but the most recent of these 

studies have been .. ",,,,,,,,,,,,,,,/1 and Punt and Gordoa et al. for South African and 

Namibian waters resnec:tlvel 

hakes are in the ..... ' ........ .., as 

seasonal and differences in their diet local variations in food 

prey selection et Punt et 

with 

aU.:"'1:UH rather than 

The diet of the two IS of different groups in the diet can 

as un:uamr 

Studies have shown that 

increases 

hakes 

15 

and 

crustaceans ,------.-J eU}llhatIS1lCls and 
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LfIUUU:f:r 1 

when young, but that hake of both a 

of which is et Roel and M2lcpinerson cul'JeTllsI .... however tend to 

switch to a fish diet at a smaller size than M Because of of 

LV'Jl-'lQ.llJUVl1 of suitable size on the south coast \'''''''U"U.>U,"'~ for ""' ...... "." are 

u"'O''''''''''''' more abundant on the west than on the south coast - Pillar et al., 

tend to b e m ore on west coast. On the south 

an order of 

hakes in this 

hakes of small and 

medium feed on and round 

and south coast ,,,,,, • .,.,,,:t,,, at a 

in common with 

UVI,1VLlU. with small 

Merluccius undertake nocturnal vertical 

uAA,!'>"u .... '6 into midwater more than fish 

at least in in response to similar of 

their food 

to be 

n"""'''''1" a COlnpJlete "'A~IL'''''U''LVU for this diel vertical 

., ......... ", .. taken at of found stomachs with 

hakes may feed at any time of and the nocturnal mll'tfal:ton 

should not be "'v'''~., ... '''. as "' ..... .-""'" a teedmlg 

other fish atun, 

rn ..... ·"'· ... Helicolenus ttal7tvlnn/'enlS 

and marine mammals such as the 

pwmlllS and several common dol,philn '-""HU","U", 

that attributable to carmlt)alism 

form far most common item 

in This is not all true 

is ...... ,,.. """''' 

one 

to ratio of M. nal"at1'nxzl,~ to M. cu,',,,,,,,,..,.,,,,, in the diet is 

100:0 for M calJ'enS'lS and apJ)roJumlatel) 75:25 for M. nnrnnl1'''''L~ This is 

to different distributions of the two which results in shallow-water 

hake found in the true cannibalism in 

M. nal"adnrllS is less common than in M rm'lp~,,~;,~ because small aecm-waler hakes are not in 

of adults of that as size than in M 

and 

is ,"v,,,,, ...... ,,. ivn'nn1rt<l.,t factor in hake abundance off Namibia and 

on the west coast where the is more abundant than elsewhere tLIC;;UIlart 

et and Cannibalism may affect the structure of as well as 

natural which may have an the of hake. 

16 
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The demersal trawl n"""u<,,-, before turn of the 

.... ,,'''u .. ,,'' sole 

as an incidental catch. At the confined its activities to 

mSJ[lOIII::, around Town and to a lesser extent off the south coast of 

hake catch must have been 

water Trawlers of about one 

thousand tons after the First 

annual catches of 

helreaner, catches increased uW'~~".1 H,""'"'''''!!'; 1 00 

thousand tons in 1954 almost all the hake 

was South African hakes also became a 

S and Japan showed catch rates were 

... n._ ..... n than off South Africa and this In grO,un<1s e}(patU11flg from 

Bank area to cover the entire COfltmental shelf off coast of 

,,,,,,.tl\,,,,",, Africa. Over this the hake Catches were 

year 1972 over one million tons in 

This InClreas:Ing 

resulted in an SllI':lstann:al rate over this 

which 

tnreaterung the economic 

of the local -"-'----J 

In the Intc~rnlltional '"'V ... L .... '''' •• vu for the SOtlth(~ast .rIcLla"'!L 

.... u ... ,,!.,""'... to manage the fish resources in the south-east .UJl<1l1U,"" 

combination of 1""'''''"'''''''5 catches and rl"",,.,,,,,,,i .. ..,, catch rates in the hake 

certain the as an open access 

was 

concern over the 

In an initial 

the Commission a minimum mesh size for the 

of 110 mm in of international mspe<~t1(Jm and allocations to 

tlclpatmg in hake these 

measures were not " .. uu,"",,,,,, to ::>ta'Jlu"o;;; or to allow some recovery of 

,-,,,,,,,1,,,,,,,, ... its 200 nm Exclusive Economic Zone 

,.",v",rtf'" to an almost local one as it had been 1962. an 

aPl)re,clable "".u .. ·uvu in TAC was still to allow to recover. In the 

African Government in association nu"", .... , "''"'''''-'1;;... on a 

on recommendations ICSEAF. Since of 

17 
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LnlZDtE~r 1 -

hake in South waters have been 

120 thousand tons per annum hakes in the southeast r .......... "'. 

h",wp·u",. were not in the same much "", ........ ,.. to 

Namibian waters where the 200 nm EEZ had not been enforced 

catch waters were set ICSEAF over this 

were not resoectea all in that 

mdlepc!ndlen(:e and the of its 200 nm 

to 

and reached 200 

tons. Since TACs 

tons in 2001. 

that 

In 1991, after 

Namibia were cut 

"", ....... " have mcrea:sea U'V'~~"3 

The hakes in the """",u~,a", ..... u ...... '" is one the in the world 

The current hake most in "'UUUJa, in terms 

revenue and of local emiJ)U)ynleIll1. 50% of the 

""."",.",tprt from 

annual 

Namibia 

resources, with the 2001 TAC of 166 thclUSlmd tons 

for in 

2001 of 200 thousand the to 

the "''''1'1""''-

which are set ... UJ, .... , .• J and the is 

On the South 

African south 

furthermore 

African west 

the number 

a mit,imnm mesh size 

the millimum mesh sizes allowed are 110 mm for 

mackerel sole tlU·(y"tp·/'1 U"'''U6' a in the law 

it the 110 mm mesh ."',!!, ..... 'uv .. and as a result many opc~rators t",.,,,,,,tin 

on south coast. This closed with of 

me,alUim term pers. COlnml1l). rJ"HllJ"" is p''''''''''''''U within 5 of the 

coast on the west coast. 

The u ......... ".... hake soutnelm Africa is sub-sectors to 

such as "', .. ,,""''' gc~ograp.nlc:al area, ""·,tl'l .. ,{1 gear and size. These four sectors are 

sea and more .... ", .... tllu 

i s concentrated i n 

UHj';U •• ,,,, and The 

Saldanha 

On 

nautical from the 

Western C ape and 0 

is res'tnctea to 

is the 

18 
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both M caD'enSlS and M nal"aa,?Xti's. 

than 110 m or, since to 20 

are no such 
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LflaDter 1 

restrictions on the west in however offshore vessels do not ODIE:ra·te in waters 

than about 180 m pers. ae(!n-i~ea ... ,,"''',....... has 

tralllUOnllUji been the domain of a few 

and wet 

broaden access in the 

in 

more COI1SCIOUS and 

For the inshore 

extent this reflects the amount 

the ..... ,.,..,.",. --Ir\Vl'~IUl'n' 

than hake. 

others it is as 

The inshore 

with the ' ... T1"" ... " ... T'''... to 

the number of pa111CIPants in the ae(m-i~ea sector u."' ....... ,,"' ... from 7 

In recent times have become 

maximum catch rate in tenns of tons per 

the COlmnOSl,non of the catch varies between To a 

hake to each company: the the the 

t"'r ...... t..r! rather than 1111,.;11.10;;;1 .. "'.1) 

Port ~u:zaDetn 

other 

some 

1.1), 

and tends to inside the 110m isobath. It is a mixed 

shallow-water Cape hake and s and 

range, very few aec~n-waler this sector. 

the inshore grOUfl(lS are COIISl(lerc!<1 'safe' gear, the rest hard 

and areas on the south coast 20% of the 

fleet is 

less than 30 m 

The inshore 

and less than 750 ".,,'.,. ..... tl" there are 

about 30 such opc!ratmg in the , ... "I"~:"""T 

The I ongllne 

Town. LOlilglllflltLg 

operate from 

and 

hakes 

were offset 

IUll!:>".!!P catches were not while the hake catches 

For this reason and because the value of 

mo,us,ma tons in 

effort increased COllSllleraDJlY 

which declined 

catches fell <1nmaltlCall) and altnlou~tn 

1988 and 

in 1994 that n~:e-Ollfe';leo 10n:gnl1llng 

from 1984 to 1989 and 

was introduced 

the end of 1990 

on an eXI)erlmii:ntal 

I0l1lg11mIlg C()flunuc!a on the south coast after 1990 

a less .... a.J .. " .. - ....... · .. ". "' .... ' ...... 6 hake than 

at more than 1 0 

two years 0 ver 

It was 

... .,,,,,,.jI;L. some 

some as 

access to the 

hake resource can be obtained. I 

,,.,. ..... tl',, about 1 0 ... v· ............ 

4000 tons were allocated to this exp1enlmelltal and 

this hakes are off South Africa 

of these current 10ILglllfle ............. t· ...... " not have ........ ,,, ... ,,,, On the west 

19 
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10IllgllnlIIg is to the rI"'.""_"''',t''' .. but on the south coast the bulk of the 

IVH~IUl" catch is M. CUJnmi:!,'lS \ ...... "'''', ............ , fish on or 

ma,cc~:sslble to the bottom trawl due 

to over recent years, ._.,.,..,.,~_ opc::ral:ors 

HVUU"" onto the trawl 

...... r' .... "rt',. ... of 10IIgillDe catch taken on trawl 

are Wln,VU"o the 

20 cm over the 

A commercial ..... , .. "' ........ hake 

viable market for fresh whole 

.... n.· .. .,t" .. , up to about 100 m 

as a result of this mc:re~lsrnlg 

the mean size .V •.• l">u,uv· .... G' ... ~.. hake has 

three years - Observer f.'rr'aT:~m pers. 

in the 1980's with the de\re!o'prnlent of a 

in 

more rec:entlv 

1.1.), where hake is to the coast. Conservative "" ............. " 

catch at 2500 - 3000 tons per annum. HnUlP"""" 

.~jIUll.O" now dPIJIVAUUd •. " .... "' ......... -t.." catch 1J1'"""d'UI verifiable 

1 500 tons 

hake 

pers. cornrnL11). The UG'il\U,'U .... catch consists almost of shallow-water 

the .. ""."' .. , ..... ,'" are smaller than fish 

those bottom 

1 

1 

From its at the turn the ....... '"""" to certain checks 

as a n open access the hake ... rI .. "t1"" 

",vn,l"it.,tir,n of the late 1960's a conservative stock It;I.J'UUUUl:~ " ... ., .. ~'"' was aac'Dte:a 
I 

U"lV~'U"""U. The hake resources on the west coasts are aSSies!;ea 

T AC is set. It 

the oe!;t-rnallall:ea fisheries in the 

Catch effort statistics c .., .......... .. 

result the assessment au,,,nlU in the 

M nfllrnr.,nru.~_ as one. Punt argues 

in assessments is 

"''''T'''''''' pattern as a terms 

20 

South African hake is one of 

as a 

the two hake 

u ...... _~, that 

for ma:na!l:ernlent purposes, that the 

remains """''''''''0'''''' This 
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"""",net ... t;"., has hn'WI"VI"T been violated with the catch on the south coast 

older M caJ"ell!SIS. 

After South Africa a 200 run EEZ in hake TACs coasts 

have set South African recommeltldatiOllS made ICSEAF. 

From 1977 to 1983 on the use of ~~c",..., ~"n'c 

a cODrlbirlati()ll Fox's Df()dtlction function and 

the 

cannibalism on 1<;;OIJlaUI,iUY of Virtual n __ ... 1 ••• ' were reasons for 

use In ac(:ordWlce with the ~m.C_+crl stock 

HI"llU.'UUUll>: catches below annual sustainable was 

1.5 a ~l~~I.IUI\,;al <;;OAIJlaJuaLlUU 

"",<.t",,,,,, which is a constant .. 1J." .... ,~v .. means that when 

the resource size nr,r",,,,,,'" the TAC is with the aim 

that in catc:halblht'r same number of ess:el-IlSlnnl!-I1l0urS as the _~~,"<r'" 

year will be .. PtlI1HY''''' to take the catch. 

Due um;ati:sfa(:tOlY fits the Fox-Gulland models to the CPUE 

that allowance should be made for U H'l<llJlU .... 

results 

..... r.t1"' ... t"," model were 

(J:l,,,t+.M· ... "' .. fh and 

the Butterworth-Andrew 

reClomlnerLd T ACs. South Africa 

in the t::nUIli1LllIU 

Since the South African hake has been in terms an 

it was 

TACs. 

The OMP from 1990 to 1995 was on a 

~~",.."~ .. ,, .. model A Butterworth-

Andrew observation error estimator with the biomass at the start set 

to the estimate the average pnstiIle was used to estimate the model pa:ranleters from 

comt:1nsmg time series cat:cnc~s and CPUE and survey estimates and 

More details the and peI'formance 

criteria cnC)OSlnQ this OMP are in Punt 

because the CPUE on the west coast had not increased as much as 

earlier and that there was some evidence of model the OMP had to be 

il"",r\nctnnt and Rnttl"''Ulr1 ... fh The need to take a a 

result 1,.1,,,,,,,,\,,,, of small-mesh account was also ..... "",n'ht 

to and J:l"t+ ..... ,,",rl'h the CPUE time series for the commercial 

fleet used in the OMP had instead 

more mOiOel:tl linear u .... " .... u .. ,'!'; '"'''UUll.I''''''' While a OMPwas 

21 
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LfIUU,It::f J - H."~/nO"u·n 

- 1996 and 1997 - the TAC was fixed. The new OMP "'U\"IJ~t;'U in 1998 for the west coast 

resource is in use at .t"~'''~'''' ona to a ... VAl""""" 
prClouctlcm model with a Fox form 

The revised OMP for the south is of the same form as the one used for 

the west but on and This OMP is for 

the M of the resource because of 

of the the of Punt (1 

constant over to 

when the resource. Because catches are not 

at the 

from surveys, is for an 

of annual catches and M 

for M. r.:u/n::n:sls h"''''p·u .... an attl~m1pted '''~1''I~,r''t· .. assessment for M. rU{j'IJUH on 

the South south coast did not results jer,omont and Hn1tt"T"W£1,rlh The 

south coast M. T)fll-ar1,n:nl.~ c,omlDOnellt is therefore for the moment I'n."" ... ,,.~.,.. as an ad hoc 1"I1'£1.nnl"1"1 

addition to the west coast OMP was ........... J upon the average of 

the ,,, ... ,, .... ,, two cornp()nents of overall resource for the ¥v¥'~ .. " ... five years, but this 

a01IUs'tml~nt has rP"',F' ... tllv been 

current South OMPs. 

1 

""~"'" 2 

From 1974 to when it was /'I,,,,,,,I·,,p(1 

C 12 g more on this and the 

the mo,epenoence of ICSEAF 

up elated assessments of the Namibian cOllllponlent of the hake resource, 

which were to reCI:)tllllllerIO annual TACs. Both models and VPA have 

to assess the Namibian hake stock. From 

were based on the results of three 

R11Itt"''''''''£1,rlh and " .... '''P·W' 

Namibian 

models 

Lleonart and The annual T ACs were 

recommendations for the 

on 

After Namibia's mOlepcma,em;e T ACs were set at 20% of the COllllbined 

from surveys c 

estimates were 

""",MV,'''' biomass biomass of 

out by a Nnnu,'";!,,, """"'''''l''h 

as absolute i o f abUlllwmce In 1997 

These survey 

nw'pv,'1' after three years 

which both the survey and commercial CPUE had shown a decline of some it was clear that the 

assessment of the status of the Namibian hake resource was aet)en.ael1t on the int'F'1'1"I1'pt,~t1l"n of 

22 
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1 - DtlJtUJt1'1 

the Nansen survey data within the assessment et The resource was estimated to 

be if the of abundance from the research surveys were taken to an 

index of abundance. The Namibian scientists this was the case and 

for the T AC to be halved. On the other if the Nansen survey data were treated as a 

relative index of 

MSY level 

.... , ....... ,,". the resource was estimated to be in a above its 

Ue:rornOlllt et and the that the T AC should be increased. 

In response to this Procedure was 

Butterworth and Geromont Its aim was to nr"'''J1rlp TAC recommendations that would ...... '-T<w,m 

well terms of and risk of resource 

status of the resource. The formulae to 

follow: 

= + + 

+ 

)/ 

across the range of levels 

thousand 

for the 

were as 

1.3 

where was a measure of the trend per ______ .. _, in the abundance index i at 

the start of year y over the five years. In that way, if the more pe:sSlltnl!;t1C 

resource were trend in t he surveys and C PUE indices would b e 

would be reduced. if the resource was in fact in a 

indices would increase over which would be reflected an in theTAC. 

of the 

and theTAC 

the trend in 

The of 1.3 and and the number of years over which the 

trends were were chosen on the of the results of simulation The 

values had to a chi eve ant rade-offb etween reductions and reasonable 

increases in the upon whether future data indicated that the more or more 

LiUl";)."" alPPI'al:sa.l:S of the resource were correct. 

The IMP was a<1(mte:<1 in 1998 and was used to TAC reC'OmmeltldatlollS until 2000. It 

led to in the Lil\l'W>,,,,I ... tons in 1997 to 194 thousand tons in and it is 

now acc:eplte<1 that the Nansen survey data nr .... '"rlp indices of abundance in relative rather than absolute 

terms. The IMP was, nO'Wp.'I1P.T ~""".Er""~ 

to be 

11 u:" 0"O'Tf':0"::;1rf'11 model 

to recommend a T AC in 2002. 

as a short-term measure and a revised needed 

data and an OMP based on a 

a revised spe:cie:s-alggre)!:ated OMP has been 

revised OMP is detailed in 'Vu""v.'.... 11. 

23 
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Table 1 .1: Estimates of the ... "' ........ ,~t"',. values 0 f the von and mass-at-
... __ .. _ .. for the hakes 

1.3 + 1 

13 3.1 

K 

18 

Table 1.2: Es11mlltes the paramleter values 0 f the von 

,. ________ for the west coast 

sexes 

(l 

3.113 

K 

to 
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1.1: ManaJ;!:em.entunits and for southern African hake with 
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171 1211 
ilL) SA WIiIst coast, M. S A west coast, M 

liD lDll 

I.Il 811 

!!ill 60 

40 40 

-- MIIles -- MIIles 
71 --- Femllles 20 

- - 0 Femllles 

0 11 
0 2 4 8 10 12 0 2 4 6 8 10 12 

171 120 
tv c) SA sexes COmbiMd 0-

1 III 100 
...... 
I 

fI.l 80 

fD 611 

40 411 

-M. 
71 -_oM. 20 

11 11 
0 2 4 6 B III 12 

1.2: 
and c) fbr both sexes 
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Chapter 1 - Biological and historical background 

!:: '--------------- '-'-mlml 
., E:J Namilia 
] 800 

§, < "" • Foreign 0 if S.A. 

E """ 0 S.A. 

lndependen:~ 

~ 

" o 
u 
E 400 

~ 

o 
1917 192; 1937 194; 1977 1987 1997 

Fig_ 1.3, C.tcb time series for Namibian .ad South Afric(I/1 (W •• l (I/1d <oulh co .. o;!. combmed) h.ke 

(See main 1 ext for d at. OOlITe .. ). The c alchcs offS oulb A fric. 1 bat arc s bown distinguisb between 

dome.tic and foreign operators. Namibi"" calches refer 10 c.tches landed ill Namtbia by Namibian and 

foreign ol'"ralOl'5. 
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Lha111er 1 - ........ ,.v"' .... 

coast 
-6- west coast 

2 

1950 1955 1960 1965 1970 1975 1980 1985 

1.4: Historic catch rate data series i s n onnalised t 0 its f or the hake resources off 

Namibia and the African west and south coasts 
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LTlUUtl::r 1 - c:m'JIO'£"l;Cal 

Biomass 

ex]::,lanat1cm of nl'lt'VP'U1t110 "rr'u"",," a) shows how the effort level is 

obtained from a sustainable catch vs. effort curve; this effort level 

-_ ..... 0.. ...... - biomass and shows how the sustainable catch vs. biomass 

convert this information into a T AC recommendation for year y. The 

hold for Fox prc,auctlcm model: 

0.37 

0.78 0.46 

0.63 0.54 

0.50 0.60 
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LnllDt~~r 2 - assessment 

The data which are available to assess the hake resources southern Africa can be ",,,,,,, •. ,, 

into main These are the annual catches survey bloma:ss 

estimates and 

commercial catch 

"""_"r,.,,, ... r,, .. ,,, mt:onnaltlOlll. ~ .• ~.~,..,., __ . data such as mass and 

1, section 1.1 are also used to model the resource. The l'!>'''.''''',111 data utilized in the 

assessments are discussed data and assumptions used in the assessment of a 

stock are in the relevant Chaot.ers 

In the assessments the southern African hake resource, the hake OOl:mlat1()fl in each 

west and south is as a set)ar:ate closed unit stock. 

ruUl'-''':o<,U some effects are 

f'''T'''PTl,tlv assumed to be small 

of these three stocks <!P1""1'"tpl:v 

to be The data '"'----,'---> below are available each 

uu,,,,,,"'"'' this if not .. AU.'''''','''''''' nthlPT"l:lfl the term "catch" refers to the of the 

catch that is retamled and VA"'''';:;'''' the ............ ,!''' which does not include discards. 

Commercial catches for hake are available from beg:mnlmg of the in each 

n"UllU." and South African west and south 

fleet. Prior to annual catches were from data 

mass of 

estimates. 

in contrast to catches """.HU"L,"'" after this which are based on the actual """,,,,,,,, ... ,,,/1 

landed. The catch estimates to 1954 are the:retore less than the more recent 

The estimates annual catch based on landed values are not the actual catches because 

the small fish and as a consequence total removals are under-

for the younger age classes. To take this bias into account catches to 1972 

were increased 39% It is not clear how of 39% was chosen if this 

increase is to 

lesser demand 

to 1972 was somewhat than 

all no correction is 

chlmg:ed over time and it has been because ofa 

the UHUU ...... "U size of fish retained of 

31 
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2- assessment 

Even discard levels into co]nsldel~atlon, the .. ""~"'r+",ti catch is still an underestimate of the 

total as it 'I<. •• v""~ the effect of on the individual fish not 

death to some fish as a result the net meshe:s] 

Catch statistics are as the nominal (or mass rather than the actual landed mass of 

Cle:ane,C1, pro<:esiseC1 hake. The nominal mass is calculated from the landed mass 

1.16 for head-on 1.46 for headed and 1.94 for skin-on and 

2.25 for skinless A conversion factor 0 f I .46 ( 1 was 

""'JU~'''' when the breakdown of the landed catch was not 

ImpreCISion in the total catch estimates. 

which could also lead to some 

The combined in tenns \J."' .... ,,.VlA and accuracy of the catch of the biases 

described above is assumed to be ,,. ......... ,, ..... ] to be in the assessments of the hake 

resource Africa. 

to such errors in the data can 

these assessments and the related 1l!~Il!i:I.~CIllCjln nrocedllTeS 

simulation. 

Due to the very the catches are 

as one group. In Namibian waters hn'IlVP'·Ilp.T for the years, on-board observer 

schemes have allowed catch statistics to be and these data will be available for future 

assessments. In South 

because of the 

where it has become necessary to assess the two hake 

of IV'.'~U.UH'); and 

selectivities on the two " .... 'v ... ~" the nrl'.nnrl;,,, .. M. Cal,ell!SIS and M. nE"·nn,.. .... '''' in the commercial 

catches have been estimated sm:cu:s-llV-C1e1Dtn infonnation obtained from research surveys 

n",rnrnn.,t et range the west and south 

above which M. is 

Within range, the two are assumed to mix in a ...... r.n .... ',...' 

with Because the of each trawl is 

"''' ........ ,~,~ and attributed to the catch made a trawl. 

LomnllenClal catch orc~cn··ne~unlt··etjtort are 

as these time-series are COllVenbionalU assumed to be n .. ,"\ ... ".rl;,,,n~ 

which "'Ui:iUllo1.il;;~ 

the two can be 

to stock assessment 

to abundance. are 

calculated from the hake directed and hake directed trawl To take into account 

some of the factors which could bias the estimation of therefore catch such as 

..... ".lA!'.'"'' in vessel power, or extent of data have 

been General Linear Factors included in the GLM 

32 
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2- assessment 

are , 'month', 'latitude', and 'GRT' of the ( 

Brandao CPUE time-series are 

Data on which such is based are however available from 1978 for South 

Africa from 1992 Namibia. Prior to those years, the CPUE 

" ... " ... 'i' .... ' .... in the fail to 

account for m The UU'UU'il .. "'VU on CPUE over 

this is however essential for the assessment the hake resources as it 

1960's 1970's of 

decrease in catch rates. historic CPUE time-series are the:retore still used in the assessments. It 

is ... v,~" .. ".'" to test the "", ... "itiuihrf.rnl-m,,·tn the assessment and 'U~il'''.~~'U~jU' proc:edUR:sto 

in these data. 

surveys have been conducted in more recent years to provide indices of U.Vluai", 

mOlepc~na.em of the are useful because the vessel 

are constant over and time of the surveys can be controlled. 

Abundance indices from res·eal:cn to be biased than indices 

from the cornmlerClal However 

commercial CPUE series are obtained from data 

once or twice a year, 

year. C .. ",.,,,,nn"'1".th, 

survey estimates be to than CPUE indices. 

surveys have been COlldtlCtt:d in summer and Namibia and 

Africa's west coast lalthCmgn in more recent years in s " ..... ,.,.,"' ... \ and in and autumn off 

pSI~U(IO-lranoom stratified South Africa's South the stations are "~u_,, ... , .... 

500 m contour 

.Y::>L';;!Ui<lU" transect d with a semi-random A.ft· ............ i __ 

transect. At least one trawl per 100 m range is 001CaIIIeO 

data are '"'" •• "" ....... per tow-time 

data to ..... ","1rI" estimates of numclen;-al;-a!~e 

The survey biomass l aOUn,:latlICe J indices are calculated 

reflect the true abundance the in relative terms 

KaOerne;(er m This is because of j.lV"",,,'U.";; ... .,' ..... IU)o; the 

stations are 

each 

of 

estimates of 

are assumed to 

Butterworth and 

of avoidance of the 

net by the fish and the fact that the water column above net is not sarnpleo. These are, 
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"""f,IUL'&t::I 2- assessment 

assumed to be more or less constant over the years so that the assmnlDtlon 

to abundance remains The errors associated with the survey ablllndlanice 

indices are also available. 

Commercial catcn··at-a!Ze data are obtained from 

,nn('tu,,, with annual "k:.~;-n;;Uk:.I~l 

.... ~~ ... ~~,... data in 

are based on the count 

of annual in otoliths collected both commercial and research :>atllIJJIIUlo;. 

fish are se1C~cte:a 

six bakes of each 

and sex. 

class. rn'C-''';;ll''Ul 

while to ensure at least 

are available UI~'''k:.:I!lCI!''IICU 

the commercial catch is not available 

or sex, the reason that it is often based on cleaned and which cannot be 

sexed or 

the cloaca-to-tail 

nn-l'pn"t", the commercial cal:cnl:;:s-;at-jlge or sex. A 

distribution data for the two ...... §A .. " ... to the 

headed fish is estimated 

As result it is not UU"""J'C to 

is 

combined to obtain the 

sD~:ci(:s-~lg2rell~ate:d c;atc.lles:-at-af,!:e. In Namibia nn"""",,,,. observers on-board cOlnrrlen:ial vessels have 

been hake data since 1997. the fish are still identifiable to and bake 

1'I,,'UUVli1 is therefore available for recent years. 

,,,.,, .. IJ .... jt; does not reflect the HaJII!U.lS discarded 

hake ,--------J In addition to ", ... , .. ",.1. .. ,,., 

se~l-o;ase:o '''UlllJ .... !'> would have the further OI,.hll, .. ,h actual catches rather than ..... u" .. k:.O 

the discard of this method of many 

more " ...... !}I''''.O than land-based " ... u ... , .• u~ to obtain the same coverage of the total catch. UlllCCU. a sea­

based """."IJ .... , is restricted to a vessel and area for a 

1 -2 weeks for an offshore while a laIlIU-r}a.'iI~U ",UllIJ.!';;. can 

catches from several vessels and areas in the same amount of time. 

The ",.,.3_,,1c.-.1I'""'''' catches made research vessels is calculated in the same manner as for 

commercial tcnl-at-a~~e data. The "atllllJllUg is sea-based and a of the 

catch is measured. UUVUI' ..... 'Vll is furthermore available for each sex and so 

that survey caltcnes-at-;age are available 
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assessment 

For commercial data but also for survey because of a ",,,,LUU.UC'U\J'" gear 

mesh and and ._-"---0" small "U'IUV'''' of fish in the 

Y" ... I!';,,"'" and oldest age classes are In consequence, errors 

terms aSSOCllate:a with these data. To reduce this assessments are conducted 

with ·tnn","_· SUI1nmmg the data over the ages and above aminus 

and aplus respec:tnre '-'''' ............ '''' certain ":0<."·"'1'"'''''''' m way reduce the of 

error, occurs for ages 
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The choice of which ma.the:malbCIOll model to use in assessmg fish stocks ........ 1" ...... ' .... '" ..,rim",ri on 

the and of data and on the actual of the uv." .. ,~ .. " ... 

Models which are cmnrnlonly used in stock assessments ....... u'"''"' 

Virtual L>~_ •• '_,,,~_ ProidUlctlCln Models These models are 

discussed the motivation for an ASPM for assessing the hake stocks 

in 

1 

One of the difference "''''!-''''''',.''' models and the other two of stock/ 

assessment ::In::l,IVO::IO:: described in '-'''''Il'''' is the level at which model the fish ...... , .... , ............. viz. 

whether the 1 S as of one or several Biomass 

models are so called because deal with the total biomass of the fish while VP As and 

ASPMs a account of the number of individuals in several age groups. Biomass 

,uuU"'''', also referred to as therefore assume that the natural in stock 

size is InClepenl:lerlt of the age COllIlposltlon I-Ivl"u ..... ' ....... J.J'''''''I-I''''' their relative "' ... , ......... 

"vl"'nu ..... models are treQul~ntly used in .. ~_l'-__ ' __ 

difficult to obtain. 

in cases where catch-at-liU!e data are 

in ..,VliJU1,"' .. 'I11 biomass from one year to the next is written as: 

which states the 

recruitment of new individuals in of the individuals n,..·" .. ,~t in 

the JJVliJU.'U.'UH. n-Il'l,rt .. :I1h, are the two sources of loss. 

models do not 

gear. The "net 

consider 

rate" function combines 

It can take on different a more o-.~-.. ~. form is 

is written as: 

= 

36 
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Ln,a.nll~r 3 

where is the rate of r is the intrinsic 

a n'>1r .... , .. t'>r which cOI:Tes:po:nds to the unfished "' .... u""'. 

K is 

and P is 

Two cases the Pella-Tomlinson model are 

used in tlsller:les: 

and Fox 

are both cOlnm.onl 

= (P=l) 3.2 

Fox: = (P~O) 3.3 

These functions all assume that the rate mc:re:ise in abundance rI""""'T.rI" on the ..,A',,"""':' 

stock size. The basic features net rate functions ( 

at low stock it increases with stock level it reaches a maximum and then 

until it becomes zero because of some combination of slower somatic 

rates and on recruitment In 

pUJUlLo..;UIVll curve in relation to stock 

the Fox model shows a skewed to 

rate is small 

to decrease 

in the Pella-Tomlinson model allows Dr()dllctlon curve to show a maximum skewed to t he I eft 

This has 

oVlerexP.IOlltatlon. because a stock i s defined to be Ul\J'lV~~l""Uq 

what constitutes 

ov(:re)mll)it~:d when its biomass falls 

below that COl:Te!lDOnOlm 

In the discrete 

= + 

to the maximum 

a form 

)-

such models. 

biomass 

where is the biomass at the start of year y, ) is 

the -_._ ..• _+;._- and is the catch in year y. 

model can then be written as: 

net rate in year y 

To estimate the pw:amleters the biomass dvnwmc models when an index 

per unit such as catch r is au,"".." i tis assumed that the catch rate 

abllmdiil.nc,e, i.e.: 

or 

3.4 

is 

3.5 

where in year y and q is "'''', • ..,u.aUIU", cOlett:Lcic~nt. a Da:ranletler that describes 

the P1"tPl"t·,,,.·1'! of each unit 
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LmlDlf~r3 -

From an initial estimate of the stock at the beg;mnmg the data and an 

initial estimate of the intrinsic rate r, the 

The values r, K and are then to 

the whole time-series. 

the best fit of 

nh~~e;nle;rt time-series of relative abundance or catch data. This best fit 

the nn.,,,,", .. n L"'.1""O::;"~ is obtained non-linear n",·"rr, .. t.'r estimation with the notion of 

"best" upon least squares or the maximum criteria. 

Biomass models can be useful tools in 

mtornnatlon is not available. some the asSiUfllDtl011lS "'''" ..... ", ..... are 

U .. ,_LJIJ'" remain open to a ssume that the Dat'amleters 0 f the production 

which is not the case. the total .... u, .... "" 

do not into account the consequences related to the age structure 

Virtual POlDul:at1()U was first used in fish stock assessment 

This method. """" y",,, of catICn-at-lll:!e is now used in fisheries. Traditional 

VP A methods are recursive al~:orrUlnlS that calculate 

statistical aSS;ufllptioIlIS. 

size based on catches with no 

The is broken down into which are groups of fish of the same age 

more or less the same at same time and often found in the same and the 

model follows each cohort from year to year. A cohort in year y age a is to a total 

( ), which defines the rate of decrease of the cohort size (), the total 

is of the ( ) defined as 

instantaneous 

decrease in nUlmbers 

Within a time interval where the rates are "Vll"L~"U, an eXl'O[lentIal 

i.e.: 

= 3.6 

3,7 

where is the number of fish a at the start 

It can shown integ1:ation that the number of fish of age a removed from a cohort 

year y is an"p"1Pri 'Baranov catch 191 Le.: 
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(,'h,ant,r:>.r 3 -

) 3.8 

where is the number of fish a in year y. 

_., __ . ____ 3.8 cannot be solved for or r" ......... Y'" but must be solved numerical 

.u •.• -"' ....... '":>" ... iteration. Given values and either the 

size l"llIaJ.IIUI~ unknown can be calculated. 

a series the sequence of F's and N's for can be 

aerme,a. HI .... "" .. ,.~.. to start this process, at least one F or N is needed for each 

the h·"..",n", I F. In classical these par'arn.eters are pre:-d(:fiIlled. but in tuned are 

estimated from other data or survey abllndlam~e II ..... '" .. :>. In tuned VPA 

the are re-estimated .• ~,.~ •. "AII .. a solution is 

the method is valid for all levels of the estimates VPA 

will be more precise if a large p c 

........ "".... the VP A pro'cedlure is 

oft he total removals for 

the summed ",a,,,, .. ,,;, 
as the stock estimate. This :SU)~).1.II:':S~:S that is 

for losses to natural 

(complare:d to natural 

the recruitment estimate is insensitive to the initial guess on survivors or 

of the oldest age group, bec:am,e the rellnainillig fish that are assumed to be still alive will constitute 

a small fraction of the recruitment. 

There are three U"-"J"';U'''' with VP A: 

l)It ",,,,''''ll',,''' catcln-at-alze information for the whole 

information to be "".IlIUI' 1"''''' 1 free of errors. 

ooder as~.es!,mc~nt, and assumes each 

It can unreliable estimates for ro ... ;h .... -t~ that have not ",UJ'UIJI\; dlSaDl)eared from the 

This is very problematic because it is the current status of the resource, relates to 

It 

is of the gre:atest ......... "'ri~ ... ,· .. for 1I1"llla~CIIHC.1lI purposes. 

a reliable value for the rate of natural M. Over or undel:-esitmlatJmg M will have 

as those for F and stock size Ii:UUJ\.IUI!U less so on relative effect on absolute values 

statistics such as 
F B 

and --). 
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An Age-~;trulCtull"ed Production Model is based on a 

model From an initial estimate of abundance 

"'''I ...................... v ...... ,,.. or some ll .. '~U\.'u of this 

taken to be the ~ .. ,~t'''''''''''''''' 

annual ,",LA"''''''],;"", in biomass are calculated 

SLanu;nu rlvtlllrrnr."l "'1' ..... 'U11» to each cohort. In a ri.l't .......... ~.'" from annual catches-

in these model COlnpll1talti0I1S are not taken to be obtained 

Al.",u.;a''', some <lI"c", ... ,nt;".,,,, are made about the of 

and this is used to ('""n"ntp "'."' ..... "'."' .... catcnl~s-;iu-lige which are COltnP'are:d 

to "h"pnJ" in the model process. 

For each year, the recruitment the number of 0 year old is calculated a stock-

recruitment (which can be or make some allowance for 

about this The model is then fitted to such as CPUE or 

survey and information a likelihood 

Parameters in this process are the the 

function and and also the natural rate, The 

model used for the southern African hake stocks is in 

that some data are for hake VPA or AS PM 

<1UIUUJ"."J" .. " seem nrE:fel~able to biomass Yll"'Ull ... " models so that data can be taken into account 

in the assessments. The reason for T<lI .. r"",.,n ASPM over VPA is that it is more u ........... '."', 

extension to years for data are not <1V<UI<1UU:; Punt found that 

to the value _~'WIIo;;;U for the natural some estimates by the VPA memO,Q 

which is not wen AU'",""I. the ASPM <lI ... ,~,."," .... h 

about the the M to be "'''.,.1 ..... ''' .... a sel!-C,om'lst,ent assessment. 

Some nfC,l'Ilf:ms remain however when u A SPM. For l""·.au,,,,,,,. in pel:10(lS without a .... "'-",....,,,,,.,, .. '" 

relies on the assumed stock-recruit uu,."uvu. This stock-recruit tuIlctllon 

an assiurrlptllon which is not ne(~eS!.arl 

In"I1""'''", for errors in the car,cn-ar-lH!:e 

are exact as in the VPA anlDrO,aCltl. to do this it "P(1,,,",·., the 

has to be _:O,'UH.'U um;Ui:lllgt:u over 

"ltl1,,,n,yh the ASPM au,,,v,,,,,,u makes realistic. t'Ulrth,erntlOI'e 

rather than to assume that 

aSSiurrlptllon of a constant 

to be to 

one for which the for any challlgl~s over is 

with years wu:nOll1t ClltCll-alt-a~!e 1I1I0rm,aw"n, 
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c.;h~pter 4 -

The model used in the revised assessments of the southern African hake stocks de~/el(lPe:d 1U 

this thesis i s a 

Punt first apl)lie:d an AS PM to the west and south coasts stocks 

Butterworth and GerODrlOnlt, 

hakes off South Africa. 

later extended this Geromont and Butterworth 

ap~llicati()U in a number The apl,ro,ich used in an AS PM assessment involves COilStruCting an 

age-sm.lctulfed model of the popmlation dynamics 

abundance indices and catcn-at-:a2e infonnation 

and the model to the available 

maxinnisitng the likelihood function. The model 

equlatil)nS and the .0'"'.., .... "'. spe:cificatiOlls of the model are described followed details of the 

contributions to the function from the different data considered. 

minimisation is used to minimise the total nl"~'::Iti'ill" IClg-likelih()od functic)U (imp:leI1neDlted AD 

Model Hulllde:r .... , Otter Ke!,eal'ch, 

The resource dyrlarrlics of the southern African hake stocks are modelled the tOll:OW1U2 set 

= 4.1 

~(NY" e 
12 ]- /2 for 05; a 5; m 2 4.2 

f 

12 ) 12 ) 4.3 = 

where 

is the number offish a at the start 

is the recruitment at the start 
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U"IIV".'" the natural rate on fish of age a, 

is the number in year y and 

m is the maximum age IwVll1", .. ",IO. to be a ".u", ..... v., ... 

no and 

loss are natural 

reflect catches are assumed to be 

taken as a in the middle of the rather than the more ust'omary Baranov catch 

1918) are mc,orporated in the of a OvVllL1J.J.UV'"" 

rates are not too the oltter'eDl;es between the Baranov and 

as 

formulation will be 

minimal. Tests showed this aPl)rOXiIltlation to be f or the hake '"nI .... '''"! 0 f 

asnmglton, pers. conuml). 

Next recruitment ...... 1" ........ '" upon the ,.p",rnrl" of this fish. The number 

of recruits new zero-year at the start year y is assumed to be related to the smiWltlin 

size the biomass of mature 

Beverton-Holt function and 

the 

has been used for southern African hake 

assessments. that catJLDH)allSm is common in 

be eXtlecteo and future work should ........ ,,..!'> ....... the a Ricker's model of stock and 

recruitment which has recruitment per spawner U"~'l1U"'1!', 11",3",.1,1.1 with 

stock. 

The Beverton-Holt stock-recruitment ." •. ".",u,,,.,, for artnual UlwlUIlIL1UU", is written 

as: 

=----'-- 4.4 

where 

a and fJ are "n~wn·m biomass-recruitment rel:atl()DSnlD vw,"'u ....... ~. a the maximum number 

of recruits Df()QUlCecl. and f3 the SmlWlrnnQ stock needed to I-I>VUU"IO a recruitment to 

in the deterministic case, 

reflects HUOvlU'<lLl~"l about the eXI)ected recruitment for year y, which is 1lI"",Ulll"U 

distributed with standard value is in the aDJ)licatieJns "VJLl""""'''U 
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where 

and 

where 

'--''''''''''.'''' 4-

these are treated as estimable palranlet'ers 

Estim:atirlg the stock-recruitment residuals is made vv",,,,v,u,, 

which 

to correct 

some indication the 

bias the skewness 

in the model 

it ensures 

process. 

term is 

on 

average, recruitments will be as indicated 

recruitment rel:atU)DSihll); 

the deterministic the stock-

is the «:nl'lwn'in U1VU1,,"" at the start as: 

= 4.5 
a=l 

is the npe"n.,v""" mass fish of age a and is the p l'n1'1.nrilnn fish 0 f age a that are 

mature. 

the stock-

"'laUVJu,,"LlI.I. which is the 

v.~'u"",," level 20% the 

a= 4.6 

= ----'---'- 4.7 

= + 4.8 

In the both h and are estimated. The ste~;:pness pal:arrtett:r is lml, .. u1rl'lnt 

as the overall a resource estimated an ASPM on the stec~pness 

stock-recruitment curve and on the natural rate. 
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where 

The tlelet-(11Slig~re~(at(:C1 catch mass in year y is 

== == 
12 4.9 

£1=0 £1=0 

denotes the ,.,..",_UP<I,. mass of fish of age a, which is assumed to be the same for each fleet 

there are no data available to discriminate be1tw€:en 

is the the number of fish in year y 

is the eet-disaj.l:I:lr€:gated commercial to gear, which may 

on the gear 

to the areal distribution of 

i1l!~;-1.;1i1:S:S a is said to be 

also on distribution of the fish age COllnoal'ed 

at age a for year y and fleet J, when == 1, the 

""''''''''''''', and 

is the fished ... 1'" .... ,.\1'1". for 

The model estimate of the of bloma:ss each 

fleet is calculated the nu:mb,er~;-a1:-a~:e into .... ",rI_v·".",. ma.ss-at-iil!!:e ( the 

individual natural and year: 

= ! I 4.10 
£1=0 f 

whereas for survey estimates of biomass at the start of the year ,,, .......... "'. 

== 4.11 

and in 

== ! / 4.12 
£1-0 f 

where 

is the survey " .. I,,,,,t·,,,,1,,, 

is the offish a at the start of the year. 
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absence 

age 

each 

where 

= 

where 

It is assumed that the resource is at the deterministic that COlTeSIPolrlaS to an 

at the start initial year ,",VI.l" .. "'''l'''', = 

The is to CPUE and survey ... " .................. "''''''''''''''. commercial survey catch-at-

as well as to the stock-recruitment curve to estimate model n!:llr!:ln,pr,F''r''l C by 

to the ( - ) are as .LV."" """. 

The likelihood is calculated ,,"""041Ulll!'> that the "'h" .. ..," .. ;1 ""U'Ul<""'W.,, index is 10~~-fliOrrnaJJJ 

its value: 

= ) or = ) 4.13 

is the abundance yeary correslPoD,dlD,g to 

is the cOlTel.pondllng model ... "' .... u ...... is the model estimate of ... "'IJ.vn .. ''' .... 

resource tllomruss C4[)ITIeS]:lonaulg to ... '1' ....... v .. 4. 

is the constant abundance series i, and 

from Y). 

To correct "P,,,"'tlVP birus in estimates variance to avoid "'''''''''rnin 

so to the CPUE a lower 

Y) on each CPUE series is sometimes to the assessment 

the CPUE data to the the function 

= + n]} 4.14 

f y 
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,""'ULI"" 4 -

is the mirliIDIum, when == 0 ) standard deviation 0 f t he residuals for the InO'"ri·thn~" of 

index i for year y, 

is the square root of the additional variance for abundance series i, which is an 

this can be used to as a means """.",1'",."" an effective lower bound for 

of residuals is so that == is estimated in the 

its maximum likelihood value: 

== 4.15 

where is the number for aDl:moanc:e index i for 

The catc:hat)Hit for abundance index i for estimated its maximum 

likelihood 

coefficient 

which in the more case is 

) 
=~-------=-----------------=------ 4.16 

Data from the research surveys are treated as relative abundance indices in a manner to 

the CPUE series with survey s ",Ip,r-ti"itv function • '"'iJ' ... ",.uJt; the commercial s 

.. ,., .. "~, .... ,.,,, 4.11 and 4.12 Account is also taken of the or nature of the 

survey. 

is 

the correS:OOtlOUU! survey CV. fail to 

variance and hence 

could hence be accorded to these indices. The contribution of the survey data to the 

lVl'.-U",""UJUV"'U is of the same form as that of the CPUE abundance data The 

takes into account an additional variance in the same manner as for the CPUE 

the additional variance Y is treated as another 
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"'" ........ ,u." IJ"'."U'''"'''~' in the minimisation process. This nrr,,..,,.,rlnl·'" is carried out ""J'v.'" ...... !'. the constraint 

that the variance cannot less than its "''''' •. ''' ...... ''I 

The of the cat'Cn-aI-lU!e to the TlP'''''T'IVP the .vj!,-UJ"'" .... ,,'vu tuIlctllon when 

assuming an "ilind,,.iI" 10~1l0nn,"'1 error distribution is 

= I + f] 4.17 
f y a 

where 

= u' is the fish year y that are age a, 

= Q' 
is the 1.1,,,",,,,,, .• ,,"," nrr\1'\"rhr\1' of fish year y that are of 

age a, where: 

4.18 

and 

is the standard deviation a."'~'V"J''''',U with the I.;dtl.;n-'U-iotI.:.C for which is estimated in 

the 

= 4.19 

The 101l~-nIJm[lal error distribution -"--"J 4.17 is chosen on the that 

t""",,"U1UU.,l!'. no is a combination interannual variation in 

the distribution 

which that the 

ages 

as a consequence 

a constant 

such 

of variation is 

must at some start to dominate the variance. To take this into account in a manner, 

motivated multinomial distribution Punt advocates the 

in 4.1 is not attached to data based upon 

a 

Commercial catcnles-:at-llge are nc()rpIJra·ted. in the UA'~U"VV'" function -"l._ ... _ .. 4. for 

which the summation over age a is taken from age aminus \ ,","'il"'.""'" as a minus to ap /us (a 
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The ages for the minus- and are chosen so that a few per'ceIllt. but no 

more, of the fish fall into these two groups. 

The survey catcnc~S-iat-lige are '""""'TI"nf·~tp'" into the "P':l"~t'IVP of the .VE',-.. , ... "' ..... /VU in an 

manner to the commercial an error 

distribution 4. with: 

== / is the observed "'''£'''''''''1"1£''' fish of age a from survey surv in year y, 

is the eXl>ected ..,,.,,,,.,mm of fish of age a in year y the survey surv, 

for 

for 

The 

correlated. 

function is 

where 

== 

:::: 

4.20 

a'::::O 

surveys, or 

/ 

4.21 

I 
a'=O f 

surveys. 

residuals are assumed to be distributed and 

the c ontntmtLOn of the recruitment residuals to t he " .. ,,.~t'u .. of the .v~,-u."""','U'JVU 

= + 4.22 
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+ is the recruitment residual for year y, which is estimated for year to 

) 
is the standard deviation of the 10~:-re:Sl(JluallS, which is and 

p is the serial correlation lH~,l<;l,'L, which is 

Because of the nature of the assessment to 

,.,,..·,,,...,,, .. ',,,t,,, l<;o."Ul,Llll<;llL tluctulatlon:s, the value of cannot be estimated from the data but must be 

the 

maximum for the deterministic limit of 0' R ~ O. This is 

a 

in cases where 

estimates of 

would need to 

status and IJU.'UU,"''' d eJ)fmdent on the value .One 

with with a 

this U1U''''Ul 

In the interest ... ________ 4.22 omits a term in 

,",v.,,,,,,,,....... is assumed (p:;t: 0 ), of little 

estimated 

the "u'",a.l..,."" .. '~nr'rt,,·t1 in this thesis 

stock-recruitment residuals have been assumed not to be 

to deal 

for the case when serial 

consequence to values 

African hake 

p=O. 

the 

and pro'babilit:y intervals have been evaluated the 

Hessian-based aPl)ro.xirnal:iOll, involves .... }J'1u..,u'5 the 1"]';-11' ........ 1 ..... ".., .... 

maximum a The delta memO,Q 

CV s for that are ful1lcti,ons of ", .. "u,,,,,,,,, par'amete:rs of the 

exact answers. the more accurate likelihood 

in the vicinity its 

ADMB to C0l111pute 

This not 

are very time 

and the Hessian-based results '''~'''''''''''l'. were considered am:Quare for the 

purposes for which results were used here. 
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Lh12DtI~r 4 -

In addition to the biomass ) and the "st:eelme:ss" of the stock-recruitment 

the ... "-r.,.,""'t .... " are also estimated in some of the model fits undertaken. 

Natural is assumed to be indlep(~nd,ent of age or al!f:-StlleCtflc. and 

functional form in the latter case: 

a:::;; 1 

= 
a~2 

4.23 

and are set to (:::: + ) as there are no data of ages younger 

than 2 are would allow l11IlLCIlI;llU,CI1L estimation and 

The tle(:t-sIPecltlc 

== 

or in terms of a 

= 
+ 

where 

years is the al::o~;-al,-J\J 

o 

a:::;; a est 

fora> a esl 

, is either "', .... .., ... "'''' 

a=O 
a ~1 

defines the ste1eprless of the ascendlmg limb of the " .. l,.,.tiui curve. 

The is sometimes modified to include a decrease in 

)) for a> as/ope, 
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where 

measures the rate of decrease in ~"'''''T'''''n.} with age for fish older than as/ope for the fleet 

COIlcemea, and is referred to as the in this thesis. 

where 

The ""1"r" .. ,nrlu,,., fish 

for a < amot 

for a;;:: arnot 

a that are mature is aplprc~xilnalted 

4 for the southern African hake stocks and 

The we:1QIU-~1.[-2LQe and is 

4.27 

the combination the von 

.. ",,,,,t,,," and the ma,ss-at-ILenllth function _"'~._ •• '~ •• ~ 1.1 and 1.2 in Section 1.1 
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The assessment described below was ~","""'-"J in Kaaelne'ller and Butterworth 

The data used for the assessment of the Namibian hake were '''', ... u ........ from NatMIRC 

Marine Information and 

observer schemes in Namibia have 

n .. UUlL"". For the last four years, 

statistics to the two hake 

these data are not available and the assessment treats the two 

hake as one. 

Information on overall annual catch CPUE and survey biomass estimates 

their of v is listed in Table 5 .1. hake 0 ff a re also 

JOIlgJllnllllg, the method is bottom Because of the 

of hake small nrn,nr.,+i 

n"unH"I..'~. p ers. COlmnl1Il1) t he model assumes a with the catcnc~s all assumed to 

come from the 

1989 to 

Catches are available from 1964 to 2000 

1997 to pers. cmnmln The catch for 2001 is 

set to the T AC value that year, as estimates for that year were not available at time of this 

Both CPUE and survey estimates are as relative in the 

KeIer,en(:e Case assessment. Three CPUE time-series are available for ass't:ssmg the status of the 

resource: 

- ICSEAF CPUE for Divisions 1.3 + 1 from 1965 to 1988 

ICSEAF CPUE for Division 1.5 from 1965 to 1988 and 
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- GLM dl1l .. "il1lr·rh~,~rI CPUE 1992 to 2000 et 

ICSEAF CPUE values for 1981-1988 nn"".""'·" are not used in 

the Reference Case """""~'lU";1! as recommena~:a the 2000 BENEFIT stock assessment 

AU~"';"'U. these which show a clear ... "c'n."". are considered unreliable due 

to the known of catches over this see Section 1.2.1) 

of the results to the inclusion of the 1981-1988 ICSEAF CPUE data is shown in ADIDeD,OlX 

as well as the effect of 1980-1989 catches b y the two ICSEAF 

CPUE 

treated as 

are 50% in 

of the same ,.."oonti,h, 

.. A'''' .... VV'U maximisation Dr()Ce,Um'e as 

1992-2000 GLM CPUE 

as revised b y Brandlio et al. and takes account .<l.UU1UI;, year, 

and gross of a vessel. 

are 

is 

Data from surveys '"'',CLU''' from 1 983 to 1 990 

More recent research surveys have been "'\JI,JU~''''~~;U DlI-aIllnu:auy from 1990 to and 

m summer "'L ... " ... "", l', .. un.u,,"-', pers. cormnn) Until these surveys were 

conducted by the .. ' ... " ... ~. Nansen ( .... f ......... r! to as the "Nansen 

...... ·'ff"'· .. l However, 2 000 on'1iV3.I~ds. the surveys have been commercial trawlers 

and a r!in;. .... 'nt value for the lUI,lIHlIJU~ ... u bias factor q C"c:atc:halbilily 

surveys conducted these trawlers. 

Nansen and three of the trawlers used in the research surveys in order to 

.., .. ',' ... l<1VIJIUY coefficients of the two of vessel and 

is assumed to 

conducted h .. tu, .. ,_ 

to the 

the 

a basis to relate the 

The 

CPUE ratios between the Nansen and the trawlers are shown in Table 5.2. inverse 

variance _.!:>' ••••• ,.l:) to these results 

=0. with = 

where 

= + 5.1 

The contribution is therefore to the !';-U'1\."J'Ul~'VU in the assessment: 

5.2 

Note that qlrawler above refers to the average value for the commercial so in order to 

allow for inter-trawler in q, the """UfHAUjt:, CVs from the surveys 2000 onwards ( ) 

are increased ass hown below to account for the standard deviation of 0.153 of the three means in 

Table 5.2 about their mean, 
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+ 0.1 5.3 

the maximum likelihood estimate q no with the aUGlHIlID of 

the term in .. ,...,,,,,t·i,,n 5.2 to the IV)'~-Ul!""'lJlllV'UU. but CIOSe(I-IC~rm SOluw:ms are still available the 

maximum 1 ikelihood estimates q Nansen and qlrawler from 

to these two valla tIles to zero. For the survey the UA',",UIIV\J'U 

contrib utions ones which 

5.4 

+ 

where are the years with Nnl1.'u'n/lTa'lVl surveys. 

A minimum is _L.<_' ___ AI from " .. ,."",,,,,,,,"" of the total,vl';-uJ"''''u,,,,vu with 

to these two variables to zero, Le.: 

5.5 

o 

and 

5.6 

It follows 

-----+ == 5.7 

YN 

and 
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== 5.8 

For , these are two simultaneous have a 

closed fonn solution and 

Available commercial ""1L''''I1-i:n-i:l~o;;; data are shown in Table and those the Nansen 

surveys in 5.4 and 5.5 summer and winter surveys are as 

Commercial CatICneS-al[-a$~e for the 1968 to 1988 are from the ICSEAF records for 

Divisions 1 "ht" .... '''rI from the values ICSEAF Div. 1.3 + 1.4 with the 

values ICSEAF Div. whereas those from 1997 to 1999 are 

NatMIRC caII:::n-,U-lImlZlm <u .. '"',,. COtlDle:a to an for 1999 

season ( The survey care a Iso based upon 1999 age-

A each is available and has been to the 

survey for each sPt::~II::S. which were '"''''''''-1''''''''' pers. 

cOlnrrm). Commercial since 1997 were "'v" .. " ....... ' ..... in the same way. The use of an 

"ht.,,,,,,,,rI for one year to estimate ""","'11'~"-'''.-.11:: .. for other years is ..... ,rl ... ,,, .. '" because 

v ...... o ... o recruitment levels even if is constant over time 

year to year will result in Changc:s to the aIZC:-Iemnn the COllseCluelllt 

1997 and 1998 and of the survey calcn-aI-:alle the commercial catch-at-'iU!e data 

'Tn1~n11:"nr mt:OrIllatllon about the structure of the 

taken into account in an 111\.1'",,,,,,,,,,,,,, model. Future assessments """Ul'''', 

consider the model to the lel11Qtll-DreauellCV the catches rather than the 

to avoid some these 1l1\.l'Ul\,;,lU" 

The minus- and chosen for the commercial catcnl~s-;at-,iu~e are ages 2 and 8 

while for the survey these ages have been chosen as 0 and 8. 
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The ssumpttOIls have been for the Reference assessment of the 

stock off Namibia: 

1) = stock was at its level when the 

conune:nce,a. A be apJ)ropnate to relax this assumtptton. there are no age or size 

to a or not such 

an ass:uDlptl0n is 

not over the 

of the model to a 

to which the assessment "}J~'U""" 

level has 

occurred 

is however investigated in the OMP vV'""''''''. see ,-,Hal-"'''' 

no 

Natural is as there is not ,",,,\,1.4,,,,. infonnation in 

the data to estimate an a1!C~-al::De:no'ent 

'''''''''''''''' takes the fonn of a 'UI'~l"''''''' 

with the s ... ""·01 ..... "'t.· .. S of e 4.26 set at zero. FUJrthl::mlore. the " .. I .. "t",,,hl is taken to 

differ pre- and pO!.t-tnac~enac~nc'e. The the exclusion of 

vessels from in waters shallower than 200 m 

a lower on the younger age classes. The selectlvl1tv function is taken to be inOlepc::nOlent 

of time to and is "'''"lV.'';''' in Tables For the pre-

t he data indicate a trend 0 ver time towards s younger 

fish. has therefore been modelled a fonn which is constant over the 1964 to 

1973 after which it in a linear fashion to reach a fonn in and this 

remains constant from then until the end ofthis earlier in 1989. 

Set,eCl,IVIIV-GIHll1!'e: The survey "",I,,,,,t',,,u'v ..... n.'H' ... also the fonn of a I curve 

of zero. It is 

of the assessment and is aSS,UlTlea to be the same for all surveys 

whether SUlT1n1er or s = 0 for both commercial 

assumpti<ln is made that older fish are all to 

further in '-'H"~L'''l 9. 

constant over the 

IJp<uu~,u and 

and the surveys, 

- this is discussed 

5) Stock-recruitment residuals: • which measures the extent of residual is fixed at 0.25 

reasons for this are discussed The residuals are ""'~''''U',",U not to be 

p=O. T are estimated year 1964 to 1 997 which to years y 1 and Y2 in 
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reliable estimation for :>UlJ:>"'I.IUI~U' years is not uu~,:>,u,,, 

cohorts 

resource 

6) Lower bound on the variance on the CPUE data: Since maximum estimates of the 

) with these C PUE series turn 0 ut not to b e 

no minima for these estimates have been assumed. 

7) variance on surveys: A common variance is estimated for the surveys which 

no are For the Nansen surveys, for which CVs are 

for each survey, an aUl.UUUll'U variance is "':>'llW:>"" ..... 

results from the Case assessment are in this 

variants this assessment which deal with some of the uncertainties the model-

are described in A 1 and estimates 

for the Case assessment are 10 5.1 shows the resource 

abl1Od.am;e time-series This shows a in b 0 f t he 

to the as is to from the trend in the ICSEAF CPUE abundance 

indices. 

A 

classes -

biomass 

recruitment was in 1982 and 1983 and 1982 year 

and is in the resource abundance: the ""etWA.H' 

shows a increase in The years 1983 and 1984 were cl1lua,cten 

and the current et 

oc(~anogllaplllcal t~:at1ll1"es which have been associated with 

two 

These 

and cohorts came when resource was at its lowest 25% of pn:-el(Pl,om:nU)D 

After this ;:'Ul;;:'L<l~H,al the stock close to its !V .... <AU.H",tH ...... ." ..... , ...... , ... 

the hake resource no, .......... shows a decrease 1990's. 

Since declaration of 10 the reduction in TAC at that 

time has assisted a recovery. The best estimate of current status of the Namibian is 

that it is at 40% of its level in terms of biomass. This 

resource is estimated to to a maximum of 300 thousand tons per annum, at a 

biomass of 46% of the level. The statistical estimates however 

is 5.1 b shows the 90% intervals for the estimates 

terms of the as well as for the MSY level. The 90% interval is 21 to 
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66% for I in 2001, and PU""UHU.Y that has been some net in this resource 

over last decade cannot limit in 

5.2 and 5.3 show the .. " ... L .... ' ... U' ..... Case model fit to the i:lUIJUU,i:lUI.;t: and catch-at-

age data respec:ttvlely, conlpruring and the correslPon.dmg model preOlCl'lon.S. The 

reasonable fits to all indices. However it does not seem to able to 

... ,. ... "'u, .. a decrease in resource abundance in the first two years assessment as sut)SUll11tlal as 

historic CPUE but catches in those years were so that 

these could reflect or both of and the 

small dense localised concentrations in its initial the model indicates -_._." .. -

of residual VallatllCe, "---'--J for more recent years. The additional for the 

Nansen surveys is estimated to be (J' A = 0.225, which that there is COIISllaer'aOlly more 

additional 

in these indices than 

of the fish with 

accounted for ,-,UQUi"'''''' in 

an lm'nnlrf::l11t source of this 

From 5.3a and b, it is clear that before lD(lepen(lenCe, when vessels were not 

excluded from waters shallower than 200 m, t he catches consisted of 

small h than 4 years 0 the catches have been more w 

across ages, with a mode at fish of age 5, but also 

5.3c and d show model fit to Nansen survey calcm:S-'LI-allle. Altncmg,h 

old fish. 

is 

assumed to be the same for winter and summer, summer surveys are "'''''"'''"'''15 

of small to medium sized fish and on average. 5.4 the 

standardised ",,,,,,,,,,-.. ,-,,,,,,,,, residuals ( for commercial and survey data. 

This for identification in the ... o .. u.~ ... ,>, which is not vv"".v .• " 

in F 5.3 where the data are ""'T'''' .... ·..., 0 ver the years for which data is T here are some 

indications of "y" ... ."" .. ,.'"' reSIl(111al:S, which warrant further in terms of 

few years of the commercial data for the model 

systenlatically 1"\,rl"n',('I" too much catch in age classes 6 and The year 1983 in 

the "' ...... , .... "'. data also looks pl\."Jl~;&U.'''''' in terms of ..~.U"'~.~, with v ............ ... 

values svsiternal:ic2tlly than the observed 2. 

The .. lU""IJ .. ''''''' biases q for the surveys are 0.37 and 0.42 for summer and Nansen 

surveys These are 

which were conducted commercial 

'Nansen winter' This that 

for 2000 and 2001 summer surveys 

third column of the 'Nansen summer' and 

"Plf''''-''Ll''''''' of the sw,ent-anea rIletJtlO(10!iogV to the survey 
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results to estimates in absolute tenns results in underestimates the biomass 

net and to the 60%. This could be due to and below the 

that a bottom when the surveys are conducted. 

is Wll';;""", for a The estimate of natural 

such as hake. 

M of 0.76 

the value "'''';'''1J1l'';;''''' PaJranletc~r h estimated the 

model is sW'Pri.sin.gl) low. These estimates are cause 

".Alal1"<;1 9. 

concern and are discussed in more detail in 

5.5c the stock-recruitment curve - with the h recruitment 

as biomass - while 5.5a shows the estimated residuals about this function. There 

does not seem to be any clear in the recruitment residuals. 5.5b the time series of 

.......... '"L. Recruitment fell from the commencement of the to the 

1980's. the very 1982 is visible in this Since 

.... " .. "' .... is estimated to have increased. 

The the Keterenc:e Case assessment to the 

and is illustrated in 5.6. to the O'''''lmrmt is the 

as it is the cause the ..... ,,...,. .. t";'nh, in the 

standard deviation the "~""''''_ ..... r·~ 

t I"a.l"'UldL<'U from the maximum estimates 

MSY and c) the in tenns 

the U""llllOUL has been tested 

the Reference Case 

5.6 illustrates the effect 

on a) the O'R-

the These indicate that the estimates 

on the ICAi:UUlHIC. can increase 

more than three 

value used for 

de))endmlg on the value of '-'''-'HILIU'. In the .l\.C.llCl'CU~;C Case ass,ess:mcmt, the 

is in common with the South African assessments. The reason for this choice 

is sDc:aklmg. the 

Teleosts & .... ,,."'.,"' .. J show much 

some 0.45 for U""VULLJ 

list 26 other ~d'.IU!''''~ 

value of O'R which a similar value 

LUiiILlIJIUS. so that even the levels recruitment 

is toward the lower end 

which is 

D<;'UUlHI<:.lVll and 

5.7 

biomass three values 

less than 

0.25 and This 

the time series 

illustrates how 

sensitive the estimates the 1982 year class and ''''It'''''''''' mid 1980's recovery are to the value 

for . The model to the value is considered further in 11. 
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Table 5.1: Total annual laIlUlD,gS, CPUE and survey data for Namibian bake 

1.4 and 1 1964 to 2001. The GLM CPUE is et al. 

the 2001 catch is u.~,u.,'''''' .. Mill .. ' ...... are in tno,us,mo 

that year. CPUE values shown in italics are considered to be of 

from the Case assessment The 

were commercial trawlers. 

to the survey variances 

the trawlers cOlnoare:d to the Nansen 

data sources. 

CPUEOLM 
(kglh) 

t432 

L569 

LI97 

0,767 

0,6615 

0,718 

0.925 

0.962 

0.764 

60 

Spmsh Splllish N_lI SIII"II'ey NaNiifllI sumiy 

wimer summer summer (CV) wimer (CV) 
lJUtVey survey 

708.500 

2128.260 2187.600 

1215.840 

938.290 1018.610 

721.020 

562.590 532.550 

485.680 1737.840 

1957.130 586.771 (0.154) 725.893 (0.119) 

545.824 (0.212) 

817.302 (0.110) 1005.620 (0.093) 

942.584 (0.128) 798.308 (0.112) 

750.374 (0.119) 964.510 (0.090) 

584.928 (0.121) 647.135 (0.104) 

819.415 (0.139) 729.610 (0.112) 

653.349 (0.123) 

1572.86 (0.145) 

1071.53 (0.129) 

13S7.19 (tJ.19S) 

SlJ6.726 (0.233) 
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Table 5.2: CPUE ratios between the Nansen and commercial trawlers in 

n .. irt",,",,,,,w+J.. et 2001). 

s.e. 

Nnn.<;!~>n VS V.)f<U./'IMt 3 

Ivnn..\·I"n VS 

VS n lI'}UllefJ 

Table 5.3: Commercial catcne:s-at-al:!e as for the Namibian hake 

for the 1968 to 1988 are ICSEAF records 

while those 1997 to 1999 are from NatMIRC catl[:h-,lt-lI~n 

1.4 and 1.5 

for the 

COlmlf~a to an <1,,<:-1<:,,"" for the 1999 season un.u,,"'~. pers. cOlrurm 

n. at age: Merluccius capensis and M p ....... v ... ..., combined • -r 

Age 0 I 2 3 4 5 6 7 

1968 0.000 0.002 0.094 0.548 0.244 0.081 0.024 0.005 

1969 0.000 0.006 0.126 0.368 0.346 0.098 0.034 0.Ql5 

1970 0.000 0.000 0.155 0.402 0.269 0.127 0.031 0.011 

1971 0.000 0.001 0.067 0.302 0.429 0.130 0.043 0.019 

1972 0.000 0.004 0.101 0.468 0.282 0.095 0.034 0.014 

1973 0.000 0.022 0.099 0.465 0.324 0.055 0.020 0.008 

1974 0.000 0.068 0.278 0.278 0.147 0.127 0.073 0.024 

1975 0.000 0.030 0.155 0.435 0.197 0.108 0.046 0.020 

1976 0.000 0.054 0.280 0.416 0.192 0.043 0.011 0.003 

1977 0.000 0.112 0.120 0.379 0.279 0.086 0.012 0.008 

1978 0.000 0.059 0.399 0.341 0.112 0.055 0.023 0.008 

1979 0.000 0.032 0.243 0.330 0.200 0.120 0.046 0.020 

1980 0.000 0.143 0.157 0.267 0.217 0.112 0.065 0.025 

1981 0.000 0.096 0.249 0.259 0.190 0.117 0.061 0.019 

1982 0.000 0.148 0.354 0.236 0.127 0.061 0.041 0.022 

1983 0.000 0.473 0.397 0.083 0.030 0.009 0.005 0.002 

1984 0.000 0058 0.532 0.294 0.077 0.025 0.009 0.003 

1985 0.000 0098 0.245 0.391 0.198 0.051 0.012 0.003 

1986 0.000 0048 0.391 0.251 0.169 0.094 0.032 0.013 

1987 0.000 0.035 0.233 0.389 0.214 0.085 0.033 0.009 

1988 0.000 0.023 0.268 0.451 0.202 0.041 0.011 0.003 

1997 0.000 0.004 0.116 0.167 0.178 0.245 0.141 0.115 

1998 0.001 0.005 0.061 0.121 0.157 0.307 0.179 0.131 

1999 0.003 0.008 0.099 0.148 0.158 0.265 0.168 0.118 
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Catches 

8+ 

0.003 

0.007 

0.004 

0.008 

0.003 

0.007 

0.005 

0.009 

0.001 

0.005 

0.002 

0.008 

0.013 

0.008 

0.010 

0.001 

0.001 

0.001 

0.003 

0.002 

0.001 

0.034 
0.Q38 

0.034 
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Table 5.4: Summer survey catlcm::s-a[-a~~e Merluccius cal'}(;;mISlS and M 

c01nblme,(1. based upon a 1999 ""~;-!";UI':I,U for each \ """"'IM A) to 1997-1999 

data in Table 

. . at age: Merluccius capensis and M. I'~ "uv ........ combined 

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.D75 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 as Merluccius and M 

upon a 1999 """,-'''U'''I.'' for each to the 1997-1999 

data in Table " ... un,...... pers. conrunIl). 

at age: Merluccius capensis and M. r~' _~~_ combined 

Age 0 I 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.Q38 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: of manall:ement l<lnrH"~" for the Reference Case assessment of the l~aUUU1"Ul 

CV in --··Cjn.'~h."""". 

refers to the exl[HoltalDle Dlomruss as dei:im:d in "'4I.ltU.IUH ) 

estimates of MSY and MSYL are in terms of 

function. 

Total 
-lnL: CPUE 
-lnL: 
-lnL: CAA com. 
-lnL: CAA surv 
-lnL:SR Residuals 

KSP 

KexP 

B ex ]OOIIMSYL ex 
MSYLsPIKsP 

MSYL"IK ex 

M 
Age 

o 
1 

2 
3 
4 
5 
6 
7 

8+ 
Commercial sigmas: 

CPUE ICSEAF (1.3+1.4) 
CPUE ICSEAF (1.5) 

CPUEGLM 
Commericial 

CPUE (1.3+ 1.4) 
CPUE ICSEAF (1.5) 

CPUEGLM 
estimated: 
Spanish winter 

Spanish Stlmluerl 

summer 
Nomen summer 

Namen winter 

Catches-at-age 
commercial 

summer survey 
winter survey 

Additional sigma 

-94.0 
-32.4 
-14.1 
-58.3 
-8.9 
19.7 

3640 
3953 
1466 
411 

0.318 
1657 
476 
300 

0.403 
0.104 
0.885 
0.863 
0.455 
0.120 

0.76 

0.00 
0.00 
0.09 
0.66 
0.97 
1.00 
1.00 
1.00 
1.00 

0.171 
0.202 
0.211 

0.283 
0.432 
2.215 

0.391 
0.503 

0.401 
0.557 
0.367 
0.418 

0.110 
0.114 
0.161 

0.225 

Reference Case 

(0.16) 
(0.18) 
(0.31) 
(0.55) 
(0.19) 

(0.25) 
(0.39) 
(0.63) 

(0.67) 
(0.04) 
(0.20) 
(0.04) 

S 1989,0 

0.00 0.00 0.00 
0.00 0.00 0.00 
0.63 O.oI 0.77 
1.00 0.03 1.00 
1.00 0.12 1.00 
1.00 0.37 1.00 
1.00 0.72 1.00 
1.00 0.93 1.00 
1.00 1.00 1.00 

(0.18) 
(0.12) 
(0.25) 

(0.21) 

(0.42) 

(0.09) 
(0.04) 

(0.19) 
(0.20) Commercial trawlers q '5: 
(0.19) 0.404 (0.25) 
(0.20) 

(0.04) 
(0.06) 
(0.07) 

(0.26) 
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Chapter 5 - A,;,'cssment of the Namibian hake resource 
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The two which compose the hake resource off the South African west coast remain for 

the moment assessed as one and The fleet takes a 

small nrn,nm"Tl of the total hake catch off the west so that a SP~:CH:S-(l1S~lggrell:ate:<1 

assessment has not 

the two "1-1":"";'''. 

been seen as a "1"1,"""'" Future ass:eS!;ml~nt:s, h,,,,,,,,,,,,,.,. will 

Leslie 

Annual total catches 

describes the data available for the west coast hake assessment in detail. 

are in Table 6.1 7 to 

1998 to n .. ""''''n~ 

mid-1960's the OP'-'OT'::Inlhl~::I1 location of hake catches was not 

1976 to 

pers. Before the 

,","'}AU,",U, and for ""'lAl"''''''Y these have 

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

Most of the hake taken off the west coast is bottom with a 

small fraction (a few or The model therefore 

assumes a fleet with the catches all assumed to come from the offshore trawl fleet. The 

AV •• ,/Suuu,,/S c,omponellt has however increased in recent years and future assessments should take 

account of fleets with their different Catches are available from 1917 to 

2001, with the 2001 value b the best estimate for that year at t his as recent data ... ", ... 1"1,,'''' 

awaits finalisation. 

CPUE and survey abundance with the standard errors for the survey 

are listed in Table 6.2. Both the CPUE index and survey biomass estimates are 

treated as indices of relative abundance in the Reference Case assessment. The CPUE index consists 

7J 
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results 

variants of this 

the Reference Case assessment are in this 

which deal with some of the uncertainties about the model-

are described in A2. 

Reference Case assessment are 6.1 

estimates for the 

the resource abundance time-

series It is evident that the sutlstatntlal in size of the resource in the 1960's and 

1970's has been a slow recovery in the three decades. recovery is 

also seen in 6. from the when an 

OMP was into as the basis for TAC recommendations. The resource is estimated to be 

at about 22% of its level terms of both mature and "AI""V"''''''''' 
it is not very far from the level estimated to 

I'1',,· ..... "' ... nr'ti to the MSY (31 % of pre>-explOnatlOn ""LU1"''''''''' J for this resource. At this the 

resource is estimated to be able to 129 thousand tons per annum. In 2001, the intended west coast 

cOIlnpcmellt of the overall T AC was 107 thousand about 96 thousand tons were 

on the west coast in that year. The true state of the west coast hake resource is 

det:ennUled much more than in the case of the Namibian hake narrow 

prclbaloilitv intervals for recent years in 6.1 b to those in This is due to the 

trend in recent abundance indices of the west coast which is not evident for the 

''''''UU''l~W case and which allows for a more model it is not a 

who showed index with a 

... "",uu .... "" trend assessments would be unable to the values of and 

initial abundance-related nll1-l'Irrlp.tf~T~l 

In the case of the west coast hake resource, is sufficient ml:<ornl1atllon ages to 

allow for an natural to be estimated. \J.'\.''''"", .. " from an assessment 

ag(~-1l1ae:pendc:nt M are shown in the allows for a lower 

at ages, the estimates for intermediate ages 3-5 still seem LUJIj,,,, .. U:S ..... ,.uy for a 

such as hake. This is discussed further in ' '1. __ 4._- 9. 

The surveys on the west coast are than those for the 

... u,u.~,u case, with q,ummer = 0.79 and qwinter = 0.90. the of the Nansen 

research vessel is estimated to be lower than that of the on the west 

differences in gear alone cannot the still the 

Nansen on the west coast and off Namibia differ with a 

....... ' ... nrt ... 'n of small hake 2 and estimated to be off the South African west 

coast cOlnpare:d to off Namibia. 
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The variances on the two CPUE indices are UIUIA ... Y to be as low as those estimated when 

the model than 0.1 for the and GLM-standardised so that 

there is a case for Iml'OSlfll! bounds on these variances in the fit so that these data do not receive 

undue J.m .. ' .... ' ... , with such variance estun;ate:s, there is a than the is to some 

extent noise rather than a real trend in abundance. 

6 .2 and F 6.3 show the Reference Case assessment to the .......................... ," indices and 

data the observed values and the 

nn:d1(:tlolns. The model shows to all the indices. The 

model 

the 

observed decline in CPUE in the last two years of the and because it estllm~ltes the 

to still be This may be a consequence 

the stock-recruit from 1996 onwards. The also 

to reflect the full extent of the trend which is shown the summer survey estimates 

over last two decades 

The to the cat,cn-at-lll!e data are very both the commercial and the survey data 

the ", .. "u-a,-,; .. "" residuals ( for the 

cOlrurLer<~lal and survey data. This one to in the 

which is not in 6.3 where the data are over the years for which data are 

available. There are some indications of effects in the which warrant further 

for the selectivities. For the model too 

many in the age classes 4 and above in the summer survey ", .. "u-a,-,; .. "" data \""." .... ,,, .. ,:0 the 

Nansen from the mid 1980's the model is in the 

7+ group than is observed. 

The time series of the stock-recruitment recruitments are shown in 6.5a and 

b It is clear that on average, the recruitment off the African west over the 

for which stock-recruitment residuals can be vary as much as that off the 

Namibian coast. There are still however four years well below average (1 

1992 and In it can be seen that recruitment is estimated to have 

to that at from the commencement of the to the late 1950's. The 

level of in the 1960's and 1970's in a decrease in recruitment. Since 

then n .... '''''''''''' .. recruitment has been u ...... "."'u.J<, -"--'---J and is estimated to be ''''IT.,Tun, at 

of that eX1,ectea at "'UTV"na r<lY,<lrlTV level. 

the estimated stock-recruitment It is evident from this 

this l"li,nl~'U:>j'UJ.1 extrao'ola,tes '"'v,,,:>11 ..... 1 the range of the data used in the 
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Namibian case on the other 

biomass. Future assessments 

fonns stock-recruitment 

the recruitment data used range of the " ... "urn';n 

west coast resource should the ofrhtt"'.,ont 

" ..... v.,."" .... " on the estimates of stock status and 

6.6 shows the effect of ,,,,.,,,,",..., the UR-:mp'UI standard deviation on stock-

",,.'Clue,,,,} on the u,,··ouunn ... "." .... ,,, ... ,y from the maximum 1 ikelihood estimates for the 

stock-recruitment ."'" ........ ,,,.,, biomass. The in 6.5a is 

than the values and never exceeds 0.2. Because the ","ULU."""", to be 

small in any case, doesn't have a marked 

Below an of 0 the MSY estimate is r to in 

..... n •• lnl~l1T is increased the status of resource is estimated to be somewhat poorer 

the time series of biomass for three values of and 

..... uv .... J:<.u the current '-'.v. ... """ is estimated to decrease as rt'_."n."u un,."".""". the effect 

of level of recruitment LA"'''"""""" is not as dramatic as in the Namibian case 
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Table 6.1: Total annual1anl1l1nlsS of west coast hake 1917 to to 

1989 to 1998 to pres.ent, pers. conmul). The 

assumed for 

1 

is the current best estimate for 

1 

1.000 

1.400 

11.100 

15.000 

17.700 

.100 

77 

year, as data '".:.nlrHTF is finalised. 

41 

1 

110 
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Table 6.2: 

and 

west coast resource 

and GLM-standardised CPUE series 

"",,.,.,.,·t,,,, ... for h"."",t,.'h to data for 

Irvin & Sea Harvest and Atlantic the west coast hake resource, to!!etlller with 

survey abundance standard 

pers. cOlnrrm). Biomass estimates for the survey the ~w'enlt-alrea mf:tn()Q I are in 

thousand tons. 

ICSEAF (Div, GLMCPUE Summer survey Winter survey Nansen summer 

Year 
1.6)CPUE (kg/min) Biomass (s.e.) Biomass Biomasss 

u. p =0.5 p 0 \'v .. "' ..... ; 

1955 11.31 

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 

1912 4,90 

1973 4.97 

1914 4.65 

1975 4.66 

1976 535 

1917 4.84 

1918 13.88 14.95 

1919 15.31 15.78 

1980 14.22 14.81 

1981 13.97 14.82 

1982 13.01 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) 210.946 (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 15.41 14.01 512.299 (98.448) 351.089 (55.301) 

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 (51.916) 

1994 15.03 14.95 440.111 (68.667) 

1995 12.14 12.32 462,701 (86.365) 

1996 15.86 15.86 506.851 (84.235) 

1997 16.15 16.06 152,831 (115.622) 

1998 16.12 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 calcnc:s-al-al:!:e the west coast 

to 1989 to 1998 to ore!!ent. pers. 

1n. at age: Merluccius capensis and M. paradoxus combined ClUPUlLlU'''' 

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 0.1]4 0.545 0.215 0.063 0.046 0.013 0.003 

]980 0.000 0.056 0.472 0.288 0.112 0.048 0.017 0.008 

]98] 0.004 0.235 0.492 0.158 0.068 0.026 0.0] ] 0.006 

]982 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 0.0]5 

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 0.02] 0.009 

1989 0.000 0.014 0.434 0.402 0.090 0.036 0.0]8 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 

]992 0.000 0.012 0.405 0.302 0.]45 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 (}.Q75 0.044 0.012 

1996 0.000 0.002 0.120 0.554 0.22] 0.063 0.029 0.011 

1997 0.000 0.0]2 0.20] 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 cal.cm:s-a.l-al:!;e as .......... 'n1rt' of HUJIHIJICI Merluccius CaiDe1:!SlS and 

M. IJHrt .. UH.U.' c()mbilned, the 100-500 m range for the west coast hake to 

1997 to pre!.ent. pers. cornmnl 

• -r at age: Merluccius capensis and M pu,""; '"'''' combined 

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 

]987 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 s urvey catlcne:s-at-aJ~e ( shown as nrf1,nn,-t1 o Merluccius 

and M for the 100-500 m range for the west coast hake to 

pers. ,",Vl11ULUj. 

n at age: Merluccius and M. J"" .... v .. "'" combined 

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.Ql5 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.Ql8 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: Nansen summer survey as of ........ .." .. "'} 

'"' ... ~'''''''',''' and M for the 100-500 m range west coast 

pers. cornmn) 

. at age: Merluccius capensis and M. P"' .... v~.4S combined 

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 manal'l,em.ent U"'lILILl<;;;:' for the Reference Case assessment for the west coast 

hake. The first shown is the best estlm,lte, followed the AL<;;";:""'U- CV in parentJb.es:is. 

Total n .. o·"n,.,.· I ('.lI;lllIUmnO('u 

-luI.,: CPUE 
-luI.,: 

-biL: CAA com. 

-biL: CA.<\ SlllV 

-biL: SR Residuals 

Commercial 

o 
1 

2 

3 

4 

;Ii 

6 
7+ 

CPlJE ICSEAF (1.6) 

CPUEGLM: 
Commercial 

CPUE ICSEAF (1.6) 

CPUEGll:I 

Additional 

Slwnner 
winter 

commercial 
!.'llllUUer Sll1vey 
winter survey 
Nanen illl1vey 

-176.7 

-71.0 

-16.0 

-57.1 

-35.7 

3.2 

973 

1386 

218 

298 

0.615 

.~04 

404 

129 

0.224 

0.215 

0.715 

0.738 

0.313 

0.291 

1.06 

1.06 

1.06 

0.82 

0.67 

0.58 

0.51 

0.46 

0.:~49 

0.182 

0.019 

0.058 

0.793 

0.899 

0.643 

0.107 

0.121 

0.069 

0.070 

0.231 

Refl.'l'ence Case 

0.00 0.00 0.01 0.09 

0.00 0.00 0.26 0.36 

0.73 0.10 1.00 1.00 

LOO 0.84 1.00 1.00 

LOO 1.00 1.00 1.00 

1.00 1.00 LOO 1.00 

LOO 1.00 l.00 1.00 

1.00 1.00 LOO 1.00 
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Chapler 6 - Assessment of the South African we.<t coast hake re.oource 

Fig. 6.6: " , ·input v.s . j ",_output (the cia,hed line .how. o-. _OIltput _ "", _input). b) MSY 

fIJld cj lJ"" ,,,,,IK,,,. f<)f the Reference Cose .ssessment of the west oo •• t hake re' OIlrce, 

V ,how, 'he case u, ·inpu, - O.H chosen fOT the Reference Ca,e a55es,mc"t. 
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Chapter 6 - Assessment of the South African west CQa.<t hake resource 
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t 

Until the two hake 

stock e a 

Namibian stocks. The 

simulation 

one was not 

remained UW~ll~'.u):;"u. 

the south coast 

as it is still the case 

ggr'eglltmlg the two 

coast :HT,,,",,","',," resource 

......... .IIUIL S 

South Africa were assessed as a 

the South A west coast and 

in this way was based upon 

ugJ~eslted that '''~'U''I&U'& two such stocks as if were a 

the cornp()SltlOn and ag~:-S~:1e(:t1v'ltV 

a IV!!):;U!!" for 

on the south coast and the shallow water M. ",,,,,,,n,n,,'. the 

stock need to this pnlctllce. The south coast M stock has been assessed as a 

1999 Uerolnol~tandRnttp,~!r~h 

Leslie describes the data available the south coast hake assessment in The 

south coast M C:W'JfJTJ""'S hake stock is fished three fleets: the and inshore trawl fleets and 

the fleet. The annual catches mass assumed each fleet are in Table 7.1 

for the 1967 to 2001 sources: up to Geromont 1998 to 

pers. The 2001 are the current best estimates for that year as 

recent data ,.." .. ,n"-,,, awaits finalisation. 

the catches hake made the inshore trawl and ......... ,,'"'''' ,vUj<,U •• '" are 

to consist M. I'm"pn',n~ This assiunlpllon is ,",Vl"''''''''1 to be reasonable because 

are restricted to pers. cornm:n) The catches made the 

offshore trawl fleet have been 

for the south coast Geromont et al. 

the south coast research survey catches 

uuvu" .. ",.vu recorClea for the so that the nrr.nnrtirm 

this the catch data for the 1967-1977 

89 

which was estimated 

there is no 

cannot be "'''' ... ua .... ' ' 

are 
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"""''"'''''''0 that the average nrclnnrhcln of M "'Up''''''~'~ in the offshore catch over the 1978-1982 

to the earlier data. This aSSiUITlpIllOn ncu",,.v,,.r rp·,.. ... ,tlv been 

was COIlcerltrated in inshore area around Town and in 

Future assessments will need to test to different 

the south coast when the 

U1UIJU'U'U" about this 

unnermc)re, because catch data are not available to the 

aSSIUITlptllon has had to be made that the annual catch Ul"llVl" fleet from 1967 to 1974 was 

to its 1974 value of 10 thousand and that the balance the total catch reC:OI<led was talcen the 

- .......... ~,-~ fleet. 

CPUE and survey with the standard errors for survey 

abundance are in Table 7.2. Both the CPUE indices survey biomass estimates are 

as indices relative abundance in the Case assessment. The CPUE index 

of two " .. nOlrOllt .. the first from ICSEAF 

1978 to 2000 and 

1969 to 1977 

correSIPOIldlIlg to the historic 

and the second from 

and the GLM-

,."'~n"'r·t.u"'hl Both CPUE series are the trawl fleet. As mentioned 

nu_,n .. nth data available to 1978 so that the CPUE data for the 

fleet cannot be nw' .. v,~r since information on the CPUE trend over 

this is for the <l::;~;t:::;~irnt;IU, the asslllmlPticm is made that these data 

are also reflective of trends in the M ..... up·,;,.""" The CPUE data for the inshore fleet are not 

used in this to their <uu, .... 11' .. "," catch is 

known at there are some concerns about the accuracy 

10gboc)KS, such as trawl duration. Further of the inshore CPUE 

the recorded in the 

should be camed 

to ascertain if a subset 

assessments. 

be of to 

Due to in and the 

stalnaairOlsea CPUE series is restricted to data for the three 

Harvest and Atlantic 

three COrnOlm1(~S 

affect the assessment 

Research surveys have been conducted 

a CPUE series for use in future 

level in 2001, the GLM-

& Sea 

Because these 

these restricted should not 

and autumn from 1986 on board 

of the FRS up to Geromont and Rnltt .. ,."vn,rth 1998 to ....... " .. nt 

pers. cornmn) biomass estimates are two ranges. The 0-200 m 

90 
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range "'A" .... ' ..... '" estimates waters than the 200 m ."V<V ... JLA, the biomass indices for 

the biomass the survey area and are more re]:lre!,en.tallve 

stock. fact that estimates for the 0-500 m range are not available all 

surveys as the 1989 and 1990 autumn Case assessment uses this 

of estimates as an index "lIIW"'''''''''''', because reflect wider coverage resource. 

Commerciall.;ill'L.;U-'U-':l1!1; data are as in Table 7.3 the inshore fleet. Data 

for the 10nglule!llanolllle in Table 7.4 to Geromont and 

1997 to Dre~lem. pers. It is assumed that these two M 

It is not to dlsiilgg;reg;ate commercial "'''L'''U-''L-,''Jt:.'' data at a level so that 

the catcn-at-iiU!e for the rnp""T,nrp not available. The catch-

mt,orrnatlon obtained from autumn survey range is shown in Table 7.5 

Geromont and 1995 to pers. The 

both commercial and survey data is chosen as 7. The commercial is 

taken as 3 the offshore and inshore fleets and 4 for the which older fish. 

There is no minus group surveys. 

1) 

i'nll"".,., ....... a!lSUlmptiolls have been made for the .. 1-" ...... ,....... Case assessment of the M. 

south coast of South Africa \ ... ,"v." ...... re]:lea1teO below when it 

Namibian hake in Section 

= The model assumes stock was at its level when the 

commenced. 

Natural is taken to be ag(:-ll1lde:perldent as there is not en<)Ull~ lrllOI:m~mon in 

data to allow for the estimation of an ag€!-olepe:noent M. 

Commercial selectIYII'Y-llt-ll1!e: Each fleet is characterised au ....... , ..... sel,ectivi1tv The 

takes on the 4.25). Due to the distribution 

than younger the inshore fleet does not hake ( with older fish 

select older fish and a is estimated for this fleet. On 

the other the .vu)<, .... " fleet pnncrpallV older fish so that s that 
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fleet is set to zero. As there are no data available to estimate a vector for the 

offshore the for this fleet is assumed to be the same as for the inshore fleet 

and 

with a zero 

for the offshore fleet are set to the same values as estimated for the inshore but 

For the JongJll1e 

a factor it. H' ....... ' .... , 

the for ages::; 4 mdllcated a 'VI'~'"L,''' curve is 

for this fleet and these ages is so low that it is not 

curve. The n:U'::4rrIPtf'T it is treated as another .. ".,lU .... V .. ;; 

..... ' .... u.v'"''"' maximisation process. 

is estimated seplar<ltel for each age and is assumed 

to be the same for the and autumn surveys. At1temlpts to use a 'Vl<.,,,,j,,, form for the survey 

prr.uu'" led to model ml:S-SI)ee:1!1(~atl,on; cat,en-at-lillze ... " ...... ,,, .. ,, were for ages 1 

to 4 when the 'Vl';'"'''' form. 

Stock-recruitment ~n.',n"" is at 0.25. The residuals are assumed not to be 

p=o. are estimated from year 1984 to 1995 in 

6) Lower on the variance on the CPUE Minima for these estimates COITe!.oonOlllll! 

to the GLM-based and 'historic' series are 0.1 and 0.25 respee:tl 

7) variance on surveys: An ad<iltlon:aJ variance is estimated for the surveys cOlldulcte:d 

the 

results from the Reference Case assessment are in this ...... 11< .. v .. ". F or variants of 

this assessment which deal with some of the uncertainties about the mCIOel-a!;SUmp'tl see 

AJ:lpendllX A3. M~magelnellt ... -_ ..... J estimates for the Reference Case assessment are in Table 

whereas 7.1 shows the resource abundance time-series estimated. In the M south 

coast which three the biomass and 

have been estimated for each fleet Se(larlatel} These .. ".nu.' .... "', 

whieh are different for each fleet because each fleet has a 

are shown in Table 7.6 the 'Offshore', 'Inshore' and "".'UU'6", In order to make 

comments about the an average biomass and 

associated has been COlllpute:d assummg the same of the catch as was made 

each fleet in 2001. These estimates are shown in the first columlll in Table 7.6. 
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As with the Namibian west coast hake the M. resource on the south coast 

a from the v .... I~.U.' .... 'c of the to the The resource on the coast 

not been to the same extent as the stocks off the west coast of southern 

Africa. The lowest the biomass is reached was in 1976 when it fell to apl)rOl{lmlate:l]l 

34% of the west coast stock fell to less 

that the coast 

the mid-1960's .... IlUn' .. lv soon 

its pre­

In 

the lInplementiltloln of more 

"'1"\'!'T.r", of the south coast is untrawlable as 

the area is too a a of the PU}/" .. O'UU,U. 

The initial decline in the south coast M. stock was a 

that 1980's. Since then the stock has remained 

recovery 

50% 

0.376. The of its pre:-e}(pl~Dmlt1Cm biomass. is well above the MSYL 

""rn,""'1' MSY the south coast M. CUj'Jt:niS£S L"V,",,""'"11U tons. 1"111"'1¥. the 

on the biomass 7. 

the Namibian and African west coast hake resources. A 

1"',",11>11'0 with time as is the case for 

reason is that the 1"11'1'1>1 ...... ,,"" 

recovery south coast M CUJ7elliSlS resource is better than in the two cases. 

A number 0 m an~lgelmelnt .... ,,, ... , ..... ,, a ssociated with are 

very estlm,ateC1. This results in the very 

For "A'''' .. ' ... '' the 90% intervals the aveira,,~e-seleICt1\rltv MSYL are extlremtelV 

7. 

The natural Mis to be Inalepi~nalent of age and is CSl:llmil,lCU to be 0.55 

.n,.,'U\J'"OU this is the lowest of the M estimates for the various hake stocks it is still 

would be a One the reason 

"',,..1> .. ,, ....... to be lower this value estimated for the 

,,,u,n,.,.t an for no correlation exists 

between recruitment biomass. The estimate the CV on the is also 

low. This can be the fact that this estimate is Hessian-based as 

<o;;;o;;;I-'UI."'" nlllrllnlf':T!'T is an at 1, is not accurate as the will not be 

in h close to this estimates are cause for concern and are dlS.cu:ssed in more 

detail in ......... ,,1-' <",. 9. 

this assessment that the res:ewrch survey area biomass 

estimates overestimate the stock size on average more 100% bias COlmlClents 

the and autumn surveys are 2.2 and 2.5 Tf':"lnf':r.'hvP·" ""''''''V'''' "''''I''''''''''''''' is that 

the south coast i s untrawlable (R. L a 

because s urpnT _l>TF'l> lIletJl0CI01()GY used t he surveys assumes that the are hOlmogel1eousl 
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distributed within the whole area ,,,,,,,,,""P'" if hake densities in the untrawlable area are lower 

than in the area trawled the survey this would lead to an overestimation of the 1I1"'Ul<l:>:>, as is 

the assessment model. The issue survey bias is discussed further in ""''''''V'''-'' 9. 

The Reference Case assessment to the abundance and catch··at-:al!e data are shown 

in 7.2 and 7.3 resl,ecltlveiv compare the observed values and the COlrrel'PCllldmg 

pn~dlc;tl(IllS. n .... .l.v •• ~. the model shows a reasonable fit to all the the GLM-standardised 

CPUE series seems to show some in the .... "', ....... "."', with a Dr()iUSIOln nn"iti"P values in the 

middle of the series and values on either side. The reason 

uV~;:'Ul~<U~'U further. The ,.,_ ..• _ .. _. fit to historic CPUE data is 

should be 

•••••.• - • .1 to the west 

coast case, the model does not mimic the 

series. 

in abundance su~~ge:ste:d the CPUE 

The model fit to the catlch-at-Ill!e data 7 a Iso seems reasonable for the commercial 

data. There is however a difference between the observed and catch of 0 

year olds in the autunm survey data. This is due to the data for the 1999 survey which have an 

o year olds (16% on average, 

recruitment occurred in that year, there are no ",n"",,.nn,,.nT 

data this. The 7.3 also show four very 

patterrts dlepe:ndmg on the fleet. To aid cornpl3lI1 the I./l"Ul ..... "U .... ,.., ...... -, .. -, .. 1::" values for the "'T'·~n, ....... 

fleet are also <UU.IV .. 'Y. actual data are not 4V<UH.UL" for this fleet. The Tn""n,.,t" fish 

the fleet are 4 years or younger; in contrast the J<,,'"", ..... ';,. ."rnn,nrlinn 

fleet consists of fish than 6 years. The fleet is assumed to have a similar calcn-al-lHze 

to that of the inshore to the same extent. Due to the size 

small M. are not to the fleet. the 

survey data show a more .,L"lVU, .. catch with age. These differences in the calcnc~S-:ill-lH!:e are reflected 

in the different selectivities the as can be seen in 7.6. 

The data obtained from the survey show a rather rlitt'pr'F'nt 

for surveys off Namibia and off the South African west 

to that observed 

nT(\n .... ,rlHlTl of small fish 

are cOn the south c the p by t he survey are very 

over the ages 7 the estimated survey s pattern shows a s 

mCrea,5tnlg trend up to age 5. for these different pattenls be related to the 

be to the hYl)OtlleSlS of Le Clus pers. cornmn), which that M ClUJ'''',.."., 

south as grow older. the west and south coasts have very different seabed 

with a very narrow continental on the west coast and the wide Bank on 

the south which affects the distribution of the two hake and the survey catch-at-

age The of on the south coast to the west 
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coast UUU;;llOU,,,,;Ul y more of the smaller M. and so bias the survey results. The 

n'"I('t1,nn" from area to area is discussed in more detail in 9. 

the standardised residuals for the commercial 

and survey data. There are no clear sys:tenrlatJlc effects in the res]lduals, alTJllOllgn 7.4c shows 

two years and with systenlatl.cally smaller catches of fish 3 years and above than 

eXl>ected in terms of the model. 

7.5c curve. With the h recruitment does 

not decrease with the but rather high until the resource is close to ... ,,. .... "',"' .... 

7.5a shows the estimated residuals about this stock-recruitment These residuals show a 

consistent trend with to poor recruitment in the last 

COIlnoa.red to that in the 1980's. the for which residuals are the 

soa.wnml!: biomass stable so that the estimated decrease in recruitment cannot be 

linked to a decrease in biomass. The reason for this need to be further. 7.5b 

series of recruitment. because of an h value of 1, the recruitment is constant over 

the for which recruitment residuals are set to zero rather than estimated. 

7.6 shows the effect of 

l;;l)lII.lU<Ul)} on the (jR"OUT-Pltt 

stock-recruitment .... "'.U1.l"U~'), MSY 

the UR"UlIJUL 

each 

converge values than 0.45. The UR-'VU"IJ 

the values and never exceeds 0.2. Not 

resource are not 

standard deviation for the stock­

..... "'u ..... , .. I ikelihood estimates for 

u ....... ,."",. The model did not 

r.nTl~i~:tf'l1ltlv lower than 

the estimated MSY s and current 

UP-.HUlIU' > 0.1. 

7.7 the time series of biomass for three values of 10,0.25 and 

Both the estimated smlWltllnl.! lIJIVW","" and MSYL are more a decrease in the of 

the recruitment fluctuations than an increase. With an ".-,., .... " .. of 0.1, south coast M. l,;uJ~tm:;n'" 

resource abundance shows a flat trend over the last two decades and is estimated to be 

"''''''''''11,tlV at more than double the MSY constitutes an even more of 

resource than the Reference Case with UH"J""J"" of 0.25. This is ......... ' .... " ... the 

to to the values indicated the stock-recruitment curve and the decrease in rec:ruitm,ent in 

the mid-1990's is not as evident. ...... ' ..... ,,, .. 'l'O the to 0.4 did not affect the estimates as 

ma.matlc~llly as u ... ,,. ..... ~ .. ,.5it the same am'Oul1lt, '"''''''''!;''' the resource status is estimated to be 

somewhat poorer. The ""'"I"it';vij'v of the model to the value for is discussed further in 

11. 
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Table 7.1: Assumed total annual catches fleet for the south coast of of M. Ca,OeI'iISlS for 

the 1967 to 2001 to Geromont and 1998 to ..... .,.~.,.n. 

cOlrnnm). The catch assumed for 2001 is the ~~'>~A."t best estimate for that year, as data 

lV",:;:'U','''' Cloml0on.ent of the line catches is well 

obtaiIled from a combination 

Year Offshore Inshore 
Handline 

Total 

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 4.931 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 23.638 

1985 21.940 9.203 0.357 31.500 

1986 16.975 8.724 0.386 26.085 

1987 16.357 8.607 0.449 25.413 

1988 17.973 8.417 0.402 26.792 

1989 24.298 1O.D38 0.169 34.505 

1990 25.656 10.012 0.348 36.016 

1991 18.600 8.206 4.270 31.076 

1992 15.106 9.252 2.599 26.957 

1993 11.560 8.870 0.278 20.708 

1994 11.729 9.569 1.129 22.427 

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 23.233 

1998 6.554 8.283 3.209 18.046 

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 30.640 
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Table Historic and to CPUE data 

to data for Irvin & Sea Harvest and Atlantic and 

and autumn surveys abundance estimates errors in 

tons for coast M for the 0-500 m Geromont and 

pers. is for M 

and M in 

2000 and 2001 because 

ICSEAFDiv. 
GLMCPUE 

Year 2.1+2.2 CPUE 

Biomass Biomass 

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 

1987 7.50 162.282 

1988 7.38 165.184 

1989 7.96 

1990 9.55 

1991 10.l1 273.897 

1992 8.35 137.798 

1993 6.46 156.533 

1994 7.57 158.243 

1995 7.59 233.359 (3 

1996 6.08 243.934 

1997 . 5.20 182.157 

1998 6.40 

1999 5.80 190.864 

2000 6.67 
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Table 7.3: Inshore fleet catcne:s-at-alze nrn,nnrTU'Ir,,, of "lUlU}"'" caTJ'en.~·lS on the south coast 

pers. conmul}. to 1 Geromont and Rnj-t"1"'I.unrth 1997 to " ...... , .. ", 

"'- at age: Merluccius ~"'t' .. u~ A'VpV' 

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 0.01l 

1991 0.000 0.053 0.281 0.367 0.219 0.067 0.014 

1992 0.001 0.151 0.371 0.237 0.184 0.048 0.009 

1993 0.000 0.026 0.332 0.457 0.139 0.039 0.006 

1994 0.000 0.060 0.380 0.304 0.183 0.067 0.007 

1995 0.000 0.015 0.232 0.455 0.209 0.072 0.018 

1996 0.000 0.024 0.327 0.457 0.140 0.043 0.008 

1997 0.000 0.034 0.369 0.394 0.159 0.034 O.oIl 

1998 0.008 0.166 0.377 0.284 0.116 0.034 O.oI5 

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: .LJV'''&AUA ... UCWIU1U'', CllICIles-·at-:age /"",."""",rt, of u"'u ... , .... for M. ,",UI)'"'''''''' on the south 

coast to pers. COnuntll). 

n . at age: Merluccius capensis • ''''1'''''''''''''' 

Age I 2 3 4 5 6 7+ 

1994 0.000 0.000 0.001 0.030 0.248 0.404 0.318 

1995 0.000 0.000 0.000 0.006 0.093 0.262 0.638 

1996 0.000 0.000 0.000 0.007 0.134 0.297 0.561 

1997 0.000 0.000 0.002 0.036 0.201 0.298 0.464 

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 catlcneS-a1[-a'le nurnoe:rSIIJr the 0-500 m range 

coast M. to Geromont and K.IITP,.,,,,, .... r'tn 1995 to preSient. 

pers. conunrl}. 

n. at age: Merluccius ",.,n""oi • .. . ~I:'~'''~''~ 

Age 0 1 2 3 4 5 6 7+ 

1991 O.oIl 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 coast M 

biomass 

fleet is the 

Reference Case 

-116.6 

-36.7 
-10.7 

-1nL: CM com. -50.4 

-1nL: CM surv -21.8 

-1nL: SR Residuals 3.1 
Offshore Inshore 

K'I' 170 

K" 115 142 121 11) 75 

80 

46 58 77 13 
h 1.000 

MSYL'I' 64 49 21 117 

MSYL" 27 26 24 20 

MSY 33 35 35 27 
0.471 

0.401 0.406 0.639 0.180 
'I' 1.251 1.646 3.904 0.685 
•• 1.710 2.224 3.209 0.678 

0.376 0.286 0.121 0.687 

0.235 0.182 0.199 0.265 
0.546 

0 0.00 0.00 0.00 0.00 
0.07 0.00 0.01 0.00 

2 0.15 0.02 0.07 0.00 

3 0.29 0.13 0.44 0.00 
4 0.60 0.53 1.00 0.00 

5 0.96 0.89 0.96 0.10 
6 1.00 0.99 0.60 0.42 

7+ 0.91 1.00 0.35 1.00 
Commercial 

historic CPUE 0.251 

GLMCPUE 0.267 

historic CPUE 0.010 

GLMCPUE 0.107 16) 

2.157 
2.511 

0.102 

0.147 

autumn survey 0.130 

Additional 
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1.2 
a) 140 

1.0 
_ Onshore 

120 

0.8 100 

0.6 
80 

60 
0.4 

40 

0.2 
20 

0.0 0 
1970 1980 1990 2000 

1.2 ..,..------------------------, 

1.0 
Fonnation ofICSEAF 

--- 90% uu,"IJ .... y intervals 

0.8 

0.6 

0.4 --
0.2 

0.0 ..L-_.-_____ ,--_____ ,.-____ ---,~ 

1970 1980 1990 2000 

7.1: The Reference Case ASPM assessment nrrhnr<lt"." fluctuations about the stock­

recruitment ,,, .... ti"",31,ij·-' for the South African south coast hake M. rm"PIll'.~I~ resource is shown in 

togethler with the estimated 'av,erage-sellectJ,Vl MSYL and the annual catches 

the catches made ~fT.,J..~'"6 inshore and IV"."'''''''''' shows the 

Hessian-based 90% confidence intervals. The resource abundance is in terms 

biomass as a of its level 
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7.3: Reference Case assessment model fits to South African south coast M hake resource, as over all ~ 
\'I:) 

the ye!l"s 'With data for each data set. is not available for the offshore but for purposes, 

the values are shown 
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7.5: Time-series estimated standardised stock-recruitment residuals and 

recruitment for the Reference Case assessment of the south coast M. ('nl'''J1.~i.'' 

resource. c) shows the stock-recruitment 
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7.6: vs. a) Un-V ............. dashed line shows (Tn-mllm 

MSY each and c) , for the Reference Case assessment 

with fluctuations in the stock-recruitment .... ,,, .. v,,,,.,, V shows the case 

= 0.25 used in the Reference Case assessment. 
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1.2 

=0.10 
1.0 0.25 

=0.40 

0.8 

0.6 

MSYL 
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O.O~-.------.-----.------.------.-----,,-----.------.-~ 

1965 1970 

7.7: Time-series 

for three values 

1975 1980 1985 1990 1995 2000 

biomass tenus of its pre:-eXplO>ltatlon 

10, 0.25 and with the estimated MSYL. 
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Previous att,emDte:d assessments of the south coast M. nm"I1t1'nYI.I.<: resource did not 

sensible because it is not a separa'te md:epc::nd:ent of the west coast and so 

does not react in the standard manner llUIJ ..... ,u in stock dVIlarrl1CS ~ ... ~._ •• '~ •• y in response to what is in 

fact localised and hence and This 

describes assessments of the M. rJwrL<tJHA,l,",,' resource off South both for the west coast 

and for the south and west coasts and R,,·ttPf'Uff1.rth The purpose 

of this work is to compare the relative of the south coast M "11.-nnnY'.'''' stock 

with the entire South .. u",,,,,,,,, 

estimate a :>'., .... 111 .. '''1111;; 

and south coasts "'v ........... "", .. , M ,.",n·n",,,,,,, 

the south coast of the M """'nd,ro"" curreI1ltly not 

included in the OMPs. Estim:atirlg the current status of the resource is thpTPt;nrp not the main aim of 

this exercise and this is it is considered to use data up to 1999 which are 

available. 

The total annual catches of M. "n.-nn.flYI,/.<: assumed for this are shown in Table 8.1 for 

the south and west coasts from the of the """""'"1'11''' the that a 

of M the .v .. "' .... "" both on the south and west this 

assessment is Uelet-lij!Jl:rel~atled. as there is no information nrumel(l.la'telj1 available on the 

structure of the .v •• "''', .. ''' catches. All the catches are therefore assumed to have been made 

offshore trawl fleet. 

The catches have 

the west and south coasts Geromont et al. 

Cmnmln), which were estimated the research survey catches for each coast by 

the 

pers. 

Prior to there is no information recorded for the so that the of M. 

cannot be estimated this method. the catch data for the 1917-1977 
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have been that the average ,.,,.,.,, ...... ,, ... , of M. ..un·nn,,",,,,,, in the 

fleet catch over the 1978-1982 to this earlier data. These are 55% and 92% 

As with the south coast M. ULI""'''',,'U asses~imt:nl, this the south and west coasts .. ",,,'nf'r·tivf'lv 

,,,,,,un-Inti;nn has been nm·"t.nn,'n because when the cOlnrrlenCe(i, trawlers opl~ra'ted in inshore 

areas close to so that future assessments should consider other """,uU:'11 

Historic and GLM standardised CPUE data are in Table 8.2. The historic CPUE data for 

south coast from 1969 to 1977 and for west coast from 1955 to 1977 are for M. u.u'~rL.".' and M. 

cannot be dlsiag;gre:galted by "11"''''''''', as there are no nm'ad,nxzIS combined 

f'HOrr_n\,_l1,f'"T'n data available for this Hnu, .. '" .. ,.. since trend over this 

is for the the """ITnr,hl',n is made that data are 

also reflective of trends in the M nm-nl1nY1J" stock alone. The GLM standardised CPUE data 

from 1978 to 1999 are from Glazer 

on the estimated sm~CH~S-r)roloOlll 

biomass estimates 

associated standard errors, are 

M 

in Table 8.3 

these are 

pers. 

based 

with their 

The combined 

estimates were obtained the south coast autumn survey biomass estimates to the west coast 

summer survey estimates and them as an index of abundance the west coast 

contribution This is not ideal because the rld-i-", .. ,,, .. t time the year when these surveys 

take but achieves the time series. 

COmTIlen:lal catches are not and therefore ", .. ,,"-... -, .. 1<. ... mIIDrnlatllon M 

on-board 

in South 

is not available for the commercial catches. 

observers will be able to a basis to estimate commercial cal:cn,es-iat-iil.!!:e 

as is the case in Namibia. 

ca(lcn-at-.!!!:e data as are 8.5 and 8.6 for the 

south west coast and the two coasts combined "'f'o;:nf','t,v'f'lv pers. 

Because of very low a 5+ DlUlS-IlTOllD "rlr,"'T~'rI The south coast catches-

have been calculated from data an """.-",H for fish on the 
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west coast. A.U"""'''', there are not "' .. , ..... l""'. M. nm"ndf)Y'I.~ the surveys 0 n the 

south coast to be able to estimate a """"",,,,,,,t,, a><"'- ....... '" for that area. 

To obtain the survey of M nal"flf1nXlI.'1 for the west and south coasts .... v ... .." ... ,,' ... 

the catches in numbers in each age class were added for the south coast autumn survey and the west 

coast summer survey and then converted to n,.r,nn,rii, .. nc 

The M resource is assessed in two ways, the west coast COlnpODient 

Coast and the stock as aCt he reasons for pn)ce,ed:mg i n this way are 

discussed in 12. Three variants 0 f t he assessment model are for each of the two 

cases. The difference between the three is in the of the function 

both commercial and the survey at older ages. 

The al"..;;-"'" ... '" ...... ;u pn)dtLcti.on model used is the same in both ass:es!;mc~nt:s, the 

data have been made in the assessments of the M 

stock 0 ff t he south and west coasts 0 f South A mca (rational as not been 

below when it that for Namibian hake in Section 

1) = The model assumes the stock was at its level when the 

commenced. 

Natural ",rJlru,nr.r is to be agt:-a~epe:nalent (with the fonn 

Commercial As is no infonnation on the '.>orr"'_,,nrH of the commercial 

catches of M commercial cannot be is 

therefore estimated assummg that the ratios of the survey to commercial seaeC{]Vlue:s-a(-a:rre 

from the COlTI01IDe'U-Spe(;leS west coast assessment here too. ""UJIU ... UY the 

of fixed and used in the combined west coast assessment take 

account for the in the at low ages over time in the commercial ""n,.;no;;;::>J 

have also been used in this assessment. The first is from 1917 to 1984 and the 

second from 1993 to the with the selectivities in the 

••••• __ •• J between these 1984 and 1993 values. The of the survey 

commercial are as follow: 

110 
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1917-1984 1993-1999 

0 0.0 0.0 

0.0 0.0 

2 0.7 0.25 

3 1.0 1.0 

4 1.0 1.0 

5+ 1.0 1.0 

,"".-v .. ,,' ",r:>fPrT1'UlrIJ-llrf-nrc,,;r The survey is estimated the model for ages 0 and 

1 and set to 1 for ages above 1, as for the cOlnblmel:1- west coast assessment. H""'P'UPr both 

the survey and the commercial selectivities can be modified ... " ........... l'. a downward for 

a> , which measures the rate of decrease in with age for fish older than 

Three variants on the assessment are .. "' .. , ....... "',... in this '"''''''p''''. vary in the value of this 

These variants are: a) 'no of 0.2' (s = 0.2 and c) of 

0.4' (s = 0.4 The is taken to be the same for the survey and the commercial selectivities. 

The > 0 assumes the age from which the decrease commences, =3. A 

ages for M. nn"11I'1.ny,.'" seems as the older animals 

waters than are trawled. 

5) Stock-recruitment residuals: is fixed at 0.25. The residuals are assumed not to be 

p = O. are estimated from year 1985 to 1996 for the west coast 

assessments and from year 1986 to 1993 for the coasts combined assessments. 

6) Lower bound on the variance on the CPUE Minima for these estimates cOlrre:spcmdmg 

to the GLM-based and 'historic' series are 0.1 and 0.25 ,. .. ",., .. r·t. 

7) Additional variance on surveys: A common additional variance is estimated for the surveys 

conducted the Tr,,"nJ1n and the Nansen. 

8) CPUE series used: The 'Both Coasts' assessment is fitted to both the south and west coasts historic 

CPUE series. 

Estimates 0 f mama:gerneltlt qUatlttties for the three variants of the for both the 'West 

Coast and the 'Both Coasts' cases are in Tables 8.7 and 8.8 .... ""'''''-tn'''''hr whereas 8.1 

llJ 
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and 8.5 show the resource abundance time-series for each of the three 

differences are minimal between the two cases with a n, ... ,nn,p "", .... ,_ ... but 

The 

differ 

from the 'No case in terms of """UJn'm In both the 'West Coast 

better when the ~pllf' .. t'lvl1cv on the older fish is and the 'Both Coasts' cases, the fit is 

allowed to decrease Tables 8.7 and because of a fit to the survey 

catCn-at-llge data. A of 0.4 fits the 'West Coast data the while the of 0.2' case 

the best fit the three variants for the 'Both Coasts' assessment. 8.2 and 8.5 

show how these two models fit the abundance indices. In both cases, the model shows 

reasonable fits to the CPUE indices. The model does not however fit the clear .... "'e" ... ". 

the survey biomass in the 'West Coast case, because very recovery is 

observed over the last 20 years in the catch rates. The reason for such different trends in the CPUE and 

survey data should be further. 

8.3 and 8.7 show the fit of these models to the survey cat'~n-Ilt-a data. The fits to the 

data are in both cases, the fact that is assumed to 

decrease for older ages, the model too a of fish of age 4 and above. This 

of too many fish in the is also clear in the 'bubble' of the 

standardised 8.4 and where the residuals are sYl;telnaltlclllljl 

for ages 4 and the model seems to underestimate the of 0 year old in 

the 'West Coast be due to the recruitment observed in 1999. 

a at older ages results in a more 1'''''''''l1U''''''''' estimate of the 

status of the resource in """1'"1""""'; to the case with a flat at older ages, but the 

estimates seem more realistic as as for the 'No for older ages. 

In the of 0.4' case, the stock in 1999 is estimated to be at about 17% of the pre:-e}(pll()mmO,n 

biomass. In the 'No case, the 1999 biomass is estimated to be in a better 

at about 27% of the level. There has been a recovery in the South 

African M. stock since the decline in biomass in the late 1960' s and 

in the models with a this recovery is estimated to be small and the current 

biomass is still well below its MSYL of 0.26 - 0.30 whether or 

not the south coast is included in the 

In all cases, the difference in the MSY estimates between the 'West Coast 

Coasts' assessments is 19 thousand tons. that the 

south coast of the M. stock is close to this value. 

112 
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Table 8.1: Assumed total annual catches coast for M """-"d,,...,.., for the 1917 to 1999. 

Catches are in thousand tons. Refer to the t ext for details on the assumptllDns made and the 

sources for the data. 

Year South coast West coast Total Year South coast West coast Total 

1917 0.920 0.920 1959 134.251 134.251 
1918 1.011 1.011 1960 147.032 147.Q32 
1919 1.747 1.747 1961 136.733 136.733 
1920 0.000 0.000 1962 135.722 135.722 
1921 1.195 1.195 1963 155.859 155.859 
1922 0.920 0.920 1964 149.239 149.239 
1923 2.299 2.299 1965 186.663 186.663 
1924 1.379 1.379 1966 179.307 179.307 
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 11.475 151.813 163.289 
1928 2.391 2.391 1970 6.444 131.032 137.476 
1929 3.494 3.494 1971 8.869 185.744 194.613 
1930 4.046 4.046 1972 19.825 224.302 244.127 
1931 2.575 2.575 1973 24.382 145.084 169.466 
1932 13.149 13.149 1974 32.888 113.101 145.989 
1933 10.207 10.207 1975 24.421 82.405 106.826 
1934 12.689 12.689 1976 18.798 132.314 151.112 
1935 13.793 13.793 1977 13.383 94.093 107.477 
1936 16.276 16.276 1978 13.947 95.335 109.281 
1937 18.574 18.574 1979 15.475 84.400 99.874 
1938 19.402 19.402 1980 15.328 93.762 109.091 
1939 18.390 18.390 1981 7.880 91.704 99.584 
1940 26.298 26.298 1982 14.051 78.260 92.312 
1941 28.137 28.137 1983 12.447 68.938 81.385 
1942 31.724 31.724 1984 13.960 81.354 95.314 
1943 34.850 34.850 1985 18.651 95.089 113.740 
1944 31.356 31.356 1986 21.071 104.435 125.506 
1945 26.850 26.850 1987 13.801 100.118 113.919 
1946 37.149 37.149 1988 14.767 86.409 101.176 
1947 38.068 38.068 1989 14.112 81.341 95.453 
1948 54.068 54.068 1990 17.335 76.573 93.908 
1949 52.781 52.781 1991 20.999 84.260 105.258 
1950 66.206 66.206 1992 24.446 84.660 109.106 
1951 82.297 82.297 1993 19.451 96.745 116.196 
1952 81.654 81.654 1994 16.622 101.836 118.458 
1953 85.975 85.975 1995 19.536 93.874 113.409 
1954 96.918 96.918 1996 34.451 90.201 124.652 
1955 106.113 106.113 1997 29.290 91.480 120.770 
1956 108.688 108.688 1998 21.450 107.388 128.837 
1957 116.228 116.228 1999 29.096 85.593 114.689 
1958 120.182 120.182 
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Table 8.2: Historic ICSEAF 

to 

to 1977 and 1955 to 

cormnn} CPUE data 

is for M CUfj'en~:ls and M nar·ad(.)xus ,,~u.uu.,,~, the 

pal"aa'OXllS resource 

and GLM "T!'Il,n!'l,,.n 

nar'aa(Jlxus The historic CPUE series 

CPUE series is for M 

coast West coast Combined 

Year ICSEAFCPUE GLMCPUE ICSEAFCPUE GLMCPUE GLMCPUE 

tonslhr 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 to.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 to.601 16.728 
1998 5.640 12.243 17.883 
1999 6.687 10.045 16.732 
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Table 8.3: 

the range 0-500 m for 

'"'v .... ..,,, ......... estimates are vul'au'''' .... 

summer estimates. 

Biomass 

23.049 
21.545 

South Coast 

Autumn 

(s.e.) Biomass (s.e.) 

(5.946) 
(4.601) 

pal"aaOXZ4S resource 

",,,'u,,,,........... st.anCllara errors in tons M 

west coasts ,~.,~ .. _. 

south coast autumn estimates to west coast 

West Coast 

Swnmer Winter 

Biomass (s.e.) Biomass 

168.139 (36.607) 264.916 
196.151 (36.366) 172.522 
284.859 (53.108) 195.530 

(s.c.) 

(52.968) 
(24.129) 
(44.425) 

Combined 

Autumn/Summer 

Biomass 

30.236 (11.084) 158.796 233.103 
468.928 
226.910 

189.032 

1990 282.225 (78.956) 
1991 26.604 (10.431) 327.105 (82.209) 
1992 24.305 (15.197) 234.699 (33.963) 
1993 198.403 (98.423) 321.782 (48.799) 
1994 111.354 (34.622) 329.927 
1995 44.618 324.626 
1996 85.530 430.971 (80.614) 
1997 134.656 (50.922) 570.091 (108.230) 
1998 
1999 562.988 (116.322) 
2000 

Table 8.4: Autumn survey cal'cne:s-a[-a~~e n1"t\nn,rt","" of llUJlllV",,' 

coast for the 0-500 m range UIl~JUU'U;:"I""U MCM """'/"",1" 

• ..lportions at age: 1.:i-, ............ .., 1-'''''' ...... v ... olS 

Age 0 I 2 3 4 

1991 0.0038 0.0099 0.5219 0.2920 0.1162 

1992 0.0000 0.0006 0.3698 0.5407 0.0653 

1993 0.0000 0.0047 0.4157 0.5439 0.0260 

1994 0.0054 0.0898 0.6558 0.1857 0.0170 

1995 0.0002 0.0002 0.1241 0.7729 0.0886 

1996 0.0000 0.0000 0.0968 0.7494 0.0999 

1997 0.0002 0.0012 0.1 108 0.5806 0.1055 

lJ5 

353.709 
259.004 
520.185 
441.281 
369.244 
516.501 
704.747 (119.611) 

5+ 

0.0563 

0.0236 

0.0097 

0.0463 

0.0139 

0.0539 

0.2016 
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Table 8.5: Summer survey .. , .. '"u'''''-... -.. ~;''' of M nal"na'nrlJR on the west coast 

for the 0-500 m range t "'" ... uu, .. "' .... YUIJUU'U",,,,,'" MCM records of and age-

Piupurtions at age: ,,:~. 'K~~'K~ yw ~d;., __ 

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 0.01l8 

1993 0.0089 0.1995 0.5469 0.1866 0.0439 0.0097 

1994 0.0107 0.2441 0.5508 0.1656 0.0174 0.0078 

1995 0.0651 0.1905 0.4435 0.2583 0.0282 0.0096 

1996 0.0572 0.3939 0.3018 0.2096 0.0298 0.005 

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 0.0026 

Table 8.6: Autumn/summer survey of for M for the 

two coasts for the 0-500 m range. in in each age class were 

for the south coast autumn survey and the west coast summer survey and then converted to 

D • .... :. at age: ,.fe, {uccius y ... ~_~_.JS • 'UP"""JU~ 

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 0.0170 

1993 0.0064 0.1442 0.5097 0.2881 0.0388 0.0129 

1994 0.0098 0.2174 0.5690 0.1691 0.0173 0.0175 

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 0 the west coast c oftheM.p 

resource, for three The ftrst 

shown is the best the CVin 

West Coast 

No of 0.2 ofDA 

Total-1.nL -1051.1]:2 -112.85 -113.90 

-1.nL' CPUE -89.58 -9U5 -94.:215 

-1.nL: -14.15 -12.20 -11.94 

-1.nL: CAA com. 
-1.nL: CAA surv -7.92 -9.87 -10.66 

-1.nL: SR Residuals 2.64 2.77 2.96 

.5.59 ()108) 698 801 

913 (110j) 904 (0.04) 813 (0.04) 

1999 m 1:25 136 (0.14) 

1999 201 (0.12) 111 !jj (0.12) 

h 0.620 (0.06) Oii45 (0.06) 0.6151 

MSYL'P 171 208 (O.D6) :133 
MSYL M

• :1152 314 :297 

MSY 123 (O.Ol) 129 (O.Ol) 131 

0.273 (0.14) 0.119 (0.16) 0.1159 

0.207 0.189 0.190 
J'JI 0.891 (0.16) 0,599 0.582 
.~ 

0.768 (0.14) 0,544 (0.14) 0.521 

0.30tS 0.298 (O.Oj) 0.291 (O.Oj) 

0.270 (O.Oj) 0.348 (O.Oj) 036.5 

Age Mil S""" M .. S"""" Mill s""" 
0 1.185 0.004 0.000 0.000 0998 0.00tS 0.000 0.000 0.900 0.504 0.000 0.000 

1.185 0.19:2 0.000 0.000 0998 0.:239 0.000 0.000 0.900 0.267 0.000 0.000 

2 1.185 1.000 0.700 0.100 0.998 1.000 0.700 o.m 0.900 1.000 0.700 0.12:5 

3 0.891 1.000 1.000 0.800 0.751 1.000 1.000 0.977 0.618 1.000 1.000 1.000 

4 0.71:5 1.000 1.000 1.000 0.603 0.819 0.819 1.000 0.544 0.670 0.670 0.838 

5+ 0,597 1.000 1.000 1.000 0 . .504 0.670 0.670 0.819 0.4.55 0.449 0.449 0.562 

Commercial q 's: 

SC ICSEAF CPUE 

WC ICSEAF CPUE 0.026 0.028 0.031 

GLMCPUE 0.053 0.0151 (0.11) 0.066 (0.11) 

Commercial 

SC ICSEAF CPUE 

we ICSEAF CPUE 0.113 0.112 0.114 

GLMCPUE 0.060 (0.09) 0.0.50 0.048 

Swveyq'.: 

Summer/Autumn 0.610 (0.12) 0.8.:51 (lU2) 0.9.57 (O.ll) 

Winter 0.724 (O.H1) 0.899 (O.lD) 0.964 

Catchu-lIt-age ligll1~s: 0.148 0.141 O.l3l! (0.06) 

A ddnl signtll (swveY.) 0.:108 (031) 0.247 0.2j3 
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Table 8.8: Estimates of for the whole of the M. 

resource, for three different function text for The 

first shown is the best followed the Hessian-based CV in 

Both Coasts 

No of 0.2 of 0.4 

Total·lnL .109.02 -111.16 -110.60 

-lnL: CPUE -96.16 -96.91 ·9.5.93 

-lnL: -6.72 -6.11 -5.97 

-lnL: CM com. 

-lnL: CM SW11 -7.20 -9.21 -9.67 

-lnL:SR Residuals 1.06 1.07 0.97 

655 (0,011) 841 (0.011) 997 (0.10) 

1020 959 862 

J999 178 (0.11) 143 163 

J999 260 226 (0.10) 211 

II 0,743 (O,!l4) 0.767 (0,0.5) 0.7110 

MSYL'l' 174 217 2.51 

MSYL·· 2.19 315 301 

MSY 142 147 (0,07) 150 

0.271 0.171 0.164 (0.16) 

0.254 0,236 (O.Hl) 0.24.5 
JP 1.023 0.661 (0.16) 1.1650 (0.17) 
u 1.002 (0.10) 0,717 0.701 

0,265 0.258 0,252 

0,254 (0.0.5) 0.329 0.350 

Age lIl .. S""'" lIlI. S ...... lIl .. S-

O 0,9S.5 0,00.5 0.000 0.000 0,800 0.007 0,000 0,000 0.701 0.009 0.000 0.000 

0.9S.5 0.1111 0.000 0,000 O.SOO 0.220 0.000 0.000 0,701 0.246 0.000 0.000 

2 0.985 1.000 0.700 0.100 O.SOO 1.000 0,700 0.122 0,701 I.OOD 0.700 0.125 

3 0,741 1.000 1.000 O,SOO 0,603 1.000 1.000 0.977 0 . .528 1.000 1.000 1,000 

4 0 . .59.5 1.000 1.000 1.000 0.44 0.819 0,819 1.000 0,425 0.67D 0.670 0.838 

,j+ 0,498 1,000 1.000 1,000 0.40.'5 0,670 0,670 0.S19 0.3.'56 0.449 0.449 0.562 
Commercial q IS: 

SC ICSEAF CPUE 0,003 0.003 (0.07) 0,003 

we ICSEAF CPUE 0.02.5 (0.06) 0,027 (0,06) 0.030 (0.06) 

GLMCPUE 0.069 (OJO) 0,080 (0.10) 0,086 (0.10) 

Commercialligma's: 

SC ICSEAF CPUE 0.210 (0.06) 0,208 (0.07) 0.217 (0,06) 

we ICSEAF CPUE 0.119 (T103) 0,116 (T103) 0.111 

GLMCPUE 0.06.5 0,065 (0.011) 0.070 (0.09) 

Surveyq's: 

Summer/Autumn 0.777 (IUO) 1.101 (OJ 0) 1.234 (0.10) 

Winter 

Catchu-at-age sigma's: 0,1.'52 0.142 (0,06) 0.140 (0.06) 

Addnl sigma (survey" 0,;131 0,2.56 0.262 (0.33) 
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8.1: Estimated ,,. .. on,,,i,...., biomass a nronorl1on of the nrp'_f'l<nl">1r",lt.on for the 

west coast ('ornnClnf"nt 

of the assessment text for 

nnl-f1d,n"",I.~ hake resource, for each of the three variants 

MSYL is also shown for each of the variants. 
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This is based on a paper Butterworth and KaoeIne~ver ( in presented a t a 

Conference on the Scientific and Technical Basis for the of Ini,,,,, .. ,,ih, of 

26-30 November 2001. 

In the 1960's and the southern African hake stocks were ,,,",,p .. ,~h, 

because of the effort in the this One of the 

, .. ,"""'''' raised in this is to what extent the of the three decades 

have facilitated a recovery in the hake resource. With the declaration of the 200 nm EEZ in South 

Africa in 1977 and Namibia's in 1990 came substantial reductions in the total catch off 

both countries. The results of the assessments in the indicate that some 

resource recovery has been achieved over the last three uec:;aUies, but how did the situation appear as 

this 

9.1 compares the estimated biomass nTr,nn,rt,,"n<! of their tm:-eJ(pl,oltlltlcm 

for the current Namibian and west coast assessments 'h"nt,,"r<: 5 and 6 with 

assessments carried out in earlier years. The earlier assessment results shown are Punt for 

the 1988 assessments and Butterworth et al. for the 1984 assessments for both the Namibian 

and west coast hake stocks. For the west the 1992 assessment results are and 

the 1 994 assessment results are G eromont and Butterworth ( T he in also 

show biomass prc'Jec:t1Olns, under the catches that were the earlier assessments, 

and the MSY values estimated in each case. 

It must be noted that the results from the assessments are not 

U'~'''''''''', the earlier assessments were carried out means of an agl:-a:ggI'eg;ated jJJIVUU"' •• Vll 

:scllaerer model 

For those assessme:nts the biomass shown is the total blo,m,lss, while for the more recent 

ass:es!;mc~nts, it is the biomass which is all cases in terms 

the results shown here Namibia combine Divisions 1.3 + 1.4 and 

these were assessed to 1990. 
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... ". ... ", .. 9-

even the lack of over time because of " ...... 1',,,,, 

assessment these show a clear As time estimates of 

the extent and r ate of recovery and estimated sustainable levels also below 

eXI)ec:tatiol1IS. In the Namibian case, MSY estimates have more than 100 thousand 

tons over the last two and the biomass is still estimated to be below MSYL. In the 

case the west coast in the estimates of MSY decrease of less than 20 

thousand tons over the as in the Namibian case, but the view on the 

extent of recovery of the stock has v ... ~ •• ,., __ "U~''''''''''''''''J' What are the reasons these 

The between the estimated extent of recovery and MSY from the different 

assessments are in the Namibian case and can for the most be accounted 

the CPUE data used in the different assessments. 9.2 compares the observed and trends 

the CPUE index abundance. The observed data are the CPUE data to ICSEAF 

5. values are those obtained from the ASPM "' ..... "' .... .1 used to assess the 

Namibian hake resource The ICSEAF CPUE data show an and these 

9.1a. In data are the reason for the VIJ'LlU'''''U assessments that 

line with these optimi.stic assessme:nts, ICSEAF allowed the catches to rise this 

5.1, these 1980's CPUE data are now 1"p.~'!'l1"l,p.n """_P"''''''''''' It is now known 

that there was ml.sre:portlll1~ catches over this and furthermore the T .. ,,,., .. 1" .. <1 

seems consistent with the fact that towards the end of the some of the 

vessels w ere I 

5) ,.11" .... O·<lT.1 these 

Namibian waters to fish elsewhere. Current assessments 

ICSEAF CPUE with the ~ntloo:p.(lI1 

in 

on 

estimated resource trends and n .. ,"'t111~r1 levels that is evident in 9.1a. 

The reason the retrospelctn/e in 9.1 b for the west coast hake stock is 

"'''''"''''6'' it also involves the in the CPUE data. Over the late 1980's and CPUE 

did not increase as Schaefer model used for assessments at the 

in mcreasmgly less the resource. Before the nominal 

CPUE was <><1.I1"t.><1 estimated power factors vessel classes. When a 

"'''''''''',",''' exercise was undertaken in the trend in the CPUE series 

as shown in 9.3. The nominal trend in CPUE of 3.4% p.a. 

at 1.2% after acc:oUlnhrlg for the in the fleet towards more 

vessels when allowance was also made for and latitude 

the evidence for any was a 

consequence of a movement of the fleet towards water where catch rates were and 

also a shift in the hake Olstnl)utlOn.aJ water. Even after .v ......... '" the 
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lJUlOtt:r 9 -

GLM to take account " .... ".tn,,,,, correlations in hake and "''''<atr'h CPUE measures, such trend 

as remained was rather small 0.6% p.a. and KnttpTUlnrt'h 

The "'---"'J that a catch rate increase over the two 

decades 

furthermore IJV'.lU".U 

no recovery at all was to their 

trend in the .. ..,'""n ...... " .. " estimates research surveys p.a.; 

s.e. meant that his estimate was not inconsistent with 

that for the (jLM-!,tan.dardlsl~d CPUE 

In on:-Ulle-I'eCIJra discussions real ""'jJ.aJL1' ... vu these results became 

had been to increase the mesh The first conservation measure in 

size to 11 0 mm 

that had 

the hake trawl this had reIlldelred catch rates unceco'no:mH:al, so 

nets. As catch rates later "'''''''''''''(1 as the inserted small mesh-liners in 

stock .. "',.,..."."' .... ,., these liners had been out. Thus recorded catch rates did not increase as 

aOllUlClan.ce, because CPUE was an the biomass over 

time the research surveys which were COInp:arable over 

hake catches confirmation of with a delcreaSlnl! " .. , .. ",,1"1, 

of the 

of the two year 

old fish in the as the 1980's prc)gn~sse:a 

Current assessments 

for younger fish over the 

thp,.",1".",,.,,. make allowance a decrease in ""'I,I"('f·,,,,I..., 

liners are assumed to have been 

the ASPM model predICts a lesser 

last two aec:aaces 

(,TP,l'I""nO' trend CPUE than 

and also 

This is 

research survey results over the 

a small mcrea,SlIlllZ 

in standardised CPUE of the west coast hake stock is ,"v •. ""',,,,, to have made a 

reasonable recovery over the last 30 years. 

Even so, if the current ASPM methodolog~ is ___ .lO,.'" v ..... " .. "'6 data for the 

last three years, the results shown in 9.5 are remains. The 

reason this in estimates is that even with liners some CPUE 

has not shown a recent as the model This is a matter some 

concern, which be related to the increase in the of the total catch made the 

in recent years. the older hake in the but the 

AS PM to the west coast fleet and does not 

"'p"""''''''''U) take this recent in the overall "pl,,,.,,t·,v,!'v into consideration. 
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The assessment results ,., .. ,·"",·"t .. rI in 'VHay,,,, • 5, 6, 7 and 8 cannot be viewed with .... v.,uv ..... 

confidence because of some irn'nn,rt, .. ,t ...... "' .. , ... .., which arise from certain features of these 

A somewhat un:sallISI<ICUJry of the maximum-likelihood-based assessment 

4UIJU"U to 'n/',n"~nrl'lt~ recruitment fluctuations to 4.4 and 

is that the value of (TR cannot be estimated from the data but must be loelpeDlOelltlji specitlled. This 

is 1""'''.-........ .... in cases such as that for the Namibian hake where estnrultes 

of stock status and ,.,r"rll1t"h·,,, are oeI)enOelU on the value chosen for (TR 

From an assessment with a ." .. "1"'1'111 a COlTe!iDOlnOlDl! CJ'u--OllID111I value can be 

i',,,,,,,"ntp'rI in each case from the maximum likelihood pdiTn<.tp" U1U.u".,H residuals. 9.7 

shows the l"i,<1UlJU"Jlll between the CJ'.,..-Qllml11t 1T~-,n1I'\nt values for the four stocks considered. The 

of the two values is not an " .. ",,,....,,,.,.,t to indicate a more l'In.~rnnnl'ltp choice of CJ'r-lDt)ut. as 

the 1I .. 1 .... ..,,, .. u likelihood formulation used will a maximum for the deterministic limit of 

(TR - O. One would need to to~~etller with a for IT __ '"'''''T to 

deal with this In the interests of inter-stock I'm,,,,,,r,,, •• I''' a common baseline value 

of was used for the AS PM assessment results r~t'\nrt~11 

An feature of is that for the South African whatever the value of 

";.", .... .,,, .... ,~. (f'o-fmtl1nt does not exceed 0.25. The low level of recruitment that this 

indicates for the South African stocks in "I',,'rl'pllv seems credible. Teleosts l'. ...... "" ... y show 

much levels of recruitment uu",uau',-,,,,, so that even the Namibian """,",.,tn1~" of some 0.45 is 

towards the lower end of the range Becldulgtcm and 

It could be that recruitment fluctuations are moderated the of cannibalism and 

lDter-sm:cl(:s precLatllOn on younger M nm-at1nxlls Fish younger than 2 years of age 

are either in surveys or the assessments' estimates of recruitment 

therefore refer to the of recruits that survive their first two years of life. it 

also be that there are errors in hake which could confound the detection of and 

weaker cohorts. In the Namibian case for .... "".u"I ... '" recent " ... ' ... "-a'-'"'''' .... data are based on a age-
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9.8 shows the estimates of natural M for each of the four stocks obtained when 

the ASPM. In the case of the west coast and M. there is sufficient 

information ages above to move the that M is age a. What is 

of concern is how these estimates are. Values in excess of 0.5 for mature hake 4 and 

which are little affected cannibalism or the other hake seem 

""'.''''!''',!!!!!; de(:re~lSil1lg ""'I,,,,'tn,·,"r._!:1t_.!:1""'" for the older fish as a result of net 

avoidance or occurrence in waters than l'(\'t,"'Tf'" opc~ralaOIlS and '''''''''P'Ie! would seem 

to have j.J",.o;;UIUCll to secure reductions in these natural estimates towards more 

in the case of the M. realistic maximum likelihood estimation this 

nnl'nrlnxIL~ stock. In the other cases, difficulties arise for the models to fit the historic decline in CPUE 

catcn-at-iage data down" in Table 11.1 for Namibian hake and 

of 0.2" in .n.1}1}"UlU!A Table A2.1. for west coast related to the fact that a 

at age uUII-''''_'' a biomass not available to the 

the M estimates arise because commercial and research survey 

""'J;JI',"'"'' the presence hake of ages 7 and above. As with recruitment 

th" .. ",t;", .. ", some QU!!stl,ons about Y"' .. ;;!!A.:l .. " errors in must arise. 

Natural the n::ll'::Inu"tl~T upon which "'Tr" .. ""n",,, of a stock a ... T" ..... n·n,,-'" of 

its average nn:-e}I.DICDlUlUCln V.IV ..... ''',! is stock-recruitment curve h. 9.9 

shows the stock-recruitment H"""'U"'''!!I'''' ""UH!"",'" for Reference Case assessments 

the ""u.al} ""'. "'. These and reflect the .... " ........ vu of h as the 

of the average pre:-e}(plcDlt,ltloln recruitment level to be eXI)ected when biomass 

""j'''''"'''''1 0 f the stock is falls to 20% 0 f its average """"p.,.}H .. ,,,, value sustainable y 

indicated the difference between the stock-recruitment curve and the re]lllac:ern,ent so 

that lower h values mean smaller stock ... r .... nnl'tn"tv 

The 

stocks. This is not 

of these results is the marked difference in the h estimates for the four 

a chance outcome for ""'''TP'l''":''' estimates: the likelihood for h in 

9.10 show that some of the differences are While the estimated values 

0.615 for the west coast and h = 0.767 for the south and west coasts M. are similar to 
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Lh/2DtI'5r 9 -

what is for other stocks et a median of 0.79 

with a lower 20%-ile of 0.67 and upper 20%-ile of the best estimate south coast M (;Uj'.lefd'S'S 

h = 1.0 is At the other pvtrprr,p an h = 0.318 estimate hake is 

low r"p''''''t;";.·,, of the model to a h value is shown in 

reasons poorer estimated hake prCICluctnrtty off Namibia COI1rlpareCl to South Africa are the 

the environment et and a I1V~'~!U1,", ",,~n"'''''''''ITl 

related to the reduction in the 1970' s of the ....... " ..... ,'" 

!;;lU.an,,",u at low levels since 

Both stee:pness natural 

resource 

A number of data 

issues could the estimates of these IIdld1I1<OU:;' ""'~"".IA", 19rJtOnmg U'"''~U''' cornbl,mIll?: sex 

and and errors in cat1cn-at-:ll?:e 

and/or h from their true and may be 

some hake assessments. 

,","".u .. ,,,!;;,,, of M 

a role in the ""T ........ "'"a estimates obtained from 

The age-spleCU1C Pi'fIU"'" functions for each of the stocks are .. " ............. in the model 

either ...... ,"' ... .,,,, or in terms of a IU"""",,,, curve 4.24 and 

decrease at ages 

l COnOtICte:a for the most 

selectivities for each 

for both the conrunc!rcial 

the Nansen in Namibia and 

with a 11'"'''.'' ......... 

and the research surveys 

in South The 

obtained from the current assessments are shown in 9.11. This 

estimation is made 1J,",01"'"",,, ..... ~ •• ..,.. the 

research "'''',",UI;''''. 

The surprising feature of these 

"a''''U-aL-ii1~1; data for both conrunercial and 

is how rlittp1"pnt some estimated are. 

The lesser younger hake in the COlnnlerlCl off Namibia is understandable 

because of l"~;'''''''U'J'''' there that restrict to than to hake. 

the low cornm,erCl younger shallow-water M (;Ul'Jefll .... l .... on the south coast 

may be attributable to the that the data are from the inshore trawl fleet which may be 

at which these fish are to be but that does not the 

younger M in the research survey ,",'u''''''''''. as these are intended to 

cover full distributional range the resource. Le Clus pers. that 

medium-sized M to the Bank when and 

shallow-water 

hakes on the two coasts 

.. " ....... ,'1". different survey 

concentrate on the west coast. This rlitt"' ....... t of the small 

but this Le Clus 
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estimates 0 f M. alJl~flS,IS b 10l1[}!!lCal for the west a nd south coasts Section 

1.1 If this is then the M. CHI·W"'.R'· stocks South African west and south coasts 

should -_ .. "-,,, .. be assessed as one . 

........ v .... ""'. hake abundance from research surveys are in absolute 

based upon C;:Wll"nT .• ::1Ir'>::1I rr.letl1lod()lo~~:y are treated as relative indices in the which 

-"'-'--"-J e:stilnalte a q for these surveys for each vessel and area. The 

to~~etller with estimates of90% confidence intervals for these are shown in 9.12. 

Once the ,,, ...... ..;'''; .. result is how different these estimated are from area to area. 

It of course, that these differences are artefacts of mis-estimation of M or of 

functions as a consequence of some errors in If the differences are one 

needs to look towards differences in substrates to these results. A q estimate well in excess of 

,""T",,,·d., that there may be considerable underestimation of the ..... ",h,,..ti of which the south coast 

M. I,;UI:Je"',n~ resource is the ~JI.~Jl<LI .• ,nJlUU may be that a of 

the south coast 

trawlable areas """'Hj.1J',",'" 

to be 

coast don ot differ 

and hake densities in such areas may be lower than in the 

the research surveys assumes these densities 

pers. The estimates for the and Nansen on the west 

and the ofthe difference is as would be from 

esc:ap,ement of fish underneath the Nansen's net pers. cOlnrrm 
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1 

h 

a) Namibian 

h = 0.318 

c) South coast M. cal'le1.ltSlS 

h = 1.000 

1 

h 

h 

West coast 

II = 0.615 

d) South and west coasts M. DlZl"l1.d.'Dnu; 

h = 0.767 

9.9: Estimated stock-recruitment the h. for a) Namibian and b) west 

ntJrl7lif.lnJ.!!: south and west CD ssts combined Recruitment R is shoVlIn relative to its 

are for which annual numbers Dfrecruits would balance the number ofdeaths in the absence Df 

CQlIlllU,is and 

'0 
I 
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9.10: Likelihood for stej~pness h for the Reference Case assessments for the four 

hake stocks. The curves have been scaled so that the area under each is the same. 
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9.11: for a) surveys 

Note: the 

to show the same for are 

at lower ages. 
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1 

1990 in South Africa and 1998 in 

recommendations for the hake fisheries has been the 

.. U"Ul .. , the ...... 11m0l1"'" basis for scientific TAC 

up'eraltlonai M.magerneIlt Procedure" or "OMP" 

Hn1tt"'Turn,rlh et Butterworth and ier,omont et Other than 

and west coast rock lobster fisheries are also 

"A .. AUA .. , seals are 

South Africa one of the 

mana!~ed on this basis. 

An OMP is a set of rules which how the 

leaders in this process 

a TAC or 

is to be each year, from <!n~'''11"1pt1 stock··m()nitoninQ: data such as 

COlnIrLen:lal CPUE and/or abundance indices from research surveys nt,l1tt,'rulnrth and 

This aPflrOiaCh is not llo;;~;o;;:>~.i:1111y '"'v.,.","'''' assessment process. In the case 0 f the 

South and Namibian these are based on a but the 

apflrOiacn can also be 

apflrOiacn has the ",h,,, .. ,,t,,<.P 

p"."'111") on recent trends in abundance indices. The pmnir';""] 

the j.JUIJU .. : ...... 'u model-based nr"",,·t111'rp<! 

take more data into account, seem to ...... T'T" .. rn 

inter-annual v ""c ... IL" .... T AC levels (Butterworth and 

UR'U"'-U,","",U nTnr'prlnT"" """,n""'I' ... <lI·", a more 

"rI""d,·rI each year as data become 

An OMP should be upon all involved 

the 

with the model 

Kn:rr"'furn,rrn et 

A,."""'<A15"'''' J and 

into for a number of years 3 to 5 after which it could be revised as 

necessary et The selection of a OMP be based upon the 

peJrtolrInanc:e across a range of candidate OMPs. 

The pel:tolrInii!.nc:e of a particular candidate 0 MP i s assessed by simulation. A model 0 f the 

stock is constructed and each simulation involves the biomass forward for a fixed 

with the future catches determined the candidate OMP. This model 

is called an model'; it describes the true of the resource and 

but its details are unknown to the process used to calculate the T AC rec:onunen(latlolllS. The historic 

catch data used in the model remain U"""«"o"'" from one simulation to the next j.JUI,,.U'Ll«, errors 

in such catches is under C0I1SIGlera future catches can vary due to stochastic 

both recruitment and noise in CPUE and survey abundance as well as 
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lm"nr,,·rlC!lnn .. "OlV,,",,""',U with the estimates 

The ,,"LA,""""'.''''''' peI·tormance of .., .... 'u ... , .... '" OMP is then 

and as different candidate 0 MPs will involve 

Performance is i:I:;~;t;:;:jt;U in terms of the "'VIUU'''''Ul~ 

umntende:d ..... ~I-' .. ~ .. '-'u and low mtc~r-~mnual 

for the U"" •• "IUU··lll<,A<;l" to select their ...... " . .,."' .... "',-1 risk/reward 

in terms of the ..... ".lI',..·t.>rI 

average annual 

in ",,""'11';;" It is 

Another cornpcmellt of ...... · ... ,."rt,,",..'" in the OMP apI)rOilCn is that the " ................. '" OMPs must 

be robust to a 

future 

,,,,,,,uu.,,,,u for natural m etc. (Geromont eta I., 1 

defensible assurn,pbons 

IU'-'·IULI<;; concerns about the 

recruitment 

The 

OMPs is 

situation of the 

a series of alternative assessments, in 

candidate 

reflects the 'true' 

the range of 

then made more ,,,.,.,N,...,.,.",. 

and resource and 

,.,,,,-1,, ..... 1'1 with rl"C!I"l'Ilrrh and new 

",""."'ll';;" for the same ... Pi, ... ".." .. ·.., links 

which states that: "where 

there are threats serious or rTP'''I'' .. "ihll'' ... 'tUU"5'~' as a 

reason for posmonmg cm;t-eUectl've measures to nrp'VI",nt 

The ao,rantag1es of the OMP "nT".nl~..,n to mana!l;emlent are considerable. An OMP 

should run, 

"''''' <;<;I'U1'; to 

over a number of years, corLSlcler<ltl 

"best" assessments as the basis for 

"' ..... ,,,.LJ"" the time otherwise on 

T AC rec:01l1Ime:ndah()ns, as these are 

models and involve related debates and processes 

the OMP ",uu'n"C'n n,.,."",n .. ,, a U"'U"~'''''~UL 

the rules are unael"Stcloa of the "mimal~e1l1lent for 

enhances scientists and members of the 

. This 

and renders the 

rumnclpal[ea nplrtn"Mn'<>"c'P of " ..... '<iT.,..... between """'""L'U''' 

OMPs is the while the managers one of the 

and the T AC is then based on their 

aut01l1latlCall), 0 ver t he next few years The of the 

l'InT'Tl\:~r.n are also consistent with that risk in fisheries ll'~"U"'5"JU"Jl" cannot be --"'----J 
evaluated for short-term the medium term 

term of the with the results from prCIJec:tlons, also the 

a better basis in the short- and the Inn"I",·_tp·rnn 

one of the OMP is it autlomlltlc:allv 

account the robustness 
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11 

11 

Over t he immediate po:,t-lnaepc:ndlence 1991 to 

were recommended as 

biomass above 35cm in 

the 56 thousand tons in 1991 

hake TAC rose to some 120 tons in 1997. As uu" ....... ". 

hake TACs in 

survey 

From 

the 

in b N ansen survey 

and in in the commercial CPUE 5.1), led the local Namibian scientists in 

1997 to rec:oml1l1c:nd a TAC reduction of about an action which would had severe 

rep,erc:uS!,lOIIS on the nation's economy as 

Namibia's GDP. 

makes an aplJre,clatHe contribution to 

an international "'''''Iw'n,'u,", wClrK:snc,p on in ,-,,,.v,,,,, 1997 

it became clear that estimates hake and associated m,mageIneJnt 

were ,,0;;1.l0;;1I,"O;;'lU on wtletller or not Nansen survey abundance estimates were to be 

as reliable in absolute distinct from terms in assessments .... <>,,,",.UUJ6 the Nansen 

surveys 

evaluated as 

resource in absolute the resource was 

reductions in the T AC needed to avoid further "o;;~"o;;"VH 

the Nansen results were considered as indices 

assessments indicated the resource to be well a bove its 

future the 

This "''"'0''''''''''''' was resolved with the ~rI'~nt'inn 

Rnu ... ·ul(1,rlh and G eromont ( 

rec:orrlmc~ndlatlons that would be robust to 

the Nansen survey abundance estimates in absolute terms. A 

increases in T AC b 

M,magerneIlt Procedure 

IMP was to provide T AC 

or of 

for this IMP because of the limited time available to it. Its aim was essentiaU to decrease 

cat:cnc~s if further abundance data indicated the resource to be ........ .",,,.,, ... ,, .. """'1"""',"''''', but to 

increase them if instead data indicated the resource to be in a state. 
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not have a spe:Cl1:IC as mr.,v,r,a the resource to an The IMP 

aounaance that the IMP was range of 

upon the Opt~ralmg models the these concentrated 

assumed for q, the Nansen survey bias factor. Since 

1997 11 ... ,,, .. rt,,,,I'1'" has aumrnstlea it is now a~(~entea Nansen survey estimates are 

of abundance in I t a Iso became the IMP had its 

role and was due for This ,-,Ui:ll.}t'o;;;l u,esc:nOI:s a range of candidate M~magelillent 

Pr" .... ·n111"·., for Namibian hake resource, pn~selnted to a Illt:eung of the Hake \1\""." ...... 

.. a ...... ''''", 2002. In with the and the NatMIRC an OMP was 

chosen to recommend a T AC in 2002. 

11 

'"''"11.}''''' hake assessment pn$entea in thesis is not tlelet-jjls;ag~~e:gated. For 

below will the fleet 

1 

The operatulg 11"",..,."",,,, the resource "U'''<111n1 in the simulation 

process is an ASPM The Reference Case nn@'r<>t'," is uo;;;taw;;;u in 

,-,u." .... ',,, 5. To test the robustness of the OMP to the "",",'"'''''''' rlif'f .... "nt "a"u,u",."" OMPs 

have 

11.2.3.3. The 

a series different 

is fitted to COlmrlen~lal 

in section 

....... <i •.• "" ... ",1 ... "',."" and "",."u-""-,,,,,,,, 

data. It treats Merluccius t:llI""'Flt,"U and M. 'HlI'UUUAL'.' in COlnoma:uon, and includes stock-recruitment 

11 

The the future T AC is an ASPM of the same form as the 

two are estimated at each 

alJ~lu",""\J'U of the OMP: the pre-exp!OmnlOn , and the h. 

The the and the historic 

recruitment residuals are all to the estimated for the Reference Case op~:ratil1g 
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The paI·am.eIers of the ASPM model are estimated maXmlUSllng a likelihood of 

the same fonn as for the nn,,, .. ,,hna the indices abundance the 

commercial CPUE data the scientific surveys are as well as the historic catcD-at-;illze 

data. 

Future based upon an OMP the simulation of the future data to be in 

"'.<1 ...... <1,·".0 a TAC. For the OMP presented it is that the current commercial data 

as at n .. ,,~,,"t\ the Nansen summer surveys conducted a 

trawler which may from year to L,atcIlI-at-a~~e data on the other hand are not 

lll .. • .... ,~"'u for future years because their is uncertain at presellit. T he commercial 

CPUE and survey data are from nn •• ,..,t11.<T mOlde.I-Dlredlctj~d el;tmlatj~S the <>n .... nnri.,t., 

biomass and .., .. ' . ..,1 ..... U1U section 12.2.3. For the CPUE the 

variance this noise is as estimated in the assessment. For the survey 

historic s CVs (0. is used with the estimated additional 

further added variance with CV = 0.153 which accounts for different trawlers 

year. 

) and of the current 

an average of 

and also the 

used from year to 

biomass ( ), Given estimates of the MSY level ( 

where y is the year for which the T AC is to be cOlTe~iPondllngtoao"'''''·Q .. ,~a."v" 

a constant n"l'.nn.~. '"'VJlUI' ....... U as follows: 

=(1- +m' 11.1 

where 

A 

11.2 

The p LJ ...... ll."' .. ~l is "n,,,,,,,I,,,11 to rnr.""ru the extent of TAC variations with \,o"""Ul'.'_" in estimated 

abundance as P is decreased below 1, these variations in size. T he it parameter p1'T,,,rtllvpl 

selects the biomass for it = I, this is the MSY or lower values of it 

lower or biomasses respe<:tlVely The basis of this h<>~ ... ",."ti""<T ~TT<>""O''' is therefore 

to a standard which is darnpe:d to reduce fluctuations and 

modified a pre:call1iolnaI factor 

Further rules which were considered were: 

i) the T AC could not decrease before year Yno decr; 

any T AC increase was limited to x% per year; 
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any T AC decrease Ynodecr was limited per year. 

These further rules a basis to set limits on the extent by which the TAC 

from one year to the next without the resource to the of 

For the baseline the values were used: ()) It = 1 Yno decr = 2001 

"',.,."',.""',,,,'" this constraint did not any T AC increase was limited to 5% per year and any 

decrease in TAC was limited to 15% per year. 

Other stnlcRlrall:y different OMPs were ve!it1~:ate:a and included a 'trend' OMP sets 

the future TAC as a function of the trend in the CPUE a Fox model fitted to abundance 

information to that used for South African west coast 

hake - see Section 12.1) and an 'amended' Fox model which older CPUE data were 

Wo;;;l/;;l •. L,,\J'J' HlnUT<'u,,,"r none of these showed a behaviour TAC 

adliusltmlent to resource abundance and so are not discussed in detail The 1./>\""'''''' with 

the Fox model arose from "'~""'''V'''''U of the associated function. 

1 

1 

into the future under a OMP were evaluated the 

From an assessment of the resource, the cornpc)ne.nts of the num[Jlen;-al:-a~~e vector for the start 

of year YI ( : a = 1, ... , are estimated ..... ~'u .. ""' .. .J ... of 4.1 to 4.3 

where YI is the year the 2002 in this case. This rp{11l11rp"" Sp~:cllt1C~mCm of how 

the catch is dlsa!!::>rrel!alted age to obtain the , and how future recruitments are spe:Clt:led. 

The ,a 
values follow from pm,,,,..,,,,, under the ass:urrlptllon that the commercial 

"t't"",t" function remains "H •• Hall!;;' .... at its pOS1-l.naepi~nClence form ). From this it 

follows that: 

== I e 11.1 
a=O 
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and hence that: 

== 11.2 ,a 

Future recruitments are aOI)h(;atl.on of the stock-recruitment rel:aw)Usnlp of 

the stock-recruitment 

but will be to fluctuation about the levels that 

fluctuations are intJroduc<~d 

Reference Case assessment. 

not 

) where 

M~'"U"V"~ affect the 

factors from 

so that such 

until new recruits become 

for the 

biomass 

"commence" in 1995 rather than 2001, upon the actual catches over the 1995-2000 

The information in 1 is to values of the .. u ....... "' .. " .. 

of abundance in future years will not be to true 

ablJlDd<ance, but also h""'rv<.t,,,,n error. LO:r.!-norrnal observation error is therefore to 

the pV''''l'tpl1 value of the Le.: 

:::: 11.3 

where 

is from 4.10-4.12 as 

I reflects CPUE or the surveys, and 

qi is as 4.1 for that assessment. 

it is that: 

is as 4. for that and 

== + f+ 
where 

=0. is the average of the historic ",,,,,,up.n,o CVs for that survey, 

is the square root of the survey additional variance as "" ... u", .. ,u for that ""'0'''''''''''\,,,,, and 

:::: 0.1 is the extra CV cotreSpoIlditlg to the inter-trawler 
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LnaOler 11 - MGrnaf!elnelzt t'.ro(~edlure 

From these abundance HI\J, ... ,,;), aMP's ASPM is the estimates natural 

" ......... ".lVHles,-ar··agle. C'UU'''V.UCl variance and stock-recruitment the 

Case ass,ess:m(mt, to estimate the pr(:-eJ{pJ10ltllt1(1D biomass and the stelepness nl'lT"l'Irn,·t"T" h. 

( 

The aMP mO(jeJ-]pre(11ctc:d 

4.10. 

the aMP's 

The nwnDc~rs-,at-iage 

year ( -I) is then "C.'o.;l.UCLC'U, 

MSY level ) and the current '"'''"IJ.V .. '''" .... 

11.1 and 11.2 are to contlpute 

are f"n.., .. ,,,,.·r! under a catch means the 

nn,,.,.,.t,no model to determine process, it is =ll,Wl.CU that the recent commercial age-

estimated in 

1-6 are for each future year in tum for as a as and at the 

end 0 f that the 0 f t he caMP under review is assessed b y .... VlLl;).'U". 

statistics as the average catch taken over the and the final biomass of the 

resource 

1 

The choice an aMP on it best to achieve a desired tr",rI"_ntl'h .. ,tut,,.,," the 

catches on average, lower inter-annual T AC and lower 

risks unintended resource The measures which were chosen in this to 

these were as 

Catch-related: 

• The average annual catch over a year 
1 
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• The Annual Variation 

the average annual 

of industrial 

Risk-related terms 

• Final to initial U"liJl<iUV.U. 

Once stochastic effects 

recruitment 

when 

realisations these 

and 90%-iles of these distributions. 

The Reference Case 0 

in TAC one year to the next as a 

I/Cy- l } . This statistic an indication 

with a candidate and is as a 

future errors in indices of abltlflClarl,ce, "observation errors", and 

are taken into 

candidate OMP is a 

the results each of these 

from alternative 

Results are r"' ..... ".,t"'ti in the of medians 

model is t he current" best for ept·esf:ntlng the actual 

the hake resource. There are however some the data 

<iA~""l"'" as well as in some the assumptl10ns made in the 

when the p OMPs. A list of the 

that need to be taken into account 

""",l',~tf'n robustness tests is 

below. This list was NatMIRC scientists in in the 

be ."' ... £AV ....... Hake pel~iolrm:an(:e statistics a "alleYl,-'a'<i 

'robust' across this range, results whatever the made in the 

The ICSEAF CPUE data Table 

way to reflect a '-'11<lU.!:!''-'''' trend: 

= 

For this the value of t5 =0.03 was chosen to be 

resulted in an increase in the Iv""··u .... "IUl1V",Y 

reverse 

more recent the CPUE llJ\.l;;;lU1U\.J'Y is Ul\.J'Wll<iY from 
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f) 

== 11.5 

where 

underestimate the hake biomass in absolute there is still """V"l<.". some scientists 

as to the the estimates q from the ASPM fit to the 

this assessment 

test was 

is useful because 

it n1'{\V1,r1"." a more peiSSlln1S;t1c rlVVHITrIll''' model upon which to test the candidate OMPs. 

shift scenarios have been COtlSl(len!O In both 

which COtTeSiDOltlds to the cases, the shift is """,U1Il"'" to have taken between 1970 and 

a "'''''''''"11U'''' IJU~.11"U.'" Ollonlass, a 

pers. cornmn) In the first 

in the model process, while in the second scenario the new at 80% 

CT,,-·inc.,ut"'): For the ph',T'P"('P Case 

CTR = 0.25 was chosen on an ad hoc as there is no clear basis to fix "' __ '''''~''T 

nu,· .. ".'r it is clear that the estimates of 111." ... 15 ..... 11"," .. crualltities are very del)en.del[ll on the value 

assumed for IT~-In'nnr In this variant ass:ess;m(mt, CTfr-1D1Dut = 0.40. 

In this 

0.10. 

concern over the 

in most other cases, a s of 

LU,"''''''''''U from age 4 is because the 

older age classes are not well reJlre!;ented in the caI,cn-aI-'H!:e but this could also be due to a 

lower on older fish. 

For each survey, the survey fishable biomasses ' ... nU.A""~. pers. 

the ratio of total biomass used in the Case E. Jonnson, 

stratification of Bunneister over the total biomass from 

, .. ",..u· ... v. pers. The survey biomasses were rescaled for 

because these values were obtained from a to which is used in the 

other cases. The fishable biomass is the biomass of fish than 35 em 
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than 3.5 and therefore age classes 4 and above were considered when ... "'LAwtn!'> for 

4.10. 

11 

11 

lVHUlagclllciUL "!'UQ.1UU.,,:' estimates the current "t"· .. ".",,, Case assessment and of 

robustness test """"" .. ",t,.,,, models are shown in 11.1. values are the 

estimates followed Hessian-based CVs in paJ~en'thesis. 

Ii",f",.,,,,.,,,,,, Case"; 

For Reference Case ass:essim<:nt, the current in tenns of .:1 .. ,,,,,"',,,,,, biomass 

( MSY is 300 tons at a MSY level of the 

pr(:-e"plIDltlltlCm level. In tenns of this model the resource is ""nuH""."', .... to be in a ,.",1 ,.ti "'",1 " 

MSYL. 

"Bias in historic CPUE': 

assessment B = 

the historic 

sug:ge~;t. In this case, the current "'''~IA''''vu 

is more the Keter,enc:e Case assessment 

abllUdlan(~e was not as ... ".v ...... CPUE data 

is estimated to be well above MSYL of 

42% pre:-exploltatlon level. The MSY is "Wt"" ... , ... to be 406 thousand tons. 

"More on recent data": 

The for case 

= 0 cannot be c w 

CPUE indices is rlitt ......... t 

are insensitive to the 

resource to the Case. 

q = ]": 

~'&"""'E:> recent CPUE data more than historical data 

cases because the I "F,-'AA"'''''''V,",'''' ... J ... , ...... , .... ,,"" of the 

WI"IO'hh: _'_~ •• ~;. The m,UlagclllCnt qUaJlhties "',,. .. "' ... "' ... 

assessment does a worse ""jJ~"""J,""'" of the 

For q at 1, the 'V~;-H"""','H'JV'" rtl"(~rl"l1I~"'O;: "VJ,.""u."'"UJ''' amount of some 35 

which lUClllcaltes very strcmgly the Nansen survey data are indices of ammoan(:e in relative tenns 
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In this case, MSY decreases to 261 thousand tons and current "n<,un"nn biomass is 

UU1<no;;;u to be at about 21 % (0.18) of its nre-eXDlOltatlon level. 

In the new is estimated to be about half of the 

1 is 

cause for concern In second scenario the 

stelepl1leSS h is po;:t"m!'!itpl1 at a s -_ ....... O.J more reasonable 0.55 ( In b cases, the resource is 

estlm:atea to be in a state. 

of 0.40 (com]:lar~:a to 0.25 in the Reference the resource is estlm:atea 

to be in a better state than with a lower u"..-m:out because the of the recruitment in 

the mid-1980's is Note the is not to the Reference 

Case. The current biomass is ", .... "', .. " ... to be about 46% 

which is above the MSYL 0 f 4 4% The M SY is a Iso to 3 68 ( 

thousand tons to 300 tons in the Case. 

"Lower UR-

On the other a more 

resource, with the current ,,, .. ,,nN""'" 

reason to consider Ur-mlDut values is to reflect a ualae-IDII: 

of the 

Dr~:-e'(DIID1UIt1CIfl level. The 

u"..-m:oUI values than 

such as seem more also "'U~;l",o;;;'''L a marked , ...... , ..... ",.,."rn .. ·nT in resource in 

the mid-1980's as a result 0 recruitment at time - a result based on limited 

historic age data of doubtful.,",,,,,,,,,,,,, seems The choice of 

u"..-m:out = 0.10 is to show 

,\'pJ'prl'ivi.tv down": 

Lf","UliL" the forced decrease in of older the estimated natural is 

lower in this case 

also much worse, p<;:~:pn'h!'!1 

= 0.67 cor:npa,red to 0.76 in the Kelcerence The fit is 

because of poor retlrel,en.tatlon of the survey catlctt-at-lU!e data. This 

assessment a very pel,SUTIlSiUC view of the resource, with the current at 0.18 

andaMSY 255 tons. 

"Fit ',~TliLm,,,, biomass": 

to the survey fishable biomass rather the total biomass in a 

view of the resource in terms of current " ... ,'u" .. ,,, ... biomass ~" .. , ....... "' ... at 34% 
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but a PVI,,;;;uua,.,) more ~"J'UUI"U V with MSY at 306 (0.11) 

model. to the 300 thousand tons for the Reference Case ,,,.,,'''''!It." 

11 

Baseline OMP 

11.1 to 11.4 compare the pelrtormanc:e of the baseline OMP for the Reference Case and 

the nine alternative robustness test models. 11.1 shows the initial (2001) "''''lJ1''LIVU 

( ) and the ........ " ... L.VU at the end of the ( ), 90% 

intervals. For each case, the estimated MSYL and its 90% prCtOalOlllt)l intervals are also 

shown. The values pn~se:nte:d in t his and t he .... nt"t.·., ... medians and 9 0% 

intervals. The may the best estimates in Table 11.1. 

11.2 a measure of the in T AC over the ..... r\1pr·h 11.3 shows the 

eXJ)ected average annual catch. Time-series each robustness test model 

are given in F 11.4. These results are for "" .......... 1", n ... ,..,>rl<.i",,,, in 

estimates, errors in future and for and future recruitment 

11.1, which compares the current and under the baseline does 

not the in terms the effectiveness of the OMP in to status. 

even if the lower 90% limit for the shows an increase 

cOl1opared to that for the current it is still I'v"" • .., ..... some of the 

an increase/decrease biomass -_ ....... J d,ecrea!;ed 

in the resource abundance is not .... '""" ..... "'" on where the starts and 

finishes relative to MSYL. If the current biomass is below an OMP would lead to 

an increase in the size of the resource. if the current biomass is above the level at which 

MSY is one would want the size of the resource to decrease so that a can be 

11.5 makes an at these two factors. In this charts come 

in one the of occasions 100 that the 

resource starts below MSYL in and above MSYL in dark. The left-hand one is divided into five 

the of which are a slice of the 

Case 1 : The resource starts below M SYL in 2001 and increases over the 

Case 2: The resource s tarts above M 

above MSYL in 20211"r:.~~.~" 

I1Pf''''P'''~P~ over the 
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Case 3: The resource starts above MSYL in 2001 and This is not 

satist~lct()ry in terms but it will not result in a risk to the resource. 

Case 4: As Case 2, but the resource is below MSYL at the end ofthe nr~'''''''h 

Case 5: The resource starts below MSYL and decreases 

It is clear that the Bad" and "Bad" cases do not occur for the case for 

which the decreases at older ages. 

The time-series of .... "'.,."' •• vu for the "n:.""um biomass with 90% pf()balb1l1t intervals for the 

under the lI"""'''l.'''' Reference Case is shown in 

OMP. The MSYL with its 90% UU.1UI,"LY intervals is also shown. 11.7 and 11.8 are "worm" 

of annual catch and u,,~w ••• vu res,oec;tnre for the Reference Case Of()le'ctea under the baseline 

OMP "worm" shows a number of OJV,,"''''''''' "'<l.l,l"dcUU'U", rather than a distribution or ""'"''' ... ''' •• ,,''' 

The results 

below 

mdlcalte that the baseluLe OMP shows 

in all cases with an initial 

for an increase in catch in the more nn1rim,i"t"", cases. 

biomass 

features 

include the in the lower 5%-ile for down" case, and unnecessary 

reductions for the cases where because the OMP does not 

"realise" that abundance is above MSYL an of an , it little 

increase in CPUE and surveys as a need to reduce catches to secure better - but in fact unnecessary 

Other candidate OMPs 

11.9 to 11.12 compare the ,",p,·fn .. ,.,.,,,n,,,,, of six alternative OMPs Table 11.2 for a list 

of the control values for each and of the baseline OMP in the case of two 

The cases with uncertainties are used to test the 

,",pr'fnTm,,'n ... P of the baseline OMP when the OMP's TAC are not in """,",u,_o;;; 

The first case is . if the OMP indicates a in 

the the actual T AC is decreased if a decrease was also indicated the 

year, otherwise it is constant. In the 

the T AC is increased or at random a drawn from a uniform distritmtlion 

Scenarios with no and with annual at 200 thousand tons are also shown for 

cOltnparaltiv'e purposes. Each of these scenarios is furthermore for the Reference and 

the and "lower models. As it becomes to the from 

each candidate OMP for each of the robustness test op,eratmg the and "lower 

were chosen as of the more VIJ"Hll,'''UI\.O and more pt:I'Sllnl~;UC resource status scenarios. 

158 



Univ
ers

ity
 of

  C
ap

e T
ow

n

~mlDlE~r 11 

In tenns of U"~Jl"'!UU chaingC!S in the p and A. par'am,ete:rs seems to a 

noticeable d; 4'+<, .... """, Lower values of p lead to more catch on average 

11.11) and therefore result in a lower final A lower p also means less 

11 On the other a lower value of A. leads to less catch on average 

but results in a final 

The Imple:m(:ntltU)fl uncertainties considered do not result in any marked in 

The of the final distribution is narrower in the lower limit is 

for all the OMP variants cOlmpare:d to the constant catch case, the value of 

mana!!;emlent which TAC's in response to ('n1n(,p·..,.,iino resource status. 

11 

from the cases where has decreased over time under-

decreases at of further the candidate OMPs 

examined all reasonable The ..... l1mo""U selection choice is that of the control 

catches and less catch ...... ~u.u • .1 for lower 

At a Namibian Hake .. , ... ' ... ".,,!'. in 2002 in this work 

was and and which followed with the 

NatMIRC and rep'resent:atl'ves of the Namibian hake led to the recommendation for 

a new OMP used to recommend the hake TAC for that 

year. For the OMP ",rI,,,, ... t.'rI the control values were used: as for the baseline 

OJ = p = Yno decr is 200 I and any T AC increase is limited to 5% per year; the cha.ngC!S 

from the baseline 0 MP are the choice 0 fA. = 0.9 rather for a biomass 

above MSYL as another and a on any decrease in T AC of 10% per year, rather 

than 15% a restriction to 10% did not appear to lead to any increase in The 

choice of A. = 0.9 will mean lower catches in the short to medium ............. y catch rates that 

are about 10% Some ml:magelme:nt "", ... t.t" estimates and catch pf()JelctH)llS 

OMP are in Table 11 both for the Reference Case and also for the and 

'lower robustness test opt:ratmg models. 
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Table 11.1: estimates for the Namibian hake models for OMP 

the Hessian-based CV in robustness tests: the first shown is the best .,."T"n",r.,. followed 

for sel,ectlVl1tles 

1) Reference Case 2) Bias In historic CPUE 3) More weight on of) Survey q = 1 

,,"cent data 

~= 003 w*= 0,2 

Totllllegalive loglikelihood -94,0 -100,2 -163,3 -69,3 

-lnL: CPUE -32,4 -35,1 -IOU -37.5 

-lnL: SUlVey -14.1 -14.2 -14.2 2,0 

-lnL: CAA com, ·58,3 ·61.1 ·56,7 ·5D.6 

-lnL: CAAII1.n' -8,9 -9,7 ·8,4 ·3,0 

-lnL: SR Residuals 19,7 19,8 19,9 19,8 

K· 3640 (0,16) 3226 (0,17) 3719 (0,15) 3265 (0,10) 

K" 3953 (0.18) 3433 (0,18) 4076 (0.16) 3556 (0,11) 

B· ,111J1 14M (0,31) 2244 (0,35) 1367 (0.27) 697 (0,16) 

IB" 411 (IUS) 787 (0,51) 378 (0,48) 136 (0,32) 

" 0,318 (0.19) 0,414 (0,43) o.m (0.16) 0,329 (0, Il) 

MEYL" 1657 (0,20) 1365 (0,28) 1701 (0.18) 1m (0,12) 

MEYL" 476 (0,31) 345 (0,54) 508 (0,28) 484 (0,23) 

MEY 300 (0,25) 406 (0,43) 291 (0,22) 261 (0,13) 

B" 1111J1'K· 0,403 (0,39) 0,696 (0.42) 0,367 (0,33) 0,214 (0, IS) 

IB'" 0, I 04 (0.63) 0,229 (0.60) 0,093 (0,54) 0,038 (0.35) 

IB·4""J~Yr 0,885 (0.42) 1643 (0.54) 0,804 (0.36) o.m (0.19) 

B" 2f1fJJ'MSYL" 0,863 (0,67) 2,281 (093) 0,744 (D,Sd) 0,281 (0.34) 

MSYL·/K'" 0,455 (0,04) o,m (0,12) 0,457 (0,04) 0.451 (0,03) 

MSYL"IK" 0.120 (0,20) 0,101 (040) 0,125 (0,19) 0.136 (0,18) 

M 0,76 (0,04) 0.77 (0,04) 0.75 (0,04) 0,69 (0,04) 

Age S19liII,. Slllll!l,. S:!ool,. S.,.... S19liII,. Slllll!l .. S200I .. S""" S19liII,. SU/ISI,. S:!ool,. S.,.... SUI6II.. SIIIIII9,. S:!ool ... S""" 
0 0,00 0,00 0,00 0,00 0,00 000 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 0,01 0,01 0,00 0,00 

2 0,09 0,63 0,01 0,77 0,08 0,62 0,01 0,76 0,09 U3 0,01 0,77 0,10 0,68 0,01 0,83 

3 0,66 l.00 0,03 LaD 0.61 LOO 0.04 LDO 0,68 1.00 0.03 l.00 0.70 l.00 0,04 1.00 

4 0.97 LOD 0,12 1.00 0.97 LaO 0.15 1.00 0,98 1.00 0.12 LOO 0,98 1.00 0,13 LOa 

5 l.00 l.00 0,37 1.00 LOO l.00 0.~4 1.00 LOa 1.00 0.38 l.00 LOO LOO 0,37 1.00 

6 LOO 1.00 0,72 1.00 1.00 1.00 0.78 1.00 1.00 1.00 0.73 1.00 LOO I.DO 0:'11 1.00 

7 1.00 LOa 0,93 1.00 LaO LOa 0,95 1.00 1.00 1.00 0,93 l.00 l.00 LOO 0,92 1.00 

8+ 1.00 1.00 1.00 1.00 1.00 1.00 l.OO 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Commercia! sigmas: 

CPUE ICSEAF (1.3+1.4) 0.171 (0.18) 0.!2d (0, 14) 0.008 (0.17) 0.144 (0.12) 

CPUE lCSEAF (1.5) 0,202 (0,12) 0,173 (0,08) 0,010 (0,09) 0,183 (0,07) 

:GLM 0,2!I (0.25) 0,238 (0,15) 0,118 (0,21) 0,162 (0.18) 

Commericia! q 's: 

CPUE ICSEAF (1.3+1.4) 0,283 (0,21) 0,391 (0,21) 0,000 (0,19) 0.337 (0,13) 

CPUE ICSEAF (1.5) 0,432 (0.21) 0.596 (0,21) 0,000 (0.19) 0.513 (0.13) 

CPUEGLM 2,215 (0,42) 1.287 (0,49) 0.002 (0.36) 4982 (0,21) 

Sucv"}' si,gmu: 

Spmsh winter 0,391 (0,09) 0.432 (0,13) 0.087 (O.ll) 0.339 (0,06) 

Spllllishsummer 0, S03 (0,04) 0,503 (0.04) 0, 138 (0. OS) 0.543 (0.03) 

Sucv"}' q ',: 

Spmsh winter 0,401 (0, 19) Commercial 0,314 (0.28) Commercia! 0.431 (0.16) Commercia! 0,628 (0.12) Commercia! 

Spmsh summer 0.557 (0,20) trawlers q 's: 0,424 (0.30) trawlers q ',: 0.601 (0.17) trawlers q 's: 0,932 (0,13) trawl"", q's: 

Nan",,,, summer 0.367 (U.19) 0.404 (0.25) 0,252 (0,34) o,m (0,34) 0.395 (0.21) 0,434 (0.21) 1.000 1.000 

NaHSII" winler 0.418 (0.21l) 0.462 (0,24) 0,290 (0,35) 0,321 (0,]5) 0,450 (0,20) 0,497 (0.21l) 1.000 1.000 
Catchos·II:-"!!o sigmas: 

commercial 0, 110 (0.04) 0,107 (0,04) 0.112 (0,04) 0,118 (U,05) 

."""""r 'UlVey 0.114 (0.06) 0, 113 (0,06) 0,112 (0.06) 0, Il9 (0,07) 

winter SUlVey 0,161 (0,07) 0.161 (007) 0,162 (0.06) 0.160 (0,07) 

Additional sigma (survey) 0,225 (0,26) 0,222 (0.2S) 0.224 (026) 0.362 (0,35) 

160 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Table 11.1: continued 

5) Change in K 6) Change In K 7) UIl=O.-ro 

Ksp. est fix Ksp ·=O.80Ksp 

(1970-1975) (1970-1975) 

Total neplive logtikelihood ·98.3 ·94.9 ·110.1 

-lnL:CPUE ·32.2 ·30.1 ·33.4 

-lnL: S1.l%V"y ·113 ·14.2 -13.2 

·lnL: CAA com. ·65.9 ·61.7 -~6.6 

·lnL: CAA.1.l%V ·9.0 In tenn. ofth. ·98 In terms of the ·10.7 

-lnL:SR Residualll 22.1 lIewX": 20.9 new X": 13.8 

X'l' 3469 (0.15) 1873 (013) 3142 (013) 2m (0.13) 3461 (0.19) 

x" 3733 (0.16) 3354 (0.15) 3731 (0.20) 

B'" 1001 1586 (0.19) 1974 (0.21) 1581 (0.32) 

B"'1OOI 461 (0.29) 684 (0.29) 433 (0.53) 

II 1.000 (0.00) 0.554 (0.41) 0.365 (0.26) 

MSYL'I' 785 (0.16) 1025 (0.16) 153S (0.23) 

MSYL" 110 (0.15) m (0.42) 371 (0.39) 

MSY JJ9 (0 (6) 429 (0.33) 368 (0.28) 

B". 0.4S7 (0.18) 0.846 (0.11) 0.628 (0.21) 0.785 (0.21) 0.457 (0.38) 

B"looI IX" 0.123 (0.30) 0.204 (0.31) 0,116 (0.60) 

B"1OOIIMSYL 'I' 2.020 (0.27) 1.927 (0.28) 1.030 (0.43) 

BfUl4~.'IMSYL 4.186 (0.49) 3.216 (0.51) 1.166 (0.72) 

MSYL'I'IX'I' 0.467 (0.10) 0.864 (0.13) 0.326 (0.06) OA08 (0.07) 0.444 (0.06) 

MSYL"/x" 0.029 (0.25) 0.063 (0.31) 0.100 (0.26) 

M 0.77 (004) 0.76 (0.04) 0.77 (0.05) 
Age SI96II •• SI9119,.. S:mol .• S""" S196II,.. SI989,.. S:iool •• S""" SI!M11 •• SI9119,. S:iool,. 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 0.77 

3 0.63 1.00 0.03 1.00 0.62 1.00 0.04 1.DO 0.64 1.00 0.03 1.00 

4 0.97 1.00 0.12 1.00 0.97 1.00 0.15 1.00 0.97 1.00 0.12 1.00 

5 1.00 1.00 0.39 1.00 1.00 1.00 0.43 1.00 1.00 1.00 0.37 1.00 

6 1.00 1.00 0.7<4 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 

8+ 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 LOO 1.00 
CommercW sigmas: 

CPUE ICSEAF (1.3+1.4) 0.175 (019) 0.185 (029) 0.169 (0.19) 

CPUE ICSEAF (1.5) 0.209 (0.12) 0.214 (0.20) 0.207 (0 12) 

.GLM 0.189 (0.17) 0.228 (0.17) 0.177 (0.24) 

Commericial 'I 's: 
CPUE ICSEAF (1.3+1.4) 0.296 (0.20) 0.329 (0.17) 0.299 (0.22) 

CPUE ICSEAF (1.5) 0.451 (0.20) 0.502 (0.17) 0.456 (0.22) 

CPUEGLM 1.962 (0.26) 1.444 (0.29) 2.150 (0,43) 
S1.l%Vey sigm ... : 

Spanish winter 0.433 (0.07) 0.441 (0.09) 0.419 (0.11) 

Spanish summer 0.523 (0.04) o.m (0.04) 0520 (0.04) 

S1.l%Veyq's: 

Spanish winter 0363 (0.20) Commercial 0.349 (0.2S) Commercial 0.368 (0.22) Commercial 

Spanilh summer 0.491 (0.20) 1rawlen 'I 's: 0.4'70 (0.26) II'liIwlmq's: 0.501 (0.24) 1rawlmq's: 

No._n summer 0.331 (0.19) 0.364 (0.19) 0.284 (0.23) 0.312 (0.23) 0.345 (0.27) 0.379 (0.27) 

NQlllJlln winter 0.377 (0.19) 0.416 (0.19) 0.325 (0.23) 0.359 (0.23) 0.398 (0.27) 0.440 (027) 
Catches-al-O&" sigmu: 

commercial 0.104 (0.04) 0.106 (005) 0.103 (0.04) 

Iru%!lIII.eI'I1.l%Vey o.m (0.06) o.m (0.06) 0.!12 (0.06) 

winter S1.l%Vey 0.157 (0.07) 0.161 (0.07) 0.157 (0.07) 

Additional sigma (survey) 0.235 (0.2S) 0.222 (0.26) 0.237 (0.26) 
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Table 11.1: continued 

8) 0.=0.10 9) Selectivity down 10) Fit to fishable 

Selslope 0.2 from "8" 4 biomass 

Total negative loglikelihood ·57.2 ·BLO ·146.0 

-1nL. CPUE ·30.5 ·38.7 -34.3 

-1nL: SIIfVl!Y ·14.B ·13.3 -Il.! 

-1nL: CM com. ·28.7 ·59.3 -30.6 

-1nL: CM rurv 2.7 10.0 -84.2 

-1nL:SR ResiduaIJ 142 20.3 14.2 

K'" 40B5 (0.11) 4634 (0.12) 3009 (0.09) 

K" 4507 (0.13) 4105 (0.13) 3210 (0.11) 

B""OOI 1245 (0.28) 8!l (0.15) 1030 (0.18) 

B",oo] 354 (0.51) 84 (0.14) 176 (0.31) 

II o.m (013) 0.276 (0.10) 0.366 (0. II) 

MSYL'" 1913 (0.14) 2199 (0.14) 1229 (0.11) 

MSYL" 646 (025) 458 (0.25) 206 (0.31) 

MSY m (0.27) 25S (0.22) 306 (0.11) 

IB'" 0.305 (0.34) 0.175 (0.20) 0.342 (0.20) 

IB" 0.079 (057) 0.020 (0.22) 0.055 (0.35) 

IB'" loo]IMSYL 0.651 (0.36) 0.369 (0.22) 0.838 (0.22) 

B" Joo]IMSYL .. 0.548 (0.57) 0.184 (0.31) 0852 (0.40) 

MSYL"'IK'" 0.468 (0.03) 0.474 (0.01) 0.409 (0.03) 

MSYL"IK" 0.143 (0.18) 0.111 (0. 18) 0064 (0.27) 

M 0.75 (0.04) 0.67 (0.04) 0.73 (0.05) 

Age S196ll,. Slm.. S:!OOl,. S""" Sl968,. Slm,. S:!ool,. S""" S196ll,. Slm,. S2IlIll,. s..." 
0 0.00 0.01 0.00 0.00 000 0.00 0.00 000 0.00 0.01 0.00 0.00 

1 0.00 0.08 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.07 0.00 0.00 

2 0.10 0.40 0.01 0.73 0.11 0.72 0.01 0.83 0.09 0.24 0.01 0.00 

3 0.70 0.84 0.04 1.00 0.71 1.00 0.02 1.00 0.63 0.60 0.02 0.00 

4 0.98 0.97 0.13 1.00 1.00 1.00 0.05 1.00 0.97 0.!7 0.07 0.60 

5 1.00 1.00 0.38 LOa 0.84 0.82 0.13 0.82 1.00 0.97 0.22 0.69 

6 1.00 1.00 0.72 1.00 D.69 0.67 0.32 0.67 1.00 0.99 0.52 0.79 

7 1.00 LOO 0.93 1.00 0.56 0.55 0.66 0.55 LOO 1.00 0.83 0.89 

8+ 1.00 1.00 1.00 1.00 0.46 0.45 LCO 0.45 !.DO 1.00 1.00 1.00 
Commerci.olsigmao: 

CPUE ICSUP (1.3+1.4) o.m (0.17) 0.161 (0.13) 0.124 (0.08) 

CPUE lCSUP (1.5) 0.194 (0.12) 0.197 (0.09) 0.172 (0.07) 

GLM 0.265 (0.20) 0.168 (0.22) 0.212 (0.14) 

Commericial q 's: 
CPUE ICSUP (1.3+1.4) 0.250 (0.18) 0.276 (0.14) 0.405 (0.12) 

CPUE ICSUF (1.5) 0.381 (0.18) 0.420 (0.14) Ul7 (0.12) 

CPUE GLM 2.517 (0.36) 9.713 (0.21) 4.975 (0.21) 
Survey sigmas: 

Spanish winter 0.379 (0.06) 0.310 (0.06) 0478 (0.09) 

Spanish summer o.m (0.03) 0.515 (0.03) 0.556 (o.cS) 

Survey q 's: 

Spanish winter 0.454 (0.17) Commercial 0.577 (0.10) Commerci.ol 2.510 (0.15) Commercial 

Spmm summer o.m (0.17) lrow1ers q 's: 0.916 (0.11) Inlwle ... q '.: 2.838 (0.14) IrlIwlors q '.: 

Nans#lI summer 0.423 (0.20) 0.465 (0.21) 0.767 (0.11) 0.843 (0.11) 0.582 (0.14) 0.640 (0.14) 

NW1811111 winter 0.480 (0.19) 0.531 (0.19) 0.84S (0.10) 0.934 (0.10) 0.875 (0.14) 0.967 (0.14) 
CaIl:h •• -at-"8" siwnao: 

commercial 0.137 (004) 0.109 (0.04) 0.130 (0.04) 

summer .l.IIVey 0.1l0 (0.06) 0122 (0.07) 0.077 (0.06) 

winter survey 0.168 (0.05) 0.160 (0.07) 0066 (0.07) 

Additiolllllsiwn. (mcvey) c.m (0.26) 0.230 (0.24) 0.290 (0.21) 
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Table 11.2: Control values for each of the six candidate OMPs The values in 

bold reflect the from the baseline OMP. 

It P OJ Y 110 deer max 

1.0 0.7 0.5 2001 5% -15% 

1.0 0.5 0.5 2001 5% -15% 

1.0 1.0 0.5 2001 5% -15% 

1.0 0.7 0.3 2001 5% -15% 

e) max 1.0 0.7 0.5 2001 5% -10% 

f) 0.9 0.7 0.5 2001 5% -10% 
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Table 11.3: estimates for the Reference and 'lower 

robustness test models under the OMP for Namibian hake. The 

in are estimated 90% intervals. 

Reference Case O"R:::: 0.40 O"R :::: 0.10 

0.354 0.575) 0.428 0.277 (0. HID; 0.4(3) 

0.354 (0.219; 0.737) 0.432 (0.223; 0.275 (0.173; 0.481) 

1026 1303) 1.021 (0.683; 0.983 (0.876: 1.097) 

0.415 0.504 0.977) 0.29$1 (0.183; 0.580) 

1168 (0.800; 1.196 (0.682; 2. 1065 (0.850; 1277) 

0.490 (0.254; 0.569 0.340 (0.194; 0.565) 

1.290 (0.86$1; 1.911) 1.3215 (0.1524: 2.452) 1.193 1.473) 

045$1 (0.408; 0.432 (0.488; 0.469 (0.450; 0.482) 

1.072 (0.553; 1.310 0.726 

AAV 4.1 (10; 43 (3.3; 6.2) 4.4 (11; 6.1) 

Average annual catch 197.2 (134.6; 231.6 (143.7; 165.7 (113. 1; 261.5) 

Catch - 2001 200.0 (200.0; 200.0 (200.0; 200.0 

Catch - 2002 20$1.4 210.0) 210.0 210.0) 197.4 210.0) 

Catch - 2003 206.6 220.5 (189.0; 189.1 (162.0; 220.5) 

Catch - 2004 198.0 (155.1; 231.5) 224.6 (170.1; 231.5) 174.8 (145.8; 231.5) 

Catch - 2005 187.8 (139.6; 243.1) 228.9 (153.1; 243.1) 165.7 (131.2; 243.1) 

Catch - 2006 178.3 (127.2; 2233 153.4 (118.1; 247.5) 

Catch - 2007 170.8 (117.2; 221.2 (124.5; 268.0) 150.6 259.1) 

Catch - 2008 175.$1 (113.0; 281.4) 226.7 (123.2; 150.4 ($16.9; 266.6) 

Catch - 2009 17$1.4 (102. 1; 293.3) 229.7 (117.8; 154.0 (91.3; 269.1) 

Catch- 2010 182.9 (978; 2337 (1126; 310.3) 153.1 (89.0; 282.4) 

Catch - 2011 179.3 314.6) 2348 152.4 290.0) 

Catch- 2012 186.4 (107.1; 238.8 (109 6; 342.1) 155.4 (82.6; 290.2) 

Catch - 2013 191.7 (106.2; 237.8 (115.1; 153.0 (82.3; 

Catch - 2014 192.1 (111.5; 237.4 (120.9; 152.7 (82.2; 295. $I) 

Catch - 2015 201.2 (111.5; 235.6 (116.4; 155.0 301.1) 

Catch - 2016 201.9 (115.5; 2399 (122.2; 1539 (85.6; 292.3) 

Catch - 2017 202.5 (121.2; 329.8) 2470 (119.6; 155.9 (89.9; 284.1) 

Catch 2018 205.0 (123.4; 3282) 253.1 (125.4; 161.4 (94.4; 287.1) 

Catch - 2019 211.6 (121.7; 261.4 (131.1; 162.2 (96.4; 272.5) 

Catch - 2020 214.9 (119.5; 269.9 (1327; 358.2) 163.8 (990; 283.8) 

Catch - 2021 215.9 (118.9; 277.8 (134.7; 165.0 284.0) 
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1.2 .,..---------_______________ --. 

1.0 

0.8 

0.6 

0.4 

0.2 

MSYL 
with 

90%CI 

..I 

__ / ......... r---

0.0 +-----r----,----,------;----.------,.----' 
1960 1970 

11.6: 

1980 1990 2000 2010 2020 

hnntdl"!.n n,rnh"hil'it, intervals for the Reference Case 

the future under the baseline OMP. MSYL with its 20 years 

90% vu .. ,u ..... .! intervals is also shown. 
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400~--------------____________________________ ~ 

300 

o ~-------,,----------.-----------.-----------.--~ 
2005 2010 2015 2020 

400~--------------------------------------------~ 

300 

200 

100 

o ~--------~----------,-----------~----------~--~ 
2005 2010 2015 2020 

11.7: "Worm" of annual a) the first 5 and the first 1 0 hnntdT'~n 

to"",,,,,,,,,,,,,,, for the Reference Case n .... ·r"t1TH' model under the baseline OMP. 
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"Wonn" a) the first 5 and the first 1 0 
for the Reference Case model under the baseline OMP. 
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11.9: Initial and final 

tons, six different candidate OMPs and two cases 

b) the model with 

value ofMSYL is also shown. The error bars show the 90% 
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10 
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I I I I I I > I I ~ 4 

2 -

0 
no catch Baseline ~ = 0.5 ~ = 1.0 ro = 0.3 Max Uni. 

catch =200 random 

11.10: Annual Variation (AA V) in catch for the a constant 

catch of 200 thousand tons, six different candidate OMPs and two cases for a) the 

Reference Case b) the model with O"R and c) the model with lower O"R' 

intervals. 
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-10% only 

Annual Catch for the 20 years nr,,, ... ,tum 

Adopted 

a constant catch of 200 

thousand tons, six different candidate OMPs and two cases Ilnl~erta1l1tv for a) the Reference 

Case b) the model with CTR and c) the """'r"f,"" model with lower CTR• The 

error bars show the 90% pf()babilitv intervals. 
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An OMP was first as the basis for hake TAC scientific in South Africa 

in 1990. which was from 1990 to 1995 to for the years 

from 1991 to 1996 for both the west and coasts resources, was based on 

dro,t",,,,,, C(JUP1eO to the Schaefer form of a model. This j..IHJU~'''U.Vll 

observation error estimator and was 

fitted to ".~, .. u~"" estimates obtained surveys as well as the abundance index obtained 

from commercial rates Because the pr(]IOUCtlClD model does not take 

n".""rt"",t c;!tCI1-al:-akte information into '"'v,",:u' .... " ..... v .. , an tuned VPA 

was used in 

4U,,,HJlVU to al!le-alZI!J:egated production models for simulation ltemative candidate 0 MPs 

the results from an model were to 

TAC reCUIIllDltmO:iHH)nS, because it was found that the VPA-based OMPs more to the noise 

than to trend in the and Tn" .. "T"","'" showed sut.stantrall) 

with no "U!"P'.""'''U') in terms either average catch or decreased risk 

OMP had been 

but in 1995 it became aot)arent that it was in need of 

commercial CPUE on west coast had not increased as 

su~:ge:mIllg some 1111:'-:>1.'''''' .. ''.0 .. \,)' .. in the base case ""' .... "., ...... 

most "'n'~,.n",.i"'t'" re):lre!;entation of hake resource 

for two main reasons. 

as 

which had been chosen in 

The matter of "u,,".~'''' a result of the iJ .... " .. ,,;=, 

in 

the 

as 

use 

small-mesh net-liners in the late 

ienJm'ont and H1I1tt""'Ulr.rlh 

to and needed to be taken into account 

index over the full 1978-1995 

and the Schaefer model no 

linear UH.'U'-UU'l<. 

as this resulted in the CPUE series not a cOlnp;arable 

detailed data had been "v, .. ;;"'''u from the local trawl 

'n."," .... ,..., j..I ......... ,u~, .. " of resource trends. "''''''U'''.'' 
to standardise CPUE series sUjl:ge~>tea a 

rate T"l',,,V,f'rv of the resource over recent decades than coarser ",,,i,"""''' used earlier. 
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For these reasons, the hake TAC was 

OMP was In n .... ~ .. ". 

OMP to nr('IVH1~ n:cOlnmenClatl,ons 

is still in use. It is based on 

for the years 1997 and 

AO.VISOrv Council ( 

the west coast COll11pOflient the 

resources 

while a revised 

aClc'pte:Cl a 

T AC. This OMP 

and the OMP's Fox is the model to assess the 

resource and the basis for the candidate OMPs was an model 

in addition to conunercial CPUE and survey abundance was also fitted to conunercial 

and survey data. To avoid the associated with the of the 

CPUE series over the OMP omits the which the is believed to 

have over which net-liners were and uses and 

CPUE them as series. 

A Sch.aett:r- t'Ml-o:ase:Q OMP were also 

was because it did not with 

initial catches too followed by a drastic cut in TACs as a 

correction measure. The Fox-based OMP was chosen over the ASPM both 

and in a similar way, the .. V'IHI-' .... ~' .. \J'H time the ASPM 

would have limited the number of robustness tests pertormeCl. 

The basis the OMP that led to the choice of the current OMP for west coast 

hake are sununarised in Cl, the scientific document submitted to the SFAC in 1998. 

This which contrasted alternative candidate reconunended that three main 

1) a 

a low 

a low 

considered when the OMPs: 

vu.~v ...... for the resource to recover to MSYL within the next 10 years; 

a net decline in the l<nllwn'm biomass over this 

n~(':rf"lI:;:~ in T AC 

The OMPs were linked to h<lTVp~m 

to which different trade-offs inunediate TAC levels and 

and 

i"', ..... l'ovp·"'''',,.,t,, in resource abundance. At one extreme, the short-term 

increase in but least increase in resource while at the other eXlrerne. 

an resulted in a decrease in the T AC in the and allowed for the 

n""_T"MYI increase in resource aOlmClance. 

It was also shown that these candidate OMPs were to a range of uncertainties 

in both the model structure and in the and The 

.u., ... "", ....... ,., tests peI'iolme:d on the candidate OMPs are listed in Appen,dix Cl. The factors with the 

<I,.,10.1' .... "10p(1 pe:rtormanl~e of the candidate OMPs were a) the extent of in 

future hake .. "t'· .... 11,hn and future bias in CPUE with an absence of future 
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research surveys. It was noted that in case the candidate OMPs could lead to a marked decrease in 

resource abundance over the next 10 years. Due to research surveys on-board the 

have taken in one year this the 

surveys were conducted on-board the Nansen in 2000 and 2001 

are treated as a with a q, when ""P""""''''''''5 It is TnprPT,nrp very 

of CPUE data does not overlook any that may be to 

enhanced 

The data to the OMP Tables 6.1 and include year y the year for 

which the T AC recommendation is 

i) the historic catches up to 

ii) the historic CPUE series from 1955 to 1977 as an index of relative 

the GLM-standardised p = CPUE series up to year VUl.lLU"~ the 

in the 1980's is taken to have from to 

fish and the ."'''' ....... ''5 1978 to 1984 and from 1993 to year as 

two indices relative "U'A"~''''''''''. 

iv) the summer 1985 to year ) and winter 1985 to 1 research survey treated 

as indices. 

The formula the TAC recommendation for the 1998 revised OMP IS as 

follows Geromont and 

+(1- 12.1 

where is the TAC recommended for year y, ~ = 0.5 is a control 1J ........ U."' .. ~l which 

moderates the extent of the T AC annual variations and is the "''''.''u''''';;;u catch for year y 

COlTes;po!ndmg to an to the Fox model 

The ~ of 0.5 was chosen to ensure fast reaction to trends in recent while still 

A"'~'IJUJ'l'. "', ... ,!"."'''' in T AC from one year to the next .... ", .. " .. ," small. was 

chosen the SF AC as an trade-off average annual catches and 

resource recovery. 
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From 1 00 000 tons in 1 t he west coast c 0 f the hake T AC under the revised 

OMP has up to 110 000 tons in 2002. The data for the 2003 TAC 

recom,me:na:atl(lD are shown in Table 12.1, with the new or data cOIlnpared to the assessment 

in bold. In the the vessel uv,,, .... uy used in the South African hake 

surveys, broke down. This is 

OMP treats these two data 

the Nansen was used for the 2000 and 2001 west coast surveys. The 

as a separate aIJUD:oal:lCe 

GLM-standardised CPUE is 

and hence estimates a separate 

as for the series in the assessment in q for this Nansen series. 

,-,nailL'''. 6, for the three b C U!UIl<UJ"'''' but n ow includes data for all the c The 

catch in 2002 is assumed to be 107 thousand not the 2002 OMP's TAC recommendation of 

110 000 tons. for reasons mSI~usst:u the T AC rec:oIl1tmc:mdat1()D for 2002 was not 

increased as the OMP but maintained at its 2001 level for which the west coast 

cornpCmeltlt was 107 thousand tons. Thus 107 000 tons has been as the assumed catch level for 

but the of the OMP formula for a recommendation for 2003 assumed a 2002 T AC 

to that the OMP a year 

co,mrmUltlCID of ~"""JlJ;',JV.ll" as set out above 105 292 tons. 

revised OMP of _.., __ ...... 12.1 ""'''lnn.n", to the nearest 1000 tons as is COllVenUOmUj 

T AC recommended for west coast hake is 108 000 

This follows from the trend in the CPUE index over the last four 

years 2001 CPUE value is the lowest over the whole 1978-2001 CPUE combined with the 

rather low 2002 survey biomass estimate. 

To an idea of what recommendations the OMP will ", .. "..,ul .. in the near 

'theoretical' 2004 and 2005 TAC were cOIlnpulted as follows. Given no 

information in terms of CPUE and survey data the observed CPUE and survey biomass estimates 

are set to the values the OMP's assessment and the recommended 

as the catch for 

is taken to be the catch in 

the T AC in 2004 is 

the T AC in 2005 is 

to be 107 000 tons. if this T AC 

to remain at 107 000 tons. 

The need for a revised OMP for hake on the South African south coast arose with the 

vel'OprneIlt, in this to the total hake catch off this of a !U!!!,>!!!!" 
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hake. hake on the south coast was based upon 

over the two hake Spt:Clt:s for the west coast and Namibian with the 

for aglrre:gatmg the two based upon simulations assumed that the 

These assumpti4Dns 

coast with the for which 

older M. cU/'Jtm:sls 

The OMP for the south coast M the hake resource was 

Forum that the Sea 

Council in terms a new Act of P""'li"",pnt\ in June 2000. It is the same as one 

but 

dr~ltpo'v (the "Ul'UVLlHH at 0.5 as for the west coast hake 

the CPUE data M. 

cal1ensis only, accOrdlmg to and res:eaJrch survey biomass 

estimates of M. cUIJtm:,,'j,,' assessment model within the OMP ..... "~.,_~ the U",,,"""'-U"";; nature 

the 

The nn',p ... ,t.v.·" the OMP for the south coast M. l:1Ll"""t,,,,,,· resource were somewhat rliffp1',,,,nt 

in the case of the west coast hake resource. the south coast 

resource was still is - see estimated to be in a s 

estimated to and a resource to MSY level' 

the overall hake resource. The choice of a"' ............... ,,'"' 

hake 

well above t he level 

for this 

In"'",,, ...... a trade-

off between catch catch rather t han a 

extent of resource recovery, as had been the case 

etween t he a verage a nuual catch a nd the 

the west coast OMP. 

Rel)resentiiltives of the hake aSSoclatHDns .u"" .. " ....... that economic 

CPUE levels to be maintained at their average value over this entailed .... ""~;\.IllJIl': the 

resource abundance somewhat with a COI[lse:Quent ""UI.Il"I,'VU in the risks associated with other 

uncertainties when recommendations for T ACs for The main consideration 

therefore in an OMP for the south coast M. cal,e1i!SIS resource became to catch 

rates stable over the next few yeaJrs. The was chosen as it 

levels of catch and rate over the next yeaJrs. The basis of 

OMP evaluations that led to this choice are summmsed in more detail in which 

two documents to the CAF and a list tests np,·tn.m1,·rI 
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Table 12.2 shows the data i to the a with new or data cOIltlPa:red to the 

assessment in in bold. The data include i) the series annual catches 

with the 2002 catch assumed e that year, the h'~torlr VJLA .. AJIV ..... CPUE series 

1969 to the and 

autumn survey estimates 

as the in the assessment in ,-,ualJl,.,l 

all the data. Unlike the more recent the historiC CPUE data rnl'Tf'~·not' .. 1 to both M. CaJ7en!SlS and 

M. nm"nrJ():Y1J.~ " .... UlVAlJI ....... as these data cannot be oor .. oo,t .. 11 by "1-' ... '" .... ". 

24 003 tons. the 2003 T AC recommended south 

coast M. CClJ7f:m'SIS which is the same as 2002 \AU....,U4. 

In the same manner as the west to an idea of reC()mInendatltons the aMP 

",."mUI .. in the near 2004 and 2005 TAC reCIl)D1lmelldahoI1S were r''''r'I"",t .. tI 

as Given no further Inl'Olllmnlon in terms CPUE and survey data the observed CPUE 

and survey biomass estimates are set to the values preOlCtea the aMP's assessment ... ~ __ .. " 

and the recommended as the catch the T AC in 2004 is to be 25 000 

tons. if this T AC is taken to be the catch in the T AC in 2005 is pro'Jected to remain 

un(~hang(:d at 25 000 tons. 

As mentioned in ,-,ualJ"'" 8, an atte:mtlted ~"1"I,""<lt .. assessment M. nn"nnnY'/~ on the south 

coast did not sensible that the M. nm"at1oXIJ.<: on the south coast is a 

the west coast M. nnl·nrJnYl,I.~ stock if',.,n.m,ont and Kll'rrf'T'W(1,nn In the absence 

this cornpcmelnt the resource, the T AC contribution south coast M. nnl"nnn:nH 

2000 was \M.JUlJl.lllo;;;U as an ad hoc addition to the west coast aMP this assumes 

that in the south coast M. catch should match trends in west coast hake 

abundance. This nrr\nortu\n was based upon the average ratio of the catches from these two 

resource for the five years This method was 

the CAF at its June 2000 ............. '"', and was meant to be for the 

three years until a earlier aMP "",,""r,n 
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In 2001, some concerns arose about this as this was 

noted to be for the five most recent years ... n' ..... n" .. ",11 

12. For reason, the TAC in 2001 was fixed at the 2000 level and not increased 3 

",,,!nut,, at that time thousand tons as 

recommendation for the om,e<1"SDleClles west coast COlmpon,ent 

12.2 shows the M nnl'nrlnY','~ !O:Y\::'WTlIn 

of constant catch for six scenarios. These are the 'West Coast 

20 years under a selection 

and the 'Both Coasts' 

assesslmelrlts. for each of the three of the "' ..... ' .... ...,.a 

cases, the catches w ere selected the nearest thousand 

biomass constant over the last 10 years of the prc)Jec:tlOu 

and c) 5 thousand tons below this value. These 

some 28 and 28 thousand tons 

For each of the 

as a) the one the 

mo>us~ma tons above this value 

values are 

for the 'West Coast 

assessments for the 'No of 0.4' cases ,."!O:'n" ... ,hv,,lv 

these the most app,rotlfl 

de,relo,pm,ent of an OMP for the M nfl,'"ut,nYu as to what extent the west coast OMP 

for the TAC should be increased to take account of M. paradoxus on the south coast. The 

results vary from 20 to 28 tons, values of Since this 

seems to be than zero, both because fish tend to be found 

trawlers' 

conclude 

range. 

and because this results in more realistic M values Table 

the correction is closer to the upper rather than the lower value vu ........ ,,),; this 

As indicated the assessment models for the South African M. resource 

I)UI~I1.\;;l)t that the south coast c 0 f t he total sM. p aradoxus resource 

lies towards the upper end of the 20 000 - 28 000 tons range. The MCM Demersal 'AU." .... ' ... 

therefore recommended that 2003 TAC for the west coast 25 000 tons 

to the M. resource on the south coast 
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The direct the OMPs for the west coast Merluccius and south 

coast M for 2003 a small decrease of 2 000 tons in the 

contribution 0 two to the TAC to 2002. However, the ad hoc 

"'''UClA'''.'' for south coast M. used in 2000 and 2001 appears to have been too and 

the MCM Demersal recommended that the of this to the 

T AC be reduced 6 000 tons from the 2002 value of 31 000 tons. This would have resulted in 

the T AC for 2003 8 000 a reduction that would have been r!i",." ... ti 

to the hake Because no further information in terms CPUE and survey 

indicate that the T AC recommendations from the OMPs are to be stable over the 

next three years, it was recommended the that the reduction be over the next 

three years to lessen the n on the unless further data over that 

indicate to the The T AC for 2003 the 

Minister of Environmental and Tourism reflected a decrease 2000 tons to 164000 tons. 
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Table 12.1: Total annual catches for the andGLM-

stanO<ilrO.lSeo CPUE series with correction for and survey 

abundance data (with associated s for west coast hake ( Div. 1 Data in bold have 

been from those used in the assessment in 6 6 for data "m."",>" 

Total annual CPUE CPUEGLM Summer survey Winter survey Nansen summer survey 
Year ICSEAF 1.6 P =0 

catch 
(tons/day) (kg/min) Biomass (s.e.) Biomass (s.e.) Biomass (s.e.) 

1955 115.400 17.31 
1956 1\8.200 15.64 
1957 126.400 16.47 
1958 130.700 16.26 
1959 146.000 16.26 
1960 159.900 17.31 
1961 148.700 12.09 
1962 147.600 14.18 
1963 169.500 13.97 
1964 162.300 14.60 
1965 203.000 10.84 

1966 195.000 10.63 
1967 176.700 10.oJ 
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 1.683) 
2002 107.000 380.202 (38.701) 
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Table 12.2: Total annual catches for the with historic Div. 

2. and GLM-standardised CPUE series and survey abundance data 

associated standard for south coast M. The historic CPUE series is for 

M and M combined. Data in bold have been from those used in t he 

assessment in 7 7 for data 

ICSEAF survey Autumn survey 

Year 
Total annual CPUEDiv. GLMCPUE 

(O-50Om) (0-500m) 
catch 2.1+2.1 

(tonslhr) Biomass Biomass 

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 

1987 25.413 7.482 162.282 

1988 26.792 7.056 165.184 

1989 34.505 7.842 

1990 36.016 9.329 

1991 31.076 8.739 273.897 

1992 26.957 7.700 137.798 

1993 20.708 6.240 156.533 

1994 22.427 7.320 158.243 

1995 22.087 6.509 233.359 

1996 28.462 7.173 243.934 

1997 23.233 6.012 182.157 

1998 18.046 5.479 

1999 22.873 5.889 190.864 

2000 30.798 7.724 

2001 28.887 7.888 133.533 

2002 25.000 
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0.40....,.-------------------------------, 
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12.1: Annual trend in south coast M catch as a ", .. ",,,,nTh,,., of the total west coast hake catch. 
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12.2: biomass under selected constant catch for the 'West Coast component 

of the M. naradfltXUS resource and 'Both Coasts' for each of the three cases described in the text. The 

catches are in thousands of tons. MSYL is also shown. 
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Over the last three m;:magelneJ!lt has achieved some recovery in the hake stocks off 

Namibia and South ""''''''V''l''.'l this recovery has to be had been predicted 

and the stocks are less ~?t,rI,',,..+i than 

Some ...... " .. v ... , cClnc:en:ung the assessments of these resources remain: IS rcc:rUllm,em 

estimated to be so natural to be so and stel;:pnless, ""''''"n,,,nu and the 

bias survey estimates abundance to be so ~U&.......... for the different stocks? 

Possible in age an for some these features of the 

assessments. Also the Namibian and African west coast assessments still the fact that 

the hake resource consists two Given their different dVIlarrlics and 

to the overall ~..,.,~ .. ,., in future assessments 

lead to more realistic """'1'n~·t .... estimates and more COIISi!.telllcV .. ll' .. "JJ<,.Ll\.J .... the resource. 

The current assessments and the African 

a to manage this resource for the near future. The OMP basis used to 

..... 1'..,1£1.. T AC recommendations for resource over recent years has demonstrated its intended 

"'rI<.n""'" ..., ... " ..... v.... in res:pondlmg to new data tort.t1commg over time. some , ..... ' ... "'-1-,,",t 

QU€~shl()ns have been raised future need to attl~ml)t to solve. Some 

recommendations to address these ..,.v'v ........ " as well as ""'E;,I',"'"'''''''' to i11""",. ... """ the current assessments 

and mana~:ement resource are below. 

One of the fIrst aims for future assessments of the African hake resource is to move 

towards than of the models. The reason for to use the 

datad 

difficulties at in some cases, 

years. 

estimated in some cases for natural as well as 

h as not 0 ccurred because of s 

data are available for 

causes for the unrealistic values 

UI]Jlrisingi} low levels 0 f r ecruitJmelllt 

fluctuations observed the detection of ~U.""UI':I"l and weaker velU'-(:Jasses in the age-
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age data not be available in the future due to diminished 

scientific "l>'-.l>f"HV 

to take account of as much data as I.IU'."IUI .. as may relate to the age structure of the 

one de!.irably wants to to utilise the data for both surveys and 

catche:s. This will involve the assessment model to the rather than the age 

distribution of COltnnlerl:lal and survey catches. B 1 sets out how catch··at-Ienlrth information 

from the can be taken into account in the et 

2 and unless there is curve and the 

extent about it would be ",,,,,Wl1<;;U over time for this ., ... ~' .. n'"'' 

assessment 111 .. , ..... ',,". such as 

MULTIFAN-CL would be useful to l,;u:msrUt;I 

Another of the current assessment and m.magelne:nt of the hake resource is that in 

some cases 

treated as a 

the Namibian and South African west 'on",.",,,, and M "menn'n ... "" are 

' .. ~ ..•. ~,~ the two confuse the ;nt."' ..... ,."'t'~t;"n 

of the data and lead to manag;ement and under-

and it is of to first assess the two ,,,,,,·,.,,.,,t,,,l,, and 

then separalte OMPs for these This is bel~o:l1ning of consequence due to the 

arr\lViItH:r lUl1lSUll" CIJmpo:nellt of the M. in contrast 

to the trawl which utilises both "1.11;'1..;1"". 

For South African IJHillIU;U to ''''LI1'''.'' the current hake TAC recommendation 

process west coast an M. south coast and an hoc 

ad~lustm,ent for south coast M rJlJ,rrlJ,,:UUH OMPs for M "","""'''' 0 n the and west coasts 

and an OMP for M nm.nrl" ... , for both south and west coast combined. 

OMPs for M r''''''''T',\'l~ and M nmmtJ'nrl1.~ are I.IIQUn,OU for the Namibian resource. 

the two 

In 

The 

commercial vessels 

sp~:ci~:s-(lis~Lggrell~ate:d assessments of hake is that 

distingui,shc!d in the research survey are not in the commercial catches. 

some SPC:C1t:S-(llS,tggrell:aH:a data have been collected observers on-board 

such a program be by MCM in the 

future for the South African 

for the South African the 

to the based on the 
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For years when ml10rnLlatllon is not a constant ......... nnri' ....... in 

the catches is assumed. This ",,"'thr,/1 does not allow differential 

pYr,ln1it<>tinn on the two have been than the 

au' ... ".",,!; recruitment and nrr,nnri1(,n of the two in the catches 

'"'''''''5'''5 over time. It has therefore been sUI~ge:ste:d that historic catches s 

rather be within the assessment a constant relative 

over 

each ass'ummg that the didn't 

than 

dlstnl)utiorlal) behaviour over 

time. A anses this method in the Namibian case since in 

vessels have been restricted to waters than 200 m, which would have an effect on the relative 

of the two will have to be tested in this case. 

n!>1r<>n, .. r,p,." estimated in the assessments is Hessian-

based is used to -. ________ -' the of the 

in the Namibian OMP tests. Some tests have also been 

in the Namibian hake OMP to 

associated with the model structure. the use of the 

Implemente:d in ADMB via the Chain Monte Carlo memoa. would and 

fuller account of the uncertainties related to estimation and 1-''''''"1''' also model 

structure and .u .• ,,'"" .... 

A <I,..u,..n"l'h is the to information on the 

which some current estimates seem " .... " ....... In this way, 

information obit allIed from PVT'''''''''''''' with other as well as from 

about the u ...... "''''.,,,''' ""1>T<I·,.""tp .. ,, and processes can be taken into account. 

resolve the as a for 

Sp<~cljtlc,itl(m), and also allow recruitment across the full time series. 

would also 

would need 

To deterministic trends in h ave been i neluded in the southern 

African assessments. In the Namibian case the is taken to 

pre- and to the exclusion of vessels in waters shallower than 200 m after 
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with a trend over time younger in the first 

should allow for the behaviour of the fishers to vary over time as to 

Future assessments 

for maJrkel:mg 

and 0 ther reasons. B I anelli and H ilbom ( in a time-series me:m()(1()101g)i to 

in the eCIIVltv-aI-:al!e in AS PM assessments. This ,..,n"",.,· 

allow a more basis for aC<:OUlntlng for " ... :u.~;"", where at the mClm~mt, the choices 

of for constant and then " .. ' .... 0 .... 0 ~f>I.p"r"l11hJ rure somewhat This ",,,,.,,-n,,,,,n 

the ADMB I-'a .. , .... a~;". 

For some the 1!1l1,-al:-al!e H ....... v ... , ... '" can vary COltlSllCleraDl from one cohort to the 

next. This can have an .1YI'nn'rT"",r assessmelnts,fur~~~u~ .• ~ifthe 

case where it is a".ua.n a function of .~"'E>""I' is assumed to be a function of age 

""<Uu"' .... E', data from the various commercial fisheries for hake need to be examined to check 

whether it is j to assume that t he somatic curve i s constant 0 ver time. If the results 

indicate that the level of is of sufficient to make an on the 

assessment will have to be taken into account in future assessments. 

area 

A further s feature 0 f e hake assessments discussed in is the 

"'un .......... " .... "'. from rurea to rurea, in the estimated survey bias coefficients q. 

The models that estimated from the research surveys underestimate 

the resource abundance while it off the South African south coast. If 

differences rure rather then artefacts of mis-estimation of M or the functions related to 

errors indicative of substantial bias in some of the current it is 

J,lV""llJ,'" that differences in substrates between the different rureas could these results. An 

examination of in substrate and hence in the trawlable of each 

area needs to be "V"UUI,,".U. 
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Hake assessment models are at to 

Consideration needs to be to the of 

inshore on the south as well as CPUE the '~"'o"""'o 

coasts and Namibia. It is that these series will 

the resource, because each has a and 

It has been shown (for .. """u",' ... Punt et 

trawl CPUE .. u'v .... ~ •• ~~, 

the trawl 

on both the south and west 

nelr!':ne~t'IVI'! on the status of 

areas. 

that the most 

on and to a extent 

cannibalism. For that reason, inter- and are "'v""","',,;'u 

in hake off Namibia and South Africa and a UHiPelCles model-

estimation which takes account the levels .. u.n ...... and 

cannibalism should be by and the models .... "'LI ...... by 

Punt and (1 and Punt and Butterworth 

Geromont et al. noted the estimated in the 

catches exceeds that for the trawl in on the west similar 

females were and the trawl This differential 

the sex-structure which could have consequences as this 

would and hence the the soa,wnmll 

biomass. FUlrthiernrlOI'e Punt and Leslie note as estimates age and size at for 

males and J."'U,'''U'''' are so ilift"'l',f>nt there is no clear .-V'JAU"!", the data for males and 

J."U ....... " for assessment purposes, that commercial catch ...... vu, ...... "" .. available in 

a seJi~-diISal!e:r,ellalted of lesser than some of the other 

seJ!:-dIISal!e:r,eg2lted assessments should be nUl,,,u •• r! to examine the effect 

1.2 shows that are --.. --~. -'-'- d lIIc~renc~:s in between m ales and 

ages, in fact more so than between "1-'1;;""",,,, Routine "PIf''''~'''''V'' 

to obtain catcn-at-lille nl'r.nr"rt1 

sexes; but ""A,-UIU"'l"U"'" 

is conducted without attention to in 

means that sizes males are not well replres.en'ted in the 
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catch. This could ... " ... f-n." .. <i estimates based on catcn-at-:ae:e data a se}l:-a~te:rc!e:ated age­

which the number older and may 

It has been n<r.,,,t<'i1 that pvlflu ..... 'J .. " of M MEn-nfl,flY" and South Africa .. "' ....... J 

a This the that no 

fhtt" .. · .. ".· .. " between the two stocks have been observed et et 

that M has not been recorded off Namibia et 

Le Clus that M on the South African west and south 

which are 

should 

stocks. 

treated as two U.lA ......... , form a stock. Future assessments 

A natural 

of 1111:;1.4-"""'" 

rather than 

into such an 

the 

a !'vo,"' • .., ... ..... , .. "'''JI', .. between what are as " ..... " .. "r .. 

link the .. n.",.", ... 

uu.vuu",.vu about the ditlterenl stocks would be 

mdleplenCtent unit. 

stocks via some 

could also be 

assessment with common 

between the stocks must be 

whether these rhttp .. · .. t1'N>~ are real or rather 

in order to 

(lltterent area-SlpeClIlC biases. A meta-lmal 

not be if such "PlfI' .. ".".".. because it rests on the as~;unlptlon that 

iliiFf'.,..·.,.",...,." arise from natural 

The first manag;ement of the hake stocks once the aP1)ropnate 

OMPs M t:ll.I·W"[.~I.~ on the south and west coasts " .... ,,, .. ,uP' 

south and west coast COlTID:me,a: and for the Namibian 

lJal"ad,oxuls. These OMPs have to be robust to the 

OMPs: the South African 

and an OMP for M. 

separate OMPs M and M 

model structure and 

as with the current OMPs. The associated nnf'1"l'Itlt10 .u"' ...... ", which would be in 

some above. 
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As mentioned OMPs are a in term of the manall~em,ent of the hake 

resource, but how practical would DeC~le~,-StHn T ACs be? It would be very to manage the 

but a could be 

.., .. , ..... "''"''.!'. a llocation among sectors with the n .. ,,,h.,..h,,,d·,, of the COlrnpon1ent 0 f the 

resource In this the effects of im]plementaltion, such as 

TACs each year to be over- or consideration 

should be as to what extent data on the catch on-board 

should be an to the OMPs. at the moment for the south coast M ca17en~~'lS 

of the catch by is based on the distribution of the and the use 

of direct observational data on-board observers should be discussed. 

future OMPs should: 

cOlnp;am;on of alternative candidate OMPs 

hake resource off southern Africa is in terms of np,.'tn", ..... 

scientific advice for the m~magelnelnt 

statistics. To date 

the 

statistics h ave, so far as t he hake resources off southern Africa are c VLa'"""""",''''. been based 0 n 

U'''''VI~'''''''' and measures, such a catches and levels. These 

measures need to be extended to economic process to test 

candidate OMP 

considerations should be 

the necessary framework for 

au!Jlltt()rward if the np.-t' .... ". ... t qmmtittative 

.................. 0 economic 

are made available. 

hxamtpl(!s of economic factors which could taken into consideration include the ", .. r'nnrhr", of the 

TAC vs. 10ulglining, and the ,,1'I11"· ... "' ... i number of vessels in the 

The two South African OMPs in use at the moment for hake are both based on a age-

do not take information into consideration as is 

the case with the current Namibian based on an ASPM 1 Consideration should 

be to include at least some "",,,,-u,,, ... in the future South African OMPs. 
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A concern with the current aMPs is that work with considerable historic 

each new data has a lesser effect on the and 

recommendations. "':!'."UUE', of recent data needs to be "Vll<"~''''',u to ensure that 

so that 

TAC 

aMP will 

react in time to ~U"'"IU,''' cnamgl:s in resource 

on the more recent 

a series of poor year On 

the other more IU",,,;;;,,,.,, the likelihood of 

tlU(:tuailiOllS in the T AC and result in a pr()ceOUlre more to noise in the data than to true 

trends. 
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Ai.i compares mallla;gernellt -,,------"--J estimates for the Namibian hake Kelerenc:e Case 

assessment with those for five variations of this assessment. The ",UGUA",'." to the 

Reference Case assessment the different sensitivities are and described 

with some discussion of the results. 

at 0.5" 

One of the concerns with the Naill11blam hake Reference Case assessment in 5 is the 

estimate for the natural M. In this M is at 0.5 , a 

value which is more in the line of what would be for a fish such as hake. 

This results in a ---,,,,,-'-J more VjJ'C"U.l"LJI'" of the stock status. The stock is to be 

above MSYL and to be able to a maximum of 316 thcmSlmd tons. In this case, the value 

of the h is a value which seems also more "'."" ............ than the low 

value of 0.318 in the Reference Case assessment. The CVs also decrease COlnSl,aeI:aory 

the estimation of M is a "",,-.,, .. 1-,,,,,,h, in the assessment of the Namibian hake resource. 

The model to the data commercial and deteriorates 

connoa.rea to the ".1-1""''''''''''' Case. 

at 0.623" 

As mentioned in vU""I-I"'" 9, the '-'''1'''''''''' estimate of 0.318 of the ",1"1"1"""'''''' Case assessment 

is exlrernel low. In this ass:ess:m~:nt, the has been to which to the 

upper 95% end prClball)lU interval obtained from the likelihood for h. In this case, the stock is 

estimated to be "vi.,.", ... "",]" n1"nrli"C'i-i"", 

for the Reference Case assessment) 

estimated MSY - 570 thousand tons is double that 

and in a very state. This is due to the fact 

the estimated value of M does not decrease cOlrnpare:d to the Reference Case assessment. 

The combination of a natural and a leads to this view of a very 

nr{\I1"C'r""", stock. The fit of the model to the data to the 

Reference but there is an deterioration in the fit to the CPUE trends. 
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"incl. 81-88 ICSEAF CPUE data" 

The historic ICSEAF CPUE data from 1981 to 1988 are lJ::.,u.Ul"'U in current assessments. 

show a clear which is r",(l,,,, .. ,iprI 

was of catches over this 

ICSEAF CPUE series. As PV4n"'f't,>rI 

inclusion results in a more VIJI.UU",' 

below 

"80-89 catches up 25%" 

stock 

and it is now known that 

test 111~.i UI,.,,,, full 

their 

As mentioned it is known that there was some of catches in the 1980's. 

The of model to an increase 25% in the catches over the 1980 to 1989 IS 

here. The results are this in data. The stock is estimated to be 

"no last 3 years 

Ex,cludiIllg the last 3 years of data results in a more .... , .. " •.• " view of the as this 

recent low CPUE and survey biomass estimates. This shows that these recent are 

current estimates that resource is below than above MSYL. 

ii 
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Table AI.I: Estimates of management quantities for the Reference Case assessment and five variants thereof, for the Namibian hake. The first figure shown is the best estimate, followed the Hessian-

based CV See Table 5.6 for clarification of some of the notation. 

Rtf.,...,..c. c .... a) III lb •• at 0.5 II) III Ibtd at 11.623 0) 1IRd. 1Il-88 ICSEAl' Cl'UE _ II) 1110-1119 cato:h •• up loy 25% .) .... Iaat 3y ....... "r_ 
tro<al"'pive~od .94.0 -48.8 -9U -IOU -92.6 -83.0 

-1oL:CPUE -32.4 -32.6 -25.6 -45.3 -30.8 -29.9 

-lnL: s.r:..y -14.1 -14.8 -l3.9 -144 -14.1 -14.3 

--kll.: eM com. -58.3 -320 -63.4 .554 -58.4 -50.9 

-lnLCAA ..... -8.9 -0.2 -10.3 -96 ·9.3 .7.9 

-lnL:SRRe_ 19.7 30.9 215 IB.I 20.0 20.0 

K'" 3640 (0.16) 2561 (0.08) 2986 (0.15) 3474 (0.13) 3966 (0.19) 3409 (0.17) 

K'" 3953 (0.18) 2764 (0.09) 3159 (0.16) 3748 (0.14) 4341 (0.21) 3688 (018) 

8"'_ 1466 (031) 1014 (026) 2452 (022) 1584 (0.23) 1543 (034) 1646 (044) 

JJ"'OOI 411 (055) 461 (0.43) 912 (0.23) 419 (039) 437 (0.58) 467 (080) 

h 0.318 (0.19) 0.593 (0.13) un 0.343 (0.16) 0.309 (0.22) 0.348 (0.26) 

usn. .. 1651 (0.20) 91B (0.11) 1242 (021) 1563 (0.15) 1811 (023) 1532 (0.22) 
usn. .. 416 (0.31) 422 (019) 25B (016) 446 (0.25) 529 (0.35) 378 (0.35) 

Am' 300 (0.25) 316 (0.07) 510 (0.20) 326 (018) 311 (031) 326 (0.28) 

a"'lfJIJ1IK'" 0403 (0.39) 0.396 (0.31) 0.821 (0.12) 0.456 (0.24) 0.389 (0.44) 0.483 (0.55) 

[a""" lfJ1.J1,K" 0.104 (0.63) 0167 (0.47) 0.289 (017) 0128 (0.41) 0.101 (0.69) 0.127 (0.92) 

IB'" 101UJu:;rL .. 0.8B5 (042) 1036 (0.34) 1.914 (0.13) 1013 (0.27) 0.849 (0.49) 1.074 (0.61) 

a"104u1ACflYt N 0863 (0.67) 1.094 (048) 3.533 (0.13) 1015 (0.42) 0.827 (0.16) 1.233 (0.98) 

AiSYl. ·/KIP 0455 (0.04) 0.382 (0.05) 0416 (008) 0450 (004) 045B (005) 0449 (001) 

M3YL"IKfI~ 0120 (020) 0153 (014) 0.082 (0 II) 0.119 (018) 0.122 (020) 0.103 (024) 

M 0.76 (0.04) OSO (0.00) 0.11 (0.06) 075 (0.04) 0.11 (005) 0.14 (0.05) 

AAe SI!ildl,4 5 1989,4 s,..,~ s.- 5, ...... SI!iIIIIIJI.9,& s,..,~ 5_ 5, ...... 5 11119,& s,..,_ 5_ 5, ..... 51_ ... s,..,~ s.- 519QI,A suln .... S:aool .• 5_ 5, ...... SUM •• s,..,~ s_ 
o 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 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -. -. 1 0.00 0.00 000 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 001 0.00 0.00 0.00 

2 0.09 0.63 0.01 0.11 0.14 0.15 0.02 100 0.08 0.62 0.01 0.18 0.09 0.63 0.01 0.18 0.09 0.63 001 0.16 0.09 0.64 001 014 

3 0.66 1.00 0.03 1.00 0.11 100 0.07 lOO 0.60 lOO 0.04 lOO 0.65 100 003 lOO 061 lOO 0.03 lOO 0.66 1.00 0.03 lOO 

4 0.91 100 0.12 1.00 0.99 1.00 0.23 100 0.96 1.00 0.16 1.00 0.91 1.00 0.13 too 0.98 1.00 0.12 lOO 0.91 1.00 010 100 

5 1.00 1.00 0.37 1.00 1.00 1.00 0.52 1.00 1.00 1.00 0.46 1.00 100 1.00 0.39 too 100 1.00 0.38 lOO 100 1.00 0.33 laO 

6 100 lOO 0.12 1.00 1.00 1.00 0.81 1.00 lOO 1.00 0.80 100 1.00 100 0.74 1.00 100 1.00 0.73 1.00 lOO 1.00 0.69 1.00 

1 1.00 lOO 0.93 100 1.00 1.00 0.95 1.00 1.00 100 0.96 1.00 1.00 1.00 0.94 1.00 100 1.00 0.93 lOO lOO 100 092 100 

8+ 1.00 1.00 1.00 100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 100 100 100 1.00 100 1.00 1.00 1.00 1.00 1.00 1.00 lOO 

C"""""""'.,..: 
CPUE ICSEAF(U+1.4) 0111 (0.18) 0.1\5 (0.09) 0.245 (040) 0.143 (0.13) 0.199 (0.20) 0.161 (0.17) 

CPUE ICSEAf (I. S) 0.202 (012) 0.165 (0.06) 0.265 (0.32) 0.110 (0.09) 0.223 (0.15) 0.195 (0.11) 

CPUEGLJ,I 0211 (025) 0.360 (0.18) 0.223 (017) 0225 (021) 0212 (0.27) 0246 (0.30) 

CPUEICSEAF (1.3+1.4) 0.28hlo' (0.21) 0.489.10' 0.324 xlo' (1).28) 0.313.11i' 0.244 .10' (0.24) 0312 xlo' (0.21) 

CPUEICSEAF (1.5) 0.432.10' (0.21) 0.149x10' 0.493 xiII' (0.28) 0.412.10' o.m.lo' (0.24) 0.415.10' (0.21) 

CPUEGLM 2.21"10' (0.42) 2.800.10' 1.056010' (025) 1.990.10' 2.08hlo' (0.44) 2.473xlo' (0.61) 

s.r:..y ... : Sp-- 0391 (0.09) 0.353 (007) 0.461 (0.07) 0.402 (0.01) 0361 (0.10) 0.394 (0.13) Sp-- 0.S03 (0.04) 0.564 (0.04) 0.5\7 (0.04) 0.500 (0.03) 0.510 (0.04) 0.506 (0.04) 

S'IIr9'eJq's: 
SpooiII>_ 0.401 (019) C~_ 0.920 (0.05) 000m0letci0I_ 0.210 (Il35) ~- 0.40' (1).16) 

C __ 

0.354 (0.19) 

C __ 

0.443 (0.18) Comm.e.n:i.t tuwlen Sp-- 0.551 (0.20) q's: 1.423 (0.06) f', 0.361 (035) q's: 0.559 (0.16) q'.: 0.498 (0.21) f'S' 0.614 (0.20) '1'.: -- 0.361 (019) 0.404 (0.25) 0.823 (0.17) 0.902 (0.17) 0.222 (0.27) 0.244 (0.27) 0.352 (0.19) 0.3.87 (1).19) 0.346 (0.26) 0.381 (0.26) 0.372 (0.32) 0411 (0.32) 

M:r.-ar1l 'II'Iintet 0.418 (0.20) 0.462 (0.24) 0.952 (0.16) \.052 (0.16) 0.2SO (027) 0.276 (0.27) 0.403 (018) 0.445 (0.18) 0.394 (0.26) 0.436 (0.26) 0.439 (0.3.2) 0.485 (0.32) C_.-...... .,..· 
,~ 0.110 (0.04) 0.136 (0.05) 0.104 (004) 0.112 (0.04) C.llI (0.04) 0.112 (0.04) 

""""""""""Y 0114 (0.06) 0.148 (005) 0.118 (0.06) 0.114 (0.06) 0.112 (0.06) 0.117 (0.08) 

-""""Y 0161 (0.01) 0.164 (0.06) 0.162 (001) 0.161 (0.01) 0.161 (0.01) 0.151 (0.08) 

AddiIioool.,.,(""""Y) 0225 (0.26) 0.212 (0.27) 0.230 (0.26) 0.220 (0.26) 0.226 (0.26) 0.193 (0.28) 
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Table A2.1 compares m~mageInelt1t "'1!:I1,tit" estimates for the South African west coast hake 

Keter,enc:e Case assessment with those for two variations to this assessment. The '"'''''''':1'.'"'' 

to the Reference Case assessment for the different sensitivities are m and described b 

to~:etller with some of the results. 

A"-"'''pJlU:I; the natural M constant over the ages, results in an estimate M 

whichisu a s more 0 view 0 f the current status of the 

resource. The fit to the is much worse, because of poor of the 

survey data. 

Because of the concern over the value estimated for natural a 

s of 0.2 has been included from age 4 in this test. 

estimated M for the 

replres.enlted in the carcn-ar-,al!e 

ete:rellce Case ish because the older a ge classes a re not well 

also be on older fish. A 

lower sel,eCrlVll[V on older fish could reflect a biomass this COlnponlent of the resource, if for 

1;""11111"1; older fish were on untrawlable the estimated M 

vector '"'''"'''''''''_" at all and the fit to the commercial and survey data is worse. 

Other m~magelneJnt "'1<:I1,t;t,,, estimates are insensitive to this '"'U<""'/';'''', aJlU1\)Ul<~l it does a 

~"''''''''J more UHI""'."" view of the current status of the resource. 

tv 
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Table A2.1: Estimates of ......... /!;" .. ,'''' ... qmmtltleS for the Reference Case and two variants of this 

assessment for the South African west coast hake. The first 

the Hessian-based CV in Dal~enme:SlS 

shown is the best estimate 

Rdt"renct" Cas!' a) ,\,[ agt" Independent b) S.lefllvily .10,. or 0.2 

Total-luL -1~9.9 -1~j'7 -170 (; 

-luL: CPUE ·71.0 -:0.1 .70.8 

-luL: SIBVII)' -16.0 -16.~ ·16.2 

-luL: CAA COnl. -nl -~·U -50.! 

-11lL- CAA f;1U'V -.15.7 -1( •. 8 -32.8 

-IIlL:SR R •• idnals 3.2 3.4 3.1 

K'" 973 (0.06) 920 (0.09) 1092 (0.07) 

K" US6 (0.05) 1450 (0.09) 1270 (0.06) 

B'l' 2001 218 (0.13) 325 (0.16) 297 (0.16) 

8
41 

2001 298 (O.IZ) ~35 (0.15) 339 (Ol~) 

It 0.615 (0.08) 0.~'1 (0.11) 0.~66 (0.09) 
MSYL'l' 304 (0.09) B8 (013) 355 (0.11) 

MSYL" 404 (0.09) 454 (0.1.1) 406 (010) 

MSY 129 (0,031 130 (O.O~) 126 (0.04) 

B'" 2ooJ/x:'" O.22~ (0.18) 0353 (0.20) 0,272 (0.20) 

B" 200JK" 0.215 (0.15) 0 . .100 (0.16) 0.267 (0.16) 

B'" 20011MSYL'" 0.715 (0.19) 0.963 (0.22) 0.836 (0.21) 
Bill' 2001 1MSYL cr 0.738 (0.l7) 0.960 (0.19) 0.836 (0.18) 

MSYL'l'Ix:'" 0.313 (O.O~) 0.367 10.(6) 0 . .l25 (0.06) 

MSYL"/K" 0.291 (O.O~) 0.313 (0.05) 0.319 (004) 

A.~e M. 81",,-, 811m •• S:IIWV •• S~!I M. 81 ..... SI!i9l.1 SI\IIrII',. S~d M. 81M4.. SHI93,. SII'\Itf' •• 

0 1.06 000 0.00 0.01 0.09 0.80 0.00 0.00 0.01 0.16 1.04 0.00 0.00 0.01 

1 1.06 0.00 0.00 0.!6 0.36 0.80 0.00 0.00 0.37 0.~3 1.04 0.00 0.00 0.26 

2 1.06 0.:3 lUO 100 1.00 080 0.88 o.n 1.00 1.00 l.O.t 0.76 O.U 1.00 

3 0.8~ 1.00 O.~ 1.00 1.00 0.80 1.00 0.8~ 1.00 1.00 0.80 LOO 0.86 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 

~ 0.58 1.00 1.00 100 1.00 080 1.00 1.00 1.00 100 0.~7 0.82 0.S2 0.82 

6 0.~1 1.00 1.00 1.00 1.00 0.80 1.00 1.00 1.00 l.OO 0.50 0.67 0.67 0.67 

~+ O . .t6 1.00 1.00 l.()O 1.00 0.80 1.00 1.00 1.00 1.1)0 Q.4~ O.5~ O.~S O.~~ 

Commercial sigmas: 

CPtlE le8EAF 0.099 (0.09) 0.080 10.10) 0.082 (0.10) 

CPUEGLM 0.082 (0.10) 0.08~ (0.13) 0.082 (013) 

COl1l11lc .. ,;nl q's: 
CPllE ICSEAF 0.019 (0.0;) 0.039 (0.16) 0.050 (0.14) 

CPllEGLM 0.O~8 (0.11) 0039 (0.16) 0.051 (0.14) 

Sw"Veyq'.: 

b'lUUmer 0.793 (0.13) O~91 (0.18) O.il~ (0.16) 

willte .. 0.899 (0.11) 0.630 (0,17) O.79~ (0.15) 

llbn.l',m O.~3 (0.13) 0.482 (0.17) 0.5S~ (01~) 

Cat,hesAat~age sigmas: 

cOlmnerclul 0.107 (0.03) 0.104 (0.03) 0.109 (0.03) 

summer Slu-;,:ey 0.111 (0.0.1) 0.146 (0.04) 0.123 (003) 

u'illter snJ"'\:-ey 0.069 (0.0'7) 0.076 (0.08) 0.071 (0.07) 

Nv1en ~'1I"vey 0.070 (Q.O~l 0.072 (0.07) 0.069 (0.04) 

AddW .il!Jlll\ (,w""")i) 0.231 (0.14) 0.213 (0.2-1) 0.238 (O.l~) 

v 

8_. 

0.09 

0.37 

1.00 

1.00 

1.00 

0.82 

0.67 

05~ 
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Table A3.1 compares mana~~emlent ".,H< .... t;k, estimates for the South A south coastM. 

CaJ?~fliSIS Reference Case assessment with those two variations to assessment. 

The Chal11gc~s to the Reference Case assessment the different are motivated and 

described to,~etJler with some discussion of the results. 

aIO.8' 

Because the concern over the value estimated the 

paramleter h (1 in the Case asslesslner.lt, "'-<lImp,h'" has been fixed to 0.8 in this 

test. Alth01Jgh a value 0.8 h is outside its Hessian-based 90% UI .. ,uaIUHI interval for 

the SSeSSl1l1el1lt, the n 

hn'lIlI'''lTPr the Hessian-based CV estimate 

its range. The likelihood for h 9. 

ani~cte:d by this I.;IUWt.::t;. 

because h is estimated at a 

indicates that h = 0.8 within the 90% 

interval. As the estimate for the natural M is increased 

COlrnoare:Q to the Case assessment. The the stock status is less 

the resource is still estimated to be well its MSYL. the 

m~U1agelrne:nt .. -_ .... J estimates are not an h fixed at 0.8. 

For the Reference Case aS~ieS!;mc~nt. 

in in other 

commenced in the mid-1960's. Hn,w~:v~r 

London and Port the first 

s 

the resource is assumed to be at its pn!-e:;{pIOlt:at1<>n 

the hake on the south coast is assumed to have 

there were trawlers Mossel East 

of the 

and more SPC~Cl:tlC:ll1" M. as these were 

inshore trawlers. This 

reduced to 70% of its 

the:reiore assumes that the biomass in 1967 was 

an taken to 

be that for F = With this assUffilption, the model fit ;"""" .. """", to the CPUE 

data. The decrease in the value the the GLM-standardised CPUE series not the 

vi 
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the Reference Case assessment that smaller .vEi-uJ ....... un/v ... is 

to a better fit of the GLM-standardised CPUE data. more 

of the resource in terms of current Ul\.J'l .... "'''', of 

the biomass is similar to that in the Reference Case assessment but is now increased 

about 15%. The current is to be 0.41. 

vii 
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Table Al.l: Estimates for the Reference Case model and two variants for the south coast M CCll:1el'llSiS 

resource. The first shown is the best estinuLte, followed the Hessian-based CV in paJrenthem. 

Reference Cue Il) Steepness Ib:ed lilt O.S b) B"" IH? = 70%K"" 

!To!Jl-1IlL -116.6 -115.6 -119.5 

-1IlL:CPUE -36.7 -35.6 -39.6 

-1IlL: Survey -10.7 -10.9 -10.5 

-1IlL:CAAcom -50.4 -50.6 -50.9 

-1IlL:CAA""", -21.8 -21.6 -21.9 

-1IlL:SR Residuals 3.1 3.1 3.3 
Qf&h .... Imhor. J..oo,gjine Qf&h .... 00 ... J..oo,gjine Offsh .... Whore Lon&Iin. 

K."" 170 (0.13) 170 (0.12) 196 (0.16) 

K" 115 (036) 142 (0.15) 121 (0.1I) 75 (0.40) 98 (0.37) 137 (0.13) 131 (0.08) 62 (0.37) 154 (0.211) 167 (0.14) 117(011) 105 (0.32) 
B· 1OO1 80 (0.17) 82 (0.18) 81 (0111) 

B"2tNJl 46 (0.45) 58 (0.16) 77 (0.15) 13 (0.79) 38 (0.49) 58 (0.17) 80 (0.17) 9 (0.811) 57 (0.52) 58 (0.18) 13 (0.11) 19 (0.90) 

" 1.000 (0.01) 0.800 0.901 (0.14) 

MSYL"' 64 (0.27) 49 (0.21) 21 (0.23) 117 (0.08) 74 (0.25) 46 (025) 17 (0.62) 125 (0.07) 57 (0.37) 48 (0.22) 39 (0.14) 116 (0.09) 
AlSYL"x 21 (0.08) 26 (0.10) 24 (0.16) 20 (0.23) 26 (0.10) 25 (0.13) 18 (0.41) 18 (0.25) 29 (0.011) 24 (0.10) 37 (0.13) 24 (0.21) 

MSY 33 (0.10) 35 (0.09) 35 (0.15) 21 (0.22) 31 (0.12) 33 (0.12) 26 (0.37) 25 (0.23) 33 (0.07) 33 (0.10) 29 (0.14) 32 (0.21) 

B·, .. ,IK" 0.471 (0.14) 0481 (0.14) 0.413 (0.20) 
Sll:' JQt,}lIKlil 0.401 (0.17) 0.406 (0.16) 0.639 (0 10) o 180 (0.47) 0.389 (0.20) 0.419 (0.16) 0.608 (0.12) 0.152 (0.59) 0.368 (021) 0.348 (0.22) 0.624 (0.19) 0.185 (0.10) 

B'" , .. ,IMSYL" 1.251 (0.34) 1.646 (0.12) 3904 (0.26) 0.685 (0.13) 1.107 (0.32) 1.779 (0.15) 4.771 (0.65) 0.655 (0.13) 1.419 (0.50) 1.696 (0. 13) 2091 (0.15) 0.698 (0.23) 

B""JI}1IMSYL" 1.710 (040) 2.224 (0.14) 3.209 (0.08) 0.678 (0.57) 1.454 (0.41) 2.333 (0. 15) 4.381 (0.47) 0.526 (0.66) 1.948 (0.55) 2.398 (0.17) l.998 (0.11) 0.824 (0.70) 

M3YL"'IK'" 0.376 (0.38) 0.286 (0.19) 0.121 (0.33) 0.687 (0.15) 0.434 (0.34) 0.210 (0.22) 0.101 (0.11) 0.735 (0.12) 0.291 (0.53) 0.244 (0.20) 0.198 (0.20) 0.592 (0.24) 
MSYL "Jil I1:8

& 0.235 (0.35) 0.182 (021) 0.199 (010) 0.265 (0.17) 0.267 (0.32) 0180 (0.21) 0.139 (0.45) 0288 (0.14) 0.189 (041) 0145 (0.62) 0.312 (1.67) 0.224 (0.811) 

M 0.546 (0.19) 0.618 (0.16) 0.468 (0.24) 
Age S_ SoI!",A s.... Sn,. S_ Soft;> s.... Sn,. S_ Soft;> s.... SlI.. 

a 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

I 0.01 0.00 O.ol 0.00 0.05 0.00 0.01 0.00 0.10 000 0.01 0.00 

2 0.15 0.02 0.07 0.00 0.11 0.02 0.06 0.00 020 0.02 0.08 0.00 

3 0.29 0.13 0.44 0.00 0.22 0.14 0.39 0.00 0.35 0.11 0.49 000 
4 0.60 0.53 1.00 0.00 0.49 0.55 0.97 000 0.68 0.47 1.00 001 

5 0.96 0.89 0.96 0.10 0.83 0.90 1.00 0.08 tOO 0.87 0.89 013 

6 1.00 0.99 0.60 0.42 0.93 099 0.69 0.35 0.96 0.98 0.49 0.50 

7+ 0.91 1.00 0.35 1.00 1.00 1.00 0.44 1.00 0.72 1.00 0.25 1.00 
Commercial oigma'o: 

historic CPUE 0.251 (0.31) 0.251 (0.31) 0.251 (0.31) 

GLMCPUE 0.267 (0.14) 0.279 (0.14) 0.238 (0.16) 

C~f'S: 

historic CPUE 0.010 (0.20) 0.010 (0.18) 0.014 (0.23) 

GLMCPUE 0.101 (0.16) 0.109 (0.17) O.IOS (0.21) 
Survey",'s: 

opring 2.157 (0.31) 2.548 (0.59) l.983 (0.19) - 2.511 (0.31) 2911 (0.59) 2.4 28 (0.20) 

CIIl<:be.-IIl-"!I" oigma's: 
irulbOR 0.102 (0.04) 0102 (0.04) 0.102 (0.05) 

1."",..,. 0.147 (0.09) 0.149 (0.10) 0.147 (0.09) 
_survoy O. 130 (0. 03) 0.130 (0.03) 0.130 (0.03) 

Addnl~(........,) 0.165 (0.37) 0.161 (0.38) 0.172 (035) 
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1 

The annual made each fleet ( ) are 

in These are converted into of age a: 

= I 
a' 

The are then converted into the von 

1.1, that the distribution 

constant over time: 

a 

where is the .... rr,n,."rt, of fish of age a that fall in the group 1 for 

for all ages a for 

The matrix A is calculated under the aS1mnlptl 

about a mean the von i.e.: 

(1- ); J 

where 

N is the nonnal Ul"LUlIU and 

is the standard deviation of 

at age a, i.e.: 

gUll-al-a~~t:: a, which is modelled to be nn)TU"1,l'Tl,nn" 

= ) 

with p a n"1r"n1f't,~r estimated in the model process. 

Note that since the model of the v .. ""' .... _,, is based upon a one-year time 

value of p and hence the 's estimated will reflected the real of the 

Bl.1 

remains 

B1.2 

=1 

B1.3 

to the 

B1.4 

the 

well as the that arises from the fact that fish in the same annual cohort are not all sn~IWTle(] at 

Lx 
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the same and that "'''''"'U''''6 takes the year so that there are differences in 

the age terms of fractions ofa offish allocated to the same cohort. 

The term '"]l------- 4.17, C 4) is then to the ...... ,,,,oot,,,,. 

= + j] B1.5 

where 

is the observed ",,.,,onnrt,,,o"" in group 1 in the catch in year y for and 

is the standard deviation associated with the Jenl!rtrl-al:-a{~e data for which is estimated 

in the 

B1.6 

B1.5 makes the that data are 

their 'UV'U"'i-U' values. The associated variance is taken to be 

to to contributions from which will 

rnl!T~',nl'ln('\ to small observed sizes (A. ""'!Jllll~;LUJU, pers. cOlmnm) 

The wlen factor may be set at a value less than 1 to the contribution of 

the data to the overall npo,,,,ti,,,p ".'~-""''''U1\JVU cornpalred to that of the CPUE and 

survey data. The reason that this factor is introduced is that the data for a year 

show evidence of and so are not as informative as the IDcLepenllerLce 

the form B1.5 

x 
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The calculation of the as rpnnrt,>f1 in Table 11.3 and some of the 

ofC 11, is effected by a p ..... al1J'""u." b ootstr~LD procedure. Standard "'lJUHjlU"J~V furbO()tstrap 

methods as used in H"."' .. ,.",," may be found in Smith et al. 

The Namibian hake assessment pn:seltlted in this thesis is not tlelet-(11SlH!Il;rel!ah~d For 

the below will the fleet ~mr,pr~,r.rlnt 

Hn,'\t"t"'<1'" ",au.'I."''''' are OPl1,pro,tpl"l from the ''''''''A'''''''' abundance series obtained the 

model to the data. Error is then added to the abundance indices to the formula: 

::: ) where J) B2.t 

when or: 

== ) where j) B2.2 

when a i is estimated when the model to the where: 

account 

is the abundance index for year y and series i in bo()tstrao data set 

is the estimate of the abundance index for year y and series i obtained 

the 

the model to 

is the value of the standard error for year y for survey abundance index i, as 

necessary to allow for estimated additional variance and inter-trawler variance in , and 

is the estimate of this standard error for index i 4.1 

UUIJ .......... ""UU in the calibration factor between could be taken into 

.... .., .... "UA .. the estimate ::: 0.100 where: 

::: +8- 12 8 from ). 
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but in the code _V" __ "j was treated as "data" in the interests of 

=0. 

For the catcn-at-:age the h~.,t"t,.~ ... 11;;~llll.,i:1LI;; process assumes an 

"' ...... v ........... and that these errors occur the ages of the 

fluctuations in ""YnT11'" at age from year to year. R".nh,+'-o,n '''':U'll!''~ are 

in the asslgnmelrlt 

fitted cat,ches-a'l-a,ze as follows: 

= where I ) 

where 

is the number of age a in year y in bo()tstrao 

is the COI:Te!.pona:mg model estimate in 1;;\.I,L.li:1LlUU 4.18, and 

is the associated estimate of standard deviation 4.19. 

The pseudo c arcne!,-al:-a~!e are t hen scaled so that == 

error 

rather than real 

from the model-

B2.4 

for each 

year y the total mass each year is assumed to be known without that this is in 

any case in 4. in which on is used in the form of 

For the survey carcn-ar-;al!:e the bocJtstrao :>i:1ljlll.l!lI;;~ are in the same 

manner as the COllnDlerlciai cal:Ch,es-at-;age when ~~" ........ ;~ an 100l-nonnal error distribution. 
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tm:mlore, some 

to 
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3. WET COAST CONTRIBUTION TO THE 1999 OVERALL HAKE TAC 

can be once the SF AC has chosen between the OMP onltlollS 
and CPUE data for 1997 have been It should be noted that the rules for the 

OMP include the V' ''''''''u that this contribution not be I ess than its level since 
1995 of 100 thousand tons. 

4. SOUTH COAST CONTRIBUTION TO THE 1999 OVERALL HAKE TAC 

"'''',.,." .. .,.~ .. evaluations for a revised OMP for the South Coast hake resource are still in progress, 
and are to be finalised before 1999. The South Coast situation differs in many 
resnects from that for the West Coast the of fisheries 
and this has to be taken into account. it does not follow that the OMP 

for West Coast hake will also tum out to be the most for South Coast hake. 

In these that no indications the status of this 
resource have become it is recommended that the South Coast contribution to the 
overall hake TAC for 1999 beat it 1 evel since 1 995 0 f Sit housand tons ( so that the 
overall hake TAC for 1999 will not be les than 151 thousand 

5. RECOMMENDATIONS 

i) A F OMP should be to provide T AC recommendations for 
the West Coast hake resource for at least the next three years. Given the results 
the choice of the of this OMP should be close 

The West Coast contribution to the overall hake TAC for 1999 should be finalised 
of the OMP chosen as soon as of the 1997 hake CPUE data has 
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been "'V"U!,'''' it should be noted that the OMP rules ~-I:.bW'''W~ this 

South Coast contribution to the overall hake T AC for 1999 should remain 51 000 
tons. 

The division of the overall hake catches for 1999 between West and South 
Coasts should be the ratio 2: 1. 

The overall T AC should to forms of hake inc ombination (i.e. all 
sources of on hake should be accounted 
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MCM lists the robustness tests pel~t011m~d on the west coast OMP. 

were omitted in that so that more mtornaatLon on these tests is "''''''''71/''''1"1 

here. 

The ...... ~' .. ~Itn"', •• tests were divided into two main groups. The first group concerned the 

the effect of future data the while the second group 

alternative choices or data on the assessment results. 

B2: The natural at lower values than those estimated the AS PM 

and R uttpT'Ul(l,rlh which follow from the the 

survey catlcn-at-llize in COll)Ul[}ctLon with at lower 

values and a of -0.2 at older ages for 

both commercial and survey the survey data were from the likelihood 

function in the assessment for case. 

B5: Discards 

and 

numbers 

and are taken into account ....... .,' .. 0 the total annual catch by 25% 

these discards between the 1- and old fish the 1'"",(\1'1",>/1 

each year an 8: 1 ratio for these two ages. 
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ASSO(~lalted issues 

."' .... ", ... to aUoc~ltt(m 

1. ........... " ... '" ca(:cm~s 
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APPENDIX A 

This serves to illustrate the concerns associated with the TAe among t he hake 
sectors. It is based on the TAe recommendations for the year and on the allocations made to the 

Inshore and "Line" sectors in the year 2000. The allocations per sector used here ARE NOT intended as a 
rec:onlm1cmlatlon, but serve to illustrate the factors that must be balanced when the TAe is 

among the different hake sectors. 

A. The of the 
West Coast OMP 

to the WCOMP 
South Coast M. OMP 
Global TAC 

nm-ndnY'lo on the South Coast 
107000 
34000 
25000 

166000 

B. Allocations to sectors that on the South Coast. 
The catches taken by the and inshore trawl sectors of the hake are almost 

M. Therefore their allocations must be viewed in '-V"IU'''''.'Vil with the estimated TAe 
of 25 000 t for the South Coast M. resource. 

For the purposes of this the allocations for the inshore trawl and handline sectors for the year 
and 45% ofthe allocation taken on the South are used as follows: 

Inshore trawl 
Handline 

Total 
ofthe 10 000 t allo.catllon) 

9500 
5500 
4500 

19500 

an amount of 5 500 t (25 000 - 19 of M. cup'ensls is available to the offshore trawl 
east the above scenario. 

Note: 
1. The handline reserve is ",rp·"p.,tlv 

2. There is to be pressure from the .. ".,,~'rn, to allow a greater nrconolrtlC'.n of the lonah •• p 

allocation to be on the South Coast. 
3. The inshore trawl allocation in the past been maintained at aplProxirnatei'y 6% of the TAe 

C. Allocations to sectors that M. nalrail!nru.<:. 

D. 

The 0 ffshore trawl sector water t han the other three takes 
M. over the past 5 years, catches taken 

South east have 35% M. and 65% M. na.,-aG10XlLV. 

If 35% of the hake catch is M. then a of 5 500 t of M. equates to a total hake catch 
of 15 714 1. Therefore the offshore trawl sector should not catch more than 16 000 t of hake east of 200E 
average catch over the past 5 years is 17 800 t). 

1. The take of M. nm'nl1ny,n east 200E is limited the amount of M. CUJ7elllSlS available to the offshore 
trawl sector. 

2. It may be for the offshore fleet to reduce the nr"".,nlrtu.n r.aJ!'lelISis in the catch 
the effort in the 200-300 m water. 

3. It is assumed that the M. resource is a so it is not necessary for the "South Coast 
M. to be taken from the South Coast. 
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I. Annual "onrl,;na<: hakes on the West Coast and South Coast. 
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CPUE series standardised power factors and GLM-standardised 
for the West Coast and South Coast. Note the and GLM CPUE 

series don ot have the s arne units a nd are not and that the GLM series for the 
South Coast is for M. (;u{j'er'~"~ 
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This list of robustness 

Geromont and HllttPf"lll(1,rlh 

the MCM Demersal \IV ",.v·," is taken from 

.. "'I"' .. " .... to 

or trendslbiases the 978 CPUE data to alternative OPlt10l1S 

spf:cle:s-I1umped data are fitted at "' ... ·,",·,,,t 

historic CPUE series. 

,,"U.1UUll5 a decline of a) 50% and b) 85% in the 

a) to the of the offshore catch cUITerttly assumed 62% 

aSSUmlnf,l a M. (;UJ[j"'fl~.HJf nTI\nnt'Tum of 82%. M. 

b) "'" •.• "' ... '" ,,,'n,,itnrdv to different of M. in the offshore catch from 1978 to 

1998: M. caloe11,SlS catches 25% lower. 

levels catch levels of 6 000 tons 

cU1TeIltly assumed to their 1974 level some 10000 

Fit to survey abundance data 0-500 

Take account of trawl discards and natural thefts from For this it is assumed 

that trawl discards constitute 10% of the annual landed trawl to breakdown the discards 

age the ratio of numbers by age in the observer of discards 0.1 :0.5:0.4 

for ages 1, 2 and 3 is used. Natural thefts from is assumed to 

constitute a 10% of the the size of their catches is assumed identical to 

that fish landed. 

to omission of survey abundance data in model fit. 

.. "'·"' ....... to 

agf~-<llepe:naen<:e in natural a) estlma1ting and a 

sep~LIate M < and for the 

to lower values of "1"0,,-....... "1'''' ..... " .. , natural 0.6 and 

to alternative commercial 

at ages assumed for the inshore fleet 0.3 to 
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1) 

Extent 

Reference 

over which stock-recruitment are estimated 1967 instead 1978 in the 

"st,eerme:ss" nl:l1,llTl'l~tl~r h, to 0.8 , __ ..... _ in the fit for the Reference 

""'14,.,itiui1'" to ''''''AI,HI'; the 

"~'''''Ull''!'' level in 1967 \ "~,,,w,,,,, 

aSSUIIlpIllon that the resource was at its pn:-eJ{pl'01tiit1cm 

/ =0.7). 

tests 

t;;)LI'I';<1'L<i the effect on ...... ,"""-t,,'"., if there were no future survey data. 

the extent of fluctuation of future recruitments 

in the Reference 

"""'1<,""" the effect of different level of 

catch of 1 :4:5 for the 

Case of4:4:2. 
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0.25 instead of O'R = 0.45 assumed 

catches a fleet-

AVU,!';AUA'" fleets ........ '''n'' .. '''r! to the Reference 




