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ABSTR'ACT· 

Ur1til 1984, hake quota rec:·ottrttreridaticms made by the ICSEAF 
Scie·,.-1tific:· Advisory Cour1c:·il were based ors the prodtlcticn .. , 
1trooe1 approach with evaluations made using a continuous 
eqi.ti l i br-i utrJ approx imat i ors. However, seri 01..1s di screpar1c·ies 
betwee't"1 mooei. predic:·tior1s arid data bec:·artre appare·nt arid 
this thesis examines the exter1t to whic:·h these are 
c:·o'f"1sequences of. the fa i 1 \.t re t 0 a 11 ow f 0 .,.. oy·nartti cs i r1 
fitting models to the data. 

The biology of the hake popttlatio·n and the history of the 
hake fisheries off the coast of southerl"1 . Afric:·a · a'r-e 
reviewed b'r-iefly ;:rnd the obJectives of fishery tttar1age11'1e·nt 
defined. This is followed by a presentation of the data 
l..tsed ir1 subseql..te't"1t calc::-l..tlations together with details of 
the sc:ti..lrces fr'otrJ whic:·h they were obtai't"1ed. 

1'he basis for the surpl tts prodtu:·t i o·,.-, 1t1odel for the 
evaluation of sustai't"1able yields is discussed. It is show·f'"s 
that the steady-state assumptior1 will pretbably lead to 
positively biased sustainable yield estimates for 
fisheries whose history is dotr1ir1ated by a dec:·lir:ir1g CPUE 
t rer1d. !r1 Em attempt to c:·orrect for suc:·h biases, 
evaluations a're also carried ottt usir1g Gt1llal"1cFs method of 
averaging effort data. However it is riot c·lear to what 
extent this eqt1i 1 i bri um c:pprox itr1at i or1 approac:·h c::-ompemsates 
for Sl..tch errors. 

Col"1sequerrt ly, discrete dynamic- versions of the Schaefer 
and Fo>t models are fitted, i..tsi ng nor11 l near tt1i ni1t1i Lat i or1 
procedures, to catch-effort data for the fottr ICSEAF 
areas commonly chosen for hake stock assessment purposes, 
nEUl'lely Divisiol"1S 1.3 + 1.4, 1.5, 1.6 and 2.1 + 2.2 (all of 
which indicate generally downward CPUE trends for the 
maJOT' part of their histories>. Monte Carlo simulation 
methods are employed to estitt1ate coefficients of variation 
for· the trJodel parameter and yield values assessed. 

The dyr1amic models aT'e show-n to p.,..ovide disti·nctly 
.ittrproved fits to the CPUE time series c:·ompared to those 
obtained ttsing the Gullcfl'"1d FunctioY1al Regression <GFR> or 
the steady-state approaches. MSY estifrrates obtail"1ed from 
dyr1atrtic:· model fits a.,..e, on average, appro>tifflately 1(>~ less 
than those resulting from the GFR procedu.,..e. 

Since the effects of 1..mcertainties (s1..tch as adverse 
environmental variability and the imprec::-ision of stoc~ 
biomass estittrates} can critically influence the outcoffle of 
mcmagement dec-i si ons, caution should be e>terci sed when 
1t1ak i ng catch l i1rd t recomme·ndat ions. Various conservative 
approaches are advocated, arid the associated current catch 
limit recommendatior1s evaluated. These incltlde the Gulland 
and Boerefl'!a f 0 , 1 p"rocedl..tre, and an approac::-h where the qttota 
is reduced by a fraction of the standard error of the 
initial quota estimate. 
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The dynamic moaei is also employed to predict future 
biomass (as well as CPUE and quota} values. A historical 
examirratio't'"r of the ac:·c:·ttracy of suc:·h proJectiorrs· is used to 
c:·ott1<t1ent uporr the effic:·acy of the Schaefer and Fox ciy.,..1a111ic 
tt1odel s •. 

Dyr1att1ic model biomass estimates are co<t1pared to those 
provided by the Virtual Population Ar1cclysi s CVPA> p'r'oc:·e­
dure for Division 1.6 • Large discrepancies in both recent 
t re·nds arid ccbsol \.\te val ttes cc re eviderrt, with biomass 
estimates bei't'"rg much lower i·n the cccse of VPA. 

Vs ri ous ext ensi O't'"1s to the dyl"1cc<tti c model a re i .,..,t roduc:·ed i .,.., 
an at t e<t1pt to red uc:·e the difference bet ween dyrrc:<tr i c <ttode 1 
;:md VPA biomass estimates ir1 Division 1.6. In general, 
the ir1corporatiorr iY1 the dyY1a<tdc:· <t1odel of ti111e lag effects 
(ir1 the r1et growth fi..mctioY1> a'!'"1d increased efficie'l'"1cy 
factors Hrs the catching operatiO'l"r) yield '!'"10 obvious 
itnprove<trer1t ir1 agreefflent betwee'!'"1 dyl'"1amic:· <t1odel aY1d VPA 
results. I·l"1 ac:iditio·l"1, the effect of allowir19 the ratio of 
the biomccss at th.e start of the given CPUE series to· the 
ca·r"ryiY19 capacity (y 1 /rO to assume val\.tes oti"rer thccYr tmity 
is exattiil'"red. Results iY1dic·ate that this exter1ded model 
does ·not appear to have any advantages over models applied 
ear11er whic:·h asstt<tteo y 1 =r\. The seemil'"rgly i·nsig'f"1ificant 
i<ttproveme·nts obtained S\.tggest that the origi't'"ral dynamic 
model ·r1eerly fully e){ploits the i't'"1formatio't'"1 ·c·o·nteYrt of the 
data arrti that the i'l"1t1"oductio'f"1 of fttrther parattreters ca't'"r 
caltse the su<t1 of squares S\.trfac·e to become very flat i'f"1 
the vic:·inity of the <tiiriittrttm that is sought ir1 the fittir1g 
proc:-edttre. Dy·l"rami.c model fits \.tsing the Shepherd surpltts 
prodttc:·t i o·n forttr (which incorporates a skewness para<tseter> 
are per·fortned 0'1"1 the c·atch-effort ciatcc. The ratio of the 
biotttass at MSY to the carryi'f"1g capacity (YMsY /K) is shown 
to be very poorly determined by the catch-effort data (the 
average coefficie'f"rt of variat iol"1 of estimates is 30~>. 
Results indicate that the Shepherd model is a suitable, 
though not necessal".ily S\.tperior, alterr1ative to the 
Schaefer and Fox dynamic models. 

Possible extensio'l"1s and ·amendme'f"1ts to the dyna<ttic models 
are suggested. Thest? include the use of Clark's 
bioeco'l"1omic 1ttodel to review the f 0 , 1 strategy with regard 
to economic optimality, and the replacement of the 
traditional Schaefer and Fox for1tts with a n1ore 9eY1erali:i::ed • 
surplus growth fur1ctio·l"I. Also proposed. are an exa1ttination 
of the effects of changes in mesh si:i::e (on both catcha­
bi l ity and growth parameters> and an adJ\.tsted dyna<tric 
1ttodel calculatio'f"1al procedure i'l"i which catches are 
'discounted'. More appropriate weighting procedures for 
c·atc:·h-effort 1ttodel fits are sttggesteci a'f"1d lastly, an 
analysis of vessel power factors is advised. 
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1 INTRODUCTION 

1. 1 A re-.,,.iew of previotts 1t1ethetds used by ICSEAF fttr hake 
res ott ·r-c:·e fria'l'"tageme'l'"ti; 

Althetugh Cape hake have beeY1 fished si.,..tce the t\.tT""l"1 of the 
c·er1tury, it was o·l"1ly after 1962 that particularly heavy 
ex pl oi tat ion of the hake T·esottrces cetnr1rte-!"fced as foreigl"• 
vessels started operations i .,., sottther.,., Af·r-iea.,.., waters. Il"1 
1'366 the Divisio'r'r etf Sea Fisheries i.,..dtiated a research 
programme, conce-!"ti;rating on the eolleetion of catch and 
effort statistic·s <Botha, 1980>. These da'ta re-11ealed 
increasi'r'•9 catches acc·onrpa'r'fied by dec·reasing ·eatc·h T·ates. 
MountiY-19 c·oY-1ceT""r1 abo\.tt the depletiort of the hake resottrc·es 
led to the establishnre-nt in 1'372 of the InteM""1ational 
Comnrission foT' the South East Atlantic FisheT·ies <ICSEAF>. 

At its first two 1t1eetiY1gs <1'372 a'l"1d 1'373> the ICSEAF 
Scientific Advi sor-y Council <SAC> coY1cent rated its 
attention on yield per recruit analyses for the hake 
resources, .:md the short and lol"tg ter1rr effects 0Y1 yield of 
various net. mesh sizes. As a result of these calculations, 
a mirdmttttr mesh size of 11(>mm was adopted by the Com1t1issicm 
in 1973 and implenrented on 1 January 1'375. 

IY1 1974 a·,..,d 1'375 the ICSEAF SAC bega'l"t to investigate 
steady-state produetiorr models as a means of estitttating 
maximu«r sustai·r1able yield <MSY>; both Schaefer and Fox 
forms were considered and the Gulland effort-averaging 
procedure used in calculating results. However, no 
Co«rlfri ss i o·,.., deei s ions O'r'• hake quot as wer·e «rade u'1"1t i 1 1976 
when reeonrnrendations of the SAC based on the Fox model 
(using the Gulland procedure> were adopted, and 
imple«rented for· the 1'377 season. Although it is 'r'fot clear 
f~om reports <ICSEAF, · 1'376> why the Fox for1rr was 
preferred, it is co'r'fceivable that plots of catch per unit 
effort <CPUE> against effort were considered to indicate a 
degree of corrcavity, so that the exportential forttr proposed 
by Fox (1970> was thought to be more appropriate than the 
linear Sehaefer <1954> form. This Fox-Gulland tttethod 
continued to be .the basis for quota recommedations up to 
and including the 1'383 ICSEAF Meeting. 

In 1982 the ICSEAF Standing Committee on Stock Assessment 
<ICSEAF~ 1983b> noted that Fox-Gulland model fits to plots 
of CPUE versus effort showed a general bias trend towards 
underestimating CPUE during. the declini'r'fg phases of these 
fisheries, and overestimati'r'fg it in the recovery phases 
<the case for Division 1.5 is illustrated in Figure 1.1; 
the plot for Divisio'r'fs 1.3 + 1.4 showed similar features>. 
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Initially, several possible reasons for such biases were advarrc:·ed by the Stoc:·k Assess1r1e·,.-,t Cottrttrittee, .,..,a1rre-ly the 
effects of 1rresh regulatio·ns, the effects of the 
e·avi r-on1rre-nt Ol"t availability, c:md low recruitment in rece·nt 
years. 

100 
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::> 

60 Q. 
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40 

20 

0 
1000 2000 3000 4000 

EFFORT (f) 

Figure 1.1 : Cape hakes in Division 1.5 - Plots of the 
obseT"Ved CPUE versus effort statistics for 1'367-
1982 and the regression line fitted to the data 
series usi.ng the Fox nrodel rredrawrr fT"ottr ICSEAF 
(1983b)J. Effort on the hori~ontal axis represents 
the average of the value in that year and the 
preceding t"o years as used in Gulland's 
calculational procedure. 

The paT~icular nrotivation for the investigations reported 
in this thesis was the hypothesis that the ttraJOr cause of the abovenrentioned discrepancies was instead violation of the steady-state assu1rrption upon which ttrodel­
ittrplefflentat ion up to that stage had been based. The dynanric catch-effort ~odel developed here was fiT"st reported to the 1983 ICSEAF Meeting. Other authors also suggested alter-native nrethods of incorporating dynanric aspects, which atte1rtpted (to var-ying degrees> to avoid the 
continuous equilibriuttr approxi1rration in estinrating the paranreters and variables on which quota reeo1rrnrendations were based. Since 1984, the catch li1trit recottrtrrendations of the ICSEAF SAC have been based on .:m average of the results of three such nrethods, nanrely, those of .Butterworth and Andrew (1984>, Lleonart, Salat and Rael <1985> and Babayan et s.!,. (1985>. 
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----------------------------------

This st ttdy serves to review the Btttterwor-t h aY-td Al'"tdrew 
( 1984> dyY-tamic:· model iYt detail. Resttlts obtained using 
this model ar-e c:·otttpar-ed to those etf the pur-e steady-state 
appr-oach~ arid of the Gttl lal'"1d method pr-eviously used b'y 
ICSEAF. The shortcomings of these latter approaches ar-e 
di scttssed a"t"1d va r-i Otts ext e·,..,s ions to the orig i Y1a l 
Butter-worth amd Ar1drew model ar-e exaffli·ned er-it ical ly. 

1.2 Outline of thesis 

First a short biological description of the two hake 
_spec:·ies (·,..,afflely, Mer-luc:·c:·itts cape"t"1sis and· Merlucc:·h.ts 
pcn·adox us> f otmd off coast of souther.,.., Africa is g i ve-n. 
The historic·al backgrottYtd of the fishe·r·ies i.,.., the fou'r 
ICSEAF divisions (see Chapter 2> is the-n reviewed briefly 
and the obJec:tives o~ fisher·y ttra·,..,agel'l'fent defined. A 
desc:·riptioY1 of the catch-effort data used ir1 subsequent 
calc·ul at i o·,..,s f o 11 ows. 

The .,..,ext two chapters coTtsider· the assufflptio.,..,s cfnd 
equations upon which various surplus production ttrodels 
are based. The original steady-state ttrodel previously used 
by ICSEAF for· 1tranage1trent has resulted in serious 
discrepancies betweert model predictions ~nd data. Biases 
caused by the co.,..tt i nttous eq>..ti l i bri uttr assuttrpt ion a're 
ccmsidered, -- and Gul laYtd' s method of averagi.,..,9 effort data 
htsed inter al ia iY1 a·,.., attettrpt to cotffp&Ttsate for such 
biases) -is exatffined. Discrete versions of the dynamic 
Schaefer and Fox models a're th&Yt introduced. These fflodels 
(fitted to catch-effort data using n~nlinear minittrization 
procedures) are used to provide predictions of future 
biottrass (as well as CPUE and quota) values. 

The following chapter concerns taking into account the 
effects of unc:ertaiYtties which can seriously influence the 
outcome of ttranagettrent decisions. Cc:1nsequer~ly~ the bases 
for var-iotts 1t10-r·e conservative catch li1t1it rec:omttrendations 
for managettrert't purposes are suggested. A description of 
the statistical procedures e1t1ployed to deter1t1i.,..te the 
precision with.which the ttrodel para1t1eter and yield values 
are estimated is given. 

The results obtained using the various 1Yrodels and data 
frottr the four ICSEAF divisions are then listed and 
c:ottrpared. A historical exa1t1ination of the ac:cu'racy -of 
nrodel proJect i 0Y1 c·apabi lit ies is used to c:ottrft'IE"rrt upon the 
efficacy of the Schaefer and Fo~ dynamic: fflodels. In 
addition, bio1t1ass esti1t1ates provided by the traditional 
Virtual Population Analysis <VPA> procedure are c:o1t1pared 
to those of the dyna1t1ic 1t1odels for Division 1.6 • 
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Cert a i .,.., ext E'"l"ss i O'l"ss to the dy-,..,ami c· mode 1 a re i Yrt rodttced i .,.., 
Efn attempt t o T"ed ttce apparent di ff e "f'"E'Ysces bet ween dy·nattti c· 
ttYodel a-,..,d VPA biomass estittYates which ar-e er.,,.ident frsr 
Division 1.6 • In addition, dynattYic tttodel fits using the 
ShepheT"d suT·plus producticm ft:n·m (whic·h iYsc·orpoT"ates a 
skewr1ess par·atttete.,.} aT"e perfor"red 0Y1 the catch-effort 
data. Lastly, further possible developttterl"rts and attte-ndttte'l'l'ts 
to the dyY1attYic tttodel s aT·e suggested. 

Most of the c·o·nve-l".tiol"1S ttsed i·,.., this thesis aT·e explaiY1ed 
in the text. A few of the tttoT·e c·ottrmon ones a re out l i 'l"1ed 
briefly heT"e. ·In sottre cases a "' is ttsed to indicate that a 
parattrete.,. or variable has been estimated (for exattrple, y 
de-notes the estitttated biofflass>. Unless indicated 
otherwise, the CUT·re-nt yea-r· (that is, the yea.,. fol lowiY1g 

·the last iY1 the series .of available cateh-effort data, 
usually 1985> will be denoted by an asterisk (foT' exatttple, 
y iJ will r·efer to the curr·er-.t biottrass>. T'he term 
, sigYdfic:-aY.t" is ttsed only in the se-l"1se of , statistically 
significant at the 5% level". 

In this study, the precisicm with which qttantities 
(espec·ial ly tttanagettreY1t-T·elated variables sttch as MSY" s or 
quotas (Total Allowable Catches - TAC" s> uY1der par-t iculaT· 
harvesting strategies} aT"e estitttated will be emphasized. 
This irNolves calculation of the associated coeffic:-ie'l'l't of 
variation (e.v.> estittYates as follrsws: 

standar·d eT"ror 
eoeffieier.t of variation = 

are someti1tres expressed as a %). Semi-
suc:-h c.v. esti1trates will be teNrred 

(these valttes 
arbitT"arily, 
'ac:-eeptable" 
the adequacy 
est i1trate of 
model>. 

if they are less than 20?:. (in discussions · on 
of available data to provide an 'acceptable" 
a partic_ular quantity using a particttlar 

For obJective function ttYini1trizations, the NAG (see Note 
(1}} routine, E04FDF, was chosen. Results weT"e ~hecked 
using an alternative 1trinittYi~ation routine, MINIM (see Note 
<2>>. The BMDP statistical pa~kage, BMDPSD was employed 
foT" r1ornral probability plots (see Note (3) >. 
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Note (1) This NAG (NatioY1al Algorith1tts Grcn.tp Ltd., 
Oxford, 1983} T-outir1e uses a quasi-Newtcm type 
ttrethod (see Gill and l"h..trT .. :(y, 1'378>. 

Note (2} MINIM is a 11riYtitrrizatior1 routir1e based or1 the 
sifflplex method (Nelder and Mead, 1'355>. It was 
prog ra1t11rred by D. E. Shaw csf the CS I RO Divis i C1Y1 rsf 
Mat hemat ic-s aY1d Stat i st ic-s (P.O. Box 218, 
Lir1dfield, Australia> cf1'"1d a1tre-l'"1ded by R.W.M. 
WeddeT'bttrn csf the Rothattrsted ExpeT·ittte-ntal 
Station, Harpe-ndeY1, Hertfordshire, England. 

Note (3} Bi attredic·al Ctsttrputer Programs (published by 
UYtiversity of Cali for·nia Pr-ess, Berkeley, 1983>. 
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2 BIOLOGICAL AND HISTORICAL BACKGROUND 

2.1 Hake biology 

Two hake species, namely Merluccius capensis Castelnau and 
Merluccius paradoxus Franca, known collectively as the 
Cape hakes, are taken by the fishery off southern Africa. 
A third species, M. polli Cadenat, is also taken in waters 
off northern South West Africa, Angola and further north, 
but it is not a 'Cape' hake and therefore will not form 
part of this thesis. Although originally regarded as 
subspecies of M. 1r1erlucciLts by 1r1any authors <F.ranca, 1.962; 
van Eck, 1969>, M. paradoxus and~ capensis are now 
recognized as full species <Inada, 1981). Aspects of the 
general taxonomy, anatomy, biology and distribution of 
adult Cape hakes have been discussed ·in detail by Botha 
<1980) and Inada <op. cit.>. 

M. paradoxus and t!!.., capensis are si1r1ilar, but they can be 
distinguished by the colo~r of their gill tubercles, the 
number of vertebrae (van Eck, 1969) and the shape of their 
otoliths <Botha, 1971>. Inada <1981) proposes ranges for 
the number of vertebrae, namely, 49-53 for M. capensis and 
54-5~ for M. paradoxus. These do not differ significantly 
from ranges previously suggested by Franca <1954) and 
Pshenichnyy and Assorov (1969). 

There are also other subtle differences in shape, in 
colouration and in eye size which, although not as defini­
tive, permit an experienced worker to separate the species 
at a glance. ~ paradoxus tends to be a longer, thinner 
fish with proportionately larger eyep than M: capensis. In 
addition, the dorsal parts tend to be blacker in ~ 
oaradoxus and more coppery in M. capensis. In South West 
African waters the edge of the anal fin is white in !!!.:,. 
capensis and black in M. paradoxus. This distinctive 
criterion is. absent in the stocks south of the Orange 
River mouth, where both speci~s have .dark anal fins and in 
the vicinity of the Orange River it cannot be reliably 
used to separate· the two species. The morphological 
difference of the white anal fin in M. capensis north of 
the Orange River suggests that there are two distinct 
stocks, but as yet no measurable genetic differences 
between them have been observed <R. Leslie, SFRI, pers. 
cott1mn). 

Inada (1981) describes the geographical distribution of 
Cape hake. He concludes that the distribution is 
influenced by the cold, north-flowing Benguela Current 
along the west coast and is limited by the warm, south­
flowing Mozambique Current along the east coast. According 
to Inada <op. cit.>, shallow-water Cape hake <M. capensis) 
inhabit waters from Just north of Bahio de Farto <±12°S) 
off Angola on the west coast to East London on the south-
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east coast of southern Africa. 1 ney are fo1.md on tne 
continental shelf, usually in depths of less than 440 m. 
~ caoensis longer than 50 cm generally inhabit the 220-
440 m depth range, whereas thtise shorter than 40 cm are 
distributed in depths shallower than 220 m. The maximum 
numerical abundance of M. capensis occurs at a depth of 
150 rt1 <with optirt1urt1 tertrperature of 8,75°C) <Botha, 1980>. 

Deep-water Cape hake (M. paradoxus> are known to inhabit 
waters from Cape Frio <18°8) to Port Elizabeth (Quero, 
1973) along the slope of the continental shelf. They are 
found more offshore than the shallow-water Cape hake, 
being distributed mainly between 150 and 640 m, although 
Inada (1981> states that they occur to at least 850 m off 
the Agulhas Bank and Botha (1980) gives a maximum depth of 
920 m. Fishes longer than 50 cm inhabit waters deeper than 
400 m and c~mprise maturing schools, whereas fishes 
between 20 and 40 cm-are found in the 260-400 m depth 
range <Botha, op. cit.>. The maximum numerical abundance 
of~ paradoxus occurs at 330m (and 8,11°C} <Botha, op. 
cit.>. 

From catch statistics it has been established for both 
species that there is some correlation between fish size 
and water depth.. Within each species, · the smaller ·hake 
inhabit shallower waters than the larger individuals and 
hence, although there is intermixing of the species in 
intermediate waters in the depth range of 200-400 m 
<Inada, 1981>, the adults of the two species do not 
commonly mix CBadenhorst, 1984). In the oveilap area where 
larger M. capensis have been found to coexist with small 
~ paradoxus <Botha, 1980>, research studies have shown 
that interbreeding· does not occur (Jones and MacKie, i970> 
and that the species retain their specific integrity by 
spawning-at different depths <Botha, 1973>. 

The above species and fish size stratification by depth 
partially breaks down in the waters off South West Africa 
possibly as a result of the nar~ower contin~ntal shelf in 
sott1e parts and the ~xt.reilitt1ita_1. occurrence of !:1.:.. 
paradoxus. Although tliere is still a tendency for fish 
size to increase with depth, there is a much wider size 
range at depth and reports of large M. paradoxus and small 
M. capensis in the same trawl are not unusual CR. Leslie7 
SFRI, pers. commn). 

The age composition and the distribution of the two spe­
cies largely determine their fishing mortality rates, and 
therefore the fisheries in the various divisions differ 
substantially. Although both species are caught commer­
cially in Division L 6, the rt1aJor in'1pact has been on ~ 
paradoxus, which constitutes 95,2~ of the catch by numbers 
and 87,1~ by mass <Botha 7 1980). In South West African 
waters, J!'.L:. paradoxus are far less abundant, especially 
north of Walvis Bay, and M. capensis is the dortrinant 
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species (70'1- by mass> CPayne, in prep.). 
according to unpublished Sea Fisheries catch 
M. caoensis constitute at least 60'1- by mass of 
made by the inshore fishery in Divisions 2.1 + 

Sinrri larly, 
statistics, 
the catches 

Since factories and fishermen do not differentiate between 
the two hake species in commercial catches,. most of the 
data available are for both species combined. Current 
stock assessment models and the resulting management 
implications are therefore based on this single · species 
assumption. 

Although growth patt~rns of hake differ between areas, 
species and sexes, hake generally exhibit slow ~niform 
growth throughout· t~eir life span. This is illu~trated in 
Figure 2~2 where length-at-age cu~ves are plotted usi~g 
the von Bertalanffy growth equation as presented by Leslie 
(1985> for both .speci~s combined in ICSEAF Divisions 1.6 
and 2.1 + 2.2: 

Division 1.6: 

Divisions 2. l + .-, .-, * 
L•L• 

where lt = total 

and t = time 
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Research stucies nave shown that males grow more slowly 
than females and that life exoectancy is longer for 
females. Quero <1973> recoroed a maximum length of 120 cm. 
Botha's observations on the growth rate and the maturity 
of both species have shown that 7 in Division 1.6, 50~ 
sexual maturity is reached at lengths of aporoximately 48 
cm in the case of female hake and 37 cm in the case of 
male hake (Botha, 1980). Using the length-at-age curve 
corresponding to this division in Figure 2.2, these 
lengths correspond to 50% sexual maturity at an age of 4,3 
years for female hake and 3,1 years for male hake. 

It is generally assumed that increased fishing ~ates or 
favourable environmental conditions tend to result .in 
density-dependent increases in the growth rates of fish 
populations and/or decreas&s in the age and length at 
maturity as a natural mea~s of promoting recovery. Such 
observations on the whitefish populations in Canada were 
documented by Healey (1975>. Non-uniformities in the 
growtn rates and age at maturity of Cap~ hake stocks in 
different areas can therefor~ be expected. From Figure 1.2 
it can be seen that the growth rate of Cape hake on tne 
South-east Coast appears to be faster in the early stages 
of development than that of hake in Division i.6, although 
statistical tests of the significance <or otherwise) of 
the differences have yet to be carried out. Dissimilari­
ties such as these in the reproductive and growth biology 
of the species in Divisions 2.1 + 2.2 could .be attrib•.tted 
to the heavy exploitation of the stock in the mid­
seventies <Payne7 in prep.). 

~pawning.behaviour appears to differ substantially between 
regions. In Divisions 1.3 + 1.~, where 1::1:.. capensis is the 
dominant species, a gonad study made by Assorov and 
Berenbeim (1983) indicates.· that spawning appears to be 
from July to December. On the other hand, Cape hake 
spawning data for the West Coast indicate a two-phase 
spawning period extending from November to March <Botha, 
1980>. The main spawning period occurs in November­
December and is followed by a smaller less intense one in 
February-March, the latter spawning peak being sustained 
mainly by tl:_ paradoxL1s <Assorov and Kalinina, 1979). There 
are also indications that some spawning activity takes 
place throughout the year and that the same fish can spawn 
more than once during each spawning season <Botha, op. 
cit.). In Divisions 2.1 + 2.2 studies by Payne <in prep.) 
also show that spawning can take place throughout the 
year, but that a peak is reached in spring and early 
summer (August/September until the end of the year>. 
Thereafter it appears to decrease in intensity, reacn1ng a 
minimum during the winter months of June and July. 

The lo~ occurrence of spawning fish in commercial catches 
made with bottom trawls is consistent with the general 
belief that spawning hake rise off the seaoeo to soawn in 
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midwater <Botha, i98C>>. 

Recruitment, wh1cn is tne process by wh1cn Juvenile ~1sn 
JOin the fishable stock, depends on many factors. These 
include minimum mesh size regulations and the fact that. 
in both species, small hake generally in~abit shallowe~ 
waters than do larger fish, gradually migrating into 
deeper water as th~y mature. As a result, recruit1Y1ent is 
influenced by the age at which these migrations take place 
and, in the case of M. caoensis, the minimum depth at 
which the trawlers operate. 

Hake are carnivorous in general, but their food 
preferences change duriYlg ~rowth. Results of studies off 
the Sollth West African coast show that the maJOr food 
organisms for Juvenile hake in this area are planktonic 
organism& such as crustaceaYls (particlllarly euphausids), 
small fish (mainly mycto~hids> and cephalopods <Assorov 
and Kalinina, 1979>. As the fish length increases, so the 
predominance of euphausids in the hake diet declines and 
fish become the ~ajor component of the diet of older hake. 
Feeding iYltensity drops sigYlificantly from October to 
December <during the spawYliYlg period) aYld is high from 
January to May <Chlapowski, 1977>. 

Cannibalism in Cape hake starts with fish of 40. cm and 
over and increases with size, hake becoming a principal 
food ite1Y1 in fish over 50 ctts long (Chlapowski, 1977 and 
Pre~ski, 19800). Hake are cannibalized at a high rate from 
age 0 to 4, naturally the rate decreasing with age. By the 
age of 5 cannibalism has almost ceased. Studies of Cape 
hake off the coast of South West Africa have shown that 
-large~ capeYlsis are highly caYlnibalistic and that 
JuveYlile hake may make up over 50~ of the diet of 
individuals of the same species larger than 60 cm 
<Macpherson, 1980 and Pre~ski, op. cit>. This high rate of 
cannibalism can partly be attributed to factors such as 
high .population density and a coincideYlce in time and 
place of Juvenile and adult hake <Lleonart ~ al., 1983). 
Therefore from JUSt south of Walvis Bay northward, where 
there are fewer~ paradoxus, the incideYlce of 'true 
caYlnibalistt1' <that is, one species of hake eating the satt1e 
species) would be expected to be higher. In the· South 
African waters this proportion of hake in the diet of the 
sa1Y1e species may differ, because although small !i:._ 
paradoxus do for1Y1 a large part of the diet of large ~ 
paradoxlls, the large ~ capensis eat 1Y1aiYlly stt1all ~ 
paradoxus <Botha, 1980), which is not true cannibalistti. 
Sttsall ~ caoensis are protected frort1 large .!!h. paradoxus by 
geographical distribution. 

Botha <1980) states that hake do not appear to be maJor 
predators of any other commercially exploited fish. 
Neither does the stock seem to be threatened by predators 
and it experiences little competition for food or living 
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space. Changes in the hake population size are thus 
unlikely to markedly effect other fish species that are at 
present commercially exploited. 

In practice, after the pelagic larval stage, hake 
descend to the bottom. However, migrations do take place 
for the purpose of spawning or feeding. At night they move 
vertically away from the seabed to feed and they return to 
the seabed during the day <Inada, 1981). Most vessels fish only during daylight when the fish are concentrated near 
the seabed and when the catch rates are generally highe~ 
From catch records of vess~ls fishing throughout 24 hours 
it wou10 seem that catch rates increase to a maximum at 
midday and decrease to a minimum at midnight (Jones, 
1974). Botha (1980> confirms this rise off the seabed at 
night. 

2.2 Historical backoround of the hake fishery 

The ICSEAF convention area is, 
divided into two maJor regions, 
former lies off the coast of 

for statistical purposes, 
Zone I and Zone II. The 
South West Africa and 

comprises Divisions 1.3, 1.4 and 1.5, excluding a small 
area south of the Orange River <Figure 2.1>. This small 
area is ~ssigned to Zone II, which is formed mainly by 
Divisions 1.6, 2.1 and 2.2 and which is situated off the 
coast of South Africa. 

Catch statistics are submitted in terms of either landed 
or nominal weight. The larided weight refers to the weight 
of the cleaned or processed fish whereas the nominal 
weight is an estimate of the weight of whole fish actually 
taken from the sea. It is c~lculated from the landed 
<headed/gutted) weight by means of a conversion factor of 
1,46 (Chalmers, 1976>. Future references to catches in 
this thesis always refer to no~inal weight. 

Hake has been fished commercialiy since the late nine­
teenth century. Catch figures for the South African 
fishing industry <Table 2.1) show that hake catches 
increased steadily from 1 000 metric tons in 1917 to 
21 100 tons prior to the onset of World War II. After the 
war catches rose to 72 thousand tons in 1950 and, by 
1961, catches of 148,7 thousand tons had been recorded. 
Until then only South African trawlers were exploiting the hake resource and their fishery was mainly restricted to 
the grounds in the vicinity of the Cape Peninsula (Jones, 
1974). 

After 1962 participation by distant-water trawlers from 
several foreign nations increased. ICSEAF <1978) gives 1962 as the start of foreign fishing effort in Division 
1.6 with a total of 3,6 thousa~d metric tons being caught 
by the foreign fleet. The increase in both domestic and 
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Year Catch Year Catch Year Catch Year Catch 

1917 1, 0 1934 13,B 1951 89,5 1968 175,0 

1918 1, 1 1935 15,0 1952 88,8 1969 206,8 

1919 1, 9 1936 17, 7 1953 93,5 1970 170,3 

1920 - 1937 20,2 1954 105,4 1971 236,5 

1921 1, 3 1938 21, 1 1955 115,4 1972 295,3 

1922 1, 0 1939 20,0 1956 118,2 1973 2~= .,.} ..>i.1, .... 

1923 2,5 1940 28,6 1957 126,4 1974 223,9 

1924 1, 5 1941 30,6 l958 130, 7 1975 163,4 

1925 i, 9 1942 34,5 1959 146,0 1976 2(>1, l 

1926 1, 4 1943 37,9 1960 159,9 1977 138,0 

1927 0,8 1944 34,1 1961 148, 7 1978 144,5 

1928 2,6 1945 29,2 1962 147,6 1979 144,2 

1929 3,8 1946 40,4 1963 169,5 198(> 149,1 

1930 4,4 1947 41,4 1964 162,3 1981 134,6 

1931 2,8 1948 58,8 1965 2(>3, 3 1982 131,8 

1932 14,3 1949 57,4 1966 195,0 1983 114,9 

1933 11, l 1950 72,0 1967 194,1 1984 126,8 

Table 2.1 : Total <RSA and foreign> hake catches for 
ICSEAF Division 1.6 <1917-1966> and Divisions 1.6, 2.1 
and 2.2 (1967-1982> in thousands of metric tons. Trawling 
is known to have taken place in Divisions 2.1 + 2.2 during 
the period 1963-1966, but the catches tt1ade at that time 
were relatively small and have not been included in this 
table. Calculation of the catch data for 1917-1954 was 
based on historical records of landed catches published by 
Chalmers (1976>. Since it is known that much discarding of 
small hake took place in the South African fishery during 
these years these figures were increased by 39~ in 
accordance with a decision reached and published in ICSEAF 
(1978>. The same procedure was used to account for 
discarding in RSA catches from 1955 to 1971. From 1972 
onwards catches have not been adJusted because the commer­
cial fishery began to find a market for the smaller fish 
and the catch rate decline dictated 'their retention. 
Correc~ed catch figures for 1955-1980 were obtained from 
ICSEAF <1985b}. Data for 1981-1984 are based on 
unpublished SFRI and ICSEAF statistics. 
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foreign fishing effort was accomoanied by an expansion of 
~he area fished, and the trawling fleet soon fished 
virtually the whole of the continental shelf off the coast 
of South West Africa and South Africa as far east as East 
London <Jones, 1974). The bulk of the catch is taken by 
South African, Soviet and Spanish trawlers. The relative 
catches taken by the various fishing nations in selected 
years are given in Table 2.2 and the domestic and foreign 
catches off the South African and South· West African 
coasts for all years are listed in Tables 2.3a and 2.3b. 

After South Africa's introduction of a 200-nautical mile 
fishing zone on 1 November 1977, the hake fishery off 
South Africa reverted to an almost exclusively local one 
as it had been before 1962. In 1983, only 4 400 metric 
tons of hake were taken. by foreign trawlers in South 
African waters as opposed.to their 182,3 thousand tons in 
1972 <Table 2.3b). However, total catches of Cape hake 
were not reduced in the same proportion because much of 
the foreign effort was diverted to South West African 
waters where, because of th~ uncertain political status, 
the 200-nautical mile fishing zone has not yet been 
enforced. 

The.Cape hake "fishery is the largest in the world <Inada, 
1981). In 1965, catches of Cape hakes alone accounted for 
33~ of the total world hake catch. This proportion rose to 
41~ in 1973 <Botha, 1980) and has since remained fairly 
constant. Statistics published in F.A.O. C19B4> give the 
percentage of Cape hakes in the world hake catch in 1983 
as 40% • 

Hake is the dominant species in South African trawl 
catches. The SFRI Annual Report for 1984 states hake as 
constituting 73,6~ by landed mass of the total demersal 
catch made by the South African trawling industry during 
that . year (Marine Development Branch, 1984). Table 2.6 
gives these annual percentages for the period 1978-1984. 
The foreign plus domestic hake catch for the total 
convention area in 1983 was approximately 450 thousand 
metric tons CICSEAF Stat. 1985). 

From Figure 2.3 it can be seen that the South African 
domestic catch has not changed much over the p~st 30 
years. Although total catch figures for Divisions 1.6, 2.1 
and 2.2 reflect a large peak in the mid-seventies followed 
by a substantial reduction, catches made by the local 
industry remained remarkably stable though, as discussed 
below, the catch rate dropped severely. 

During the mid to late 1970s, catch. rates for hake in the 
various ICSEAF divisions dropped to their lowest recorded 
levels as a result of an apparent sustained low recruit­
ment of Juveniles to the population and, in particular, 
heavy exploitation partly because of a substantial escala-
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YEAR 
COUNTRY 

1977 1978 1979 1980 1981 1982 1983 

BLllgaria 14071 8754 8187 152 - 17-J·-, _,~._ 4567 

Cuba 7900 9245 2986 56 - 263 15318 

France 1016 3493 807 - - - -
.. 

GDR 4923 4825 3703 3215 261 1147 2275 

GFR 7222 10506 5112 - - - -
Ghana 33 117 59. 982 - - -
Iraq - - 9548 205 2 2 2 

Israel 4000 5400 5570 7174 6149 4197 461C> 

Italy 4502 4570 1123 52 - - -
Japan 35494 13575 7873 4894 4285 3732 3859 

Poland 35525 3C>305 25543 2453 4383 187 726 

Portugal 15750 14881 12815 10116 14178 12111 17581 

Ru1Y1ani·a 2440 3665 4373 852 274 5221 7300 

RSA 101583 143115 153200 150241 143905 155858 137619 

Spain 141C>82 133408 115348 91494 135051 139099 130354 

USSR 222156 133290 94584 46190 33943 114093 135013 

Zaire 510 - - - - - -
TOTAL 598207 520252 453932 318076 342431 439232 459324 

Table 2.2 : ~ capensis and M. paradox1..1s catches in metric 
tons by nation and year for the ~hole conven­
tion area <GDR = German Democratic Republic; 
GFR = German Federal Republic>. Statistics are 
as given in F. A. 0. (1981 and 1984>. 

15 



Year DoN"1est ic Foreign Total 

1'362 - - -
1'363 - - -
1'364 - 47 600 ( 100) 47 600 

1'365 - 192 600 ( 1 (l(I) 1'32 600* 

1966 10 900 ( 3, 5) 301 700 (96,5) 312 600* 

1967 1 300 ( 0,3> 393 100 (99, 7) 394 400 

1'368 1 300 ( 0, 2) . 62'3 100 (99,8) 630 400 

1969 1 400 ( o·, 3> 525 300 (99, 7) 526 700 

1970 2 700 ( 0,4) 624 500 (99,6) 627 200 

1 '371 6 100 ( 1, (I) 589 200 (99, (>) 595 300 

1972 5 100 ( 0,6) 815 000 ('39, 4) 820 100 

1973 4 500 ( 0,7) 663 400 (9'3, 3) 667 900 

1974 4 400 ( o, '3) 504 900+ (99, 1) 509 300+ 

1975 5 600 ( 1, 2> 482 500 (98,8) 488 100 

1976 6 100 ( 1, 1 ) 573 400 <98,9) 579 500 

1977 3 300 ( 0,8) 431 900 <99,2) 435 200 

1978 2 100 ( 0,6) 380 200 <99, 4) 382 300 

1979 1 300 ( 0,4) 301 000 (99,6) 302 300 
.. 

1980 4 300 ( ,.., ) . ..... , 7 . 156 300 (97,3) 160 600 

1981 B 300 ( 4, 0) 200 200 (96,0> 208 500 

1982 29 800 ( 9., 7) 278 400 (90,3) 308 200 

1983 27 030 ( a, c» 312 100 (92,0> 339 100 . 

Table 2.3a Nominal Cape hake catches by flag group for SWA 
<ICSEAF Divs 1.3, 1.4 and 1.5> in metric tons. Figures 
in parenthesis show the percentage of total catch. 
Statistics for 1962-1981 come from the South African 
Fishing Industry Handbook and Buyer's Guide (1985>. 
Figures in disagreement with data from ICSEAF (1985b) 
are marked with an * . A + indicates that erroneous 
data have been amended. The statistics for 1982-1983 

·were calculated froN"1 ICSEAF Stat. (1984 and 1985). 
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Year Dottiest ic:.: Foreign Total 

1962 1 (12 30(1 (95,9) 4 4(1(1 ( 4, 1) 106 700* 

1963 98 900 (77,9) 28 000 (22, 1) 126 900* 

1964 102 200 (80, (>) 25 500 (20, (>) 127 700* 

1965 99 600 ( 58' 1 ) 71 700 (41, 9) 171 300* 

1966 113 300 <63,9> 63 900 (36, 1) 177 200* 

1967 115 400 (59, 5>" 78 700 (40, 5) 194 100 

1968 115 100 (65, 8) 59 900 <34,2> 175 000 

1969 101 000 <48, 8>·· 105 800 (51,2) 206 800 

1970 91 700 (53,9) 78 600 (46, 1) 170 300 

1971 105 300 (44,5) 131 200 (55,5) 236 500 

1972 113 000 (38,3) 182 300 (61, 7> 295 300 

1973 128 600 (54, 7) 106 600 (45,3) .-J"?'C": ..:..wo;J 200 

1974 113 500 (50, 7) 110 400 (49,3) -~·-1-:r ..:....:..,.) 900 

1'375 93 400 (57,2) 70 000 (42, 8> 163 400 

1976 107 900 (53 6) . ' 93 200 (46,4) 201 1(>0 

1977 94 300 (68,3) 43 700 (31, 7> 138 000 

1978 135 300 (93,6) 9 200 ( 6,4) 144 500 

l979 139 600 . (96, 8> 4 600 ( 3,2) 144 200 
. 

1980 138 000 (92,6) 11 100 ( 7,4) 149 1 (>(> 

1981 127 700 (93,2) 9 300 ( 6, 8) 137 000 

1982 127 100 (94, 7> 7 1 (>(> ( 5,3) 134 200 

1983 11 (I 400 <96,2) 4 400 ( 3, 8) 114 800 

Table 2.3b Nominal Cape hake catches by flag group for RSA 
CICSEAF Divs 1.6, 2.1 and 2.2> in metric tons. Figures 
in parenthesis show the percentage of total catch •. 
Statistics for 1962-1980 come from the South African 
Fishing Industry Handbook and Buyer's Guide <1985>. 
Figures in disagreement with data from ICSEAF C1985b) 
are marked with an *· The statistics for 1981-1983 were 
cal'c1..1lated from ICSEAF Stat. ( 1983, 1984 and 1985>. 
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F~gure 2.3: Domestic, foreign and total catches in thou­
sands of metric tons for ICSEAF Divisions i.6, 2.1 
and 2.2 <Zone II). This graph has been based on 
data presented in Table 2.3b. Values for the period 
1962-1966 should be viewed with caution. 
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Figure 2.4: CPUE trend (in metric tons per South African 
standard trawler day> for ICSEAF Division i.6 • 
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tioY1 iY1 foT·ei9.,.., fishiY1g iY1 the early 1970s (see Chapters B .:md '3>. This tre·t"1d i·,.., CPUE values for ICSEAF Divisiol"1 1.6 is i l htstT·ated i·,.., Figtn'e 2. 4. The catch T·ate decrease, t 09et heT· with aY1 i Y1c:-rease iY1 fi shil"1g costs, part icttl arly fuel a.,..,d wages, seriottsly affected the profitability of the l oc·a l hc:<k e i Y1dttst ry whi c·h may have beeY1 rtmrti rig at a loss i .,.., the mi d-seveY1t i es ( R. BT·oss, peT"s. ccmmn}. 

By t hi s t i tt1e wo r·k cn st ock asses stt1el"tt 
dyY1ami c·s had al ready cott1tttenced. I l"t 1966, 
Sea Fisheries, under the Departtttent of 
in it i at ed a research p rog rattrttte, g iv i Y1g 
collectiol"1 Efl"td c·ompilatio.,.., of reliable 
stat i st ic·s. 

a.,..,d pcpu 1 at i o·r1 
the Divisiol"1 of 

I·l"1dust ries, had 
priority t et the 
cat ch· c!"nd ef·f Ct rt 

This was followed by the establishtt1el"1t of ICSEAF (the Inte·rr1ational · Cotrrtt1issicm for the Scrnth East Atla·ntic·. Fi sher·i es> i .,.., 1972 as a result of tttottl"lt i Y1g cor1c·ern about the depleticn of hake stocks following increased e'itploitatiol"i ir1 the area. Pricrity was given tc . stock 
assesstttent, Efl"td m.:rr1agetttertt cor1ce-r'ttrated on reducir1g effcrt Ol"1 the heavily exploited stccks. A-n i·nterr1E1ticY1ally recogYti:zed tttiYtitttUffl mesh size cf 110 mfl'f was impletrrented etr1 l July l'.375 (Sea Fisheries Br.:mch, 1980}. P7·ior to that, South Africal"s deep-sea trawlers had ttsed a tttesh size of 102 mm. A-1"1 i·,..1spectioY1 schettie fetT· hake fishiY1g was also i ·nit i ated ( l '.375> and a cat ch qm1·t a of a·,.., i Y1i ti a 1 70(> thcttsa·,..,d ffletric tor1s fcr· the whole c·ol"rventio·,.., area (bttt 
subdivided between Zones I a.,..,d II> was introduced into the fishery by ICSEAF on 1 Jal"1uary l'.377 (Sea Fisheries Branch, 1'.381b}. 

Table 2. 4 gives ·the ICSEAF catch ·quot a recetfflfl'fendet i Ctl"1S frcm 1'.377 to l'.385 fcT· Zones I and II. Sinc·e l'.378, qttotas fcr Zcne II have beer1 set by the South African authcrities after taking cognizance of ICSEAF recofflffle-ndations. The historical deep-sea, inshore and fcreign quota allocaticns fo:r- this region a'r'e detailed i"l"I Table 2. 5. 

Subseqtterft quota advice seemir1gly aitt1ed at assttrin9 al"1 increase in stock abundance, principally by ttrairttaining annual catches below current sttstair1able yields, ge-t"1eral ly adopting a f 0 , 1 strategy to do so. Cu·r .. rent CPUE values and stock-size estifl'fates indicate that these ffleasures have been largely successfttl in countering the earl ie1' apparent overexploitation of the stocks, and a biologically cptimal exploitaticn (MSY> appears clcse to being (o?' has already been> achieved (see Chapter S>. 
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Year Zone i <SWA) Zone Ii <RSA) 

'1977 536 (l(l(I ( 81,2) 164 (l(l(I ( 84, 1) 

1978 480 300 ( 79,6> 147 700 ( '37, 6) 

1979 415 900 ( 72, 7) 150 (l(l(> ( 96, i) 

'198(1 32(> (l(l(l ( 50,2) 112 (l(l(l ( 133, 1) 

198·1 211 841 ( 98,4) 140 (1(1(> ( 96, 1) 
. 

1982 352 (l(l(l ( 87,6) 127 700 (103,2) 

1983 413 (l(l(l ( 82, 1) 115 200 ( 99,7) 

1984 413 (l(>(l ( 77,5) 129 (l(l(l ( 98,3) 

1985 429 (l(l(l ( - ) 126 (l(l(l ( - ) 

Table 2.4: ICSEAF recommendations (1977-1985) rela­
ting to the regulation of total Cape hake 
catches in metric tons. Statistics were 
obtained from ICSEAF (1976-1984). Figures 
in parenthesis show the percentage of the 

.recommendation actually caught. 
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Year Deep-sea Inshore 

1978 113,50 5,00 

1979 135, 00 5,00 

1980 134,85 7,00 
+ 2,00 

1981 135,30 7, (I(> 

+ 2,00 

1982 119,15 9, 00 

1983 105, 00 8, oo-

1984 111,65 9,35 

1985 114,15 9,35 

Foreign Scare 

6,50 

7,00 3, 00 

1C>, 20 
+ 2, 00 

10,40 1, 00 

7,85 

7, 00 

7,00 

7, 00 

Giobal 

125,00 

150,00 

152,0(l 

153, 70 

136,00 

120,00 

128,00 

130,50 

~ 

115,6 

95,1 

98,1 

89,1 

98,7 

95,7 

99, 1 

-

( 1 ) 

(2) 
(3) 

(3) 

Table 2.5: Quota figures (in thousands of metric tons> as 
set by the RSA aut~orities for ICSEAF Divisions 1. 6 and 2. i + 2. 2 • The last column shows the percentage of the quota landed and 
was calculated using the nominal catches given 
in Tables 3.3 and 3.4. Quota T1gures were 
obtained from Annual Reports 46-52 of the Director of Sea Fisheries or the Chief Director of the Marine Development Branch and 
from SFRI records. 

Note (1) The quota for South African vessels was filled by the end of October ~nd a small additional quota was granted to extend to the end of the 
year. 

<2> Taiwan was granted a quota of two thousand metric tons after initial quota allocations had been tt1ade. · 

(3) The inshore quota was raised from seven to nine thousand metric tons when it became clear that the deep-sea ouota would not be filled. 
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Year ~ hake RSA quota 

1978 71,6 152,000 

1979 68,7 169,000 

1980 70,8 165, 750 

1981 73,3 158,358 

1982 75,0 151,097 

1983 69 5 .. 139,924 

1984 73,6 147,924 

Table 2.6 : A comparison of the percentage nominal weight 
of hake in demersal landings" of the RSA 
commercial trawling industry with RSA quotas 
in thousands of metric tons for Zones I and II 
during the period 1978-1984. The figures for 
the percentage hake in demersal catches were 
obtained from Annual Reports 46-52 of ~he 
Director· of Sea Fisheries or the Chief 
Director of the Marine Development Branch. The 
RSA quota figures are based on quotas listed 
for the domestic trawls i~ Table 2.5 and 
increased by the RSA Zone I quotas published 
in the· Reports of the Meetings of the 
Scientific Advisory Council and the Standing 
Committee on Regulat~ry Measures in ~CSEAF 
( 1978-1984) 
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The ultimate obJective of fisheries scientists is to 
provide scientific advice for management which should ulti­
mately maximize benefits (for the moment benefits may be 
considered equivalent to yield> without impairing future 
prospects of exploiting the fishery. Beyond this stage, 
managett1eY'lt is carried 01..1t by ·fisheries adttiiY'listrators. ·For 
operational purposes, this obJective needs more .specific 
defiY'lition; correspoY'ldingly the terms 'overfishing' or 
'overexploitation', frequently used to describe fisheries, 
are not in themsel~es very clear or helpful without more 
detailed specification. For the purposes of this thesis, 
overfishing is interpreted in the purely biological sense 
to mean the reduction by fishing of the stock t6 below the 
level providing ma~imum sustainable yield <MSY>, where' MSY 
is the large~t average catch that can continuously be taken 
from a stock. 

Theoretically, by controlling the amount of fishiY'lg and the 
size of 'the fish that may be caught, the stock size can be 
adJusted and .overfishing avoided. An understanding-of the 
dynamics of the fish population is therefore necessary and 
this can be expressed in terms of models which estimate 
stock size and yield 6f the fishe~y for particular levels 
of effort. on· the basis of such research, management 
policies can be framed for the regulation of the fish~ry. 
These include the establ ishtt1eY'lt of annual catch quotas, 
sometimes referred to as Total Allowable Catches <TAC's>, 
and the enforcement .. of scientifically based minimum mesh 
size. regulations. However, the viability of such mesh size 
controls as a management tool in the hake fishery is open 
to conJecture owing to the apparent low survival rate ·of 
hake passing thr~ugh the meshes .of the trawl nets CR. 
Leslie, SFRI, pers.· commn>. 

The overall obJect'ive of fishery scientists may differ from 
that of fisher~en who might choose to maximize their 
profits i1Y1tt1ediately •. So· ideally, for opt itt1al mariagett1ent of 
the· stocks, econort1ic, · social ·and political factors should 
be incorporated in the model~. ·For ·example, costs could be 
related to fishing effort so as to indicate how profitable 
different equilibriu~ levels of fishing effort would be. 
Ho~ever,' once ·economic• factors are intr.oduced," the term 
'overfishing' needs to be .generalized to include fishery 
revenue a~d cost factors. ·At present, such analy~es cannot 
be performed becau~e.of the unavailability of suitable 
data. 

Since environmental flt.1ctuations.-can cause the stock si-ze 
to vary, allowance for a_ safety factor is advocated when 
set~ing quotas. Management recommendations for Cap• hake 
have generally ·been ·based on the f 01 procedur~ outlined by 
Gulland and Soerema <1973>. It is a~ ad hoc procedure which 
aims to keep the stock slightly above MSY level as .a buffer 
agaiY'lst fluctuations. ::Gordon's equili'brium econ.ottiic factor 
stock model <Clark, .1976} ·suggests tha~ in many ·cases this 
procedure will tend to provide better economic returns. 
Details of the f.0 , 1 procedure are given in Chapter 8. 



3 QBIB, 

3. 1 St oc:·k div is i o·t",s 

' The ICSEAF c:·a'l"NE'rrt i Ctl"1 area is divided i yft a fattr fflai"l"1 r·egiaY1s fc:sr· the pttr·pases of hake stoc:·k assessttrE'l"l°t (see Fig u r·e .2. 1 > • These a re Di vi s i Ol"ts 1 • 3 + 1 • 4, Div i s i cm 1 • 5, Divisia·,.., 1. 6 a·,..,d Divisicms .2 .. 1 + .2 • .2 • 1.,.., the absence of any definitive r·esults on stock idel"ttity, the ICSEAF di vision bouYtdari es have for con-ve-l"tiE'l"tCe beeY1 take-n t c r-epr-eseyft stock botmdaries. Divisic·,..,s 1.3 + 1.4 have been c:·otttbi·,..,ed becettse evider1c:·e points to CPUE tre-1"1ds with tittre which are siffli lar for these two er·eas, bttt whic:·h differ· frcttr that for Divisio'l"t 1. 5 ; DivisiO'l"IS .2. 1 + 2. 2 were not. split bec:·ettse i .,.., Di vi si ol"1 .2 • .2 rel at i vel y Sffle<l l catches were repcr-ted a·,..,d the di st T"i but i O'l"t of these c:·~tc:·hes did l"rot extend far· iYfto this regio.,.., <A. I.L. PayYre, SFRI, pers. • c:·offlttrl"r > • I.,.., the f ou.,.. I CSE AF reg i 0Y1s ( f ·r-r::sffl YtCM cm t e'Nl'Yed di vi si ems> two heke spec·ies, !?!.:... pe<T"edo){us end ~ c:·e<pensi s, ere cattgf'tt (though iYt differe-l"tt p·r-oporticms>. Because 1 aYrdi ·ng statistics do Yrot di st i"l"rgui sh betweerr these two species, !?!.:... paradoxus. c:md M. cape-l"1sis twhic·h have sittri lar appear-ence (Vcf,., Ec:-k, 1'36'3> a·nd g·r-owth rates (Botha, 1'371>J are treated as e siY19le tmit stack i·n eac:·h perticttlar· division. 

3 • .2 Desc:·ri pt i o·,-, of data 

Tf-'t'f·ee tt1aiY1 types of data are· available frrsttr the C:-Ctfflttterc:·ial fisheries. These are the· catch· (C), fishing effcrt <E> and biological c:-harccc:-terist ics of the c:-atc:·h (for e){attrple, lerrgth e'nd age st.r-uc:-tttre>. Catch per trl'lit effor-t (CPUE> stet i st ics are c·alculated froffl c·atc:·h a.,..,d effort data. These data are utili:i::ed by the produc:·tirsYt fflodels desc:-ribed ir1 Chapters 4 smd.5, whereas birslogic·al statistics aT'e ettrployed by alterr1ative stock assesstl'1ent procedures such as Virtual Population Analysis (see Chapter '3>. 

Because the precision of estittrates rsf parattreters of prodtu:-tiort ttrodels developed ir-, later c-hapters depends lar9ely on the lE"l"lgth of the t ittre seT"ies of historical data, c-atc:·h-effoT"t statistics have beeY1 collec:-ted frotrt as eaT"ly in the history of eac-h of the fisheries as possible. These statistic·s are- available for hake fisheries in the abovettre"f'r'tioned four divisions for ttrost of the period of e~ploitation, e~c:-ept as hereefter ttrer-ftioned. Although Cape hake in Division 1.6 have beel"r fished sinee the tu'M"I of the century, eonrprehensive c-ateh and effort data are only available frottr 1SC'.J5 for this region; eatches in earlier years were sttrall (see Table 2.1>. The ttrore northeT"r1 groul"tds (Divisions 1.3 + 1.4 and 1.5> were virtually unfished by Sottth Afr-ic:-sm or forei9Y1 vessels ur..t i l 1'365, er-id it was or1ly subsequently that fishi.,..'9 in_ the Luder·itz 
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aY1d Walvis Bay vici .,..,it ies esc:·al ated rapidly. Therefcn·e 
c:·atc:·h-eff ort statistics for these grotrnds are avail able 
only frott1 this date. Sitttilarly in Divisions 2.1 + 2.2, the 
data ·r-ecords only go becck to 1'967 whe-1"1 heavy e)(ploitatio.,.., 
of the hake resource began, though sottte inshore catches of 
M:_. c:·ape-t"1s i s had bee·,.., tt1ade by the- sole fishery i .,.., earl i er· 
year·s. 

The .,..,ottti'l"1al c·atch, . <sta'l"1dard> effo·r-t aY1d CPUE data series 
ttsed i'l"1 analyses i'l"1 subsequent chapter·s are prese't"1ted i·,.., 
Tables 3.1 - 3.4. The data values have beeY1 takeY1 frottr 
ICSEAF (1985b>, with sottre ttri'l"10T· adJusttttents for Divisions 
1. 6 cmd 2. 1 + 2. 2 <R. Lesl.ie and A. I. L. Pay'l"1e, SFRI, pers. 
c:·omtt«1 > • The 1 984 f i g tt 'f'"es have beel"t est i tl'fat ed cm t he bas i s 
of the figures fa.,. the first half of the year· cmly cmd 
will be SttbJect to later re-visio·l"i. Effort values wer-e · 
calculated O'l"1 the basis of the catc·h al"1d CPUE values .;is 
wi 11 be descr·i bed i .,.., the sect i Ol"1S heretmde'f'. 

Where Ul"1spec·i f ied i .,.., fol 1 owil"rg chapters, catch, effort and 
CPUE tt"f"fits for the graphs a·nd tables correspO"f"1d' to the 
units 9iver1 in Tables 3.1 - 3.4. 

3.2.1 Catch data 

Catc:·h is the- weight (o.,.., in the case of other· fisheries, 
sometimes Y'l\.ttttber> of fish rettroved from the popttl at i o·,.., by 
fishing. In Chapter 2 it was noted that catch statistics 
are usually repa·r-ted in tonnes actual <landed> weigY~. 
Because the fish· are headed and . gutted before being 
weighed, these f i gu r·es have bee'l"1 co'l"Nert ed to t o'l"mes whole 
<nott1inal or live> weigr~ by multiplying by a factor of 
1,46 (Chaltt1ers, 1976>. Refere-nces to catch in this thesis 
will refer to nominal weight. Frott1 le-ngth, weigY~ and 
otolith safflples of the catch, the age composition by 
nutt1ber of the catch can· be determined ~y means of 
coYNersion tables <that is, age-le-l"1gth keys>. £The 
perce-l"ltage age structure by .nutt1ber of catches in Divisio·,.., 
1.6 is giverr in Chapter· 9 (see Table 9.1>.J 

Hake landing statistics ~y division are subfflitted to 
ICSEAF by all the maJor participating fishing nations. ln 
the past some couyftries, notably South Af-r·ica, have 
discarded Sfflall hake, but this practice was consider-ably 
reduced by 1974. If discarding is unaccounted for in 
landed eaten figures, nominal catch values and the 
proportion of the younger age groups in the catch fflay well 
be underestimated i't"r earlier years. 1.,.., an atte1rrpt to 
account for discarding in RSA catches, nofflinal catch 
values for Divisions 1.6 and 2.1 + 2.2 prior to 1972 were 
increased by 39" in accordance with a decision reached at 
the 1977 I CSEAF Meet i Yt9 aY1d pub 1 i shed· i .,.., I CSEAF ( 1 '378 > • 
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Effesrt data 

Fishi·,..,g effes·r·t is e:xt·t·ettJely diffictilt tes qtta'l'"1tify a·f'1d 
c:·o·f'1tresl as it deper1ds o't"1 tt1a'f'fY fac:-tor·s which are co't"1stantly 
u't"1dergoi't"1g c·ha't"1ge. These i't"1t:·h.tde the fleet eompositio·n, 
the efficie't"1c:·y etf the variettts vessels a.,..,d crews, a.,..1d the 
i nt rod ttct i o·,.., etf 't"1ew t ec:·h"t"10 1 ogy a·,..,d f i sh i .,..,g aids. The 
distributioY1 of effor·t betwee-1"1 variotts fishing grotmds is 
also affected by fac:-tors such as distcmce frofft po·r-t, 
abtmdar1ce of othe·r· species and their tt1arket demamd. 

In all divisio.,..,s exc:·ept Divisio't"1 1.6, trawler hours are 
used to qtu:mtify ac:-tttal effort. T·r·awler hot1rs is a measure 
of the time dttri·,..,9 which the trawl .,..,ets ar·e O'I'"• the bottott1. 
Howe-ver, iY1 Divisio·,.., 1.6, effo·r-t is tt1easured i·,.., terms of 
(sta't"1dard> trawle·r- days (refer·riY1g to the "f"1ttttJber of days a 
trawler spE"f"tds C1Y1 a fishir1g grotmd). Sta·,..,dard days is a'f"i 
appropriate i·,..,dex for Pi vi si O't"• 1. 6 bec:·attse little or· no 
steaffli·,..,9 - time is fr'fvolved (that is, the t·r-awleT· leaves 
por-t a't"1d fishes vir-tttally ifffmediately> a·l"1d ·,..dght trawling 
is ·r·ar·e. Howe-ver, its use ifflplicitly assttftfes that the 
frac:-tio.,..1 Of the day for which trawler 't"1ets CIT'e dOWYI has 
bee-t"1 cor1startt over the his~ory of the fishery. 

The staY1dard fishi·,..,9 effort of a vessel is defi'l"1ed as the 
p·r·oduct of its fishiY1g power ar1d the ac:-tttal effo1"t 
e:xpended <that is, the l"1tt1t1ber oT· holtT's. or· days it spe-f"tt 
fishi'f"1g>. FishiY19 powe·r· is defi·ned as the catc:·h take't"1 from 
a 9iveY1 de-l"1sity &f fish per UY1it &f fishi·l"1g time (Gtillc:md, 
1'369). It differs ac:-ccn·di·l"1g to vessel c:·ateg&·r-y arid gear 
aY1d depeY1ds to a large exte-,..,t o.,.., the c:·haracterist ics &f 
the vessel such as its toymage a·nd horsepowe·r·. The p·r·ocess 
&f c:-&~verting at:'tual effort t& st~ndard effo·r-t will be 
refeT'T'ed to as 'standardizati&n'. The effoT-t data listed 
i.,.., Tables 3. 1 - 3. 4 have bee.,.., sta'l"fda·r-dized il"1 this ma-,..«,er 
(that is, they are il"t tenns &f stal"tdard effort>. They also 
refe.,. only to 'hake-diT"ected~ effort (see discussion in 
Sect i etn 3. 2. 3>. 

Vessels in the hake fishery are c:-ategori~ed into to't"mage 
classes as follo"s <ICSEAF Stat. 1984)C 

CODE<v> GRT CATEGOR't' 

2 0 4'3, '3 
4 50 14'3, '3 
5 150 499,9 
6 500 9'39,9 
7 10(>0 19'3'3, '3 
a 20(>0 Pl ttS 
(> Unkl"IOW'l"t 
9 Researc:-h vessel 

(GRT = gross registered tons>. 
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Trawlers i'r·, the hake fisheT·y ar-e c:-lassified as OTB-v where 
OTB sta.,..,ds fo·r· otter trawler, bottottt, a"t"td v refers to the 
to"f'1Y1age c:·lass <as give-,.., above>. 

For- the Sottth Afric:-a"t"1 fisher-y, rather c-r-ude power- factors 
were calcttlated duT·iYtg the early 1970s on the basis of the 
tttet hod of Bevert Ol"t Eo .. ,d Holt ( l '357) • A hypot het i cal 4(>(> 6RT 
side trawler was allocated a power factor of 1 (that is, a 
South African standard hour refers to fishing effort 
equivalent to an hour- of a 400 ton OTB-5 side trawler. 
For· sitttpl i ficat ion of cal Ctll at i o·,..,s, the fleet ( igY1or-i ng 
the few very stttal 1 vessels> was divided into three nraJor 
categor-ies with the followi-.,..,g power factors alloc:·atet;f to 
eac:·h <A. BadeY1horst, SFRI, pers. c::onrfM"t): 

CODE 6RT POWER FACTOR 

F 30(>- 6(>(> 1,14 
G BOC>-1000 2,00 
H + 17(>(> 2,8(> -

t:Note that althottgh the 300-600 6RT c·lass inchtdes the 
sta·,..,dard 40(> tcm vessel so that a powe'r" factor of l might 
be e)tpec:-ted, a largeT· facto.,.. is ttsed to al low foT" the fac:-t 
that the nrean catchiY1g power of the vessels in this group 
is slightly greate·r- thaY1 that of a sta'r"1dard 4C>O-to'r"1 side 
trawleT". This . average was evaluated by first assig·,.-d.,..,g 
power factors 0Y1 a fiYter scale froffl a CPUE ver·stts 6RT 
regression fit.J 

It i s ev i de'r"tt t hat t he above po we.,. fact or· al l ocat i ol"r ttfay 
not be adeqttat e to T·ef l ect the t T"tte relative performance 
of the vessels in the fleet precisely; further research is 
needed on this topic (see Section 11.7>. 

A differe-rtt approach has beeY1 used foT" Spanish effort 
calculations with the overall CPUE being 'standardi~ed' 
first (see Section 3.2.3) and sta'f'tdaT·d effoT"t data being 
calculated therefrom. However, it should be noted that 
the standardizatiol"t method adopted is at basis equivalent 
to that used for South African data (see Appendi~ 3.1> • 

The c-onrbined (standard} effort of a fleet is calculated as 
the sutrr of the standardized efforts of the individual 
vessels assuming they have been fishing aloYte. Sittrilarly 
total <standard} effort for the fishery is the suttr of 
(eottfbined} effort e~erted by·all the participating fleets. 

However total effort data foT" the fisheries 
.c:·ol"tS i derat i on oft el"t cannot be c-ottrpi led because few 
have repoT"ted catch and effort statistics over the 
peri od of the f i shery. ConseqttE'l"lt 1 y, total 
estittrates are often based on catch rate infortrration 
only one or two .,..,at i O'f'1al series. Such c:·atc-h rate 
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a re divided i .,..,to the c:·orr·espo.,..1d i .,..,g tot C! l c·at ches to 
provide total effort esti1trates. Biases iY'1 total effort 
estittrates tttay therefC1re result fr-ottt biases 1.,.., CPUE 
1treas\.tres, which are diSC\.tssed .i.,.., the followiY"19 sectio.,.., .. 

3. 2. 3 Catc:·h per \.t.,..1it effort <CPUE> 

As has been nrer1tio.,..1ed above, although average a·,..,.,..,\.tal CPUE 
f i g\.t res should i .,.., pri nc:-i p 1 e be ca 1 C\.t lated f T-C:lftr · the total 
catch a.,..,d effort statistics for the fishery, in practice 
CPUE is us\.tally obtai.,..1ed from data frottt some part of the 
fishery, and total effort t hel'"1 estimated fro'1r this .. 

Because hake catc:·hes caY"1 fc:1T·ttt part of a ffl\.tltispecies 
f i sher-y and trawlers may be able to direct their effort or1 
prefer·red species to a certaiY"1 exte·nt, it is necessary 
that hake CPUE estimates be based only on that part of the 
fleet~s fishing effort which is directed towards hake 
(directed effort>, and the quantity of hake caught 
(di rec-ted catch> duri.,..19 that period. The c:-atch-effort 
ret\.1rl'"1s submitted try skippers of So\.tth AfricaY-1 trawlers 
spec·i fy the spec·i es \.tpo·,.., whi c·h they· were f ocuss i.ng t hei.,. 
effort, aY1d this infortttatioY1 is .used to defi·,..,e "directed" 
i.,.., the calculatior1 of·diT·ected catc·h and effort. The 
SpaYtish operation o.,.., 'the otheT· ha.,..1d is e.,..1tirely directed 
towards hake, so ·no adJuStt1rents of this .,..,at ure ·are needed. 

So\.tth Africa.,.., cofflbiY1ed aymual CPUE vahtes are based or1 
d i rect ed cat c·h d at a a"r"1d di T·ect ed st and a rd ef f o rt v a 1 ues 
(staY1dardized to OTB-5 \.mits' by ttrea.,..1s of power fac·tors 
see Section 3.2.2>: 

where 

H v 

2: c 
5 v=F 

<ClE> = (3.1) 
i H v 

2: Pf . E 
v=F v 

v refers to a partic·\.tlar vessel code 

v 
C is the catch of code-v vessels in the year i 

i 

v 
E is the act ucc l effcrr-t 

i 
vessels in the yea-,. i 

v 

expe-l"lded try code-v 

arid Pf • E is the coT-T-espo.,..1diY19 stcc·,..1dard effort iY1 OTB-5 
v i 

units. 
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However, ir1 Spardsh c:·alc:-ulatic<'1"1s, the OTB-7 c:·ategory is 
ttsed as the standard tmit smd the CPUE i-,..1de)( for· any 
par-tic:-ttlar yea·r· i is c:·alc:-ulated as follows (lCSEAF, 
19B5b}: 

where 

_7 
(C/E} = 

i 

v r-efer·s to 

v 
u are the 

over the 

v 

v 
((C/E> . c 

v 

i i 

8 v 
~ c 

v=5 i 

a pa r-t i c:-tt 1 a r-

1tJea'1'"1 CPUE values 
yeat·s 1975 - 1981 

] 
. u (3 • .2) 

7 

vessel OTB category 
(v = 5., ••• , B> 

for the OTB-v class 

a'1'"1d \C/E> is the CPUE (i·,-, ter·"1s of ac:-tttal effo..-t> for the 
i 

year i and OTB-v category. 

It c:-ccl'"I be seen that separate CPUE i rid ices a re f otmd for 
each of the differ·eY1t vessel categor·ies aY-1d thel"1, using 
sttch valttes ir1 the eqttation <3.2>, ar1 al"mttal catc·h rate 
<i'l'"1 ter1rrs of staY-1dard effort> is deterttfi·,-,ed. Althottgh this 
approach differs fro1t1 that ttsed for South Afric·aY1 CPUE 
statistics, it is shown in Appendi)( 3.1 that this method 
is based esse-ntial.ly on the power factor C:-O'l'"1cept. 

Tables 3.1 - 3.4 list CPUE values obtained in this ma"m"1er 
and total effort estimates ba~ed thereon. Abbreviations 
have been used for the effo·r-t units, na1t1ely, ESP OTB-7 t/h 
for the Spanish· (OTB-7> trawler tons per hour and ZAF 
t/std day (or ZAF t/h) for the South African (QTB-5> tons 
per standard day (or hour> fished. 

I·n the 'l'"1ext chapter the 1t1ethod suggested by Gttlla·nd (1951> 
for- cmalysis of catch-effort data wi 11 be col"1sidered. This 
approach may compeY1sate to so1t1e exte-r-it for- estimation 
errors occurring as a r-esult of making the steady-state 
assumption in the production model analysis, and requires 
average effort values over a certain per-iod. The basis for 
calculating this average effort value, f, is discussed in 
Chapte·r- 4, but for- col"1VenieY1ce, the values used ir1 the 
assess1t1ents that follow are listed in Tables 3.1 - 3.4. 
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!r1 order to tt1aintair1 a lor1g time series, statistics have 
been restricted to Spanish <OTB-7> data in Divisions 1.3 + 
1.4, to pooled Spar1ish <OTB-7> arid Sottth Afric:·aY1 (OTB-5> 
data i"r·1 Divisiol"1 1. 5, a"f'"1d to South Africa·,., <OTB-5> data 

.only in Divisions 1.6 and 2.1 + 2.2.· In the case of 
Divisio·,., 1. 5, the 197.2 CPUE val\.tes were corssidered to 
provide a valid reflec:·tio.,.., of the ·r·atio ir1 power fac:-tors 
fo'f· the do1t1i·ncff'"f°t vessel c:·ategories in the two l"1atioY1al 
fleets co"1'"1sidered, and therefore that year· was used as the 
r·efereY1ce (or base> value <ICSEAF, 1985b) i·,., poolir1g the 
data. 

IY1 Di·..,.isions 2. 1 + 2. 2, althottgh catch values 'for· 1967 and 
1968 were T·eported, eorrespcmdir19 CPUE vahtes were 
tmavai lable. The 1967 a-,.1d 1968 catch rates have beeY1 
assumed as equal to the 1969 CPUE value of 1,28 because 
duri"f'"1g that per-iod the vessels we,.r-e taki.,.19 relatively 
sttra 1 1 catches f rottr a v i rt tt a 11 y v i r·g i .,., st oc:·k and any 
differences f T"Offl this value a re likely to have beeY1 sma 11. 

CPUE statistics are fr-eq•.te-ntly ttsed by fisher-y scieYttists 
to estittrate cha"f'"1ges iY1 (hake> populatio·,., bio1t1ass. 
Calculations in Chapters 4. and 5 are based on this 
assu1trptioY1 that CPUE is proportio.,.1al to stock abtmdanc:·e., 
that is, (C/E>=q.y where q is the catc:·hatiility c:·oefficient 
a-,.1d y is the st oc:·k biomass. 

There aT'e ma"f'"1y limitations amd poter1tial biases to this 
ir1dex of abu"f'"1damce. The theoretical basis for a lineaT' 
re 1 at i or1 of CPUE . to abtmdance T·est s upor1 asstHttpt i 0Y1 of a 
uniform randottr distribution of fish and/or fishir1g effort 
over· the whole range of fish stock. Although hake do not 
shoal (except occasionally at very eaT'ly ages>, they are 
often found prefererttially in certain areas and hence 
their distribtttion carmot be co'l"1sidered to be uniform. 
Orice one fishing vessel has detected hake in a certain 
area, other vessels are directed there ar~ heY1ce need to 
apply less 'effcn-t' to catch the same qttanti_ty of fish. 
Therefore, although by definition effort will be correctly 
estimated, in reality, partic:·ularly if ·effort is nreasured 
in st al"rdard day u'l"ri ts, such ' co-operative' ·r1onT·andoffl 
search can result in underestimated effort· values and 
therefore overest ittrated CPUE i'l"1dices <which tr1ay fail to 
give adequate indications of a stock decrease>. frn the 
other hand, fish ttray be frightened and dispersed by heavy 
exploitation a'f'"rd this would have the reverse effect. 

Further, a steady increase in the fishing efficiency not 
properly allowed foT· in the power factCtr evaluation c-ottld 
lead t o arr i nc:-reased cat ch wit hot.tt a corresponding c:-ha'l"1ge 
in the <apparent> effort values, a-,.1d the population 
abtt"t"1da·nce wottld be overestimated. CPUE c:·an · also be 
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iY'1fll.teY'1c:·ed by the weather· c:·o.,..1ditioY'1S. (o.,..1ly where effort is 
measttred i.,.., starrdar·d day ttr1its} aY'1d the behaviottr· of fish, 
so that the (C/E)=q.y relatio.,.-, will be sttb.Ject to <ra.,..1dottr} 
err·t:tr·. 

Biases i.,.-, the CPUE i.,.-1dex could also be caused by the fact 
that ir1itially fishi-r1g took plac:·e Y1ear the shore, but as 
the fishery expar1ded, the .vessels moved il"tto deeper 
waters. If effort is 111easttred i ,.., st cmdard days, this wottld 
ult itt1ately lead to an tt.,..1derest imat i o.,.., of catch rate values 
becattse pro po rt i Ol"rat el y mo re of the ti ttte away from po rt 
wottld have bee-1'"1 reqttired to· steam to the fishi...-19 9roul"1ds. 
However-, this . ttYti t of effort is cmly used for Di vi si o·,.-, 
1. 6, and a·ay bias that may exist is thottght to· be rather 
insubsta.,..ttial as trawler·s ge.,..1er·ally c·ottffflE"nce fishing 
shortly afte·r· 'leavi rrg port. 

.• 

Despite these possible p'r"oblenrs, for the r·efflairrder· of this 
thesis the assumption that the CPUE values listed in 
Tables 3. 1 - 3. 4 are pT"opor-tional to the correspo-,..1di·ng 
hake stock biomasses will be trrade (or if l"1ot·, specific:· 
trre-l'"ttion will be made of that fac:~}. 

Dtn·ir1g this chapter caT"e has bee...-, taker1 always to specify 
whether r-efer·e·nc:·e to staY1dard or actual effort is beiY1g 
trrade; however, al 1 future referer1ces to effort in this 
thesis will be ir1 the se-1'"1se of sta·,.-1dard effort. 
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Year Total CPUE Test al effort -c:·atc:·h <ESP OTB-7 (OTB-7 hcsttrs f 
(' (>00 t> t/h fished>. fished} 3y 

1965 '33,5 1,780 52 528 

1966 212,4 1, 31(> 162 137 

1967 195,0 o, 91(> 214 286 142 '384 

1'368 382,7 o, 960 398 646 258 356 

196'3 320,5 0,880 364 205 ,~,C" 

~ .... ..J 712 

1'370 402,5 (>, '300 447 ,,...,~,,,..., ............ 403 358 

1971 365,6 o~ 870 420 23(> 410 552 

1972 606,1 0,720 841 806 569 753 

1973 377,6 (>, 570 662 456 641 497 

1974 313,8 0,450 697 333 733 865 

1975 30'3,4 (>, 420 736 667 698 819 

1976 369,B 0,420 880 476 771 4'32 

1977 277,5 0,491 565 173 727 43•3 
.. 

1978 258.,1 0,437 590 618 678 756 

1979 172,3 0., 407 423 342 526 378 

1980 90,5 o, 45(> 201 111 4()5 024 

1981 92., 1 (>., S:-..J5. 165 946 263 466 

1982 176,4 (>., 539 327 273 231 443 

1983 215,8 (>, 587 367 632 286 950 

1984* 198,5 (>, 636 312 107 335 671 

1'384* - provisional data from CPUE values for January­
June. 

Table 3.1: Total catch and CPUE data, and total effort 
estitrrates obtained therefrom for· the Cape 
hake stock in Divisions 1.3 + 1.4. 
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Year- Total Pooled Total -c:-atc:·h CPUE st aY1d a .,.d f 
(' 000 t> i r1de:>i < +} effor-t ( +} 3y 

1'365 '3'3, 7 2,10 47 476 

1'366 1 ,...,,..., """"1 
44,~ 2,47 4'3 474 

1'367 1'39, 4. 1,36 146 618· 81 189 

1968 247,7 1, 32 187 652 127 914 

1969 206,2 1, 08 190 926 175 065 

1'370 224,7 1, (>3 218 155 198 911 

1971 229,7 1, 34 171 418 193 5(>(> 

1'372 214,0 1, (>0 214 (>00 201 191 

1973 290,3 0, '34 308 830 231 416 

1'374 1'35,5 0,66 2'36 212 273 014 

1975 178,7 0,76 .235 132 280 058 

1'376 20'3,7 0,54 388 333 306 559 

1977 157,7 (>, 65 242 615 288 6'33 

1'378 124,2 (>, 51 243 52'3 2'31 493 

1'37'3 130,0 (>, 6'3 188 4(>6 224 850 

1980 70,1 C>, 70 100 143 177 359 

1'381 116,4 0,84 138 571 142 373 

1'382 131,8 0,82 160 732 133 14'3 

1'383 123,3 o, '36 128 438 142 58(> 

1'384• 121,4 1, 01 12(> 1'38 136 456 

1984* - provisional data from CPUE values for Janua·r-y­
June. 

(+} calculated from Spanish OTB-7 and South African 
·oTB-5 statistics (see te~t> 

Table 3.2: Total catch and CPUE data, and total 
effort estimates obtained therefrom for 
the Cape hake stock in Division 1.5 • 
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Yee:r- Tot al CPUE Total effort -c·atch <ZAF t/ <ZAF st a.,.-1d a ·r-d f (+) 
<' (l(>(> t> std day> days ) 4/3y 

1'355 115, 4 17,31 6 667 

1'356 118,2 15,64 7 558 

1'357 126,4 16,47 7 675 

1958 130,7 16,26 8 038 7 484 

1'359 14;6, (> 16,26 B 97'3 B 062 .. 

1960 15'3,'3 17,31 9 237 B 482 

1'361 148,7 12, (>9 12 299 9 639 

1'362 147,6 14,18 1(> 409 l(> 231 

1'363 169,5 13,97 12 133 11 020 

1964 162,3 14,60 11 116 11 49(> 

1965 203,3 H>, 84 18 755 13 103 

1966 195,0 10,63 18 344 15 (>87 

1967 176, 7 10, (>1 17 5=·-, ~ ..... 16 467 

1968 l43,6 10, (>1 14 346 17 274 

1969 165, 1 8,62 19 153 17 374 

1970 142,5 7 '"1":' 
7 4w 19 71(> 17 715 

1'371 2()2, 0 7,09 28 491 20 425 

1'372 243,9 4,90 49 776 32 651.3 

11.373 157,8 4,97 31 751 36 672 

1'374 123,0 4,65 26 452 35 '393 

1'375 89,6 4,66 11.3 227 25 81(> 

1'376 143,4 5,35 26 804 24 161 

11.377 97,5 4,84 20 145 22 (>59 

Table 3.3: Total catch and CPUE data, and total effor-t 
estifflates obtained therefrom for the Cape 
hake stock in Division 1.6 • 
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Table 3.3 continued. 

Year Total CPUE Total effort -c·atc·h <ZAF t/ <ZAF star1dard f H-> 
(' (>(>(> t} std day> days } 4/3y 

1978 101, 7. 5,9(> 17 237 21 395 

1979 90,4 6,13 14 747 17 376 

1980 101,5 5,50 18 455 16 813 

1981 99,5 -5, 81 17 126 16 776 

1982 85,0 5,87 14 48(> 16 687 

1983 73,7 6,52 11 304 14 303 

1984* 83,6 6,67 12 534 12 773 

1984* - total South African catch + estimated foreign 
catc:·h. 

(+} 1955 - 1971 f 
3y 

1972 __; 1984 f 
4y 
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Year Tot al CPUE Tote l effort -catch <ZAF t/h <ZAF staY-1dard f 
(' 000 t> fished> hours> 3y 

1'367 17,3'3 1, 28 ( +} 13 566(+) 

1'368 31,37 1, 28 ( +) 24 508 (+} 

1'36'3 41,70 1, 28 32 578 23 557 

1'370 27,80 1 ,., ,., 
7 LL 22 787 26 624 

1'371 34,50 1, 14 30 263 26 543 

1'372 51,40 0,64 BO 313 44 454 

1'373 77,40 (t, 56 138 214 82 '330 

1'374 100, '30 o, 54 186 652 135 126 

1'375 73,80 (>, 37 1'3'3 459 174 842 

1'376 57,70 (>, 40 144 250 176 654 

1'377 40,47 0,42 '36 357 146 689 

1978 42,76 0,41 1(>4 293 114 967 

1 '37'3 53,83 0,46 117 022 1(>5 8'31 

1980 47,57 (>., 44 1(>8 114 1(>9 809 

1961 35,14 0,40 87 850 1(>4 328 

1'362 46,83 0,51 '31 824 95 '329 . 
.1983 41,17 0,48 85 771 BB 482 

1984* 43,15 0,55 78 455 85 350 

1984* - total South African catch + estimated foreign 
catch .. 

(+} assuffled (see text> 

Table 3 .. 4: Total catch and CPUE data., and total effort 
estimates obtai Y"red t heref-,.01r1 fo1' the Cape 
hake stock in Divisions 2 .. 1 + 
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AppE"'1"1d i :x 3. 1 

The ec:ruivaler1ce of SpaY1ish p1:1oled CPUE evaluatiorrs a·,..,d a 
power facto.,. f o T'ttn.1 lat i o·,-, 

I·,.., Sectior1 3.2.3 the ft1llowiY1g fo'f'tt1ttla (equatio·,.., (3.2>J 
WC!S give-,-, for· the calculatior1 of Spardsh CPUE data: 

Irr ;:my part i C'll 1 ar yea T' i, 

where 

B 

[ 
v v, v 

] L: C: <CIE> c J I -. u 
7 v=5 i i .' 7 -(C/E} = • . \.I 

i 8 v 

'L c 
v=5 i 

v refers to a . part ieular vessel ·OTB c:·ategory 
(v = 5, .••• , B> 

v 
. u a1"e the ttrean CPUE values for the· OTB.--./ class 

over the yea rs 1976 1981 

v 
and <CIE> is the CPUE for the yeaT' i and OTB-v c:-ategory. 

i 

· Asstutri rig that: 

( i > the CPUE co r:T'espor1d i ng to OTB-v vessels i s 

v v v v 
<CIE> = C /E 

i :i i 
\that is, E is aetual effort and 

i 

does not ineorporate poweT' factor adJustttrents> 

.(ii> the power faetor·s for OTB-v el ass vessels are given 
by 

7 7 
and (iii> C /E 

i i 

v 7 
Pf = u ./u 

v 

v v 
= C /[Pf .E J for v + 7 , or 

i v i 

v v 7 7 
C = C:Pf .E .C J I E 

i v i i i 

·(that is, relative catch rates of· different vessel 
categories renrain the sattre frQttr yeaT' to year} 
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it fol 1 tlWs t hat in a·ny pa rt i cu 1 a 1· year i , 

B 

k[ 
v v 

£ (CIE> • C 
i i 

B v 
LC 
v=5 i 

v -J I u ] 

= 

= 

8 

2: 
v=5 

7 
\.l 

7 v v v v 
ru 1u J. re IE J.c 

i• i i 

8 v 
I: c 
v=5 i 

v 7 7 v v 
£1/Pf ).((pf .E .c )/E J. re IE) 

v v i i i i i 

B v 7 7 
L £Pf • E • c ) I E 
v=5 v i i i 

8 v 

2: c 
v=5 i 

B v 

L: Pf . E 
·v=5 v i 

whic-h is eq\.tivalent to the fort1r\.tla used fo-r- the 
calc-ulation of Scuth Afric-an CPUE da_ta Cequati'on(3.1>J. In 
ether words, equation (3.2> used to evaluate the pooled 

·.Spanish CPUE inde>t is equivalent to a pcwe-r- factor 
for-nrulation, ·with the power- factors given by the ratio of 
the aver-age c-atc-h rates of different vessel c-lasses over 
the period 1976. - 1981. 
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4 STEADY-STATE PRODUCTION MODELS 

4. 1 Produc:·t i o·r1 1t1ode 1 s 

I·r1 the .,..,ext few chapter-s, prodt.tctio.,..1 models usiY1g accu1r1u­
lated annual catch and effort data ar-e developed as a 
mea.,..1s of explai.,..1iY19 a.,..,d t.mderstsrndiY19 the past smd present 
et1'1"1ditiol"1 of the hake fishery a·nd pr-edictiY1g its futt.tr·e. 
Of gr-eat importanc:·e is the evahtatiol"1 t1f sustai.,..1able 
yields and quota levels and the effect of changes in the 
patter-Yi of fishiY19 as a result of regulator-y fffeasur-es. 
The fffat hefffat i c:·al models t.tsecl for such eva 1 t.tat ions csm Ol"1ly 
be developed thr-ough an extel"1sive analysis and 
u·,..1derst al"1di l"19 of the fu.,..1dame'l"1t a 1 r·el at i 0Y1shi ps betweE'l"1 
population si:;::e, fishiY-19 inteY1sity aY1d catch. 

For the pt.tr-poses of this analysis, t.he hake populatio·n in 
eac:·h particular- ICSEAF- divisio·,.., is regarded as a separate 
closed unit stock. The size of each stock cal"r be described 
in two ways, .,..,amely, i.,.., ternrs of Yrt.ttriber·s or, il"1 terttts of 
bi onrass. A 1 t hot.tgh some i trrtrri g ration and effli g rat i cm f1Just 
take place between the stocks, the relative tttagr-1itude of 
these effects is hopefully not very large and therefore 
these ffJOVe«rents betweeY1 the stocks have been ig.,..1ored. 

·The stock is also affec:·ted by otheT" inflows and outflows .• 
Stock biofflass is iY1c:·reased by the recruitmer1t of .,..,ew 
i·r1dividuals to the pcpt.tlatioY1 .:md the tissue growth of 
individt.tals prese'l"tt withil"r the systetrr. o...-, the other hc<'l"1d, 
Y1atural ttroT'tality ccY1d fishing trroT'tality reduc:·e stock 
biomass. The above dynanrical effects dep~nd on various 
factors such as the age and sex structure of the popula­
t io·n and its geographical distributi·o.,..1, fcod availability, 
env i ronm~nt a 1 va ri at i Ol"rs and the stock size itself. Thus 
the ecosystem withi'l"1 which the COf1Jf1Jercial fisheries 
operate is complex, making the effects of fishing 
intensity on stock size and catch difficult to estimate. 

ProduC"tion ffJOdels, however, ignore these individual 
processes, taking iYtto account only two basic quantities, 
nafflely, the population biof1Jass <y> and the catch <C>, 
which are related to·the fishiYt9 effor'.'t (E) aY'td the · Ytet 
Y1atural rate of -i·ncrease. 

It is assumed that the basic principle of density­
depe'f'ldent population growth applies, often enabling the 
species to adapt to changes in fishing intensity. Stock 
produetion models assume that for any particular set of 
env~ronttre'l"rtal conditions, the population has a definite 
potential rate of increase whieh depends only on the 
existing stock size. That is, in the abs~nce of 
ex pl oi tat ion, 

dy/dt= f (y) 

where dy/dt is the rate of change. of popt.tlation biottrass 
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f<y> ·is called the 'net growth rate ftmction' 
'surplus production function'. 

or 

Simple forms of the net growth rate ftmction 1r1ttst exhibit 
certain basic features. At low levels of stock size, the 
biomass growth rate is sn1all. This rate increases with the 
stock level until it reaches a n1axin1ttm. Thereafter it 
begins to decrease again until it beconres zero when the 
carrying capacity is reached. This liniiting size is deter­
mined by factors such as the amotmt of space and food 
resources available. In this analysis two versions of the 
net growth rate function, f (y>, have been used. These 
forms, intY"odttced by Schaefer (1954> and Fox .(1970>, are 
as follows: 

( i) Schaefer:· f (y) = y. <1 - y/tO (4. 1) 

(ii) Fox: f(y) = y. (1 - ln(y)/ln<K>> (4. 2) 

CNote: I-f f(y) is written in the forn1 f(y) = y.g(y>, g<y> 
is tern1ed the specific rate of natural growth. In the 
Schaefer model g<y> is a linear function of the bionrass. 
However, for some stocks it has been observed that the 
data fell on a curve that was concave upward <Cadima, 
1978> and in such cases the exponential. Fox function may 
be more appropY"iate. The choice of g(y) depends on the 
stock in question and a comparison of the fits of these 
two models to Cape hake data in Divisions 1.3 to 2.2 is 
made in Chapter 8.J 

4.2 Equilibrium eateh 

Fishing has the effect of diminishing the increase in 
st·ock which would occur at the existing level of 
population if no fishing were taking place. Mathematically 
this can be expressed as: 

where 

dy/dt = f (y) - dC/dt (4. 3> 

dC/dt ~ rate of catching which depends on the 
stock size, y, and the fishing effort, E. 

When the rate of catching is exactly equal to the natural 
rate of increase (that is., dy/dt = (>) the stock size 
rett1ains unaltered. In this ease, the biott1ass produced over 
and above that which would keep the population biomass 
constant in the presence of natural mortality alone is 
regarded as a 'surplus' which can be harvested by the 
fishing industry. The fishery is then said to be in 
equilibrium for that level of population and fishing 
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effort. The annl\a l cat ch made lrnder Sl\ch conditions is 
called the equilibrium catch Cor yield>, and the size of 
population at whi~h the equilibrium caich may be maximized 
is referred to as the MSY level. This point corresponds to 
the level where the absolute rate of natltral growth is 
greatest, that is, where f Cy> is a maxin1um. This position 
is given by 

df J 
dy . - = () 

y-yMSY 
~ 

By controlling· the amount of fishing, 
attempt to regulate the stoek size, y, 
n1ax inn..tm yields. 

n1anagett1ent .. can 
to produee such 

4.S Description of the steady-state model 

Rather than the differential equation for111 (4. 3>, the 
discrete equivalent, 

y = y 
i+1 i 

is used in this thesis 

+ r. y • f Cy > 
i i 

c 
i 

where y = biott1ass at the start ·Of year i 
i 

C = catch in year i 
i 

T' = int T'i ns ic growth rate 

and ~ = earrying capaeity. 

(4. 4) 

The steady-state (s-s> ··model is based on the assltmption of 
an equilibrium sit~ation in each year, that is, · 

y = y 
i i+r 

which allows a very simple Method of est i111at i ng the 
parattJeters of the model. 

If it is assumed that CPUE is proportional to biomass: 

i.e. 

where 

then, 
(4.2) 

(C/E> = q.y 
i i 

q = eatchability·coefficient 

in the steady-state situation, equations (4. 1> 
can be rewr-itt·en in the following forms 

41 

<4.5> 

and 
(see 



Appendi >< 4. 1) : 
A 

( i > Schaefer: (C/E) = o< - f3. E (4. 5) 

2 
where ol = q.K and /3 = q • K/r 

(ii) Fox: 
/\ 

(C/E) 

I 

1 - fJ.E 
= d... e (4.7) 

where ...J'= IA q.K P.' -­and ,._, (q/r). ln(K) 

From eq\.tations. <4.6) and. (4~7> fortr1\.tlae for MSY, E and 
MSY 

y c:-an be derived (see Append i>t 4. 2 > : 
MSY 

2 
( i > . ·Schaefer: MSY =ri. /4 f3 or r.K/4 (4. 8) 

E = o, 5 ci.1 /3 or 0,5 r/q (4. 9) 
MSY 

y = K/2 (4. 1(>) 

MSY 

I 1 -1 -1 
MSY = ( ol I /3 > • e or r. K. e / l n 0-0 · <ii> Fo>e: (4. 11) 

E = 1/ /3' 
MSY 

OT'.' r/(q.ln<K>>· (4.12} 

-1 
y = K.e (4.13> 

MSY 

In both models the proportion of YMSY to K is fixed. For 
the Schaefer model, MSY is attained when the population is 
·exactly half its rr1aximu1rs si~e <K>, that is K/2, whereas 
for the Fo>< · n1odel MSY corresponds to a biotr1ass. of 
approx intately e- 1 • K ( ~ 0, 36BK>. 

The Fox exponential relationship in equation (4.7> can be 
transforttsed to the following linear form: 

A ...1 I I 
ln<CIE) = \A - f3 .E 

Estimates for the parameters ci., {3, D( 1 , /3' and thence for 
MSY were obtained by performing functional regressions 
(see Appendix 7.2> on the observed <Ei, (C/E)j > data pairs 
in the case of the Schaefer model and the <E i ,ln(C/E)i > 
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data pairs for the Fox model. The resttlts of these rer;rr·essiorts are listed i'r't Tables B.1 - 8.8. Estimated 
sust a i 'l"rab 1 e yield c·u rves re 1 at i rig the eqtd l i bT'i tHrt yield, 
C, to fishing effort, E, under the steady-state assumption 
are i 11 ust rated for Di vi si cm 1. 6 i .,.., Figtu"e 4. 1 • Such 
c·u·r·ves give an indic·ation of MSY as wel 1 as the sertsiti­
vity of the resour-c·e to over-exploitation (that is, the 
extE"nt to which sustainable yields iE<re T"educ·ed if effort 
exceeds the MSY level>. 
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FiguT·e 4. 1: Catch-effort c-urves for the Schaefer and Fox 
tnodels using d.. and ~ values obtained by fuY1e­
tional regression on data frotn Division 1.6. 

4.4 Shortcomings of the general pT'odut:'tion model 

In this sec:-tion sotne of the probletns associated with stock 
pT'oduc:-tion tnodels and the steady-state estitnation 
techniqtte of the pT'e-vious sec:-tioY1 are highlighted. These 
shorteotnings have led to various tnodifications to the 
basic Schaefer and Fox tnodels and these are discussed 
briefly. 

T~ tnatht!1rfatics involved in th~ rearranging and solving of 
sitnultaneous equations to obtain equations (4.8> to (4.13) 
is conveniently straightforward once t~ steady-state 
assutnption is tnade, and the need to estitnate r, K , q or the stock size separately is avoided. However, in certain 
circumstances, this assutnption can lead to the MSY and 
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other estimates being Sltbstantial ly biased, as is 
discussed in detail in Section 4.5 • Use of positively 
biased MSY estimates could have dangerous consequences 
because constant catches above MSY will lead to extinction 
of the stock within a finite period. 

Also the parameters estimated in the minimization 
(fitting> procedure (namely c(, f3 and thence MSY> give no 
indication of the n1agnitude of parameters r and K. In 
other words, in the case of the Schaefer n1odel where 
MSY = r. K/4, the est in1ated MSY COltlcl represent the 
con1bination of either a large r and sn1all K or a sttrall r 
and large K. This could have serious implications for the 
fishery since if r is large, a catch exceeding MSY could 
lead to a large biottrass reduction. However, if r is 
sttral l, the effect of a sinii lar excess catch on the stock 
size would not be as great. 

The most basic assun1pt-ion of the stock production n1odels 
is that the natural rate of increase of fish population is 
a function of the stock biomass alone (equation (4.3>>. 
Whilst this assumption . makes the n1odel attractively 
simple, at the same tinre it implies certain assun1ptions 
about the fish population which are to some degree unreal­
istic and which, if the degree of departure from reality 
is Sltfficiently great, limit the usefulness of the n1odel. 

A n1aJor criticisn1 is that Sltch models ignore the 
fundamental biological processes (see Section 4.1) which 
increase and reduce biomass. Various authors have proposed 
other ttrodels which might more accurately reflect 
biological behaviour. For example, the most basic stock 
production models assunre that the natural rate of increase 
responds inrmediately to changes in population density. 
This ttreans that delayed effects of changes in the stock 
size on the natural rate of increase, such as the effects 
of the time lag between spawning and the recruitment into 
the catchable stock, are ignored. 

In an attempt to correct for such time lags, Walter <1973> 
introduced his delay-differential equation based on the 
fact that the rate of change of bioniass is likely to be 
determined by the current population and the population at 
sonie time T previoltsly.. In the sinrplest ease, Walter 
c-onsidered the bioniass at only one tinre delay: 

1 dy 
g(y) = - .,.. .. £1 - a .y<t> a • y (t-T> J 

y dt 1 2 

where y(t} is the current biomass 

y <t-T) is the biomass at some time T previously 

and r, a and a are constants fitted by regression. 
1 2 
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The above is a 
the standard 
assumes that 
independent of 

specific exanrple of a general linritation 
stock production tt1odel which is that 
the natural increase in stock size 
the age compositiori of the population. 

of 
it 
is 

In addition, envi rontt1ental fact ors <which affect recruit­
n1ent, survival growth and catchability> can ca\.tse changes 
in the rate of increase that would occur under average 
envi ronttrental conditions. Therefore, it must be assumed in 
the application of these basic production tt1odels that the 
effect of environmental factors on recruitment, survival 
and growth are randon1 (or at least they are not correlated 
with population changes due to changes in fishing effort), 
so that they are 'averaged out' in the fitting procedure. 
The consequences of random envi rontt1ental effects for 
harvesting strategies based on the deterministic 
production model are 'discussed by, for example, Beddington 
and May ( 1977>. 

Aside from these general concerns, the specific functional 
forms for f (y) quoted prev,iously (Schaefer and Fox> can be 
generalized. One such tt1odel is that of Pella and To11ilinson 
<1969> which includes both the Schaefer and Fox models as 
special eases. An additional parameter p is added to the 
functional form as follows: 

dy/dt = r. y Cl 
p 

(y/K) J. 

By an appropriate choice.of p, the yield 
skewed in either direction. This aspect 
further in Chapter 10. 

curve can be 
is discussed 

Further, MSY is not necessarily the most appropriate 
management parameter to be estimated from a production 
model. It is felt by trsany that a fishery is an econonric 
enterprise and that it should be analyzed as such (Gordon, 
1954 and Walter, 1981). This would require the 
determination of a n1aximum econottric yield as opposed to a 
maximum biological yield. Since future catches are worth 
less now than present catches, they should be accordingly 
discounted (Clark, 1976>. Further discussion of this topic 
is given in Chapter 11. 

4.5 The effects of a . diseguilibriun1 sit\.tation on the 
est in1ates of the steady-state model 

Catch and effort statistics for th~ hake stocks in 
Divisions 1.3 to 2.2 <Tables 3.1 - 3.4) all indicate 
substantial declines in CPUE (and hence in biomass> over 
~uch of the history of these fisheries. In a declining 
stock, where the C~UE values show a downward trend with 
t itt1e, catches comprise not only the surplus production 
(sustainable yield), but also the bion1ass reduction. Since 
the steady-state assumption effectively considers the 
catches to be entirely net growth, one might expect MSY to 
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be ove"f"estittrated i·,.., this sitliatio"1"1 • 

A Jltstific:·atiet"l"1 fet.,. the d:irec:·tior1 of -this bias is giver1 i"r"1 
F:ig?.lre 4.2 cmd disc:·ltssed :irr detail iY1 Apper1oix 4.3. Fo7' a 
dec:·liY1i"r"1g stoc:·k, the E; value ir1 a"1"1 etbse.,..vecl (Ej, (C/E}j > 
data pair will T'ep"f"ese"r"1t "l"1ot the effort reqltired to mai·n­
tai·,.., the stetc:·k at that biottrass level (cmd that C/E value>, 
bltt the la"f"ge.,. effo"f"t reqld T'ed tet take the additior1al 
c:·atc:·h that leads to the dec:··r·ease i"f'1 stoc:·k b:iottrass. Ir1 
ot he ·r· words, it ove rest i ttrat es the effort req t.t i red t o keep 
the popu lat :i cm i .,.., cm eqt.1 i l i bT'i uttr sit t.1at :i cm. 

The obseT'ved data points i·n Figltre 4. 2 tht.ts te-l"sd to be 
tttoved to the right of the trt.te eqt.iilibriltttr C/E ve"r'sus E 
r-el at i crnshi p \ 1 i .,..,e AB> a"f'1d co"f'1seque·,..,t ly, the appare-nt 
relat:icrr-1ship <lirre CD> also lies to the right. Ir1 the c:·ase 
of the SchaefeT· ttrodel, MSY (= ol 2 I [4 {:> J > is give·,.-, by half 
the aT·ea of the tria·,..,gle foT·ttred by the li"f'1e, C/E =o<.-~.E, 
a"f'1d the axes ir1 Figt.t"f"e· 4. 2 • It fol lows, therefore, that 
the appaT·e"f'1t MSY will be arr overestimate of the trt.1e MSY. 
A sittri lar ar-gt.utte-rit holds for the Fox ttrodel (see Appe-r-1dix 
4. 3) • 

w 
=> 
Q.. 

v 

FiguN:• 4. 2 

• observed data <Ei ~ <CIE>i} 
+ steady-state point for 

catch rate <CIE>i 

EFFORT 

4. 6 Gu 11 cmd ~ s egu i l i bri llffl app7'ox i 1t1at i O"l"r met hod 

A widely used lfrethod of eorrec:ting· for diseqt.iilibrh.tlfr is 
the method of effort averaging which was first outlined by 
Gulland <1961> and more fully explained in Gulland (1969>. 
In any one year, the catch and CPUE will be ?'elated not 
only to the effort in that year, but also to the effort in 
se-veral preceding years. This fact is taken imo c·onsider­
atior1 by using an alternative valt.te foT· effort, f, ir1 
eqt.taticms <4. 6> a·nd <4. 7>. Gul laY1d defined f as a movi·ng 
average of the effort in the cuT·rertt and ittfmediately 
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Yr 
<~E > /·,.., 

L i-j· +I 
J=1 

f = (4. 15) 

wher-e Y1 is ave.,.age Y1u1t1ber of yea.,.s that a·,.., iY1dividt..lal fish 
speYrds susc:·ept i bl e to the f i she.,.y. Gu 11 a·rrd <1 '36'3 > 
Justifies this approach as follows: 

The si:z:e of a pa.,.tict..llar year-class which has beeY1 iY1 the 
fishery for .,., years wi 11 be dete.,.ttti Y1ed by a fact or· equal 

n 

to expr-<[Fi >J wher·e F. is the fishi"r"1g 1t1ortality i"r"s year 
i:I I . 

i (i = 1, ••• Yr). This si:;;:e is the same as if the yea·r·-class 
had beeYr st..lbJec:·t to a c-cmsta"r"rt fishiY19 ttror-tality Clf 
n 
2:Fi /·,..,. Therefore, the total CPUE for· all ages wi 11 be 
i=I 
related to so1t1e weighted average of the fishiYrg effor-t. If 
this average effo.,.t, f, · is take-Yr ove.,. a period equal to 
the aver·age dt..l.,.atioYr of life i·l"r the exploited phase, theYr 
the .,.elation between f and CPUE will approxi1t1ate that 
betweeYr E and CPUE in t~e steady-state• 

Parameters fo-"r· the steady-state ttrodel a.,.e ge·nerated as iYr 
Seetio"r"r 4. 3, bt..tt usi·l"ig valt..tes of f rat¥te·r· thaYr E for the 
functional regression (see App~ndix 7.2>. This par-ticula.,. 
approach is termed the GullaY1d Ft..mctioY1al Regressio·l"r <GFR> 
nrethod. 

lYr calc:·t..tlating the_ aver·age effor-t, f, for the stocks u·1"1der 
co"r"1sider·ation iY1 this thesis, the period "l"r was takeYr to be 
3 for all di vi si o·,..,s except Di vi si oYr 1. 6 • For this 1 atter 
division, the choice of n was based on the perc~l"'~age 
catch-at-age structure (by number> giv~n in Table 9.1. 
Exploited age groups were takeYr to be those co"r"~ributing 

more tharr 1<m by r1wrrber-s to the total cateh. Evaluatio·r-1 of 
the mean number of exploited age groups shows a reduction 
from 4 ·(for the period 1967-1972} to 3 (for the per·iod 
1973-1984>, ever1 though an associated decrease in the age 
at first capture had also occurred. Although this 
Justifies a value of .,.., = 4 t..mtil 1973 aYrd 3 thereafter·, 
for the purposes of t~~s analysis it was decided to keep 
the analysis procedure consistent with that used 
previously by the Sea Fisheries Research Institute <Cape 
Town> and n Mas taken to be 4 until 1971 and 3 for the 
rest of the data series. 

The initial decline in CPUE in a fishery is usually 
associated "ith a peT·icd of inereasiYrg effort. Sittri larly., 
increases i-n CPUE occur following effort reduction 
progralfttl'les. EveYr if no relationship e~ists bett1teen catch 
and the 1t1easure of effort <E> used, the procedure of 
regressiYt9 <CIE> against E c;:m also lead to spurious 
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relationships. This is because E is contained in both 
variables, and so there is an inevitable tendency towards 
negative correlation. Originally it was thought that by 
increasing the m.ur1ber of years in the f11oving average for­
effort as in Gulland,s approach, such an effect would be 
nullified. However, Roff and Fairbair-n <198(>) show that 
any if11provef11ent f11ay well be destroyed by false 
relationships caused by high positive ser-ial correlations 
of effort with time (as when the fishery developed) and by 
negative correlations of catch rate with time <as when 
stock size numbers were reduced). Therefore, the steady­
state assumption, even in a time-average sense, can lead 
to biased results in the sustainable y1eld curve 
est i mat i on. 

4.7 Concluding remarks 

If the assut11ptions underlying the production Model 
adequately describe the actual laws under which the 
fishery operates, then the data of a cof11Mercial fishery 
should be well fitted by the Model. However, in· reality, 
fish stocks are unlikely to behave exactly as indicated by 
the simple models described in this chapter. Even 
unexploited hake stocks are subJect to continual changes 
over time which can cause fluctuations in stock size and 
age cof11position which, in turn, directly affect 
recruitment, ·natural Mortality and growth rates. The 
importance of sttch variations will depend on their 
magnitude and the size structure of the stock. 

In addition, it has been shown that analysis on the basis 
of the steady-state approximation ·of an exploited stock 
that is not in <or close to> equilibrium over its history 
can render biased results. These could deviate so widely 
froM the actual values for the stock that it would becoMe 
dangerous to manage a fishery using these results. To 
compensate for such biases, modifications to the 
estimation pT"ocedure that allow the steady-state 
assumption to be avoided have been introduced. These are 
discussed in detail in ChapteT" 5. 
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Appendix 4.1 

Derivation of the Schaefer and Fox models 

Ci> Schaefer model: 

The rate of change of biomass with respect to time can be 
related to the growth and catch rates by the following 
relation Csee equation C4.3)): 

dy/dt = r. y. C 1-y/K) dC/dt • 

The steady-state assumption, dy/dt = 0, implies 

dC/dt = r. y. ( 1-y/K) 

i.e. equilibrium yield· is reached when the catch and 
biomass growth rates are equal. 

·By integrating over a one-year interval, 
assuming y to be constant throughout this 
catch, c., is given by: 

C -· r. y. < 1-y/K) 

CO, 1 >, . and 
period, the 

- CA4. 1. 1> 

Assuming 
equation 
CC/E): 

CC/E) = q.y, the substitution of y = (C/E)/q into 
CA4.1.1> yields the following expression for 

2 
(C/E) = q.K Cq .K/r).E. 

This can be simplified to 

CC/E) =ol.-(3.E where of.. = q. K 

2 
and ~ = q .K/r 

(ii) Fox model: 

:As in Ci>, an expression for C can be obtained: 

C = r.y. Cl-lnCy>lln<K>> CA4. 1. 2) 

!By substitut.ing y = (C/E)/q into equation CA4.1.2>, 

-(q/r). ln<K>.E 
CCIE> = q.K.e 

;This can be written as 
- f3'. E 

<CIE> =r:i'.e . where oC = q. K 

and {3' = C q I r) • l n ( K > • 
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Aooendix 4.2 

Derivation of MSY values 

(i) Schaefer model: 

<a> E:quation (4.6>, C/E =cJ.,;,_13.E can be rewritten as 

- 2 
C=cX.E-fj.E 

Differentiating the above gives dC/dE =cl.. - 2~.E 
and hence the effort value needed to obtain MSY can 
be evaluated: 

dC/dE = (> ·=> E = d..1<2{'> (A4. 2. 2> 
MSY 

= r/(2o> . <A4. 2. 3> 

2 
Since ci = q. K and e= q .K/r 

(b) By substituting this ·value for E into equation 

<A4. 2. 1>., 
"') 
~ 

c = rX. /(4/3> 
MSY 

= r. K/4 

.·MSY 

.Cc> The differentiation of equation <A4.i.l>, 

C = r.y.<1 - y/rO 

gives dC/dy = r. Ci - 2y/K) • 

<A4.2.4> 

<A4. 2. 5) 

dC/dy =·O when y = K/2 and hence MSY .occurs when 

y = K/2 CA4.2.5> 
MSY 



I 
!( i i ) F ox mode l : 
' 

'.(a) 
I 

- /3 '. E 
-'' . From equation (4.7>, C/E = .~.e , 

! 
I ' - f3'. E 

it follows that C = d... E. 

By a process similar to the one for 
model, 

-· (3'. E 
d..'. e ff. EJ dC/dE = • ( 1 -

Sustainable catch is maximized when 

E = 11(3'· 
MSY 

= · rl <q. "l n.<K> > 

since ol
, . 
·= q.K .and {3'= q.ln(K)/r 

i 
I 
I 

'(b) By S\.tbstitution ·into equation <A4. 2. 7), 
I 
I 

! . 
i 

c 
MSY 

_/' . ' -1 
= { 0\. I {3 >.e 

-1 
= [ r. KI l n .( K) J • e 

' ~c) Diff~rentiating equatio~ (A4.1.2), 

C = r~·y. (1-ln(y)/ln<K» 
! 
I 

the 

j. 

1 · gives dC/dy = r. Cl nH0-1-1 n (y) JI l'.n 00 

I 
I 

I 
dC/dy = (> => ln<y> = ln(K) ~ 1 

' j -1 

I and therefore y = K.~ 
MSY 
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Appendix 4.3 

An examole showino how bias arises in the estimation of 
MSV for a fishery with a declining biomass if the 
continuous eguilibriu~ aporoximation is made 

Ci) Schaefer mod~l: 

The equilibrium CPUE versus E relationship is given by 
( C/E) = ol -:- ,B • E • In the cont i nL1ous equil i bri Llfl'1 
approxi111ation the paraNreters of.. and /3 can be obtained by 
linearly regressing the observed CC/E) values .against ·E. 
For a declining stock (induced by exploitation}, the E; 

value in an observed <Ei , (C/E)i} data pair will represent .. 
not the steady-state e~fort required to maintain the stock 
at that biomass. level and that CPUE value, but the larger 
effort which is required to take the additional catch that 
lsads to the biomass decrease. The associated stead~-state 
Cs-s> effort values are calculated using .the procedure 
described below. 

obs 
Let c = observed catch in year i 

i 

obs 
E = observed effort in .year i 

i 
obs 

and CC/E) = observed CPUE in year i. 
i 

Assuming (i) y = y + r.y (1 - y /~} 
obs 

C· 
i+i i i i i 

obs 
and Cii> CCIE> = q.y <see Note <1>> 

i i 
it follows 

obs 
CC/E) 

obs obs . obs obs 
= CCIE> + r. (CI E > • [1- <' 1 / { q. K} > • <CI E > J - q. C 

.i+l i 'i 

This can be rewritten as 

obs 
<CIE> = 

i+1 

2 obs 
q ~ K- < q • Kl r > • CE + 

i 

obs 
<CCCIE> 

i+1 

obs 
Since <CIE> 

2 s-s 
= q.K - Cq .K/r).E 

i+1 i 
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obs obs 
CC/E) JI CC/E> }J 

i i 

<see equation(4.6» 



it can be deduced that 

s-s obs 
E = E 

obs 
+ Il/qJ. ({ <CJE> 

obs obs 
<CJE:> }/ <CJE> J 

i· i i+l i i 

<see. Note (2) >. 

True E values were estimated for Divisions 1;3 + 
the period 1971 to 1975 and are shown in Figure 
The value of q used corresponds to the q value of 
given by the dynamic Schaefer model fit to the 
Divisions 1.3 + 1.4 (.see Table 8.1). 

1. 4 for 
A4. 3. 1 • 
o, (>00466 
data in 

D 
1,0 ', 

' ' ' ' ·' B+~~ ..... --· 
,8 ' ' ' ' 

• observed data <Ei., <CIE>; > 

+ steady-state point for 
· catch rate <CIE>· . I 

+~----·--
' ' .. ,, 

w ,6 
·~ 
u 

,4 

,2 

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ....... 
' ' 

0'--~~--::2~s~o,.--~~~so~.~o~~___,,1~s~o~;__~1~0~0~0~~~1~2s-o~__;::=..oA1_s~o-o-'~c 

Figure A4.3.1: 
and the 
relations 
1 inearly 
Divisions 

EFFORT 

A plot of the steady-state <solid line> 
apparent <dashed line> C/E versus E 
for the Schaefer mo.del obtained by 

regressing the CE~ CCJE>> data pairs for 
1.3 + 1.4 for the period 1971 ~o 1975. 

The observed <Ei? CC/E)j ) data pairs tend to be moved to 
the right of the steady-state values and similarly, the 
·apparent C/E versus E relationship (line CD) also lies to 
the right of the steady-state relationship (line AB>. 

Referring to the results in Figure A4.3.1, 
that since 
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it can be seen 



.-, 

.L. 

( i) MSY = cJ.. /\4{?>> 
2 

and (ii ) area of triangle DAB = 0,50A.OB = cl.. /2 /3' 

it follows that MSY = (area OAB)/2 . 

If the observed values for effort are used, the apparent 
MSY C= 0,5 x area OCD> will be ~n overestimation of the 
true MSY. The data under consideration yielded an apparent 
MSY estimate of 41~ thousand metric tons ~hich, as 
expected, was much higher than the unbiased MSY estimate 

.. of 297 thousand metric tons for that data set. 

<ii> Fox model: 
-fb'.E 

The CPUE versus effort relationship, C/E =~'.e , 
can be rewritten as l n CC/E) = l n C ()(') - J3'. E where d..' and 
fi' are estimated using a linear regression on the observed 
CEi,ln(C/E)j) data pairs. 

As in the case of the Schaefer model in CiJ; the steady­
state effort values were calc~lated on the basis of the 
asst.1tt1pt i ens: 

( i) y 
i+1 

obs 
= y + r.y . C:1- ll'l(y )/.ln<K>J - C 

i i i i 

obs 
and ( i i) (CI E > = q. y (see Note ( 1> >. 

It fol lows that 

obs 
CC/E) = 

i+1 
obs 

i 

< CCIE> + r. 
i 

i 

obs . obs obs 
(C/E> (1-ln[{ CC/E) /q}J/Jn<K>> - q.C 

i i i 

which can be rewritten as 

obs 
ln[ CCIE> /qJ -

i+l 
obs obs obs obs 

ln(K)-[q.lnCK>lrJ. CE +C<CCIE> -(C/E) }/(C/E) )/qJ 
i i+1 i i 

and hence 
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obs 
(C/E) = 

i+l 
obs obs obs obs 

q.K.exp{-.(q. ln<K>/r). [E +[{(C/E) - <CIE> }/(C/E) J/qJ}. 
i i+l i i 

obs 
Since (C/E) 

s-s 
= q.K.exp[-(q.ln<K>/r).E J 

i+l i+l 
(s~e equation(4.7» 

it can .again be deduced that 

. s-s 
E = 

i 

obs obs 
E + U/qJ. ({ <CIE> 
i. i+l 

obs obs 
- <CIE.> }/(C/E) J 

i i 

(see Note <2> >. 

True E values for Divisions 1.3 + 1.4 <1971-1975) were 
estimated ·by the above procedure using the q value of 
0~000407 given by the dynamic Fox model fit to the data 
.for that region (see Table B. 2) • 

. , 
' ' 1,0 ' ...... 

' ' ~--'~-

+·steady-state point for 
catch rate <CIE>; 

,8 

w,6 
::::> . 
Q. 

u 

,4 

,2 

' ' ' ' +~--------

' ...... 

' ....... 
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-___,----•', ...... ...... 
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...... ..... 
................ 
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EFFORT 

Figure A4.3.2: A plot of the steady-state <solid line) and 
the apparent (dashed line> C/E versus E relations 
for the Fox mbdel for Divisions 1.3 + 1.4 for the 
period 1971-1975. 
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Referring to Figure A4.3.2 it can be seen that since 

and 

-1· 
( i) MSY - < ti.. ' I /3' > • e 

A 
(ii) area under the curve= J d'.e 

(I 

f;, .E 
dE 

-A. f3, 
= - ( ol ' I {3 ' >. [e 1 J 

= ol'!f3' as A .... ) oo 

it can be deduced that MSY = e-1 X (area under the curve). 

( e - 1 .;. C>, 368 > • 

Hence, the observed effort values cause MSY· to be 
overestimated. This was confirmed by an analysis of data 
from Divisions 1.3 + 1.4 <1971-1975). The unbiased MSY 
value yielded was 326 thousand metric tons as opposed to 
an apparent MSY of 427 thousand -metric tons. 

Correspondingly, for a stock where the biomass is 
increasing because catches are below sustainable yields, 
points on the (E, CCIE>> plot would tend to lie to the left 
of the steady-state relationship and MSY would be under­
estimated. 

Note (1) For algebraic simplicity, this form of the CPUE 
proportional to biomass assumption is used. It 
differs slightly from the form utilized for the 
dynamic models in Chapter 5, namely, 

obs 
<CIE> 

i 
= q. <y + y ) /2 

- i i+l 

s-s 
Note (21 Due to statistical fluctuations a negative E 

value may occur. 
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5 DYNAi'>HC MODELS 

5. 1 Irtt ·N1dttc:·t i o·,..1 

Although the assumptio-r-1 of a-r-1 equilitrr·itHtt situaticm «rakes 
the steady-state tttodel ve-,.y sittiple a·,..,d easy to apply, it 
ea-r1 lead to positively biased .,.esults if CPUE -,.esults show 
a decli'l"tiY-19 tre'l"1d with titne. Ir, this chapter, dy'f'1attric:· 
trrodel s whic:·h al 1 ow for the 'l'"10Y1-ecp..ti 1 i b.,.httrr '1"1attn·e of the 
data. are d~veloped. 

One such ftfodel used by ICSEAF has beer1 c:·cmst -r·ttcted t:ry 
Lleona·r-t, Salat and Roel (1985>. It is based on the catch­
effort eqttatio'f'r a-rid i·,.-,t.,.oduces a .,..,ew pa·r·ameter i'f'1e-,.tiei to 
-r·epres~,..,t the st oc:·k' s .,.es i st e·,.-,ce to adapt to a Yrew 
e~ploitaticm patte.,..,..,. The tnethod is desc:·r·ibed briefly i·,.-, 
Appe·,.-rdix 5. 1 Emd the resttlts a.,.e c:·ompared with those of 
the dy·f"1amic model developed below. 

5. 2 Desc:·ri pt i cm of the dyrratttic:· 1t1odel used 

The dy'f'1a1t1.ic:· fflodel is based OYt the sa1t1e eqttatioYrs as the 
steady-state tnodel iYr Chapter 4. That is, 

y = y + G<y > c (5. 1} 
i+l i i i 

wheT·e G (y > is the rret 9 ·rowt h ftmc:·t i O'f'1 of the f o rffl: 
i 

< i > Schaefer: 

Hi) Fox: G<y> = r.y. (1-lYdy)/lydl'O> 

[Note that ir1 the case of the Fox tttodel, 
di verges as y --+ (> a·,.-,d therefore ·r· tttay ·,.-,o 
i rtt e rp ret ed as am i .,..,t ri .,..,s i c 9 rowt h rate. ) 

(5. 2> 

<5. 3) 

. ·(1/y>.G<y> 
lorrge.,. be 

If G<y;> = C;, the fishery would be in equilibriuffl and the 
trrodels discussed in Chapter 4 would be applicable. 
How~ver; in a heavily exploited fishe~y this is unlikely 
to be the case as the losses due to fishir19 will exc:-eed 
the .,..,et growth. 

It is assutrred that the e>tpected catc:-h rate, 
proportional to the fflid-year bioftfass: 

A 
CCIE> = q. <y + y > I 2 

i i+1 
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For the steady-state formulations., sustainable yield 
C'\.trves were determined by equations (4.6> and (4.7) where 

Cf..., 13., (I..' aY1d /3' wer-e obtained using f\.mctional regressions 
on catch and effor-t data. 

For comparative results from the dynamic model, these 
parameters of the sustainable yield curve were obtained 
using the following relations (see Appendix 4.1). 

(i) Schaefer: o( = q.K /3 = q 2 .K/r (5.5> 

(ii) Foxe ,.JI= 
V\. q. K P.' = tv q.ln(K)/r (5.6) 

5. 3 Criteria used for obtaining the 'best' fit 

Using the above model, it was necessary to provide catch 
limit recott1tt1endat ions which were based on only the 'best' 
estimates of the parameters involved. The aim, therefore, 
was to determine parameters (for example, r, K and q> such 
that the observed catch-eff.ort data 'best' fit the values 
predicted by the niodel. 

This was achieved using the NAG routine, E04FDF, which 
deterniines the unconstrained sutti of squares tt1iYiimutt1 of m 
continuous noY1linear functions of n parameters.. The 
problem can be expressed as follows: 

If m = number of years in the data series 

n = number of parameters (n < n1> 

and }i = < X , X ., •• ; X > T 
1 2 n 

where x are the paratt1eters to be est itt1ated, then 
i 

"' ndnimi ze SS = L: cf <x> J
2 (5. 7> 

i=1 i 

<The functions f <K> are termed residuals>. 
i 

The routine requires that the user specifies the S\.Ut1 of 
squares function, SS, and initial estitt1ates for the 
paran1eter values. Fron1 these a sequence of points is 
generated which is intended to converge to a local (and 
hopefully a global> minimum of SS. 

The criterion adopted for deterniining the , best' fit by 
the model to the observed catch and effort data was based 
on an approach proposed by Kirkwood (1981). On the basis 
of a model sittiilar to that of Poisson-distributed catches 
(for which the square root transforn1ation ·ensures 
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asymptotic normality>, he suggested that an 
choice for the residual function would be: 

f·<x>=r.k-Vc··'J 
I - I I 

appropriate 

(5. 8) 

Since annual variation is most easily conceptualized in 
terms of catch rate, this residual function has been 
recast in that form. This involves a weighted difference 
between square roots of observed and expected catch rates 
(the weighting i~ related to the effort applied): 

f qp 
i 
=~ 

i 
<V C/E 

i 
V<cfE) 

1

> 
i 

( 5. '3) 

This residual is also used as the basis to estimate the 
coefficient of variation in subsequent analyses (see 
Chapter 7). 

5.4 Soecification of variables 

Initial runs ·of the minimization routine used the 
parameters r, q and K. However, estimates of r were 
observed to be positively correlated with those of q and 
negatively corr.elated with those of K. The replacement of 
these original parameters with the parameters r, 
~ C = q.K> ~nd MSY <MSY = r.K/4 for the Schaefer model and 
MSY = r.K.e- 1 /ln<K> for ·the Fox model) proved to be more 
appropriate. 

To maintain a ~mall number of parameters it was also 
assumed that the stock was at carrying capacity level 
(y 1 = K> .at the start of the data series Cthat is, 
assuming little exploitation of the fishery prior to this 
date>. For Divisions 1. 3 + 1. 4, 1. 5 and 2. 1 + 2. 2 this 
a~sumption appears to be well founded since the data 
series used for this analysis.commence only a few years 
after fishing in these r~gions b~gan <see Tables 3.1, 3.2 
and 3.4). Also, during th~se initial years of expansion of 
the fishery, catches.were relatively small. On the other 
hand, for Division 1.6,· this assumption may be more 
questionable since it_is known that substantial trawls 
were being made prior to the start of the data series <see 
Tables 2.1 and 3.3>. 

The assumption y 1 = K does avoid the do1r1ain y > K where 
the behaviour of the surplus production function, ·GCy>, is 
unsatisfactory in certain respects Csee Chapter 10). If y, 
is unconstrained, the sharp decline in CPUE values for the 
first few years of each data series results in the fitting 
procedure assuming values of y 1 greater (and sometimes 
much greater) than K to take advantage of the unrealisti-
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c:·ally large rregative values of G<y> irr that dcmrai·1"1 .. 
However, the rapid drop i ·r-r CPUE values for· the i ·r-ti ti a 1 few 
year·s of eac:·h data series does ·r-rot rrecessari ly 'r'ep'r'ese-r-tt a 
proportio·r-1al reductior1 h"t the stock size .. Rathe?", it is 
sttspected that la'f'ge initial CPUE vahtes (with snraller· 
fisheries at that tittre} ttray be reflectior1s of first 
f i shi Yrg out sottre l oc:·a l i zed high der1s it y c:·or1c·er1t .,.at i OY1s .. 

TherefoT'e y
1 

was fi>ced esseYttially to pY.eveYtt it from 
exc:·eedir19 K.. AlteT"Yrat ively (as is i YNest igated iY1 Chapter 
10 > , y 

1 
could have bee-r-1 freed aY1d a semi -a rbi tr.a ·,.-y r1umbeT· 

of data values at the start of the data series dropped. 

EveY1 ir1 the abseY1ce of fishirrg, a stod< will not 
Y1ec·essari ly be either at the i·nstarttar1eous or average Jo\ 
l e-.. ·e l at any pa ·r·t i c·tt la.,. t i me. F o T' ex atrrp le, ra·r-1d Cittt 
E'"f"'r..,.ir·oYrltJE"ntal fluc·tttatioY1s ca·,., cause variatioY1s in K. 
However, the above appT'oach asstttrres that· suc:·h variatiorr is 
s1ttall c:·ompared to the substa'f'rtial reduc:·tior1 iYr stoc:·H size 
over· the cottrse of the fisheT·y. 

5. 5 Discuss i o·n 

In COYrst ruct i Y19 the above dynamic nrode 1, a c:-otttpro1t1i se 
betwee-f"t realisnt cmd prec:·ision had to be ·ree<ehed. The above 
nrodel s could be nrade 1ttore complex· by i Yt't r·oduci ng 
additional parameters, howe-..,.er usually this leads to &ther 
probleitJs. UsiY19 the CPUE data to fit additional pa'r'ameters 
wottld probably lead to less p·redictive prec:·ision. 
Al terYrat ivel y, other parattreters cottld be i·nt roduced if 
their values were estittrable frottr differe-f"tt independe-nt 
data sets, bttt sueh data are riot available. 

As disc:·ussed il"r Sectio·n 2. 3, the ftmctio¥r of fisheries 
sc·ient i sts is ofte-n to provide scieYtt i fie advice for 
ttranagement with the objective of ultinrately nraxittri~i·ng 
yield without impairing future exploitation of the 
fisher·y. It is therefore of interest to use -the steady­
state a'l"1d dy'l"1anric models (in Chapters 4 a"nd 5> to effect 
such ttfanagettre-rtt &bJect i ves so that ttremagettre-nt rec:-&1trme-r1da­
t ions ~an be· made according to fixed scieY~ific 
procedures. In Chapter 6 suc:-h procedures are de-veloped and 
the problenrs which are frequently enc:-ottntered by fisheries 
managettrent are described. 
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Sal at 
c<'l"'tc! Roel ( 1 '385 > 

Dy.,..1attti c:· «rode 1 s c-a'r'r be desc-ri bed as models ' with a nretttoT·y ~ 
i.,.., the SE"l"'rse that the-y take i'l"'rto c:·o'f'1side7'atio.,.., the more oT· 
less rec-e-nt history of the fishe7'y to explaiYr the c-ttrre-nt 
sitttaticm. 0l"re sttc:·h dyl"1amic tttodel has beel"r developed by 
Lleonart, Salat and Roel (1985>. It is based on the 
cli screte f or-m of the el assic·a 1 equi l i bri utrr prodttc:·t i orr 
tttodel, but r-eqttir-es the intT·ocluc:-tior1 of ec new para1t1E'ter 
c:·a 11 ed ' i Y1eTt i a' whi c·h pr-ov ides f o.,. the abovement i 0Y1ed 
1t1e1t10T·y by repT·eserrti·r19 the stoc·k' s resista'l"'1c·e t'ct adapt to a 
l"rew exploitatio'l"'1 level. A stock with (> irre7'tia would always 
be i ·n eqtt i l i bT·i tHtt whereas a st oc·k with i rreM i ec of 1 rettta i .,..,s 
c·ol"rst cmt i rrespect i ve of c:·hcmges i .,.., the e)t pl o it at i 0Y1 
pat t en•r ( L l eor1a.r·t et 5!.l • , 1985 > • 

The t rad it i 0Y1a l steady-st ate 1t1ode l asstttttes the equ i l i bri uttt 
sitttatio·n <il"1eMia = O> for· fittirrg· the c:·urve, but uses the 
assttttrpticm that CPUE is c-or1staYrt (equivalel"rt to a·r1 iYrertia 
&f 1> for quota ealc·ttlatioY1o The dyY1a1ttl.c- model of LleorraM 
~ al. uses the sattte irteMia values for fittiYrg the cuT·ve 
a'i"td for obtai rfi·l"'19 praJec·t i OY1s for quota est itttat ion. 

It is assu1tred that the aymual c·atc-h a.,..rd effort data are ·rrot 
ir1 eqttilibrium and do Y1ot lie o·r1 the equilibritutr Cttrve. 
Sc-haefe7' al"1d Fox 1t1odel fits are calc·ttlated by t'trecms of a 
linear ftmc:-tits'l"1al r-egressictn on CPUE ve-r·sus effoM data, 
adopting estimates fo-r· 0(, f3 and the inertia para«re-ter which 
provide the closest fit to the data (that is, the fit with 
the highest c-orrelet ior1 eoeffic·ient >. 

The 'f"esults of the ttrodel presernted by LleoY1art et al· fen· 
ICSEAF Divisions 1. 3 + 1. 4 and Divisicm 1. 5 are eo1trpared 
with those of the dyna1tric tttodel of equation (5.1> tterttred 
the ButterwoMh/Andr-ew 1trodelJ in Table AS.1.1. 

The attrac:-tiol"1 of this dyYrattTic:- appT·oach is that it needs 
Ctrily thr·ee parattTE'ters al"1d it is c·o·nc:-eptually easy to 
understand and apply to t~te data (Lleonart et St!•, 1985). 

DIVISION 1. 3 + 1. 4 1. 5 

METHOD QMSY(85) QO,I (85) 9Msv<B5> QO,I (85) 

Butterworth/AYtdrew 
a) Schaefer 266 239 
b) Fo)t 324 253 

Lleo'1"1art ~ 5!.l· 
a) SchaefeT" 298 277 
b) Fox 30'3 25'3 

Table AS.1.1 Catch lE'"vel estittTates far 
Divisions 1. 3 + 1. 4 aY1d 1. 5 
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168 
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6 A BASIS FOR MANAGEMENT RECOMMENDATIONS 

6. 1 Introd•.tction 

Management is the process of making decisions relating 
available resources to desired obJectives CACMRR, 1980). 
It is often a complex undertaking involving the pursuit of 
varied and sometimes conflicting obJectives - biological, 
economic, social, political and otherwise. 

Effective fishery management 
definition of the limits of the 
not an easy condition to fulfil 
fish stocks to exploitation and 
predict with great precision. 

depends on an accurate 
resource. How~ver, this is 
since the reaction of the 
management is difficult to 

Despite this fact, the fishery management process is 
structurally the same as other forms of management. It 
consists of the following activities: the setting of 
obJectives, the definition of boundaries, the collection 
of data, the transformation of data into infor1Y1ation, the 
formulation and execution of policies and the evaluation 
of results. 

Any exploited fish stock forms part of a complex ecosystem 
which is continuously changing as a result of many 
factors. Only one of these factors, predation by man, can 
be controlled to any significant degree by fishery 
management. If such control is possible at all, it must be 
implemented through control of the activities of the 
fishermen. 

Fisheries policies are therefore designed to regulate 
fishing so as to effect changes in the fish population 
and/or catch. These changes should be preferable to those 
obtained if fishing took place without the intervention of 
management. In general, a 'preferable'· fi_shing pattern is 
difficult to determine quantitively or obJectively as it 
is a function of a great _ma~y factors. 

Agreement on quota levels is often more easily reached if 
it is based on obJective scientific advice about the state 
of the fish stocks. This is usually provided by fisheries 
biologists. To understand how such regulations can 
influence fish population size and yield, the outcome of 
changes in the intensity of fishing on the fish population 
(and vice versa> must be examined. This analysis is 
usually performed in quantitative terms. ProJection models 
are useful in this respect as results of different fishing 
strategies can easily be compared. In addition, such 
models can help clarify .the steps that ar~ needed to 
attain certain obJectives. 
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If prodttt:"t i Crt'"t tttode 1 s i see Cha pt er 4} a re t 0 be SU it able 
for 1t1a'1"1agettre-nt they should be easily uY1derstaY1dable to 
dec:·i si cm l'tfakers a"t'"1d shtntld r·eal ist ical ly desc:·ri be and 
predic:·t to a'l"1 ac:c·eptable degree of precisiO'l"t evE'Ytts 
sttrrcnmdi'l"1g the partic:·ular fish stock c·oY1c·erY1ed. IY1 
addition they should make low demands in data and analysis 
(Gulland and Boerema, 1973}. Both the steady-state and 
dy·l'"1amic· trJodels descr-ibed i"l'"1 Chapters 4 cmd 5 satisfy this 
ccmd it i Ol"t i ·n t hat t he-y req u i re on 1 y cat ch and effort data 
for their impletrJentatio'l"1. These are relatively easy and 
c-heap to obtai.,.., as cpposed to biologic:·al data (st1ch as 
cat c·h-a9e st r-uc-t u re, .,..,at u ra l trJO ·r-t a 1 it y rat es, g rowt h T·at es 
etc>. 

Effec-tive manageme'"l'"tt necessitates the establishme-nt of 
c·leaT· cbJec-tives. To ac·hieve such ObJectives, regttlaticrns 
ttrttst be intT'odttc·ed which should be kept as simple as 
possible so as to be both efficiE'"~ and e-nforcible. 

A c:·ottrmon aY'fd t rad it i o·na l · obJec-t i ve of mcfl"1agettrE"nt has bee....1 
the· biologic·al OY1e of MSY, that is, the greatest yield 
that caYt be rettroved f ·r-om e< st oek eac·h c·hoseY1 ti ttre peT-i od 
<usually take-1"1 to be one year> wit hottt ittrpai T'i Ytg the 
capacity of the resourc:·e to renew itself. Thtts MSY has 
beeY1 used as a refere-nce point for me<na9emE"'t"tt purposes to 
desc·ribe the 1trcotimunr pote-ntial productivity of a stoc·k iYI 
terms of c·atch and is t1sually associated with aY1 
e~ploitation policy,. fMsv 7 that is reqttired to hold the 
stoc:·k at that lf?Vel of pY-odu'ctivity <ACMRR, 1'380>. 

Prodt1cticm 1t1odels. aT·e therefore 1t1ostly concerl"ted with 
esti«ratil"tg MSY, the associated stead·y-state fishil"tg effort 
arid the c:·orT·espcn•tding stock biotrrass, YMsY (in ter1rts of a 
r-elative if Y1ot absolute index>. If the fish stoc·k has 
beey, dT·iven below this bionrass level asscciated with MSY, 
the-n, by li1t1iting the fishing intE"'l'"rsity, average catch 
rates can be increased and the stock retu~ned to MSY 
level. 

ObJectives 1t1ust also be realistic. During eaY-ly stages in 
the developmeYtt o.f a fishery, as the fish populatiol"'1 is 
reduced fY-onr its initial si~e, the catch may rise well 
above the MSY level. However, this initial period during 
which suT'plus catches are available cannot c-ontinue 
indefinitely. Once it is over, such surplus catch will no 
longer be available and it is unlikely that the fishery 
will ever be r-estored to the 1rraxi1t1um historical levels of 
produet ion. 

MSY is, however, not necessaT'ily the best 1t1anageme-nt 
obJective. A lffaJor probletrr of its use as a 1t1anagettren't 
criterioYI is that often MSY esti1t1ates are blindly accepted 
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as bei rig c·o ·r .. r·ec-t without t ak i ·r1g i l'"rt o ac·c·ount the 
ass\.Httptio·,..,s made to reac·h those· estittJates. The steady­
state a"r'rd dy'l"1a«ric· tttodels desc··r-ibed i·,.., previo\.ts chapte-,.s 
offer a simplified descri pt i o.,.., lll"rder aver·age col"1di ti OY-1s of 
events occurriY-19 i·f.'r the sea. In r·eality, the sit\.tatiol"1 is 
far- «roT"e co«rplex. MSV is therefor·e Y1ot a static· pei·r-eifflete·r 
as ofte-f'r it is assuttred to be. I·,.., fac·t it is as dyl"1a1t1ic il"'f 
r1ature as the fish populatio'l"1s it attetNPts to estitttate 
< ACMRR, 198(>} • 

There a·re tt1any sources of stock siLe va.,.iation other thaY1 
exploitatiol"1. The trtost inYporta·f'tt of these is E-°r'tVi roY1me-ntal 
perturbatiol'"1 whic·h c·auses variations iYt recruittne·f'tt. SiY1ce 
adverse el"rY'iT"O"f'tttfE'"f'f'tal COYtditio'l"tS c·an cause large 
redttc·tions il"t stock biomass, biologists wcH.tld c·hoose to 
ttraY1age the stock at sottte catch (or· effort> level below the 
level associated with MSY so as to keep the stcck somewhat 
above its MSV lE"'vel ec'l"td to reduc·e the probability of a 
col lapse cf the resott.,.c·e. 

Gulland and Boerema (1973> presE"'nt a method to chocse such 
a le-vel which is easy to apply ec·r1d f\.t.,.therttrore, whic·h does 
'!"tot differ too radically frottr MSY. This 'f0 , 1 ' proc·edure is 
described in sect i cm 6. 3. 1 ( ii i >. AY1ot her ecdvant age of this 
tNethod is that iY1 a steady-state co·ntext (that is, 
igY-rori·ng dy·nattric effects Emd di scotn"1t iY19 >, the 
c·or·resptmding effort level E 0 ,1 differs. from EMsY i.,.., the 
direc:-ticm of the effcrt lE""lel assoc·iated with ttra:xitttufl'f 
profit <Cl ad<, 1976>. Therefore ofte-,.., E 0,1 r-eprese-,..,t s a 
greate·r· profit thaY1 WO\.tld E MSY • This feature of the model 
will be discussed furtheT' in Chapter 11. 

In the followiYlg sectio·,.-,, the foY"mulae fo-r· th.,.ee diffe.,.e-nt 
tttanagettrel"~ strategies are developed; the results of these 
applied to the hake stocks under eonsideratioYI for the 
year·s fol lowing 1984 are 1 isted in Tables 8. 1 - 8. 8 • 

6. ·3 Cat c-h l i ttr it r-ec-cffltlYe't'"td at i o.,..,s 

Pi 11 cat ch 
.fol'lowing 

1 i ttri t recoffltttE"nd at i o·ns have been based on t he 
prescriptioYI as indicated in ICSEAF (1983b): 

" A Q = (C/·E>. E (6. 1} 
t 

where Q = the eatch. limit for- a particular- harvesting 

" 

strategy, for e'Xatnple, Q MSY (corresponding to 
an "fMsY" strategy} 

Et = c-o.,.r·espoYtding esti1t1ate of effort (that is, 
~ar·get effort> for the selected cbJective, 
for e:xatttple, E MSY for cm MSV obJect i ve 
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" cO'"rd (C/E). = estimate of expected CPUE for the year for 
whic:·h the c:-atc:·h 1 imit is to be set. 

Three possible f esrttts of catch l ittti t 
desc:·ribed fo-r- both the steady-state 
tl'fodels. They are as follows: 

rec:·otttfflE'"t'"tdat i 0Y1s a re 
(s-s> and dynamic 

(i} the eatc·h that wottld maiYttaiYt the stock at its 
preser1t (1985) biofflass, Q 

s-s 

<ii> the c:·atc:-h that would E'VE'"r"ftttally 7·esult iY1 the 
harvestiY1g of the ff'taxittYtutt sustaii"'"1able yield, Q 

MS'( 

(iii> the · c:·atch advocated by the f 
0 1 

procedttre, 
Section 6.3. 1(iii)) , 

I.,.., this ;:ma 1 ys is the f o 11 owi YtQ · .,..,ot at i ems have bef:r"t used: 

>t = >< . , the obse.,..ved val tte of x 
obs · 

E("X) = "X . the e>tpected (trtte> vahte of· x which is 
e><p 

" = )t , 1!he estiff'tate of the expected valtu:• of x. 

-Soti'ietiff'tes x is used to deY1ote E<x>. ·Where possible 
· c:-o·nfusioY1 tl'fay ar-i-se, the alteT"'r"tative i"'"totations Xobs and 

><exp are used t·o di ffere-rtt iate betweey," the two variables. 

6.3.1 Steady-state ff'todels 

In the c-ase of ·.the steady-state models, 
values as pr·esc-ribed by Gttl land have 

ave rage effort 
been used .(see 

·eqttat ion 
E<$SUffled 

" (4. 15> >. The expected c·ateh rate, (C/E) 
to be the sattYe as .that of the ftrost · 'r'ec-eYtt 

is 
year 

( 1984)' (C/E) This princ-iple has been applied by the 
obs 

StaY1din9 Cotttlrfittee for Stoek Assessmeyft of the ICSEAF 
Seientifie Advisory Council in the past <ICSEAF, 1984a>. 

Using equation (6.1>, values fo.,. Q 

·be c:-alc-ulated: 
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( i} 

. (ii} 

Q 

s-s 

(a) 

* = (C/E) .t cfr'"td therefore 
obs s-s 

* * Sc·h: Q = (CIE> (1/ f3 >. r 0(-(C/E) J (6 .. 2> 
s-s obs obs 

* where E was calc·ulated usiYtg ·f iYt the 
s-s 

* steady-state relation: 
• 

(C/E> =rX-/3.f 

• * 
(b} Fo;,i: Q = (C/E) (-1/ f3' >. lY1((1/ tJ..' >. (C/E} J 

Q 

s-s obs obs 

where. calculations of E 
(6.3> 

. were based O'l"1 the 
s-s 

* .:.. /3'.f* 
relationship: (CIE> =rt.?.e 

* = <ClE> E SY'td there:fore 
MSY obs MSY · 

* (a) Sc·h: Q = (CIE> • co, 5 Dl / ~ J 
MSY obs 

(6. 4} 

* (b} Fo>t: Q = (C/E) .C1/t'>'J (6.5> 
MSY obs 

Hii> The ltfargi·l"tal yield, dC/dE, is defiYted as the 
incre~se in total yield achi~ved by adding one e)(tra 

. unit of effort. In otheT· words, it is the slope of 
the tangent to the curve of catch . against effort 
(Gulland, 1968>. From the catch~effort equations 
given in equations (4.6} and (4.7> it can be seen 
that the ma '"9 i Y1a l yield i s a decreas i rrg f uY1ct ion cf 

·effort, with a ttra>einrunr at the virgin stock (:z:ero 
effort> position and decreasing to zero at the level 
where MSY is attained. The f 0 , 1 pol icy as desc"ribed 
by Gulland and Boerenra (1973> is to fish at an 
effort level where the marginal yield is OYte tenth 
of the value of dC/dE at the origin. As can be seeY"t 
from Figure 6. 1, this effort level wi 11 be less 
than that corT·espondiY1g to MSY. The eqtti 1 ibri um 
catch level ccn·respondi·ng to this strategy, C

0
,
1 

a·nd 
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the c·es·l"rstcfl"1t level of effort, E 0 , 17 applied ttrrde·r· 
this strategy ar-e derived i'r"1 AppE"l"1d:ix 6. 1. They E«re 
as follows: 

(a) Schaefer-: E - (>, 9 E 
<>, 1 MSY 

= o, 9 [ CX:;213 J (6. 6) 

2 
c = <>, 99 ( ct /4 f3} 

<>, 1 
(6.7> 

= C>,99 c 
MS'r' 

( i. e. the ex pec:·t ed cat ch ttnder suc:·h a· strategy or1ce 
e-qtt i l i br':i uttt is reac:·hed wott 1 d be 99~' of the MSY > 

Fox: E 
. 

(>, 782 E (6. 8> (b} = . 
<>, 1 MSY 

= <>., 782 <11/3'> 

-1 
c = 0,972 (fX'l/:3'>.e (6. 9} . 

(>., 1 

= (>, 972 c 
MSY 

Slope CD = 0.,1 x Slope AB 

CHS! 

< Os-s .... 
0 
::> 
0 QP1Sy 

Oo.1 

Ac;..-------------------"--'--~-----------------.1..1 
Eo.1 EMsY 

·Figure 6.1 Schaefer- trrodel EFFORT 

The e'.ltpeCted c:-atch rate for- the year i·n questio·I", (1985). is 
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est in1ated. by the current catch rate <that is, the observed 

catch rate for 1984) and is denoted by * 
<CIE> 

obs 
• Using 

this value together with E 0 , 1 or EM5y, n1anagen1ent can the-n 
fi>c the quota (for 1985> on the basis of the forn1ulac 

* 
Q = (C/E) .E 

0,1 obs 0,1 

Interpreting this graphically, the catch level, ,Q 0 ,i, which 
will cause the stock to move towards the equilibrium 
condition associated with such a chosen obJective is 
determined by the intercept of the effort ordinate 
prescribed by the f 0 1 n1a-nagen1e-nt ObJective and the catch . , 
rate vector <see Figure 6.1>. 

Cs-s 
< ._ 
0 
:::> QHSy 
0 Oo.1 

I 
I 
I 
I 

Q&...~~~~~~·~~~~_,___.~~~~~~~~~~ ...... 
y• 

Figure 6.2 Schaefer model. 

Y~Yo.t 

BIOMASS 

K 

As can be seen fron1 Figure 6. 2, the f 01 procedure is a 
more cautiO\.lS approach a-nd will lead to 'the equilibriun1 
population bion1ass bei-ng greater than that associated with 
MSV, namely, YM~· In the Schaefer model this corresponds 
to a biomass 'safety factor' of 10~ a-nd in the Fox, 24~ • 
The calculation of these 'safety factors' is give-n in 
Appendix 6.2 • 

The f 0 ,1 managen1ent obJect i ve reconin1ended here has no 
strict biological or econonsic basis. It sin1ply establishes 
a criterion for a position probably closer to bioeconomic 
optin1ality than that of MSV, about which fishery n1anagers 
can agree in principle a-nd which they can· easily 
u-nderst and. 
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·6.3.2 Dynamic models 

In the case of the ·dynamic models, the (estimated) 
expected catch rate can be estimated from stock 
prOJections bas•d on the assumption th~t the expected CPUE 
is proportional to the mid-year biomass: 

/\ " " /\ (C/E) = q. Cy + y ) I 2 
i i i+l 

(see equation (5.4)). 

As in equations 6~ 3.1 (i) (iii),· catch litr1its for the· 
year Ji+1) are calculated as follows: 

( i) 

(ii) 

Sch: Q . (i+1> = r·. y • ( 1-y /K) (6. 10) 
s-s i+1 i+1 

Fox: Q ( i+1> = r. y • <1-ln(y )/ln(K)) (6. 11> 
s-s i+1 i+l 

/\ 
Q ( i+1> = <CIE> .E which gives 

MSY i MSY 

' Ca> Sch: Q <i+1> 
MSY 

= [q. (y + y ) /2J. [0,5 r/qJ 
i i+l 

= 0, 5 r. < y + y > /2 (6.12) 
i i+l 

<see equations <5. 4) and . (4. 9)). Similarly, 

(b) Fox: Q (i+l) = 
MSY 

Cq. Cy + y ) /2J. [r/ (q. ln<K> >J 
i i+l 

= ( r I l n CK> ) • ( < y + y .) I 2 > (6. 13) 
i i+l 

<see equations <5.4> and (4.12>>. 

" Ciii) Q (i+1> = <CIE> .E • Therefore 
o, 1 i 0, 1 

< a> Sch : Q < i + 1> = C: q. < y + y > I 2 J • r 0., 9 E J 
0, 1 i i + 1 . MSY 
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= 0, 9 b! ( i +i} 
fYISY 

= o, 9 [0,5 r. (y + v )/2j 
i i+l 

= 0,45 r. (y + y )/2 ( 6. 14) 
i i+1 

(b) Fox: Q <i+1) = Cq. <y + y )/2J. CC>, 782 E J 
, 0, 1 i i+1 MSY 

= o, 782 Q (i+1> 
MSY 

= 0, 7 82 ( r I 1 n ( K > ) • < y + y > I 2 
i i+1 

(6. 15) 

[Note: To facilitate calculation of the above equations, 
A A 

<CIE>i rather than <CIE>i+• has been used. While ideally 
the use of the latt~r would be more preferable, its 
calculation requires Yi+I and would therefore need an 
iterative procedure. As current biomass rates of change 
are not large, differences should not be substantial. 
Further, this enables a more direct comparison of catch 
limits with those evaluat·ed on the steady-state basis of 
the previous section.J 

Since EMSYis based on a fit to data for a period of years, 
it therefore, to a ce~tain extent.· 'averages out' data 
fluctuations. However, in the case of the steady-state· 

* model, the <CIE> component of the formula is based on 
obs 

data for only one year. A potential advantage of the 
dynamic model is that it allows an estimate of CPUE in the 

A 
t11ost recent year,· (CIE>*, which is dependent on tt1ore than 
a single year's data. This produces catch limit 
recommendations which, in principle, are less subJect to 
fl uct uat ions. 

6.3.3 Catch limits expressed as a proportion of the 
current stock size 

The above f MSY and f 0 ,1 managettrent recomt11endat ions were 
given in the form of catch limits (Q). Since the dynamic 
models provide estimates of the parameters r, q, and K as 
well as those for the sustainable yield curves (that is, ~ 
and f3 >, recommendations can alternatively be expressed as 
a proportion, h, of the current stock size appropriate to 
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harvest untier the specified pol icy. For exatt1ple, 

h 
MSY 

= Q I ((y + y )/2J 
MSY i i+1 

The following table gives a s\.urin1ary of the Schaefer and 
Fox formulae derived for hMsY and h 0 , 1 \.tsing equations 
(6. 10) - (6. 15). 

SCHAEFER FOX 

hMSY 0,5 r r/lY1HO 

h o,I 0,45 r (>, 7815 r/ln<l-0 

The appropriate values obtained using the parameters 
calculated for the best fits of the dynamic Schaefer and 
Fox tt1odels to the data· are shown in Table 8. '3. These 
values of h co\.tld then be used to obtain catch litr1it 
recommendations based on independent met hods of est i tr1at i ng 
current stock size such as VPA <see Chapter S>. 

6.4 Uncertainty 

Uncertainty 
managen1ent. 
unce'r'tainty 
st'r'ategies 
following 
of dealing 

is an important feature of fisheries 
Since it is impossible to eliminate such 
from fish stock assessment, good n1anagement 

tt1ust take such uneertainty into aceo\.\nt. The 
discussion on causes of uncertainty and n1ethods 
with it is based primarily on Walters (1'384). 

A tr1aJOT' cause of uncertainty is environmental fl uc1;\.tat ions 
whose effects on the fish population are not (as yet> 
predic1;able. Perturbations sueh as these can eause large 
year to year variations in the tt1ortality 'r'ate between 
spawning and the recruit1r1ent of J\.tveni les into the system. 
Such recruitment variation is primarily driven by 1r1arine 
climate factors such as upwelling patterns. 

In comparison with th~ pelagic fish populations such as 
the anchovy and pilchard stocks, hake have a longer life 
span and therefore the stocks consist of 1r1ore year­
classes. This to a certain extent provides security 
against environmental fluctuations as their effec1; is 
dampened when the total stock biomass is considered. 
However, random and cyclic environmental perturbations can 
still cause a large amount of variation around predicted 
yields (see Figures 10.15 - 10.18> and stock si~e and 
could result in unintended substantial resource depletion.· 
Therefore the results of the steady-state models together 
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with the short and long term stock size proJections for 
the dynamic models should be interpreted in the light of 
unpredictable and possibly maJ~r fluctuations as a result 
of environmental uncertainty. 

Randomness can easily be incorporated into the production 
models by introducing a random perturbing factor. The 
f requeY'lcy and tt1agY'li t ude with which this factor operates 
can be evaluated from the past history of the fishery. 
This method should, however, be used with caution as most 
fishery data records are not extensive and f1Jture 
eY'lvironmental conditions may not necessarily mimic those 
of the past. 

As soon as random .factors are included in production 
models, predictions can no longer apply to one specific 
year, but to one of many possible years that could follow. 
Howe~er, the probabil1ty of a particular outcome can be 
estimated by runniY'lg a simulation model many times, 
thereby obtaining a number of predictions for each 
particular year. By calculating the number of times such 
an event occurs in, for example, 1000 random trials, the 
distribution of such predictions could then be examined 
and the ~robability of a particular outcome estimated. 
This method of assigning odds to various outcomes is 
termed Monte Carlo modelling (see Chapter 7>. Statistics 
such as the probability of collapse of the fishery or the 
probability of obtaining a particular level of yield in 
any one year under a given level of fishing effort can 
then be calculated. 

When low populati.on sizes occur, neither bad fisheries 
management nor unpredictable envi rontt1ental events can 
necessarily be held solely responsible for the stock 
biomass decline. Usually this state is the result of a 
combination of such factors. Thus management policies 
which do not reduce the fishing intensity at low 
population sizes take risks as low abundanc~ levels can be 
decreased even further -· by adverse environmental 
conditions. It is therefd~e important that decision makers 
have a clear understanding of this fact so that they 

·appreciate the need to detect any variation in the 
population without delay and to respond rapidly to it. 
Their management pol ici·es must be updated regularly so as 
to ensure that the state of the stock remains as near as 
possible to that required by management obJectives. 

A second fortn of uncertainty exists in the formulation of 
tnodels and the determination of their parameters. The 
effectiveness of production models depends on the accuracy 
of the assumed model and the precision with which its 
parameters can be estimated. Even if the 'correct' 
production functions are fitted to the data~ errors can 
occur in the estimation of their parameters. Sometimes 
these are due to large measurement errors~ but more often 
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there has simply not been enough variation in stock sizes 
and policies over time to allow accurate e~timation. That 
is, often it is found that data can eoually well be 
de~cribed by a variety of para~eter combinations. 

Furthermore, models cannot account for all factors 
influence stock size and production. Their validity 
be seriously affected by parameters excluded from 
model which could cause changes in the stock size 
catch. 

that 
co1.1ld 

the 
and 

Usually, the only data sets with information about 
variation in stock sizes are those from the early part of 
fishery development when variables change rapidly. Owing 
to uncertainty most fishery management tends to adopt a 
conservative fishing policy where development proceeds 
cautiously a~d stock sizes remain near equilibrium. They 
assume the 'best' current model is correct, waiting for 
environmental fluctuations to tell them more about how the 
system responds to variations. 

Walters <1984) recommends instead the use of experimental 
management policies which would provide information about 
the system under more extreme conditions than· would arise 
naturally or through conservative policies. Ideally, these 
probing experiments should be interspersed with longer 
periods of cautious management. Small probing tests are 
unfavourable since they deteriorate short term performance 
without substantially providing new information for 
parameter estimation. He summarizes good management as 
that which operates within the 'safe' limits of variation 
whilst at the sam~ time encourages variation that could be 
informative by more markedly increasing the precision of 
parameter estimates. 

6.5 Economic considerations 

So far, only the biological obJectives associated with the 
fMnand f~1 strategies have been discussed. However, other 
considerations should be taken into account when managing 
a marine resource. Where, for example, the current catch 
is producing a stock decline, fishermen May be unconcern­
ed, feeling perhaps that in times of low abundance of a 
particular resource they could fish several alternative 
stocks or take other employment as an alternative means of 
income. In situations where the current catch Just keeps 
the stock at a low level without allowing any increase, 
the fishermen May well prefer to maintain current catches 
and incomes 7 rather than accept a smaller present catch 
and income on· the expectation of future increases, because 
of the time-discounting effect <Clark, 1976>. 

In the above inst~nces, to ~hese fishermen, the biological 
optiMum would not economically be the most desirable. 

73 



Therefore, although in theory the fM~ and f 0 , 1 strategies 
might appear to be effective and appropriate means of 
controlling the resource, in practice, in times of low or 
declining stock size, management agencies might have 
difficulty in implementing the quota feductions that such 
strategies indicate, especially when the fishermen's 
livelihoods are at stake. 

An analysis of the economic situation can be made by 
transforming Schaefer and Fox production curves to revenue 
curves and then relating them to cost curves to determine 
the most profitable level of fishing. An adequate 
representation of all the economic factors would require 
transformations involving many parameter estimates. These 
would further complicate the dynamic models which are 
already quite complex and fairly imprecise. However, 
despite their inaccuracy, these expansions could help 
conceptualize the like~y results of economic pressures. 
The inclusion of economic variables is dealt with in 
greater detail in Chapter 11. 

Although historically · fishery management has primarily 
focussed on the bio)ogical··aspects of the fisheries and 
has been mainly· concerned with the protection and 
conservation of fish st~cks, it is now ~pparent that if 
fisheries are ~o contribute fully to society, then social, 
economic, political and environmental factors must be 
included in the management process. Greater consideration 
of the people involved in or affected by the fishery is 
necessary. Fishery management is now not necessarily only 
concerned with the application of restrictive (regulatory> 
measures •. Its scope is wider and includes a strong role in 
planning and executing fishery develppment. 

6.6 Discussion 

Uncertainty is one of the most important factors in 
fisheries analysis, causing problems when trying to 
assess what has happen~d historically and what might occur 
in the future. It is therefore necessary to deal with 
unpredictable variation as it arises by working within the 
constraints of available facilities and developing 
efficient processing systems to ensure that results are 
speedily produced. 

At present, yearly catch ~uota limits in cohJunction with 
minimum· mesh size regulations have been used in the 
management of the southern African hake populations. An 
alternative method of controlling the fishery would be 
through the introduction Of effort restrictions. However, 
fishing effort is a function of the number of vessels and 
their power/efficiency, and although it might be possible 
to place limitations on the number of ships operating per 
year, problems arise when trying to quantify and control 
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power. Therefore although catch limit policies are less. 
stabl~ against fluctuations than effort limitation 
policies, they are easier to monitor a~d apply. 

The application of a complex mathematical model to 
fisheries data is often taken to imply a greater 
reliability of the answer (for example, quota) ~btained 
than is Justified by the Clack of) quantity and (poor> 
quality of the input data; quoting onl~ a single number 
can produce a misleading impression. It is therefore also 
desirabl~ to include not only the be~t estimates of 
parameters from the model applied to the data, but also to 
give a quantitative indication of the reliabiiity of such 
estimates. For this reason, methods have been applied in 
the following analyses to provide coefficient of variation 
(standard error/mean) values for parameter estimates for 
both the dynamic mod~ls and the GFR approach. These 
procedu~es are described in the following chapter. 
Suggestions as to hoH such informatirin might be 
incor~orated in catch limit recommendations are made in 
Chapter 8. 
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Append i >< 6. 1 

Equilibrium catch and effort 
strategy. 

·levels corresponding to an f
01 
' 

Ci) Schaefer model: 

In equilibrium7 

2 
C = a. E - {). E 

=> .· dC/dE = ·a - 2 {). E · 

Therefore dC/dEl .· = a - 2 ~· E 
JE=E01 0 7 1 

) 

and dC/ dEJ . . = a . 
. . E=O 

The f 0 ,1 policy corresponds to fishing at an effort level where 

dC/dEl . = 0
7 

1 dC/dl~l • 
. J E=Eo~1 ] E=O 

Therefore a - 2 ·~. E - 0 7 1a 
071 

·and E = 0, 9 · < a 12 {) > • · 
0,1 

Since ·E = al.<2[)> <see equation (4. 9)) 
MSY 

E = 9,9 E 
07 1 MSY 

Under such a strategy, at equilibrium7 

c .=E .<a-{)E .) 
0, 1 o, 1 · 07 1 

= o, 9 < a 12 {) > • r a - /). 0 7 9 <· a 12 {) > J 

2. 
= 0, 99 < a I 4 {) > . · 

<A6. 1. 1 > 



where C 
C>, 1 

Since c 
MSY 

c 
0, 1 

= quota corresponding to an f~ 1 strategy once the 

stock has reached· its equilibrium value. 

2 
= ex. I (4 f3 > <see equation <4.8>>, it follows that 

= 0,99 c 
MSY 

. (ii> Fox· model: 

In equi l i bri utn, 

C = a'. E. e 
- /jYE 

1 . -{3'.E . 
dC/dEj.= bl'.· e • [1 ""'." f3' • EJ 

~ 
. -fj'.Eo,1 

dC/ dE . . = ot. ' • e • ( 1 - f3' • E J 
E=E 0•1 0, 1 

dC/dEl . = ot.' • 
. . JE=O 

As·in section Ci>, E~1 is determined as follows:· 

dC/dEJ . = 0, 1 -dC/dEl 
. E=E 0 , 1 _ -j E=O 

• . . . - /3' • E 0,1 

o('.e • t1 -,8'.E J = 0,1 "''· 
0, 1 

Lett i ng >< . = f3 ' • E 
0, 1 

-)( 

.e .(1 - xJ = 0,1 

->< .. 
1 ·- >< - 0, 1 e = 0 • 

77 



Using the Newton-Raphson iterative procedure, an estimate of 
x ~ 0,782 is obtained. Therefore 

E 
o, 1 

: 0, 782 < 1 I J3 ' > • 

Since E = (1/ f3' > <see equation <4.12> >, it follows that 
MSY 

. = 0,782 E <A6. 1. 2> -·E 
o, 1 MSY 

Similarly the equ.ilibrium quota under such an f 0, 1 strategy can be 
determined: 

Since 

c 
0, 1 

.e 

~ f3' • 0, 782 <1 I f3 ' > 
~ c;.' • 6, 782 < 1 I /j ' > • e - · · 

-0,782 
= 0, 782 e • < Ol.' I f3 ' > 

·-1 
C = (0(.'/(3'>.e 

MSY 
<see equation C4.11)) 

c 
. -0,782+1 
• 0,782 e .C 

0,1 MSY. 

= 0,972 CMSY • 
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Appendix 6.2 

For1Y1ulae for catch 91.1otas 1.mder a ·f0,1 strategy. 

(i) Schaefer model: 

To approach. f 0,1 , Fig1.1re 6.1 indicates the calculation of quotas 

on the following 

Q = E 
o, 1 0, 1 

= E 
0, 1 

= 0,9 E 

= 0,9 ( 

= 0,9 

Os-s 
<C( . .... 
0 
.:> QtlS'I 
0 Oo.1 

basis: 

* <CIE> 

* 
q • y 

q. y 
MSY 

r / (2q) 

* r . (y I 

* 

J 

2> 

I . 

i . 
I 
I 

. 

• 

Figure A6.2.1 Schaefer model.· 

q • 
* 

y 

I 
I I 
I I 
I I 
I ·I 
I I 
I I 
I I 
I - I 
I - I 
I I 
I t 

YH:Sf Yo.1 

BIOMASS. 

<see equation (6.1>> 

<see equation <4.5)) 

<see equation <A6.1.1>> 

<see equation (4.9>> 

Assu«ii ng Yo, 1 is the bi 01Y1ass level obtained at equilibrium under 

this strateg~, it follows that 
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0,9 (r/2) • y = r 
o, 1 

which implies y . I K = 11/20 
o, 1 

or eqivalently y = 1,1 CK/2) 
0, 1 

Since y = K I 2 
MSY 

it follows that y 
o, 1 

= 1,1 y 
MSY· 

y C 1 - y /K 
o, 1 0, 1 

(see equation (4.10>> 

Therefore~ this policy corresponds to employing a 10~ 'safety 
factor'. That is, the equilibrium population biomass will be 10~ 
greater than YMSY as is illustrated in Figure A6.2.1. 

Cii) Fox model: 

Similarly., 

Q = E 
o. 1 o. 1 

* <CIE> . (see equation C6.1)) 

(see equation <4.5)) 

<see equation CA6.1.2>> 

*. 
= 0, 782 [ r/(q. ln<K» J • q • y 

* = 0,782 [ r/ln<K> J. y • 

Assuming equilibrium occurs where y = y , 
0, 1 

. 
0., 7 82 [ r I 1 n CK) J • y • r. y • Cl 

o, 1 0, 1 

. 
i.e. 0,782 = . ln<K> - lnCy ) 

o, 1 

. -0,782 
y = K . e • and 

(>, 1 
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<see equation <4.12>> 

Llri<y )/ln<K>J) 
0, 1 



-1 
Since y - K • e 

MSY 

it follows that y 
0, 1 

. -0,782+1 
:;: e 

1., 244 y 
MSY 

y 
MSY 

(see equation <4.13)) 

Therefore.,, such a 1Y1anage1Y1ent strategy correspol'lds to a 24~ 
'safety factor'. 
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7 ESTIMATES OF PRECISION 

7. 1 IYlt reduct i OYl 

lYl the· previous chapter the sources of vario1..ts 
uncertainties involved in managing a fishery were 
discussed. These included bias arising from errors iYl the 
assumed model and the lack of precision of estimates of 
management variables (for example, quotas) caused by Cnon­
systemat ic) errors in the observations (for example, CPUE 
as an iYldex of stock biomass). The 'quality' of such 
estimates is in some sense inversely proportional to the 
sum of these two errors combined. In this ~hapter the 
'quality' of the parameter estimates provided by the 
prescribed steady-state and dynamic models is evaluated by 
assuming zero model error and by calculating the precision 
of the estimates us~ng the statistical procedures 
described below. 

7.2 Steady-state models 

Estimates of precision were obtained using the Monte Carlo 
boot st rap approach presented by Efron <1982>. For the 
statistical details of this bootstrap approach see 
Appendix 7.1. From the set, 

S = {Cf , CC/E) > : i = 1 •.• tt1}, 
i i 

(m = the number of years in the data series) 

a new data set, 

S" = { (f , CC/E) > J = 1 • • • tt1} <7. 1) 

J J 

i~ created by random sampling with replacement from the 
original set S of observed data pairs. · From ·the set S' 
parameters such as 0( ·and MSY can be · calculated as 
described in Chapters 4 and 5. By repeating this procedure 
a large number of t ir11es , N such data sets S' can be 
generated. In this analysis, a value of N = 1000 was used. 
Each repetition ·yielded new estitt1ates of the various 
parameters and these were grouped into sets, for example, 

T = { of.. k: k = 1 • • • N}, <7. 2> 

From these parameter sets, the following statistics were 
calculated: 

( i) Standard error: s.e. = (7. 3) 
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1 

[ 

N 1 N J <:[d~ > -- <2c)(\>
2 

k=1 N k=1 
where the variance, cr2 = 

N-1 

<ii) Using this estimate of the standard error, the 
coefficient of variation <c.v.> can be determined: 

c. v. = 

where the 1Y1ean of o<. , 
·1 N 

c1... = - c: L" ttkJ • 
N k=l 

(iii) 95~ and 6B~ confidence limits were calculated 
the 1000 parameter estimates in the sets T 
ordering as f o 11 ows - CB\.1ck land, 1984) : 

(7. 4) 

f ro1Y1 
after 

Thus, by drawing a sample a~d calculating its statistics 
over anti over again, a freq\.1ency distrib1.1tion can be built 
up. This distribution will then closely approximate the 
bootstrap estimate pf the probability distribution. The 
attraction of this bootstrap method is that it does not 
require a known functional form for the probability 
distribution of the residuals in the regression. The 
particular bootstr~p procedure outlined here is described 
by Efron <1982) as being a cautious approach. In Appendix 
7.2 ·an alternative bootstrap procedure is presented, the 
results of which ~re compared with those of the original 
Efr~n <1982> method in Table 8.10. 

7.3 Dynamic models 

Although the approach outlined .in Appendix 7.2 could have 
been adopted for the analysis of dynamic model estimates, 
a different procedure was used. The Monie Carlo technique 
was again employed to calculate sample statistics, but 
this time the weighted residuals were assumed to be 

distributed normally with zero mean and variance ~ 2 

estitt1ated by: 

er 2 = SS I < m - n p > <7.7) 

83 



where np = tl"le number of parameters estirt1ateci. in the 
case of the dynamic rt1odels, ·three parameters (r, 0( arid 
MSY> were estimated and therefore a bias correction factor 
tt• --7 tti-3 was assutt1ed. These correctiori factors were based 
on a similar adJustment used for linear regression models 
with np parameters. Later the model was extended to 
include a fourth parameter, y 1 /K and in this case the 
correction factor became m-4. 

In place of set, s = {(C , <CIE> ) . i = 1, ••• m}, . 
i i 

N (= 1 (>(>(>) 'pseuoo' data sets, 

S' = {(C ,<CIE>'> i = 1, ••• rt1} (7. 8) 

i i 
were fitted such that 

~(C/E) ,'· = ~ <C~E> _' + t 
i l i 

where £ 
/\ 

from N<O cr 2/E (7. 9) 
' i i 

" A 

and E = c /(C/E) 
i i i 

[It must be noted that time ordering within the sets S' is 
preserved here. J 

By fitting the ·prescribed dynamic model to each of 
N <= 1000) such data sets S', parameter sets (see equation 
(7.1>> could be constructed from which standard error and 
coefficient of variation estimates could be obtained and 
confidence intervals evaluated. It should be noted that 
since the catch, C, appears to be r~~sonably well­
determined, the approach a~sumes tbat variations in CPUE 
account for any disa.greement between the data and the 
assu1Y1ed mode 1. 

If 
the 
( i) 

(ii) 

this model appropriately describes the observed data, 
weighted residuals should be: 

normally distrib~ted 
random <uncorrelated) and 

(iii> homoscedastic (for maximum likelihood estimation>. 

2 
To test these conditions, a X test, a runs test and a 
test for significant slope in a linear regression of the 
modulus of the weighted residuals against E, respectively, 
were performed. The results of these tests are listed and 
discussed in Chapter 8. 
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[Note that the Efron (1982> method which was employed for 
evaluating the precision of static model estimates Csee 
Section 7.2) could not be used for the dynamic models 
because of the time ordering of the newly created sets S'J 

7.4 Disc1..ission 

The results of these methods of estimating precision are 
01scussed in Chapter B and the c.v. values obtained are 
listed <see Tables 8.1 - 8.10). The c.v. values for MSY 
and Qo,1 estimates <for both the Schaefer and Fox models> 
using the GFR approach calculated by the bootstrap 
procedure given in Appendix 7.2 <see equation CA7.2.5>> 
and Efron's 'more cautious' approach <see Section 7.2> are 
compared in Table 8.10. From these results it is evident 
that although the results of the two procedures are 
similar, they are by no means identical with the procedure 
in equation <A7.2.4> of~en yielding large~ values. 
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) . 

Append i x 7. 1 

The Monte Carlo bootstrap tt1ethod as presel'lted by Efron 

The bootstrap nsethod de.scribed here was introduced by 
Efron (1979>. It is a simple nonparametric method which 
can be \.\sed to estin1ate the san1pling distribution of a 
st at i st i c of interest, say o( , where o( depends on a 
known random sample!= <X,, ••• XN> from an unknown proba-

.bility distribution F. 

The n1ethod of attaching a standard error to son1e paratt1eter 

val \.\e, 
is a 
randott1 
below. 

/\ . A 
say d., using observed data~= (>< 1 , ••• xn> where cl... 
specified randons variable depending on both the 

sa111ple ~ and the ·\.tnknown di st ri but i ol'l F is given 

Assunse independent identical sampling from a 
unspe~ified population distribution F. The 

con1pletely 
bootstrap 

/\ . ~ 

estin1ate of standard error for o( denoted by cr8 < o<.. > is as 
follows: 

/\ 
(i) Let F be the sample·pro~ability distribution of the 

data, 

/\ 
F : probability mass 1/n at each observed x 

i 

<i = 1, ••• n>. 

* * * (ii> Let~ = CX , ••• X > be a random 'bootstrap sample' of 
1 n 

* * * 
size n drawn from F and let ~ = Cx , ••• x > be the 

1 n 

* 
observed bootstrap values where the values of ! are 
selected with replacement and equal probability from 
the set (x , ••• x >. That is, 

1 n 

* * x = )( 

i i 

* " x iid F (i = 1, ••• n> 
i .... 

(i id = independently identically distributed). 
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"* " * * "* Also let ci.. = o(<x , ••• X > where c<. is the statistic 
1 n 

depending on the bootstrap sample and the sample. 
/\ 

probability distribution F. 

(iii) The bootstrap estimate of the standard error is: 

a- < ~) =~var*( ~*>
1 

, B 

where " ' "* var*( ex'.*> indicates the variance of ex'. under 

" the probability prescription <ii>, 
its observed value in (i). 

with F fixed at 

" In other words, the bootstrap esti111ate of er (CX.) is simply 
B 

the standard deviation ·of the q1.tantity of interest, 
/\ 

r:f... <X , ••• X > if the unknown distribution F is taken equal 
1 n " 

to the observed distribution F. 

" As direct theoretical calculation of a- <ex'..) 
B 

is usually 

impossible, other methods must be used to calculate the 
bootstrap distribution. One such method is the Monte Carlo 
simulation which yields a quick approximation and is easy 
and fast to implement on a computer. 

A large number N of indepen~ent repetitions of step (ii) 
are performed yielding N observed bootstrap samples, say 

* * "* * and their corr~~ponding d... values, 0( , ••• OC. * 
~ , ... ~ 

l N 
Then the bootstrap estimate of the standard 
approximated by the sample standard deviation: 

" cr<O(>= 
B 

1 

N-1 

1 N 
error is 

Efron <1981> compared the bootstrap approach to other 
genuinely nonparametric methods such as the Jackknife. He 
reported that "it performs best since it is the nonpara­
metric maximum likelihood estitt1ate of the standard error 11

• 

It was therefore chosen for the analysis of certain static 
model parameter estimates as it seemed more widely 
applicable and more dependable than other alternatives. 
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I"f", sit\.tat1cl'.r-'s whe·r·e both. vat·iates .(X a·l"'1d Y> are st~bJect. to 
erro·r· of.:meastu:·eme .. 1"1t eiY:,d/cH; i·1"1here"f"it variabi l i.ty, it has 
bee·r-1 !Sttggested· (Ricker·, 1'373> that· a ftfr1ctio'f",al :·r·egressio-r:,. 
is t.tsually more sttitable tha"f"1 c:·o·i",-;,,•eyftioYtal li·r-1ear 
regressi o·f'1 ·met hods. However·; ·problettts arise whe"f"r 
at t etNpt i r,g t 0 . ext e·r-10 Ef.ron' s . ( 1 '382 > st a"1"1da rd . boot st rap 
pr0 c•edu re for· a p·r-ed i c:·t i ·.,,.e · r-eg ress i cm ( satttp 1 i "1"•9 ' with 
·r-epl.icc:·effte"l"ft fn:1ttr the r-esidt~ars·-> to the c:·ase of ' a 

.. fttl"tC:-t i o·t,al. ·r·egr~ssi ol"1~ : Where-, bot!",. var·iates · a·r:e s'ttbJeCt to 
ftieasttreme·tit · er·r·or, it is·· :possible to obtair1 a least 
squares estimate of the ftmcti 0"('1al regressi CiY1 by 
est i mat iY1g the ·r·at i o 1' wher·e }. is the t rtte var·i aY1ce . of Y 
at ·.a giYe-1"'1 (trtte) value .of X. to the. true variar1ce of X at 
a.giverr \i. I·,.., p·r·cic:·tiC::·e~ .. tisually the ·r:eqtt:l·r-ed r·atio, ·)\, 
carfnot be. obtaiY1ed' fr·ottr th_e data ".alcme tRicke·r·, op. c:·it. >. 
The-refo·r·e, where efl"1 obJectiVe .estimate of )..- is 
tmavai.l able, a ftt·r·ther assufftpt i o·,..; ltf\.'tst be made. 

For. sitt1pl icity, · let x aY1d .y ·r•epr:eseY1t the quaYit:lt ies as 
lfteasttred · f7·ortr their·. -1rreaY1s, that is, x ·= ·x - x a'.nd 
y = Y .:... · 't' The-r1 ar1 ·est itttate of ttl is r·eq\.\i red f.tiT" the 

. ·rel at i o·,..,: 
y = m. x (A7. 2. 1 > 

Us i'r'1g the fttY1ct i 0'!"1a l . reg ~r-ess i 0'!"1 tttet hod .,,, is . estimated as 
follows: 

2. 
ffl ·= 

.,.., 
L: )!2 

i=1 . i 

. ; . = 

rr 
L x y 
i=1 i i 

for the obser-ved dater .set < \x ,.y >·: i = 1, •.•• ·,..1}. 
i i 

(A7.2.2> 

ln addi~io_.,..,,. it .is .assuitted .t1:"1at ~ ·i,s made eqttal to the· 
ratio. '-of ··t.he -total· ·1tai'iaY.1ces of t·he: .. sets of· -x a·l"td y 

i i 
observat i oY,s, that is, . )I ~. m2 (cf •. Ricker f1973> equat itm 
(28>>. The ttraximum ·likelihood ··est iihate 'of' the ·~true, data 
pair (-x 'y >. corr~spondi·,..,g t 0 the .obser·ved pai.,.. (x 'y > i.s 

i i 
thereforec 

-'X 

-y 

= 
i 

= 
i 

1 
()1 + 

2 i 

-.ttr. >!. = 
i 

.i i 

y I ttr > 
i 

<A7. 2~ 3} ·. 
1 

\y + . m. 'X > 
2 i i 
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On the 'basis of these values for x and y and the fact 
i i 

that the ratio of the variance of the true error value to 
the variance of the estirt1ated error is '{2, residuals for 
the variates can be evaluated: 

x t2 1 

V2 £ = . (x - x . 
i i i 

y g f2. ,... 
£ = . <y - y 

i i i 

<A7.2.4) 

[Note that a correction factor of t:
2

' was used as two 

parameters wete estimated for the functional regression.] 

x y 
Using values of£· and E obtained by random sampling with 
replacement from the sets, 

cY 
i = 1, ••• n} and { ~ i = 1, ••• n} , 

i 

* * a new set <<X ,Y ) i = 1; ... n} is generated where 
i i 

* £x x = x + )( + 
i i 

<A7.2.5> 
* ty. and y = y + y + 
i i 

The above process is repeated a large number N times, 

* * thereby creating N such sets of <Xi,Yi> values from which 

estimates of parameters such as O(* can be obtained. These 
parameter estimates can be grouped together in sets, such 
as, 

* 
T = {o( : k = 1, ••• N} 

k k 

.<see equation <7.2>> and by this Monte Carlo 
procedure, the required sample statistics 
evaluated. 

bootstrap 
can be 

Simulation tests, although not exhaustive as yet, indicate 
that the above procedure works reasonably well, even for ~ 

values differing quite substantially from m2. 
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B RESULTS AND DISCUSSION 

In the past few chapters, vari o'Lts met hods for fi tt i ·ng 
catch-effort data were described, r1att1ely the Gul la·nd 
F'Lt°l"1ct i cmal Regr·essi on (GFR> approaeh CAppendi x 7. 2>, two 
versions of the conventional (that is, predic·tive> liY1ear 
regression tt1ethod (Chapter 4> and the dynamic model 
approach (Chapter 5>. The l inea"r regression models were 
fitted 'Ltsing the same tt1initt1iLation e"riterioY-1 involving 
sq'Ltare roots as were the dynamic models (specified in 
equation (5.9)) so that the res'Ltlts of these· app"ro~·ches 
co'Ltld be di"rectly co111pared. Using eac·h of these four 
111ethods, catch aY1d effort data for the fo'Ltr ICSEAF 
Divisions under consideration were fitted using both 'the 
Schaefer and Fox forms given in equations (4.6} and C4.7). 
The results are listed in Tables B.1 - B.B In these 
tables the CPUE and effort \.l'r"lits are the same as those 
given in Tables 3.1 - 3.4. 

IY-1 the ease of the conve.,..1tional linear regression methoti, 
two sets of data pairs were fitted, namely 

< CEi , <CJE>i : i = 1, ••• n} 

and < (fi, <C!.E>i : i = 3/4, ••• nr 

where fj is Gulland's average effort value as give·!'"1 iY-1 
equation (4.15}. The results using these two sets are 
showr1 under 'Square Root MinimiLation' in Tables B. 1 - 8. B 
with the headings 'S-state' and 'Gulland' respectively. 
Conventional linear regressions which use the latter data 
set will be referred to as Gulland Sq'Ltare Root Miriimiza­
tion CGSRM> fits. This data set was also used for the GFR 
method. The Schaefer and Fox forms for the GSRM and GFR 
approaches were therefore as follows: 

" H> Schaefer: <CIE> = 0(-f,.f 

" I - 13'. f 
(ii) Fox: CCIE> =OC. e 

It should be noted that in the case of the steady-state 
Cs-s> and GSRM 111odels, the bias correction faetor for er 

is taken to be~m~2
1 

sir1ce only two paratt1eters, 0(, and f!> 
are estimated (see section 7. 3>. 

For the steady-state models the ratios of current biott1ass 
<y*> to the carrying capacity CK> or MSY biott1ass level 
<yMSY > were estimated on the basis of relative CPUE velues 
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a"d refer to 1984 values Cin effect 9 a mid-year average>. 
However, for the dyr1art1ic Csort1etirt1es termed 'DSR!W > modeis 
the c\.n·rer1t biomass level was taker1 to be that at the 
start of 1985. 

Catch limits (such as 9 0 ,1> beyo"d 1985 co\.tld only be 
estimated by the dy·n.:tttiic:· models. These together with 
estimates for 9 0 , 1 <86> are also listed in Tables B. 1 
8. 8 • Results for bls-s and blMsY apply to 1985. Using 
eq\.ta"t1or1 (5.1> to predict f\.tt\.tre biomass levels, dynaniic 
model estimates of the average anrRtal increase rate 
(a. i. r. > of the stod< over the period 1985 -. 1'386 under 
the specified harvesting strategy were calculated. Three 
cases are showr1, correspo"ding to the best esti«1ates of 
Q 0 , 1 for 1'385 and 1986 arid for '30~' and 80% of those values. 

In addition, the corresponding probability (p.dec.> that 
at the start of 1'387 the stock would have declined (and 
would also be below yMS'(} under such catch regimes for 
1'385 and 1'386 was cal~ulated. . This was done using 
estimates of the catch limits based on a best fit to the 
original data. Using Monte Ca·rlo sim\.tlat~ons· '(such as 
those described in Section 7. 3>, 10(1(1 pseudo data sets 
were constructed t·o ·which dynamic model parameters (such 
as r', K' and q-> were fitted. From each of these simula­
tions an estimat·e of the current biort1ass level (for this 
a·nalysis, y:- 8 , > was obtained and these val\.tes together 
with the dynattsic parameter estittiates and fi)(ed catch littdt 
vahtes for f\.tt\.tre years (9 0 ,1 <85> ct"l''fd 9 0 , 1 (86> as calc\.tlated 
from the original data set> were used to provide a 
proJection of the future stock size~ The probability of 
decline estiniate was determined as t.he proportion of these 
1(>(>(> sitr1\.tlations for which a dowYtWard trend was indicated 
<that is, for which, y'81 < Y'ss > • 

The estimates given in Tables 8.1 - B.B .are the 'best 
es.timates' on the basis of the minimization procedures 
prescribed in Chapter 5. Also given (in parenthesis) in 
Tables 8.1 - B.B are the coefficier~ of variation (c.v.) 
values for the dynamic and GFR model 'best estimates'. For 
the dyr1att1ic mod'e1 c. v. values., the Monte Carlo procedure 
described in Section 7.3 was used, whereas the bootstrap 
approach of Appendix 7.2 was employed for the GFR proce­
dure. These '·best estin1ates' n1ay differ frotr1 the rt1eans 
and/or n1edians of the parameter distributions produced by 
such Monte Carlo p·l"ocedures because of effects arising 

f\ 

fron1 nonlinear parameter cort1binations., the use of Ej 
rather than Ej for residual,weighting in the dynamic model 
arid the distrib\.ttior1 skewness. (in respect of tt1edians>. In 
practice, however, such differences are very small <that 
is, typically less than 2~>, suggesting that bias in the 
original estimation procedure is simila~ly of little 
cor1seq uence. 
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The est itt1ates of the dynattiic Sc:·haefe;· and Fox tt1odel 
parameter·s for c:·alculatir1g the harvestable portions (see 
Section 6.3.3} of the hake stocks in the four !CSEAF 
divisions are listed ir1 Table B.'3. The c.v. estill'lates are 
indicated in parenthesis. 

Table B.10 gives a comparison of the c.v. estiftlates for 
the Gulland Fu'l"!ctior1al Regressio'l"! MSY arid Q 0 , 1 (85> vah.tes 
(for both the Schaefer and Fox models>. Two different c.v. 
estimatio'l"I procedi..tres were i..tsed., namely the Efror1 (1'382) 
pr-ocedure described i'l"I Section 7.2 .:md the alterriative 
bootstrap procedtlre given in Appe·ndix 7.2. The resttlt.s of 
the two pr-ocedi..tres ar-e similar, thottgh by no means identi­
c·al, and in tt1any c·ases (al"td especially with regard to MSY> 
the latter- procedure provided largE;-r c.v. estimates, 
despite being. termed 'more cautioi..ts' (thottgh not in 
r·espect of this specific;:- comparison> by Efron. 

In Figures B.1 - B.B plots of the observed CPUE trends 
with tiffle are compared to expected CPUE trends give'l"I by 
dyl"1a1t1ic .:md GFR mode~ fits to ti1e catch-effort ·data in 
each division. These are shown for both the Schaefer and 
Fcx models. 

Figures B.'3 - B.12 show dynamic Schaefer and Fox model 
estimates of both historic and proJected absolute biomass 
values. The biomass levels were proJected 10 years forward 
i..mder a Q 0 ,1 harvestir1g strategy as evaluated \.tsing the Fox 
model. The vertical bars represent the historical annual 
catches al"1d Q 0 ,1 catch pr0Jectior1s for the Fox model over 
the next 10 years. 

Plots of the probability that the true Go,\ value is less 
than a particular catch li1Tiit value are shown in the fortt1 
of ogives. These probabilities were calculated for both 
the GFR and dynattiic 111ethods <for both the Schaefer and Fox 
forms> ttsing Monte .Carlo esti1T1ates of Q 0 , 1 <BS> obtair1ed by 
si111ulations as ciescibed above. The results for all four 
divisions are ilh.tstrated in Figures a.·13 - B. 16 • 

8.2 Comparison of model~ 

An index of the relative goodness of fit of the variot.ts 
models to the catch-effort data withir1 each division is 
provided by the estimate of the standard deviation of the 
weighted resid\.tals, CT, shown ir1 Tables B. 1 - B. B • Note 
that all r.r val \.tes showr1 ir1corporate ad hoc adJttstments for 
bias (see Section 7.3>. A st.tmmary of these CT values is 
given in the following table: 
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Star1dard devi at i o·,.-,, er 
DIVISION MODEL 

S-state GSRM Dyr1attiic 

Schaefer 2,58 1, 91 , 945 

1. 3 + 1. 4 
Fox 2,56 1, 95 , 937 

. Schaef eT' 1, BB 1 ,.,~, , .,,;;..,,;;. , 921 
1. 5 

Fox 1, B4 1, 27 • 981 
.. 

Schaefer 3,50 1, 72 , 814 
l. 6 

Fox 1, 98 1, 49 , 689 

Schaefer 1, (15 , 793 , 660 
2. 1 + 

,., ,.., 
••• 

Fox ,9B2 '71<> '6(>2 

Without exception, the fit itt1pT'oves. wheY1 tt1oviY19 fT'ott1 the 
steady-state to the GSRM and then to the dynall'lic 111odel 
approach. Relative change values show a'I"! average ittsprove­
ment i'l"I er values of 3(1~· for the GSRM ll'IOdel and 55~ for the 
dy'l"!attli c tt1ode l when cott1pa red to the t T'ad it i Ol"1a 1 s-s met hod. 
In all divisioY1s e>tcept Divisi Ol"1s 2. 1 + 2. 2 the dyY1amic 
tt1odel r:r values were st..tbstantially (over 50~ > lower thar1 
their s-s cot..mterparts. Althot..tgh cott1parative er valt..tes 
could 'l"!Ot be calculated foT' the GFR fortt1ulatior1, plots of 
the obse·l'ved CPUE time ser·ies a'l"ld the expected CPUE series 
pY-edicted by the dyl"1amic and GFR fortt1t..tlations clearly 
indicate a'I"! ill'lproved fit of the dyn~mic ll'lodel over that of 
the GFR formt..1latiol"1 <Figures 8.1 - B.B>. [Well illustr·ated 
also are the low CPUE values Y-ecoY-ded i'l"I all ICSEAF divi­
sio'l"ls cluY-ing the mid to late 197(>s (refer to Chapter 2>. J 

I'l"I ChapteT' 7. 3 it was noted that if the ll'lodel (and esti­
mation tec·hnique> appY-opriately desc:·ribes the data, the 
weighted residuals should be normally di st ri buted, ra'l"ldott1 
and hott1oscedast ic. The P (probability) values given i .,.., 
Tables 8.1 - B.B for the GSRM al"ld dy'l"!amic model fits 
correspond to the pY-obability that, under correspo'l"lding 
·null hypotheses, resu-lts 'as bad as or worse thc:m~ those 
obtained, would be achieved. 

X 2. . 
tests for normal1ty were not very powerful because of 

the smal 1 number of poi ms in the data sets \.ll"lder con.si­
deration <particularly in Divisions 2.1 + 2.2}. However, 
as can be seen f·l'ottr the following table, in all cases the 
P vahtes we.re not significant at the 5,:. level, thet·eby 
indicating co"1"1sistency with the ass\.ut1ptiol"1 of a Y1ormal 
distribution of weighted residuals in terms of this test. 
It is noticeable nevertheless that, with the exception of 
Divisions 2.1 + 2.2~ P values for the GSRM fits are 
ttra~kedly smaller than foy- the dynamic model fits. 
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p val ties ('('1ortr1al. ) 
DIVISION MODEL 

GSRM Dy.,..1aNiic 

Schaefer .,24B 7r,.., 
., ;;;J,,,;. 

1. 3 + 1. 4 
Fox , 246 7rro1 

, ;;;J~ 

Schaefer , 317 , 403 
1. 5 

Fox ,127 7r,.., 
., ;;;J~ 

Schaefer , 1(>5 7""'' , ~J. 

1. 6 
Fox , 1 '3B , 721 

Schaefer , 724 , 317 
2. 1 + 

,., ,., 
,,,;,.. ~ 

Fo>< , 48(1 .,248 

Bec:·at1se of the lack of power of the X 2 
test for the ciata 

considered, this aspec:·t was also investigated usi·ng BMDP 
normal probability plots produced by the statistical 
pac:·kage, BMDP5D· •. A d_escriptio.,..1 of the·proc:·edure together 
with the rest1lts obtai¥1ed for the GSRM and dyr1atr1ic 1t10Cels 
(both Schaefe·r and Fox) in all fot1r divisior1s is given iY1 
Appendix B.1. Inspection of these plots is not suggestive 
of any marxed devi at i or1 f rotr1 nortt1al i ty, exc:·ept perhaps i r1 
Divisions 2.1 + 2.2 for the GSRM approach. 

To test for rar1do1t1ness a rur1s test was performed. The 
res\.1lts are summarized below: 

p values (random> 
DIVISION MODEL 

GSRM Dynamic 

Schaefer , (>(14 , 066 
1 " . .;) + 1. 4 

Fo>< , (1(14 .,356 

Scf'1aefer , 052 ,646 
1. 5 

Fox ,052 , 358 

SchaefeT" , 4>< 1(1 -4 , (>63 
1. 6 

Fox , 4X H,-4 , (163 

Schaefer· ,01(1 ,145 
2. 1 + ~, ,., 

,,,;,.. J;. 

Fox ,01(> ,145 
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At the 5~ level, ir1 all 01visions e:xcept DivisioY1 i.5 
(where P = , 052> residttals for the 6SRM niodel fits di cl Y1ct 
satisfy the r-uY1s test for- randonir1ess by a large ttiargi n. 
This result is a consequence of the general bias trend in 
Bulland ttiodel fits (noted in Chapter- 1} of underestimating 

. CPUE dtt'ring the declirii'f"1g phases of these fisheries, and 
of overestif11ati'f"1g it in the recovery phases. On the otheT· 
ha'f"1d, as is reflec·ted by the improved fits il"1 Figures 
B.1 - B.B, ·in all cases the dynamic model fits pass the 
test (although it should be noted that foT" both models in 
Division 1.6 and the Schaefer model in Divisions 1.3 + 
1.4, this is only by a small n1aT-giY1 - see also Sec·tioY1 
8.4}. In 9eY1eral, the P valttes for tt1ost of the dyY1aniic 
model fits are relatively small (0Y1 average, ·23~>. ·This 
c·ottlt;! be the- result of CPUE flttctttations arisiY1g ·not only 
from sampling variation (the basis of equation C5.B>>, but 
also from er1vironmental changes affectir19 catchability. 
Stich eY1vi ro·nmental char1ges wottld, plattsibly, show a degree 
of positive serial cor~elation and could be the cause of 
the low P values· for the runs test for Divisions 1.3 + 1.4 
and 1.6. <However, less plausibly, this line of argume·nta­
tion requires the postulate of negative serial correlation 
effec:-ts for Division 1.5>. 

To test for ho1t1oscedaci ty (constant variance), the moduli 
of the weighted residua~ vah.1es were regressed against the 
corresponding effort data, and the regression lines fitted 
were then tested for significantly non-zero slope. The 
table below presents a summary of the results of these 
tests: 

p values{homosced.} 
DIVISION MODEL. 

GSRM Dynamic 

Schaefer , 214 , 541 
1. 3 + 1. 4 

Fo:x ,456 ,643 

Schaefer ., -:"".-, 
, .l.~4 , 651 

1. 5 
Fo:x ,532_ .,552 

Sc!'laef er , (>02 ,006 
1. 6 

Fo:x , 421 , 335 

Schaefer , 023 , 113 
:2. 1 + ,, ~, 

""" ,<;. 

Fo:x ,175 .. 138 

At the 5~ level there was a significant departu't'e from 
ho1t1oscedac:·ity for the Schaefer model iY1 Divisior1 1. 6 (for 
both GSRM and dynamic mocie!s} anci similarly, foT· the 
Schaefer model in Divisions 2.1 + 2.2 C6SRM method on!y). 
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However-, in all other cases the P values were consistent 
with the assumption of homoscedacity. In most cases P 
vah.tes were ieirger for the dyl"1amic compared to the GSRM 
tt1odel fits. 

From the above111ent i oned results it therefore appears that, 
in general, the GSRM ccnd dyneitt1ic model fit residtteils 
satisfy the conditions for no rtt1a l it y, rand ott1l"1ess and 
homoscedacity, and that these conditions are better 
satisfied in the case of the dynamic· tt1odel fits. 

From the~ values listed in Tables 8.1 - B.8, it appears 
theit there is little to choose from between the Schaefer 
and F:o:x tt1odel fits to the data. This· is col"1trary to what 
mig~~ have been expected in view of the apparent concavity 
of the C/E versus E plots in the initial stages of the 
fisheries (see· Chapter 1 >. Dyneiniic correct i Ol"1 fact ors are 
probably not the Y"Oot· cattse of this, because the satt1e 
effect shows for the GSRM tt1ethod. The reason is more 
likely to be the relatively lower weighting accorded the 
initial points in the data series both through the square 
root transformation and ttse of E as a weighting factor. 

' 

In all divisions with one ttiinor exception <that is, the 
Schaefer tt1odel. MSY and Q 0 ,1 (85> estimates for Division 1. 6 
where the s-s val ttes a re 1 ess ·than· the Gu 11 and est i mat es> , 
comparative estimates of sustainable catches al"1d quota 
levels decrease when moving fY"ott1 the ·s-s to the Bulland to 
the dynamic approac·hes. As is evident from the table 
below, dynatttic tt1odel estimates of MSY were on average 17~ 
less thal"1 those ealculated \.tSing the GSRM tec:-hniqtte. 
Therefore, as expected (see Section 4.5>, the s-s 
assumption resttlt·s in positively biased MSY vahtes. A 
cotttparison of the GSRM and dynattiie 111odel estimates for- MSY 
and Q 0 ,1 <B5> is given in the table below:: 

MSY QO,I (85) 
DIVISION MODEL 

GSRM Dyr1a1t1ic GSRM Dynamic 

Schaefer 337 263 405 239 
1. 3 + 1. 4 

Fo:x 353 249 465 253 

Schaefer 189 175 222 168 
1.5 

Fox 188 162 .225 166 

Schaefer 164 139 155 93,7 
1. 6 

Fox 148 1 ,.1-:"' 
.<..;.) 115 89,5 

Schaefer 6,., ""!"' ""'• ,;,) 
52,B 77,1 5(>, 9 

2. 1 + ,., .-, 
""'• ""' 

Fo:x 60, 1 51, 8 72,1 53,8 
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A comparison of these Q 0~(BS> values indicates that, on 
average, dynamic model estimates of Q0~ CBS> are approxi­
tt1ately 32;<. less thal'"1 those obtained using the GSRJ'11 method. 

Use of the GFR rather than the GSRM proced\.tre reduces 
average· differences il'"1 MSY and Q 0 ,1 CBS> estimates compared 
to those of the dyr1amic models to approxin1ately 10;<. in 
both cases. Large di screpal'"1Cies (greater than 10;<.) in 
Go.1 CB5> rett1ain only for Divisions 1.3 + 1.4 Ca reduction 
24';<. and 23;<. for the Schaefer and Fox models respectively> 
and for Division 1.S (where a reduction of 14;<. is evident 
for the Schaefer 111odel >. These large red\.tct ions are how­
ever eompensated by dynaniic 111odel G 0 , 1CBS> estimates for 
Divisio·ns 2.1 + 2.2 beir1g slightly higher ·than t·hose 
eval~ated using the GFR approaeh. This leads to the lowish 
average red\.tet.ion quoted above. 

The smaller di fferenees between GFR arid dy·namic model 
Q 0,1 <BS> vahtes may be att ri bl..tted to the fact that the 
functional regression gives relatively greater weight to 
the points at the start of the data series (which general­
ly have high CPUE values). This results in larger esti-
111ates of the pristine CPUE, <X. , thereby implying that the 
eurrerst stoc:·k level corresponds to a greater proportioY1al 
dec:·line than is the case for dynamic models. Wher1 eatch 
limits are eval\.tated this aspect ter1ds ·to cott1pensate foT' 
the smaller MSY values indicated by the dynamic:- tt1odels. 

The prec:·ision with which MSY, Q 0 , 1CBS>, T', K and q values 
are estimated is represented by their respective coeffi­
cient of variaticm vahtes listed in the followir1g table: 

DyY1amic: model c. v. estimates 
DIVISION MODEL 

MSY Go,1 T' K q 

Schaefer ,05S ,124 ,163 ,11S • 14'3 
·1.3+1.4 

Fox ,05S 1,..,r 
, 4. ;;J 

1,..,r 
7 L;;J • 0'34 , 130 

Schaefer , 04'3 1 ",,.' , .;.)4 , 20S • 161 ., 2(>3 
1. s 

Fox • 04'3 ,13S ,148 1 ''"' , .;.),t;, , 17'3 

Schaefer- , 070 • 170 , 27(1 "'.'"/"":",.., , •.J• .,237 
1. 6 

Fo>e ,043 ,113 ,128 , 100 ,134 

Schaefer ,064 ,173 , 2S'3 , 264 , 272 
2.1+2.2 

Fo>e 0""''"' , t;.J,,,;. , 15'3 , 15'3 ,172 , 216 

Schaefer , (>60 , 1SO .,224 , 1'33 , 21S 
AVERAGE 

Fox • oso ,133 , 140 ,124 ,165 
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The c.v. values tended to be smallest for MSY, larger for 
Q 0,1 <B5> cl'r1d greatest for r, H a.,.-1d q. IY1 partic·ular, c. v. 
estimates for the G~ 0 • 1 (85) values were, Ol'"1 average, 2,5 
times greater t har1 the cor"r·espondi rig MSY estimates. 
However; in ge.,..1eral, the 9 0 ,1 (85> c.v. estimates were still 
within an acceptable range (that is, less than 18~) thus 
indicating a fair degree of precision. 

The average c. v. vah.les for MSY a·,..,d Q 0,1 <85> estimates 
obt a i Y1eci us i rig the GFR a·,..,d dynamic mode 1 s a re comp a red in 
the tab 1 e be 1 ow: 

Average c. v. vali..le 
MODEL 

MSY Q 0,1 (85> 

GFR 6,8~ 11, 6~ 

Dynamic 5,5~ 14, !';<. 

From the figures giveri above it car1 be seen that for the 
dynamic model cotr1pared to the GFR tr1odel, precisioY1 is 
greater for the MSY estimates, but less for the Q 0 ,1 (85> 
estimates. HoweveT', the differe.,.-1ce iY1 these average c. v. 
values is str1all. It therefore appears that despite 
cha'l"1gi·ng fT'otr1 a two-parameter <GFR> to a 'three-parameter 
(dynamic> model, there is little loss in precision of the 
estimate of the operative tr1a·l"1a9ement. variable, 9 0 ,1(85>. 

Figures B. 9 - B. 12 illustrate dynattiic· tr1ociel 010111ass tre.,..1cis 
for both the Schaefer and Fox tr1odel s. !n all four 
divisions historical biomass estimates of the Fox model 
are higher than those corresponding to the Schaefer model. 
!n addition, biott1ass trends are positive for the most 
recent years and suggest that the stocks have entered a 
recovery phase. This would be a consequence of strict 
catch litrrits since the late 197<>s having kept harvests 
below sustainable yield levels (see Section B.6>. 

Table 8.9 gives the estitt1ates <together with c.v. values> 
of the dynamic Schaefer and Fox trrodel parameters for 
calculating the harvestable proportions, h, (corresponding 
to particular harvesting strategies si..tch as f 0 , 1 or f MS'< > 
of the hake stocks in the various divisions. These results 
were used to obtaiY1 a weighteci average h value which could 
be used as an alter·.,..1ative mea·ns of providing catch litr1it 
recomme.,.-1dations. This topic is discussed in greater detail 
in the next section. 
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8.3 Cat~h limit recommendations 

In Sec:·tio·n Es • .2 dy·r1att1ic:· model fits to the catc:·h-effort data 
were showr1 to be superior to those obtained using the GFR 
arid other contim.1ot1s equilibri~1m approaches. It therefore 
seems appropriate to base catc:·h limits recomtt1e .. ndations on 
the ciynal't1ic mociel proc:·edure. Ar1y differences betweeY1 the 
Schaefer al"rd Fox models were margir1al. However, in most 
cases the latter form provided a slightly better fit 
(that is, lower ~values and higher P values in tests on 
the weighted residuals - see tables of Sectior1 8. 2), .:md 
therefore it appears reasonable (and consistent> to use 
the Fox model when ft1cdd .,..,g recommendations. 

It a~so seems wise to employ a 1t1o·r-e co·nservative procedttre 
where there are less appropriate fits to the data or where 
fits are based on fewer data points. To cater for such 
tmcertainties, ·a fraction, J.., of the star1dard error (s. e.) 
of the qt1ota estitt1ate can be stibtracted as follows: 

(1 }, c:·. v. (Q ) j <B. 1 > 
(>, 1 (>, 1 (>, 1 

An adJttstment of this type seetl'1s appropriate i.,.., that for 
poorer fits or cases where there are insufficie.,.-,t data 
and/or large inherent variances (and therefore less 
adeqttate est i1r1ates>, the c. v. will be greater. 

At the 1~83 meeting of the ll"1ter...-1ational Whaling 
Commission CiWC> this n1ethod was adopted and a value of 
>.. = 1 choserr for the evaittation of catch linsits fo·r· 
sottther...-1 henrisphere minke whales (l.W.C., 1984}. 

The choic·e of a valtte for >. appears to be a subJective 
one, reflecting the degree of conservatisnt considered 
appropriate. However, as a guideline, the p. dee. 
estimates in Tables 8.1 - B.B can be used. These estimates 
represent the probability of the stock declining from 1985 
to· 1'387, provided also the stock level is below MSY level 
in 1987. The latter spec:·ific:·ation was inclttded to provide 
for cases where the stock starts above the MSY level and a 
decline per se may not necessarily be undesirable (for 
e>eample, in ·Divisions 2. 1 + 2. 2 >. Estimates of p. dee·. for 
the Schaefer c:md Fox models in all divisions were ir1 the 
range (> - 18~ under a O.o.1 regime. However, under 0, 900 , 1 this range was redttced to 0 - 4~ • A 1 O~ reduct ion in Q 0, 1 
corresponds to a range of about 0, 6 - (1, 9 of the c. v. 
values for the 0 0, 1 est il't1ates from the dynamic models for 
the various divisions. A choice of >. = 0,5 , say, would 
therefore achieve a marked reduction in the chance of 
stock declir1e without being ttnr1ecessarily conservative. 

Adopting a value of~ = 0,5 would mean roughly that values 
are used which are twice as likely to be below the actual 
value as above it. This procedure when compared to the use 
of the best estimate (which is approximately equally 
likeiy to be above as below the actual value> clearly 
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reflects a more cautious approach. 

Although results for the dynamic Fox model in Division 1.6 
show p. dee. values of zero under a Q 0 , 1 strategy so that a 
dowY.war~ adJustment of that catch littrit on the basis cf 
equatio'l"1 (8.1} tt1ight seem unnecessary, a more cautious 
approach r1evertheless seems appropriate si'l"1ce that stock 
is at a much lower proportior1 of the MSY level than are 
the other stocks considered here <this is reflected by the 
y~/YM&Y values in Tables 8.1 - B.B>. In addition, in 
Chapter 9 it shall be seen that VPA resi..tlts indicate tt1ore 
pessimistic biomass values and trends than the dynamic 
catch-effort models. On this basis, the employtt1ent of a r. 
valtte greater than :;:ero would be app·ropriate for al 1 the 
divisions considered. 

The following table gives catch limit recommendations 
based on the dynamic F?x model and a val i..te of r. = 0, 5 for 
all divisions. Figures in parenthesis indicate 
corresponding estimates based on the GFR (Fox tr1odel > 
approach. The resi..1ltant. recott11t1endatio'l"1s do not differ 
greatly except in the case of Divisions 1.3 + 1.4 where 
the GFR approach yields a value 26~ larger than does the 
dynamic model method. 

Catch l ittti t ( ~ (>(>(> t} 
DIVISION 

1985 1986 

1. 3 + 1. 4 237 (299) 241 
1. 5 155 ( 165) 159 
1. 6 84 ( BB> 90 
2.1 + 'i .-, 

"'. J.. 47 ( 43) 50 

In Section 6.3.3 an alteM'"lative means of expressing catch 
limits as a proportion (h) of the ci..trremt stock size 
appropriate to harvest under a specified regime was 
discussed. The appropriate harvestable proportions for 
both the Schaefer and Fox tt1odels and fo'r' all four 
divisions under consideration are shown in Table 8.9. 
These results have been pooled by averaging after weight­
ing with a factor inversely proportional to the squared 
standard errors (see weighted averages in Table 8.9> • The 
standard error of si..tch average values (S":'e. > is est i1ttated 
from the standard er'r'or esti1ttates for the four separate 
divisions <S":"""e. >k using the fortt1ula: 

1 

[ 
4 l J 2 s. e. = 2= 2 < s. 2> 

k=l (s. e.} 

A Justification for this formula is given in Appendix 
B.2. The pooled estimates are h = 0,215 Cc.v. = 0,108> 
fo.,.. the Schaefer model and h = 0,217 Cc.v. = 0,079> for 
the Fox model, both fo.,.. a-r1 fMs~ harvesti'l"1g strC!'tegy. 
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The values of h fflay be used to ·obtain catch limit 
r-eco1t1tt1endat i or1s based or1 i ndepender1t met hods of estimating 
c:t1rrer1t stock size sttch as t r.:rwl surveys or VPA (described 
in Chapter 9). For exafflple, the VPA <M = 0,3> estimate of 
19B4 tt1.id-year biomass for Division 1. 6 is 154 thousand 
tt1etric· tons <see Table 9.3>. For example, for an f

0
,l 

harvesting strategy, the· Fox model ( i nc·orporat i 'rig the 
procedure of dedt1ctir1g half a standard error in estimating 
h as above> provides the following catch limit recommenda­
tion for Division 1.6: 

Catch limit <Division 1.6> = h • y <VPA> 
C>, 1 1ttid-year<19B4> 

= (>, 170 x 154 

= 26 t hottsco"!ci met ri e t trns. 

This quantity is far less than that i't'ldicateci above ttsing 
the dyr1amic model alone. The redt1ction is partly an 
appropriate response to the lower biomass indicated by the 
VPA compared to the dy'l"1amic model calct.1lations. However, 
if such 1 ower biomass _·values are i ncieed more realistic, 
estimates of r (al"1d, acc·ordiY1gly, h} frott1 the catch-effort 
data alone wottld ·be liKely to be r1egatively biased anci 
higher est itt1ates of h than those. showr1 i .,.., Table 8. 9 might 
be more appropriate. 

B.4 Accuracy of CPUE oro1ections 

In this sec:-tion t.he efficacy of the dynatt1ic Schaefer and 
Fo.x models is examined by considering how ac·ct1rately 
these models predict future CPUE trends. ·The accuracy of 
sttc·h proJections was tested by running orogratt1s for- the 
dynamic Schaefer and Fox models using ~nly the catch­
effort data up to a cer-tain year- (for example, 1971} and 
estimating the model parameters therefrom. These para­
meters were thel"'1 ttsed to proJect 'ft1tt1re' CPUE tre'l"1ds 
until 19B4 ttsi'l"1g the at:"tttal catches taken from the stock 
in subsequent years (for e:xample, after 1971>. 

Figures 8.17 - 8.24 show a comparison of predicted and 
observed CPUE trends for all four ICSEAF divisions. 

Forward proJections of the CPUE values for one, two and 
three years were calculated and compared to the ac:-tual 
observed values. The differences were expressed as a 
relative error (r.e.> where 

r. e. = 

pro J ect ed 
(C/E} 

observed 
(C/E} 

observed 
(C/E} 
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The res\.tlts are illustr-ated in Figures B • .25 8.33. The 
plots of predictions cme year- in the ft.ltur-e also show a 
one standard error (s. e. > estill'late for the proJections. 
The standard errors were caleulated on the basis of the 
followi~g error ll'lodel: 

where 
i 

~ (C/E) I 
i 

~ " I =<CIE> 
i 

is from N<O,Cf /E > 
i 

+ E <B. 4> 
i 

(see section 7.3) • 

From the two sets of figures referred to above~ it can be 
see.,.., elearly that over the last two years <that is, froll'I 
1982> CPUE predictio'r'1s have been reasor1ably acct.trate with 
errors of no greater than 12~ for one-year proJections. 

!f the above error ll'lodel is appropriate, the statistics 
<termed 7 standardi:c:ed ·weighted residt.tais' > 

C ~(C/E~ ~(CJE>~ J 

£* = <B. 5> 

1. ~j 
J 

( Cf 

where J refers to the year for which the CPUE proJection 
is made, 

wot.tld be expected to be nortttally distribt.tted with unit 
standard deviation. 

A X
2 

test for ·sueh normality yielded the following 
_probability values: 

DIVISION MODEL Probability 

Schaefer , 527 
1. 3 + 1. 4 

Fox , ()94 

Schaefer 
1. 5 

, 273 

Fox '094' 

.Schaefer- ,054 
1.6 

Fo>e ,16B 

Schaefer ,5 x 10-3 
.2. 1 + ~, ,.., ..... 

Fox , 001 * 

(ti- ir1dicates that the tests may be \.H'"srel iable· because of 
the. shor-t data series used ir1 the test>. 
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The X 2 
test for normality ther-efore does not yield sigrsi­

ficar1t r-esults, e:i<cept in Divisions 2. 1 + 2. 2 where, as 
indicated, the results should be treated with caution 
because of the shor-t data series involveci. For Divisions 
1. 3 to ~- 6, however-, it c·ar1 be cor1cluded that res\.tlts are 
consistent with the hypothesis that these standardi~ed 
weighted residuals ar-e r1ortt1ally distributed with tll'"lit 
standar-d deviation. 

Sitrii l arl y, a runs test was used to test for- randotrmess of 

* the E..j. It produced the fol lowir1g results: 

DIVlSION MODEL Probability 

Schaefer , 061 
1. 3 + l. 4 

Fox 4 ,.,,., 
, J;.L 

Schaefer , 7BS 
1. 5 

Fox , 789 

Schaefer , 066 
1. 6 

Fox '006 

Schaefer , 751 * 2. 1 + ,., -, 
"""• ... 

Fox 1, (> * 

Here again, results for Divisions 2.1 + 2.2 should be 
treated with caution. However, results suppor-ted the 
assumption of a random distributio·n, except in the case of 
the Fox model in Division 1. 6 where res\.1lts were 
significantly at variance with this assumption. The 
Schaefer- tr1odel for this division also provided a res\.1lt 
only 1r1arginally not significant. 

It is interesting to note that the above tests produced 
results that were similar to those obtained for. the 
weighted resid\.1als in Section B • .2 • In both cases it 
appears that even the dynatrfi c motie 1 s (par-ti cul a r 1 y for 
Division 1.6> cannot entirely adequately describe the 
history of the fisheries. In Figures B.1 - B.B (anti 
especially Figures 8.5 - 8.6 for Division 1.6) it can be 
seen that biases ar-e occurring <that is, there ar-e periods 
of consistent over- srnd underestimation of CPUE valttes}. 
This could be a reflection of inappropriate allowances for 
di scardi 'ng in earlier records. Ai though catc:·h data fo.,.. 
Divisions 1.6 and 2.1 + 2.2 prior to 197.2 have been 
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adJ\.tsted ·· ( ICSEAF 1978> i .,.., ar1 attempt to account for 
discardir1g (see Chapter 3), the ac:·curacy of such adJ\.tst­
tt1ents is questior1able. It therefore seems that there is 
tt1ore in the data than the dynamic model ca'f'l explair1. 
However, it is not immediately apparel'"1t whether it is the 
tt1odel that is inadequate or the data that is i...-1accurate. 

8.5 Historical precision of paratt1eter- estitttates 

Time· series for vahtes of the Schaefer and Fox model 
paT'ameter-s r, q, K, MSY smd cJ... (= q. tO we.;..e assessed \.tsi Y1g 
only the catc:·h-effort data \.tp to the yeaT' in q\.testion. 
Results are illustr-ated in Figur-es B.33 - B.4(> together 
with '35;<. confidenc:·e litttits for· these estitt1ates for certai·n 
years during the history of these fisheries. These 
c:·or1fidence iY1ter-vals were calculated using the Monte Car-lo 
ruethod descibed in Section 7.3 together with .:i NAG minittii­
~ation procedure. In many cases the estifflated tiistribu­
tions appeared to be markedly skew and even when near­
symmet ric, distribution .. tails were much more pronounced 
than for a normal distribution. 

Negative values (and col"lfide·nce littd.ts> for the paratt1eters 
col'"1sideT'ed aT'e \.\"l"lrealistic and, for sitt1plicity, were take·n 
as being equal to zero in the plotting of Figures 8.33 to 
8. 4(> • 

From these fig\.tres it ca...-1 be seel'"1 that o·nly the parameter­
()( was reasol"lably well cleterttlined at a7'1 early stage, the 
other- fottr paratt1eters showing large. fl\.tctuations over the 
initial period of each fisher-y. £Note that the confidence 
i·ntervals shown on the graphs for- 0( tt1ay give a false 
impression of poor precision since the horizontal axis is 
not at 0( = O. J 

For· Divisions 1.3 + 1.4 (see Figures B.33 - 8.34> anti 
Division 1. 6 (see Figures B. 37 - B. 3B> Schaefer- and Fo:x 
parameter estimates appear to be wel 1 . stabi 1 ized since 
1977. Sittdlarly, il"1 Division 1.5 (see Figures B.35 and 
8.36> and in Divisions 2.1 + 2.2 (see Figures 8.39 and 
8.4C» this stabili:zaticm oeeurred after· 1'379. As ca.,.., be 
seen from these figures, only after- the initial stages of 
the fisheries in each division ciici the estimates for .,.. anci 
MSY (see their confidence limits> becott1e significantly 
greater than zer-o. In other words, confici~nce intervals 
for the parameter estimates have only recently decreased 
to levels which are consistent with eonfirtt1ation of the 
existence of a density-dependent r-esponse by the popula­
tion. The above comments apply par-ticularly to the Fox 
tt1odel in Di vision 1. 6 (see Fig\.tre B. 38} where the MSY 
estimate was effectively zero or negative for the years 
1'365 to 1975 • 
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It is apparer1t that trl'1til the CPUE decii·nes were halteti, 
these confide'l"u::·e ir1tervals for r- a·,-,d MSY fr-equently 
overlap :<!er-o. This car1 be attribtited to the fact that 
tt1odel fits to the CPUE cec::·lir1es caYmot effectively distin­
guish the removal of accumulated stock . frottt surplus 
pr-odtu:=tio'l"1. An ir1c::·reasir1g tre·,-,d ir1 CPUE values over a few 
yea·r-s is needed befor-e this ca'l"1 be done. This provicies a 
good illustration of the c::·or1tentior1 of Walters (1984> that 
data col"1trasts are essential for effective detertt1inatio'l"1 
of key popt1latior1 dynamics parameters and for tl'lar1a9eme·nt 
of resot1rces. Futu·,.e 'probir1g exper-ime·nts' to produce 
ftirther data c::·o'f"1trasts may well prove desirabie for t·hese 
hake stocks. 

8.6 Sutl'lfl'lary and conc!udino remarks 

Ir1 all e11visions there was a st1bstar1tial improvement in 
fit to the catch-effort data whe'l"r the dyr1afl'lic tl'loce.l (as 
opposed to the GFR, steady-state oY- GSRM formtilaticms> was 
used. Tests foY- randomness, Y1or1t1al ity c:md homoscedacity 
of the weighted residuals were not entirely convincing 
since they were, in gener·al, based on a relatively short 
data series and therefore were not very powerful. However, 
in tt1ost cases the P values for- the dyr1amic::· model r-esiduals 
were larger than those for the GSRM model, and in only one 
case of a dyna1t1ic model fit did they indicate significant 
disc:Y-epaneies frottr the required conditions of .normality, 
randomness and homoscedacity. 

As expected, dynamic- ttrodel MSY and Q 0 ,1 (85) est ittrates were 
less (on average, 17" and 32") than those obtained using 
the GSRM approaeh. However, in general, the differences 
between ciynattlic and GFR model MSY and Q 0 ,1 (85> estimates were smaller (on average, approximately 10" in both 
eases>, although some large discrepaneies were still 
evident. The c.v. estimates indicate a high degree of 
precision for the dynattYic model MSY (on average, ·5"), but 
less for 0 0 , 1 (85> (on average, 14"> estimates, and still 
less in the case of the r, q and K estimates (on average, 
18"} • Since the c.v •. estin1ates for Q 0 ,1<85> valties were 
all less than 18", these estimates still lie within an 
acceptable range of precision. This range of precision is 
identical to that for the GFrt approach and therefore the 
need of the dynamic tl'lodel to estitt1ate three rather thar1 
two parameters does not lead to a loss of precision. 

There appeared to be little to choose between the Schaefer 
and Fox models. However, since in tt1ost divisions the Fax 111odel reflected a marginal itt1proven1ent i'l"l fit, this model 
is suggested as the more appropriate basis for catch lifl'lit recommend at i o'l"1s. 
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Altf"1ot1gh biomass estirr1ates for Y'ec:·er1t years evalttated by 
the dynamic models are fairly optimistic (indicating 
rec:·overy of the stoc:·><s> for all fouT' !CSEAF divisior1 
cofflbinations consideY'ed, it is possible th~t the increas­
ir1g CPUE tre'l"1ds upor1 which these assessments are based 
c-ou 1 d be ref 1 ect i .,..,g <at 1 east i ·n pa r·t > a few good year 
classes orily rather than st.istair1eci recovery of the stocks. 
For exa1rrple, large proportional catehes of Jixvenile fish 
have been reported (for exattrple, ir1 Divisio·n 1. 6 , see 
Table 9. 1 > arrd cor1cern has been. e><pressed that this 
apparer1tly favot.1rable recNtitme'l"1t is rapidly being e><posed 
to heavy e><ploitation. Only ft1tt1re c:·atc-h and effort values 
and catch-at-age data will allow c:ietertt1ir1ation of whether­
this is the case or- riot. Therefor-e, the dyY1amic model 
assess1t1ents should be tr-eated with cautiorr, especially 
when makirrg catch limit r-ec:·ottm1er1dations. 

- To cater for these \.mcertainties, it was suggested that 
more appropriate <that is, conservative> catch quota 
vahies could be obtained by subtracting a fraction of the 
standar-d error from the Q 0 , 1 est itt1ate. Alternatively, if 
c:·ttrre'l"1t biomas9 est'ittrates are· available fr-om othe-r­
estimates <for example, VPA or trawl s1..1rveys>, the dynamic· 
model analysis provides an estimate of the appropriate 
biomass fraction to harvest. For ar1 fMsY strategy, the 
average fT'actior1 for- the fotir stocks ana~y:<:ed ttsi'l"1g the 
FoM model is 0,217 • 

An analysis of the ac:cur-acy of CPUE proJections showed 
that for the initial period of the fisheries wher1 consis­
ter1tly declining · CPUE trends were evider1t, confidence 
il"lterval s for r and MSY often overl.apped :.:ero. This was 
cat.tsed by the mi nittli :.:at ion rottt ine fr-eqt.ient ly choosing to 
explain the historical catches as tl'!\.tch tt1or-e the re111oval of 
accumulated stock than the har-vesting of surplus· pT'oduc-­
ti_or1. However, during the past decade, inc:·r-easing CPUE 
tr-ends have been reported and these data co·nt rast s have 
enabled the models to better estimate st.u·phts pr-od\.tc:t i DYi 
aY!d so to pT'ovide results which detr1onstr-ate a statisti­
caily significant density-dependent response by the 
population. Relative error calculatiorrs over- the history 
of the fisher-ies indicate relatively accurate CPUE 
predictions, with err-or-s of .iess than 12" for the one-year 
proJections since 1982 for- all divisions consider-ed. 

These results lead to the conclusion that the dynamic 
1trodel appr-oac:·h is an improvement over that of the 
traditional steady-state tr1odel s <such as the GFR method>. 
Bias is reduced without an accompar1yi·n9 ioss of precision, 
and the unr-ealistic continuous equilibrium assumption of 
the steady-state ttsodels is avoided. 
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~ 
FUNCTIONAL SQUARE ROOT MINIMIZATION 
REGRESSION 

Gulland Gull and S-state Dyna111ic-R 

d.. 1.,078 ( 't (183) 0., 952 (>, 852 1., 250 (., 049> 
/3 , 0(10975 ( 't 1 72) 0, (>(•(16 7 4 0, 0(>(1448 o, 0(•148 (' 084) 

EMSY 553 (, 111) 707 952 421 (, 053> 
Eo 1 498 (, 111> , 636 856 379 (, (>53) 

CPUE (84)-obs. 0,64 0.,64 0,64 (1, 64 
CPUE (84>-e><p. 0,75 (, (>65) o., 73 0, 71 0.,63 (, 137) 

y):/K o., 59(> (' 082) 0.,668 C>, 746 0., 517 <., 086) 
ylt:/yMSY 1., 180 (' 082> 1.,335 1,492 1, 034 <, 086) 

-
MSY (' 000 t> 298 (, (186> 337 4(16 263 (, 055) 

Q steQdy -stcrt"e 288 (' 099> 299 307 263 (, 053) 
QMSY (' 000 t> 352 (, 111) 45(> 605 266 (' 124) 

Q 0,1 (85) 316 (., 111) 4C>5 545 239 (' 124) 
(' 000 t> 

tlo,1 (86) 247 <, 122) 

a. i. r." 1., 3 (' 837) 
QO,I 

P• dee-." 10,2 

a. i. r." 3,0 ·(., 390) 
0, 9QO,I 

p. dee-." 1, 1 

a. i. r~" 4.,8 (, 275) 
0, BE'lo,t 

p. ciec-." (>., 1 

r 0,392 (., 163) 
q 't 00(>466 (, 149) 
K 2683 (' 115) 

y (mid-84) 1354 (, 116) 

No. data pts 18 18 20 2(> 
Wt. residuals 
a' 1, 91 2,58 0.,945 
p, nor111al 0,248 0.,752 
p; random o, (>04 o, (>66 
P1 homosc-ed. 0.,214 0.,541 

Table 8.1 Cape hake stock in Divisions 1.3 + 1.4: para111eters for 
Schaefer 111odel fits (period: Gulland 1967-1984, others 
1965-1984>. Figures in parenthesis show coefficients of 
variation. 
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~ 
FUNCTIONAL SQUARE ROOT MINIMIZATION 
REGRESSION 

Gull and Gull and S-state Dynan1ic R 

o(. 1., 207 (., 143) 1, 026 (1, 925 1, 27(1 (,051) 
J3 0., 00 152 ( ' 1 7 1 ) 0,00107 0, (>00795 (>' 0(> 188 ( ' (>6 7) 

E "15Y 660 (., 177> 935 1258 533 (' (>68) 
E 0.1 516 (, 177> 731 983 416 (, 068) 

CPUE (84>-obs. 0,64 0.,64 0,64 0,'64 
CPUE (84> -eMp. 0,73 ( .. (t74) o, 72 o., 72 (>, 61 (., 138> 

y*I•\ 0,527 (., 136) o, 62(> 0,687 0,486 (, (177) 
y*/yMSV 1, 432 (., 136) 1,685 1,668 1, 320 (' (>77) 

-
MSV <' C>OO t> 293 <, 085) 353 428 249 (, (155) 

Q s+eody-~te 269 (' 1(t5) 284 30(1 237 (, 035) 
QM6Y (' (1(1(1 t> 42(1 (., 177> 595 BOC> 324 (, 125) 

Go,1 (85) 328 <, 177> 465 625 253 «, 125> 
(' (>00 t) 

Go,1 (86) 256 <,118) 

a. i. r. 1' -1,2 (-., 407) 
QO,\ 

p.dec.% C>, 8 

a.i.T'.1' (I, 4 ( 1, 31) 
0, 9610,1 

p. dec-.1' (>, 1 

a. i. r. % 2,1 (, 305) 
0,8Go1 , 

p. dee." 0 

r 1., 74 (, 125> 
q ' (>(>(>4(17 <, 13(1) 
K 3124 (, (194> 

y (mid-84) 1497 (, 100) 

No. data pts 18 18 20 20 
~ residuals 
a- 1, 95 2,56 0.,937 
Pc nornral 0., 248 (>, 752 
Pc randoa1 0,004 0,358 
pc hon1osced. 0,456 0,643 

Table 8.2 Cape hake stock in Divisions 1.3 + 1.4: paraa1eters for 
FoM model fits (period: Gulland 1967-1984, others 1965-
1984>. Figures in parenthesis show coefficients of 
variation. 
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METHOD FUNCTIONAL SQUARE ROOT MINIMIZATION 
REGRESSION 

PARAMETER Gull and Gull and S-state Dynandc 

o( 1, 685 (., (>78) 1.,545 1., 381 1,954 (, 06(>) 
/3 , (>0392 (., 158) ., 00316 ., 00222 ., 0(>544 (., Ct97) 

EMSY 215 (., 092) 244 311 179 (., 050) 
Eo,1 194 (, 092> 220 28Ct 161 (, 050> 

CPUE (84>-obs. 1, (>1 1, 01 1, (>1 1.,.Ct1 
CPUE (84) -e><p. 1, 15 (, 053) 1, 11 1., 11 1.,04 (., 167) 

y°*/K 0,599 (, 077) 0,654 0,731 0.,556 (,101) 
y*/yMSY 1., 199 (., 077> 1, 307 1, 463 1, 112 <,101) 

MSY (' 000 t> 181 (., (>59) 189 215 175 (, 049) 

Q steody-stQte. 174 (' 075> 171 169 173 (, 044) 
QM5Y (' OC>(I t) 217 (' (>92) 247 314 187 <,132) 

Q 0,1 (85) 196 <, 092> 222 282 168 (, 132> 
(' 0(>0 t> 

Q 0,1 (86) 176 <,122) 

a. i. r. % -0,1 <-10,7) 
QO,I 

p.dec.% 12.,6 

a. i. r-. % 2,5 <, 571) 
o, 990,1 

p.dec.% 1, 0 

a. i. r. % 5,0 (., 337> 
O., 8Cl 0 , 1 

p.dec.% 0., 1 

r 0., 603 (, 205) 
q ,00168 <, 203) 
K 1162 (., 161) 

y (nrid-84> 619 (' 148) 

No. data pts 18 18 2C> 20 
Wt. residuals 
CJ'. 1, 22 1,88 Ct, 921 
p: normal 0.,317 0., 403 
p: randon1 0,052 0,646 
p: hon1osced. 0,132 0.,651 

Table 8.3 Cape hake stock in Division 1.5: parameters for Schaefer 
'n1odel fits <period: Gul land 1967-1984, others 1965-
1984). Figures in parenthesis show coefficients of 
variation. 
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~ 
FUNCTIONAL SQUARE ROOT MINIMIZATION 
REGRESSION 

Gull and Gull.and S-state Dynaniic-R 

ol 2, (192 (, 150) 1,786 1, 640 1, 984 (, (17 ! ) 

/3 0' (10441 ( , 154) o, (10350 o, (10288 (1, (>0451 (' 075) 

EMSY 227 (' 156) 286 348 222 (, 077) 
Eo,1 177 (,156) 223 272 173 (, 077) 

CPUE<84>-obs. 1, (>1 1, 01 1, (11 1,.(11 
CPUE (84> -e>ep. 1,15 (, 066) 1, 11 1,16 (t, 96 (' 185) 

y*°/K 0,483 (' 142) 0,565 0,616 0,495 (, 093) 
y'#. /YMsY 1, 312 (, 142) 1, 537 .1,674 1, 346 (, 093) 

MSY (' (100 t> 174 (' 056) 188 21<• 162 (, 049) 

Qsieody-stcrte 167 (, 077> .164 17(1 153 <, 030) 
QMSV (' 000 t> 229 (' 156) 288 351 213 (, 135) 

QO,I (85) 179 (, 156) 225 274 166 (,135) 
(, 000 t> 

QOI 
' 

(86) 169 (, 122) 

a. i. r." -2, (> (-,232) 
QO,I 

p.dee." 1, 6 

a. i. r." 0,2 (3,24) 
o, 9Q 0.1 

p.dee." 0,9 

a. i. r. ,C, 2,4 (, 341) 
o, BQo,1 

p. dee-." (I 

r 2,15 (, 148> 
q '00132 (, 179> 
K 1497 (, 132) 

y (mid-84) 724 (, 131) 

No. data pts 18 18 20 20 
~ residual!e 
17 1, 27 1, 84 0,981 
p: norn1al 0,127· 0,752 
P: randott1 (>, 052 0,358 
p: homo seed. 0,532 (I, 552 

Table 8.4 Cape hake stock in Division 1.5: parameters for FoM 
model fits (period: Gulland 1967-1984, others 1965-
1984). Figures in parenthesis show coefficients of 
variation .. 
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~ 
FUNCTIONAL SQUARE ROOT MINIMIZATION 
REGRESSION 

Gulland Gulland S-state Dynatt1ic R 

r.X. ,18,18 (' 069) 12,71 14,36 19,08 (' 043) 
f3 0,524 (., 121) 0,247 0,330 0,653 (, 065) 

Efw'ISY 17,4 (, (167) 25,8 21,S 14,6 (, 053) 
Eo,1 15,7 (, (167) ~i9:t" "" 4-o.>, '" 19, 6 1 ~ ,., 

,;) , " (' 053) 

CPUE <84> -obs. 6,67 6,67 6,67 6.,.67 
CPUE <84)-e>ep. 11,49 <., 057) 9, 56 10,22 7., 13 (, 181) 

y*/K 0,367 (, (169) 0.,525 <•, 465 (1, 391 <, 139> 
y'¥/YMSY 0,734 (., (169) 1, 05(• 0.,9.29 0,7B1 (' 139) 

MSY (' (l(t(I t> 158 (, (>64) 164 156 139 (, 070> 

Q 6teo.dy-s-ib+e 147 (, (155) 163 155 133 (' 116) 
QMS'f (' 0(10 t> 116 (, 067) 172 145 104 <,170) 

QO,I (85) 104 (' (167) 155 131 93,7 (, 170) 
(' 0(•0 t> 

QO,I (86) 101,8 (, 185) 

a. i. r-." 6., 7 (., 577> 
90,1 

p. dee." 4,3 

a. i. r." 9,1 (, 454) 
o, 996,1 

p. dee." 1, 5 

a. i. r." 11, 4 <, 385) 
0, 8Qo,I 

p. de.c." (I, 3 

r (1, 433 <, 270) 
q '(1148 <, 237) 
K 1286 (, 232) 

y (trdd-84> 48(• (, 209> 

No. data pts 27 27 ~o 30 
Wt. residuals 
CT 1, 72 3, 5(1 0.,814 
p: normal o, 1(•5 o, 721 
p: random o, 4>e10-4 o, (>63 
p: hotr1osced. 0., (10.2 o, (106 

Table 8.5 Cape hake stock in Division 1.6: parameters for Schaefer 
model fits (period: Gulland 1958-1984, others 1955-
1984>. Figures in parenthesis show coefficients of 
variation. 
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~ 
FUNCTIONAL SQUARE ROOT MINIMIZATION 
REGRESSION 

Gull and Gull and S-state Dynaniic R 

o( 21,85 (' 128> 18,17 15,18 20,62 (, 043) 

/3 Ct, C>562 <, 111) C•, 0451 0,0330 0,0615 (, 038) 

EHS'I' 17,8 <., 111) 22,2 3Ct, 3 16,3 (' 038) 
Eo,1 13,9 (, 111) 17., 3 23., 7 12.7 (' 038) 

CPUE (84>-obs. 6,67 6,67 6,67 6,£7 
CPUE (84)-exp. 10,66 (, 065) 10,21 10,04 7,04 (' 148) 

y'*/K 0.,305 (' 122) 0,367 Ct, 439 0,353 (, 084) 
y'Jf./yMSY 0,830 <, 122) 0,998 1,194 0,958 (' (•84) 

MSY (' C>OO t) 143 (, (•58> 148 169 123 (, (>43) 

Q s+eady-:S+o+e. 141 (, 051) 148 166 123 (' (•48) 
Q MS'I' ( , (tOO t> 119 (, 111> 148 202 115 (., 113) 

QO,I (85) 92,8 <, 111> 115 158 89,5 (' 113) 
(' 000 t) 

·Qo,1 (86) 94.,9 ( .. 113) 

a. i. r." 5,1 (, 237) 

Q 0.1 
p.dec." (t 

a. i. r." 6,6 (' 196) 
0.,9Q~,I 

p.dec." 0 

a. i. r. ';(. 8,2 (, 171) 
o, 8Qo,1 

p.dec.';(. 0 

r 1, 42 (' 128) 
q '0117 (, 134) 
K 1764 (, 10(>) 

y (ndd-84> 602 (, 096) 

No. data pts 27 27 3(t 30 
Wt. residuals 
er 1, 49 1, 98 0,689 
Pc nornial 0,198 0,721 
Pc randon1 o, 4x10-4 0., (t63 
Pr honiosced. 0,421 0,335 

Table B.6 Cape hake stock in Division 1.6: parameters. for Fox 
niodel fits (period: Gul land 1958-1984, others 1955-
1984). Figures in parenthesis show coefficients of 
va·ri at ion. 
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~ 
FUNCTIONAL SQUARE ROOT MINIMIZATION 
REGRESSION 

Gull and Gull and s-state Dynan1ie R 

ol 1, 226 (' 083) o., 80(• o., 749 1., (t25 (., 097> 

/3 ., 0(J634 (, 147> ., 00257 o, 0(t192 ., 0(•497 (., 180) 

EMSY 96,7 (., (182> 156 195 103 (., 105) 

Eo,1 87,0 (, 082> 14(• 175 92.,B (., 105) 

CPUE (84> -obs. 0,55 0.,55 0.,55 0.,.55 
CPUE (84>-exp. 0,68 (, (•70) 0,58 o, 6(1 0,55 (., 199) 

yj:/K 0,449 (, (181) o., 687 0,734 (I, 552 (' 13()) 
y1</yMSY 0,897 (., 081) 1.,374 1,468 1,104 (., 13(>) 

MSY (' 00(1 t> 59,2 (, (176) 6'"' "':" . ., .;) 73, (I 52,8 (, 064) 

Q steody-s+a+e 58,6 (., 070) 53.,6 57, (t 52.,2 <., 058) 
Qtil~Y (' 00(> t) ~-:w "') (, (t82> 85., 7 1(17 56.,6 (., 173> uJ, " 

Q 0,1 (85) 47.,9 (, 082> 77., 1 96,5 50.,9 <., 173) 
<' C>OO t) 

Qo,1 (86> 52,7 <., 152) 

a. i. r. ,c. -(1, 3 (-5,24) 
QOI , 

p.dee.,C. 18., 1 

a. i. r. ,c. ,.., C'. 
., u <, 824) 

o, 9Qc,,, 
p. dee. ,C. 4.,0 

a. i. r." 5.,4 (., 485) 
0.,8Qo1 , 

p.dee,,,C. (t, 6 

r 0,698 (., 259> 
q '0()338 (' 272) 
K 303 (, 264) 

y <ndd-84) 162 (, 298> 

No. data pts 16 16 18 18 
Wt. residuals 
CT Ct, 793 1, (15 o, 66(> 
p: normal 0,724 (1., 317 
P: randon1 (t., (>1(> 0,145 
Pc homoseed. 0,023 o, 113 

Table 8.7 Cape hake stock in Divisions 2.1 + 2.2: parameters for 
Schaefer model fits(period: Gulland 1969-1984, others 
1967-1984>. Figures in parenthesis show coefficients of 
vari'ation. 
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~ 
FUNCTIONAL SQUARE ROOT MINIMIZATION 
REGRESSION 

Gull and Gull and S-state Dynan1ic R 

ci 1, 270 (, 13(1) (1, 974 (1, 9(19 1,101 "(,091> 
f3 , 00847 (, 134) o, (1(1596 (1, (10487 ., (1(1782 (' 112) 

EMSY 118 (, 132) 168 2(15 128 (, 118> 
E 0,1 

'3,.~ -:-' 
"' ,;) (, 132> 131 160 10(1 (,118> 

CPUE ( 84 > -obs. 0,55 0,55 0,55 (I; 55 
CPUE (84> -exp. 0,62 (, (157> 0,59 (1, 62 0, 54 (' 183) 

y*/K 0,433 (,121) 0,565 0,605 0,498 <, 109) 
y*/yM5Y 1,177 <, 121) 1,536 1,645 1, 355 (, 109) 

MSY ('000 ) 55,2 (' (161) 60,1 68,6 51, 8 (, 052) 

Q 5taody - .. tote 54,4 (, 065> 52,7 56,7 48,9 (' (126) 
Q MSY ( ' O(l(I t) 65, (I (, 132) 92,2 113 68,8 (,159) 

QOI <85> 50,8 (, 132) 72,1 88,2 53,8 (, 159> , 
(' 000 t> 

· QO,I (86) 54,0 (, 133) 

a. i. r. % -3,0 (-,172) 
QO,I 

p.dec.% 2,7 

a. i. r.% -(1, 1 (-12,0) 
0, 9Clo.t 

p.dec.% (1, 8 

a. i. r. % 2,B (, 385) 
0,8t101 • p.dec.% 0 

r 2,42 <, 159) 
q , 00326 (, 216) 
K 338 . (, 172> 

y <ndd-84> 165 (, 203) 

No. data pts 16 16 18 18 
lih residuals 
D" 0,710 0,982 0,602 
pc normal 0, 48(1 0,248 
Pc random 0, 01(1 (1, 145 
P: homo seed. 0,175 0,138 

Table 8.8 Cape hake stock in Divisions 2.1 + 2.2: parameters for 
Fox model fits (period: Gulland 1969-1984, ot~ers 1967-
1984>. Figures in parenthesis show coefficients of 
var.i at ion. 
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Schaefer 
( r) 

Division 1. 3 + 1. 4 0,392 ((>, 163) 

Division 1. 5 0,603 ((>, 2(15) 

Division 1. 6 0,433 (0, 27(1) 

Division 2. 1 + ,.., ,.., ... "" 0,698 ((>, 259) 

Weighted average 0,455 ((>, 1(18) 

Weighted average less [<s. e. > 12] (1, 430 

Proportional harvest - f MS't 
. 

hM!SY· (1, 215 . 
Pr-oport i onal harvest ,., 

fo,1 
. 

ho,1 (>, 193 . 

Table 8. 9 Est insates of dyriandc Schaefe'r' and Fox tf1odel 
calculating the ha'r'vestable portions of the 
the var-ious ICSEAF divisions. Figur-es 
indicate coefficients of var-iation. 

Fox 
(2r/ln<rO) 

(I, 432 . ((>, 136) 

0,588 (0, 164} 

0,380 ((>, 141) 

(>, 831 ((>, 183) 

o,452 ((1, (>79> 

(1, 434 

0,217 

(1, 17(1 

paranieters for­
hake stocks in 
in parenthesis 

Division Model c.v. C:MSYJ c. v. t:Q 0 ,1 (85> J 
Efron 1'382 Equ. <A7.2.5) Efron 1982 Equ. <A7.2.5> 

1. 3 + 1. 4 Schaefer (I, 06'3 o, (•86 0, (185 o, 111 
Fo>< (I, 062 0,085 (I, 14'3 0,177 

1.5 Sehaefer (1, 052 (I, 059 (1, 067 0,092 
Fox o, (151 (1, 056 (1, 128 o, 156 

1. 6 Schaefer (1, 058 o, (164 0, <•'35 o, (167 
Fox 0,051 0,058 (1, 143 o, 111 

2.1 + ,, ~, ... "" Schaefer (1, (169 0,076 (I, 172 0,082 
Fo>< o, 071 (I, 061 (l, 224 0,132 

Table 8. 10 Comparison of the coeff.icient of variation (c. v. ) estimates 
for the MSY and Q 0 ,1 <85> estimates in the Schaefer and Fox 
models using the Gulland Functional Regression approach for 
Efron's bootstrap procedure (see Section 7.2> and for the 
bootstrap pr-ocedure suggested in equatio.n <A7.2.5> • 
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Fioures 8.11·- ·a.1e: Dynamic model CPUE pr0Jec~1ons (in 
metric tons per Spanish OTB-7 trawler ho~r) for Divi­
sions 1.3 + 1.4 taking into account catch-effort data 
~nly up to the year in qu~stion. The solid line indi­
ca~es the observed time ~eries ~nd the ciott~d lines 
repr~sent the model predictions at various times 
taking future catches to be those actually made. 
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Figures 8.19 - B.20: Dynamic model CPUE proJections <in 
metric tons per Spanish OTB-7 ·trawler hour) for Divi­
sion 1.5 taking into account catch-effort data only 
uo to the year in q1.1estioY1. The solid line indicates 
the observed time series and the dotted lines repre­
sent the model predictions at various times taking 
future catches to be those actually made. 
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Figure 8.22t Fox model 

Figures 8.21 - 8.22 Dyn~mic model CPUE pr0Ject1ons (in 
metric tons per South African standard trawler ciay) 
for Division 1.6 taking into account catch-effo~t d~ta 

·only ~p to the year in question. The solid line indi­
cates the observed time series and the dotted lines 
fepresent the model predictions at various times 
taking future-catches tti be.thdse actually made. 
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Figures 8.23 ~ 8.24 : Dynamic model CPUE proJeCtions (in 
metric tons per South African standard trawler hour> 
for Divisions 2.1 + 2.2 takino into account catch-. . . -
effort data only up to the y•ar in question. The solici 
line indicates the observed time series and the dotted 
lines represent the model oredictions at va~ious times 
taking future catches to be those actually made. 
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Figu~e 8.25 Divisions 1.3 + 1.4: Relative accuracy of CPUE 
proJections made as indicated in Figure 8.17 
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.pioJections represent the estimated magnitude of one 
standard error for the. proJected CPUE vah1e. 
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Figure 8.27 Division 1.5: Relative accuracy of CPUE 
proJections made· as indicated in Figure 8.19 
<Schaefer model) for periods one, two and three years 
in advance. The error bars ·shown for one-year 
proJections represent the estimated magnitude of one 
standard error for the proJected CPUE value. 
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Figure B.29 Division 1.6: Relative accuracy of CPUE 
proJections made as indicated in Figure 8.21 
<Schaefe~ model) for periods one, two and three years 
in advance. The error bars shown for one-year 
~roJections represent the estimated magnitude of one 
standard ~rror for the oroJected CPUE value. 
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Figure 8.30 Division 1.6: Relative accuracy of CPUE 
projections made as indicated in Figure 8.22 <Fox 
model> for periods one, two and three years in 
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standard error for the proJected CPUE value. 

133 



2.1+2.2: Sch 
100 

1 year 

50 

i... 0 

-50 

-100 (-174) 

2 years 

50 
Q) 

~ 0 ····-· ·-··········--·····-··· ...... -•-0000• .. 0000•00·••00•00 ..... ••-0000 .. 0000•-ooOO•" ............. oo••···- .. . 

-50 

3 years 

50 

Q) 
~ 0 •-•00 •" •••-·--•-oo••-- ••-oo ........ --.. •oooo•-•oo--••-•oo•oooooooo•-0000000• 00000000••••00•00-••-• 

~ 

-50 

-100 (>-103 

72 74 76 78 

year 
80 82 

Figure 8.31 Divisions 2.1 + 2.2: Relative accuracy of CPUE 
proJections made as indicated in Figure 8.23 
(Schaefer model} for periods one~ two and three years 
in advance. The error bars shown for one-year 
proJections represent the estimated magnitude of one 
standard error for the proJected CPUE value. 
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Figure 8.32 Divisions 2.1 + 2.2: Relative accuracy of CPUE 
proJections made as indicated in ~1gure 8.24 (Fox 
model} for periods one, two and three years in 
advance. The error bars shown for one-year 
projections represent the estimated magnitude of one 
standard error for the proJected CPUE value. 

135 



1.3+1.4: Sch 
4 

3 
' 

~ 
··1 

2 . 
T 
: 

i -
? 

.l. ' 
0 ... .:.. 

4 . 
T ~ I 

7 3 i ~ 0 j ! ,.. i 
' x 2 ! 

CT I I 
! 

,t i 
i ' ! 

,.. 
.!... ... 

0 l 
,...,.'!< -"'i ; .., . ., ' o: ~: 8 ';:! td -....,; --: 

l '() ! 
0 6 i ,.. I 

>< I 

~ 4 
i T I 

·I ... i . T i l I I 

i 
. 

2 I ., J. ... 
lo 

.L 
I lo 

I .:.. 
0 ... 

,8 ! 

~ 
'() 

0 ,6 ~ .... i 
>< 1 

>- ,4 ... 
(/) 

l 
"i ... 

~ 
,2 l .i. . 

! 
0 ; 

T 
i 

l,6 l ~ . -O" 1,4 i : 
~ . .,.. -II - ~ I 

~ ! i I . 
! l i 1,2 "! i i ! i 

~ 
I J. l ..L .i. 
i : 

1,0 j l ... 
I 

70 72 74 76 78 .. 80 82 84 

year 

Figure 8.33: Divisions 1.3 + 1.4. Time series of estimates 
of calculated Sch~efer ~odel parameters r, q, K, 
MSY and a. The error bars shown represent 95~ 
confidence intervals. 
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Figure B.36: Divi~ion 1.5 • Time series of estimates of 
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Figure 8.37: Division 1.6. Time series of estimates of 
calc~lated Schaefer model parameters r, q, K, MSY 
and a . The error bars showYl represeYlt 951-
confidence. iYlte~vals. 
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Figure 8.38: Division 1.6 • Time series of estimates of 
calculated Fox model parameters r, q, K~ MSY and 
a. The error bars shown represent 95~ confitience 
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BMDP nonhal probability Dlots 

To test for- r1or-mal i ty of the weighted residuals i .,.., the 
dyr1amic:· model fits to the catch-effort data, X 2 tests wer-e 
perfor-med and the r-esttlts listed i'l'"1 Tables B. 1 - B. B (see 
Section B. 2 > • 

A far simpler anc! mor·e effective n1eans of detecting no·n­
normality is to use normal probability plots such as those 
produced by the BMDP statistical package, BMDP5D. 

These show the observed weighted r-esidual valttes (ordered} 
along the ho·d zoY1tal axis against thei T' expected '1"1or1T1al 
values (based on the rank of the observation> along the 
vertical axis <see Note (1)). If the data are from a 
nor-mal distribution, the resultant line would be straight, 
except for randott1 fl ttct uat ions. 

BMDP normality plots were produced for the weighted 
residuals obtairsed frott1 rtms of the Gul la'l"1d sqt1are root 
minimization CGSRM> and dynamic square root minimization 
<DSRM) models. These are illt1strated in Fig'-tres AB. i.1 to 
AB.1.16. Residuals from a normal distribution would lie on 
the l i '1"1e indicated by the syti'1bo l I. 

Generally the residuals for 
slightly more cor1sistent 
those for the GFR approach. 
in Divisions 2.1 + 2.2 do 
di screpcfl'"1ci es. 

the dynamic mooe1 fits appear 
with this straight lir1e thc:m 

Or1ly for the latter ap;:,.roach 
there seem to be largish 

Note (1) Let x 1 , x 2 , ••• Xj, ••• ~N represent the weighted 
residual values after ordering from smallest to 
largest where the S\.tbscript, J is the r·al"1K order 
of the value arid N is the total m.imber of 
observations. The expected Y10T"ll'1al value for the 
relative r-ank (J out of N> is estimated by 
¢i-1r:pJ, the standard nor1ttal vah.te correspor1dir1g 
to the probability p = (3J - 1)/(3N + 1) • 
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Figure AS.1.1 1 Divs 1.3 + 1~4. Schaefer model using 
the Gulland square root miniMizati~n <GSRM> method. 

5'fH80L COUNT 
• 20 .. -...•••..•.•..•.•..••...•....•..•.•.•.••.. 

• 
E I 
lC 1•6 • II • 
p ,. 
E 

,, 
c • 
T 

. , 
E ·80 • I• • 
D ,,. , . 
N - . , 
0 ,. 
R o.o • 1• • 
"' - /o 

" 
., 

L •I ,. 
y -.eo .. ,., • 
A I• 
L • II 
u ,, 
E • I 

-1.6 • II • _,, -
- • ••••••••••••••••••••••••••••••••••••••••••• 

-.so c.o .ao 
WRESJD 

Figure AS.t.2 1 Divs 1•3 + 1.4. Schaefer model using 
the dynamic square root minimization <DSRM> method. 

145 

- .• l 31 

ST.DEV. 
t.8'18 

ST.DEV. 
.892 



E 
J •·6 p 
£ 
c 
T 
E -eo 
D 

N 
0 
R o.o 

. f1 
A 
L 

v -.eo 
A 
L 
u 
E 

-1.6 

5Yt1BOL 
• 

C.OUNT 
18 

••••••••••••••••••••••••••••••••••••••••••• 

•I 

• II .. ,, - I • II • ,, 
• II • • ,, • 

II• 
•I 

• 
• • •II • 

• II 
• II .,, 

• ,, 
• •-II • , ,. ., 

II 
•II • 

• . . . . . . . . . .. . ·-· .............................. . 
-2.~ -.eo .ao 2.~ 

-3·2 -1·6 o.o l·b 3·2 

WRESJO 

F.igure AB. 1. 3 1 ·Divisions 1. 3 + 1. 4 • Fox model -using 
the GSRM method. 

MEAN 
- •. J 25 

ST.DEV. 
1.sss 

SYMBOL 
• • (.OUNT 

20 
MEAN 

·O't3 

[ 
J 
p 
E 
c 
T 
( 

D 

N 
0 

1·6 

·BO 

R O.O 

" A 
l. 

v -.eo 
A 
l. 
u 
[ 

-l.6 

···························~··············· 

• 

·-
• -· 

• I• ,. 
• I 
II 

•I 
+ II 
-11 -· 

• 
•II 

•I 

I• 

II 
I• 

II • 

·­,_ 
II • 

I• 

•II • 
•1 

• 

• 

• 

····~······································ -1.2 -.~o .~o 1.2 
-1·6 -.so o.o 

WRESJO 

.. eo 1·6 

Figure·RS.1.4: Divisions 1.3 + 1.4. FoK model using 
the DSRM n1ethod. 

146 

ST.DEY. 
... sss 



[ 
Jr 1·6 ,. 
£ 
.c 
T 
c .e(J 
0 

N 
0 
R o.o ... 
A 
L 

v -·BO 
A 
l 
u 
[ 

-1.6 

SYMBOL 
• 

C.OU~T 
18 

•••••••••••••••••••••••••••••••••••••••••••• 

, • • ,, • ,, 
• , .,, ,, 

• • • ,,. ,,. , • ,,. 
+ •'' • • • , .,, .,, 

• ,, • . , • ,, .,, 
• ,, ., • -· 

••••••••••••••••••••••••••••••••••••••••••• 
-.90 ·90 o.o 

WRE SJ D 

1.e 

Figure AS.1.5: Division 1.5. Schaefer M6del 
the GSRM Method. 

using 

MEAN 
--oss 

ST.DEV. 
I. I B 

S'tM80L 
• 

COUNT 
20 

MEAN 
.o7s 

£ 
I 
p 
E 
c 
T 
[ 
0 

N 
0 
R ,.. 
A 
L 

v 
A 
L 
u 
E 

-so 

o.o 

-.eo 

-.1 .6 

··········~································· 

·• 
II 

• ,, . ,, . , . ,, .,, 
• ., + ,,. ,, . . ,, 

• • •I • 
•II 

• ,, . o/ 
c/' 

• •I • ., 
• ,, ,, 

-I• 
• • -· •••••••••••••••••••••••••••••••••••••••••••• 

.60 l•B o.o 
WRESID 

Figure AB.1~6 1 Division .1.5. Schaefer Model using 
the DSRM Method. 

147 

ST.DE.V. 
-668 



[ 

• ..,, 
p 
E 
c 
T 

-c .so 
D 

N 
0 
R o.o 
"' A 
L 

v -.eo 
A 
L 
u 
E 

-I. 6 

SyMBOL 
• 

COUNT 
18 

••••••••••••••••••••••••••••••••••••••••••• 

I • • II • 
I .,, 

•II 
I .. I• • ,. 

II • 
11 • • • ., . • • I 

• II 
• I 

•II 
• • II • I 

I• 
I• 

II 
• , • -I• 

•••••••••••••••••••••••••••••••••••••••••••• -I I . 
-2 0 

WRESIO 

2 

Figure AS. 1. 7- 1 Division 1. 5 • 
GSRM Method. 

Fox Model using the 

E 
:k 
p 
E 
c 
T· 
E 
D 

N 
0 
R .. 
A 
L 

v 
A 
L 
u 
£ 

S y'180L 

• 
COUNT 

20 
····-~···~······~·······················~·· .-

l. 6 .. 

.-
·80 • 

o.o • 

-.so • 

-J.6 .. 

., 
•II 

• II ., 
II 

II• 
I , 
• 

• 
I•· 

I• • 
•I 

•II 
I• 

. , 
•II 

•I 

•I 

• 
II 

II 
11 · • , 

II • 

• 

• 

• 

.. 
• 

••••••••••••••••••••••••••••••••••••••••••• 
-J.S -.so .50 l•S 

-1•0 o.o 1.0 2.0 

WRESIO 

Figure AS.1.8 1 Division 1.5. Fox Model using the 
DSRM Method. 

148 

Hf.AN 
-·Olf7 

S'T.DEV. 
•• 2 3 

ST.DEV • 
-926 



SYMBOL 
• 

COUNT 
27 

• _.,. ••• + ....................................... . 

t1£AH 
.011 

E 
. -. ,_ 51.oev. 

1. 687 
J •• , 
p 
£ 
c 
T 
c ·80 
D 

N 
0 
R O.O 
14 
l 
l. 

v -.eo 
A 
l. 
u 
£ 

• 

• 

• 

• 

II 
•II • 

- . 

I• 
,I • 

II • 
II • 

• II • 
• • II . ,, 

• II 
• II 

•II 
•1 

•I 

• II • 
,~ 

• J• 
II• ,, . • ., . 

• 

• 

• 
.....•.•. ~ •....•.•..•....•....••..•••...•.. 

-2·l -.10 .70 2·1 
-1.~ o.o 1.~ 2.e 

tvRESID 

Figure AS.1.9 1 Division 1.6. Schaefer model 
the GSRM method. 

using 

SYMBOL 
0 

COUNT 
30 

MEAN 
·072 

••••••••••••••••••••••••••••••••••••••••••• 

ST.OEY. 
[ , • .782 

p 
[ 

c 
T 
[ 
D 

~ 
0 
f;' 

JC 
A 
L 

v 

" L 
u 
E 

• 

• 

o.o .• 

-.~o • 

-1.e • -· 

• 
I• 

I • 
I• 

•• 
I• 

II • 
~ . 

I, • 
I • 

II 

•• • 
• 

"' I• -..,. . [ 
•.II . ., 

•I • , . 
.. 
+ 

+ 

••....•...•••.•.•....•.•..•....•....••... ~. 
-2.s -1.s -.so -~o · 1·5 

-2.0 -1.0 

WRE5J'D 

o.o 1.0 

Figure AS.1.10 •·Division 1.6. Schaefer model using 
the DSRM method. 

149 



5 'YMBOL 

• 
COUNT 

27 
MEAN. 

·015 

c 
x J.6 ,. 
[ 
c 
T 
c .eo 
D 

N 
0 
ff o.o 

"' " l. 

v --.80 

" L 
u 
E 

-1.6 

•••••••••••••••••••••• + •••••••••••••••••••• 

·- • 
• • II• 

I 
·•II 

•II ., 
• II• • 

II • 
II • 

II • ., . . 
• I I• • 

I• • 
•• II 
•II 

• •I 
• • II + 

• II 
• I 

• II 
II 

• II• • 
-II - . 
···························~··············· 

-2 
-l I 

0 

WRESIO 

2 

Figure A8.1.11 : Division 1.6 
GSRM method. 

FoM model ·using the 

SyHBOL 
• 

COUNT 
30 

••••••••••••••••••••••••••••••••••••••••••• 

E 
X I. 8 • 
p 
( 
c 
T 
E •90 • 
D 

N -
0 
R 0•0 • 
H - . 
A 
L 

v -.90 • 
A 
L 
u -
c 

-1.e • .- . I 

•• 

•I 
I• 

• 
I • 

•I 
•I 

I • • ,, .. 
I•• 

I•• 
•• • 

••• I'• 
I • 

11··· 
I • • 

II • 
I• 

II• 
I• 

II • 

••••••••••••••••••••••••••••••••••••••••••• 
-.70 .70 

-· ... o.o 
W·RESIO 

l ... 

ST.DEV. 
.... 60 

ME AN 
·035 

Figtire AS.t.12 1 Divisio~ t.6. FoM model using the 
DSRM method. 

150 



SYMBOL COUN"T 

• 16 
..•....•..•.•.. ;.~························· 

• 
E II , I• If • , • ,. II • 
[ II 
c. , • 
t II 
£ .10 • II • • 
D I 

II• 
• 

N •I 
0 •II -
R o.o • , • 
"' 11. 
A II • 
L I • II• 
y -.70 • II • • 
A II 
L • 
u 
£ • 

-I .If • I • 
• 

••••••••••••••••••••••••••••••••••••••••••• 
-1·2 -.lfO .-.o 

-.so o.o .eo 
WRfSIO 

Figure AS.1.13 1 Divisions 2.1 + 2.2. Schaefer Model 
using the GSRM Method. 

MEAN 
·076 

ST.DEV • 
·762 

SyMBOL 
• 

COUNT 
18 

HEAN 
·120 ....•.•.....•.......•.. ~ ....•.......•...•.. 

E 
r 
p 
[ 
c 
T 
£ 
D 

N 
0 

-. 
• 

• 

R O.O + ,. 
A 
L 

v -.eo • 
A 
l. 
u 
E 

-1.6 • 
• I 

• I 
• II 

I 
II 

I• 
I• 

II 

., 
''• ,. 

• 
•I ,. 

• 
o/ 

• 

·-
• 

• 

• 

• 

••••••••....••......•..... ~ .•....•..•••.... 
-.so 

-1.0 o.o 
ft'RESIO 

-so 
l·O 

Figure AS.1.14: Divisions 2.i· + 2.2. Schaefer model 
using the DSRM Method. 

151 

ST.DEV. 
·b08 



( 
J ,. 
( 

c 

' [ 

D 

N 
0 
R 

"' A 
L 

y 
A 
L 
u 
[ 

I ... 

•70 

o.o 

-.10 

-I ... 

SYMBOL 
• 

COUNT 
16 

••••••••••••••••••••••••••••••••••••••••••• 

• II , . ,, , . 
II 

• II • . , 
• II 

A / . ,, 
•.II 

• 1 
• II . . , 

II 

• 

, . 
•I 

• 
II 

• 

• 

• 

• 

• 

••••••••••••••••••••••••••••••••••••••••••• 
-.50 .so . 

o.o 
WRESID 

1.0 

Figure AB.1.15: Divisions 2.1 + 2.2. Fox Model using 
the GSRM Method. 

MEAN 
·Olf8 

SyHBOL 
• 

COUNT 
JS 

MEAN 
.Q98 

E 
x 
p 

£ 
c 
T 
£ 
D 

Pit 
0 
R 
f1 

" L 

v .,. 
L 
u 
£ 

o.o 

--80 

-l.6 

••••••••••••••••••••••••••••••••••••••••••• 

• 

• 

·• 

• 
I• . , 

.II 
• , 

• I 

,. 
I• ,,. 

I • 
I* 

•II , 

• 
/• , 

.I/• ., 
•I ,. 

.I • 

• 

• 

• 

• 

• 

••••••••••••••••••••••••••••••••••••••••••• -.so -so 
-1.0 o.o 1.0 

WRES JD 

Figure AB.1.16 1 Divisions 2.1 + 2.2. Fox Model using 
the DSRM Method. 

152 

s1.oev. 
.SS£ 



A 1ust i ficat i o·,.-, of the formula ltsec:! to c·aic:·i..tl ate the 
sta·,.-1dard error of a·n irrverse-va·r·iar1ce weiohteci average 

The weighted average ir1trir1sic growth rate, r, ir1 the 
Schaefer tt1odel for the f O\.lr separate hake st oc:·ks \.mder 
consideration, was detertt1ined usi'r'1g the fortt1\.tla: 

4 

r = L· w • r 
i=l i i 

<AB.2.1> 

where T' is the intriY1sic g·rowth rate correspor1dir1g to 
i 

a particular stock i 

and w is the associated weighting factor. 
i 

These wei9htir19 factors were detertrlir1ed \.tsir1g the 
variances (var) of the ri values as follows: 

W• 
. I = 

4 
L £1/var(rj > J 
J=1 

<AB. 2. 2> 

<that is, weighting proportional to inverse varia'l"1ce). 

Provided the r i est itt1ates are 
covariance(ri,rj >=O for i;CJ>, 
(AB. 2. 1> that 

4 2 
var<'r> = L: w . • 

. i=l i 

This ifflplies that 

var<'r> 

uncorrelated (that is, 
it follows from equation 

var<rj>· 

l J-2 
var<rj>. • 

' 

= ·[t 
J=l 

1 ]-2 [t . 1 l 
va?"(rj > • i=l var(ri >J 

1 1-1 
var(r·>J· · . J 
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. - - 2 2. 
Si"r·ice var(r>=Es.e. (r)J and var<rj >=i:s.e. <rj >J • 
(8.2> for r ·or similarly any other parameter 
i mmedi at el y: 

(s. e. <Y:>) = '[.t j=l 

_ _! 

1 l 2 

(s.e.(rj>J2.j 
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'9 VIRTUAL POPULATION ANALYSIS \VPA> 

'3. 1 I .,..,-t ·r-och.tc-t i o·,.., 

The dynafflic- catch and effort fflodels given in Chapter 5 are 
two of ttraYty tNeaY1s of st oc-k bi ottrass est i fflat i er,..,. Alt eT',..iat i ve 
methods use data obtained from tagging, acoustic and 
aerial surveys and egg and laT"Val sattrpling to estimate 
stock abtmdance. In this chapte'f' the VPA ttret hod of bi ottsass 
estifflatioY1 is discttssed a.,..,d the results obtained usi·,..,g 
this assessment techniqtte are c·offlpared with those of the 
dy.,..1cctttic ttrodels for Division 1. 6 • Further aspec::ts of the 
dy.,..1atNic fflodel s are investigated as a re!:>ttl t of the 
discrepaY1cy betwee.,.., biomass estittsates for· the two ttrethods. 

VPA is a maJor ttrethod of curr~nt and historic biottrass 
est ittrat i 0Y1 frottr t:·atc·h statistics. F·r-y ( 1'357> int rodttced 
the t erffl , vi rt ua 1 poptt 1 at ion, to desc·ri be the tot a 1 nufflber 
of fish belonging to a particular year-class pres~nt in 
the water at any given tittre that a-r·e desti.,..1ed to be 
c-apt~.tT·ed in that. year a.,..,d in all subseqttent yea7·s. Gul land 
<1965> took this idea further, developing the techYlique 
riow kYtown as VPA. 

fl) 
lo.. 
Q) 
.0 
E 
:J 
c: 

1 2 3 4 5 
age 

total losses 

6 7 8 9 

Figure '3.1: The total nuttrber of individuals rell'roved 
throughout the life of a year-class must equal the 
total nuttrber of individuals initially present in 
that year-class. 
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Assuming that hake spawn annually during a discrete 
breeding season, the population will be composed of a 
number of cohorts or year-classes, each of which is the 
product of one.breeding season. The size of the cohort at 
the age at which it Joins the adult stock is called the 
recruitment or year-class strength. 

If the total number of fish removed from a year-class 
during its entire exploited phase can be determined, then 
estimations of the original number of individuals in that 
year class can be obtained. During the interval of tiMe 
under consideratio~, fish can ~ither be caught, die of 
natural causes or sttrvive to the beginning of · the next 
period. See Figure 9.1. 

VPA is a stepwise procedure of estimating the population 
size and the rate of fishing Mortality for each age in the 
stock using. past years, catch-at-age inforn1ation and 
taking into account natural losses. Although the method is 
valid for .all ~atch data, the estimates of F provided by 
VPA will be more precise if a large proportion of the 
total removals are due to fishing. 

9.3 Method of solution 

For simplicity, the basic concepts and methods for the 
case of a single cohort are first developed. 

Let N = nun1ber of fish of age i at the start of the year 
i 

C = nun1ber of 'fish cat1ght of age i during the year 
i 

F = fishing mortality applied to age class i 
i 

and M = natural mortality which is assumed to be 
constant for all years and ages (see Appendix 
9. 1 for discussion on M>. · 

Assuming that each age group, i, in the fish stock is 
subJect to a certain steady cause of tt1ortality, it is 
generally assumed that the rate of change of age group 
size in numbers with respect to time, dNi/dt, will be 
proportional to the nutt1ber of fish present. The constant 
of proportionality is called the total ft'lortality, Z j, 
which is a combination of natural and fishing mortality 
(that is, Zj = M + F;>• dNj/dt can then be eMpressed as 
follows: 

dN /dt = Z .N = -<M+F >.N (t) 
i i i i i 
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Therefore if the number of fish present at time t = O is 
Ni, by integating over the time period CO,t>, the decline 
in numbers with age can be represented by an eMponential 
curve, 

-<Fi+M>t 
N Ct> = N • e 

i+l i 

and therefore over a period of one year, 

N . = N .e 
-<F·+M> I . 

(9. 1) 
i+1 i 

Similarly, the catch rate by numbers is given by: 

dC /dt = F .N 
i i i 

It is assumed that fishing is a continuous process, taking 
place uniformly throughout· the year. By integrating over 
the period C0,1> and using equation C9.1> it follows that 
the n\.tN1ber ca\.tght over a period of one year is 

' 

-<Fi+M) 
C = N .F • <1-e )/(F +M> (9. 2) 

i i i i 

Equations C9.1> and C9.2) are combined to give 

-CFj+M> -CFj+M) 
N IC = [CF +M).e J/tF. (1-e )J (9. 3) 

i+1 i i i 

To start the analysis one needs an e?tin1ate or g\.tess of 
the fishing mortality rate of the age group of.the oldest 
fish captured in the cohort, Ft Ct here is the last or 
'terminal' age of a year-class for which catch data is 
available>. It can be seen fro~ Figure 9.2 that, in 
general, this amounts to estimating F values for the last 
row and the last column of the F tt1atri>c. Allowance has to 
be made for the disappearance of older age classes caused 
by heavy eMploitation. From the estimates of Ft values for 
Nt can be calculated using equation (9.2>. 

With estimates for Nj, Cj-1and M available, it is possible 
to use equation (9.3> to solve for Fi-1• As this formula 
does not yield an an~lytic solution for Fi, VPA estimates 
are obtained by referring to tables or by solving 
·iteratively. Once Fi-1 is known, the numbers in that age 
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8 

Figure 9.2: The F matrix with the fishing mortality rate 
values for different ages and year-classes set off 
in boxes. FiY is the fishing mortality for age i in 
year y. 

group, N i-b can be obtained from equation <9. 1 >. In turn, 
eqttation <9.3> can then be ttsed to obtain Fi-2 and so on, 
proceeding backward~ in time from the oldest to the 
youngest ages in the cohort Csee Figure 9.3 for method of 
solution>. 

Up to this point only the calculations for a single cohort 
have. been considered. However, in the real situation this 
procedure must be repeated for all year-classes present 
in the population, thereby yielding initial FjY estimates 
for all age groups and year-classes under consideration. 

By repeating the whole of the above procedure again., these 
initial estimates for FiY can be improved upon. These 
calculations require estimates of Ft which are not 
cotr1putable by equations (9.1), (9.2> and <9.3>. Initially., 
these values are guessed. I~ subsequent iterations, values 
for Ft are estitr1ated using the techniques described below. 

Pope's method of 'cohort analysis' <1972) is an 
alternative simplified approach to VPA •. It provides an 
approximation to VPA which has been shown to have an 
accuracy of approxi~ately 5~ for values of M less than 0.,3 
and F less than 1,2 <Pope., 1972>. Cohort analysis is 
described in detail in Appendix 9.3 • 
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START 

Read M c.V 
' I 

Ey values 

Guess Ft 
values 

i=i MOX ( =t) 
y = corres­
ponding yr. 

Calc\.1late NtY 
frotr1 eq. <9. 2> 

i = age group 
y = corresponding yr in the cohort 
Jl"lin = youngest cohort in the fishery 
j""0 " = oldest cohort in the fishery 
imin = youngest age in the cohort 
i rr1ox = oldest age in the coho rt 
t = terminal age 

Solve F! Solve N! 
i=i-1 .,__.,. y"'=y-1 t----il frott1 eq. i----4 frott1 eq. i---~ 

(9.3) (9.1) 

j=j+1 <to 
next cohort> i----+-< 

Figure 9.::? 

no 

Calculate 
selectivities 

New estitt1ates 
for FtY values 

VPA method of solution. 
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9.4 Selectivity factors 

Selectivity Cor partial recruitment> factors determine the 
size composition of any catch f·rom a population of given 
age structure. 

The total fishing effort exerted on a stock changes from 
year to year as a result of changes in fleet size, fishing 
power or other factors. Even within a single year, 
however, a given level of fishing effort does not bring 
about the same rate of fishing mortality for all age 
groups <that is, year-classes) in a fishery. The size 
composition of any catch will in part be determined by two 
factors: the rt1esh size of the net and the size c'omposition 
of the fish which may vary over their geogra~hical 
distribution. For a given size composition, the effect of 
n1esh size will· be that the larger fish will tend to be 
subJected to a greater fi~hing mortality than the smaller 
ones which :may escape through the rtieshes of t·he net. 

For any year y,. the overall fishing mortality., Fy , is 
given by 

F = q.E (9.4) 
y y 

where q = catchability coefficient (which can be obtain­
ed from regression on earlier years' data> 

and E = effort in year y. 
y 

A selectivity factor, Sj, is introduced to account for the 
variation in F between age classes as follows: 

y 
F = S • F (9. 5) 

i i y 

y 
<Note that F = S .F can be expressed· as 

i i y 

y I -1 
F = S .F where 9 I 

i i y i 
-I 
F 

y 

and a is 

= a.s 
i 

= Ula>.F 
y 

S011'1e constant. 

Therefore equation <9.5> only defines Si and Fy up to 
normalization constants.> 
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y 
It follows {rom equation (9.4> that F 

i 
= S .q.E <9. £)} 

i y 

Using equations <9.2} and (9.5), the catch rate for year 
y of fish of age i can be represehted by the following 
equation: 

y y y 
dC /dt = F .N 

i i i 

' - s F .N (9. 7> 
i y i 

Similarly the rate. of change of population size is 

y y 
dN /dt = -CM + s .F } • N 

·i i i i 

The use of selectivity factors can be illustrated by the 
following simple e><ample. Take-a population with, say, 5 
age classes and an overall fishing mortality, ~ = 0,25 • 

Age.class 

N· I 

0 

2000 

_1 

1000 

2 3 

500 200 

Introducing a selectivity factor, Si such that Fi = 
the number of fish of age i caught is · deterniined 
eqltation (9. 7> _. 

Age class 0 1 2 3 

N· I 2000 1000 500 200 

Si 0 0,25 0,5 1, 0 

4 

100 

F.Si ., 
using 

4 

1C>O 

1., 0 

F 0 .... ,c , J:,.;:J 
0 -... ,~ 

, J..J 0 ")~ , J,,o;;J 0,25 0,25 

dCj /dt J 0 62,5 62,5 50 25 
At s.mall 

In the above example, the graph rif selectivi~y, Si, versus 
age has been approximated by a step function as shown in 
Figure 9. 4 • 
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In any given year, within any two age groups we see that 

y y 
F I F = (q.S .E ) I (q. s .E ) 

i i+1 i y i+1 y 

= S I S • 
i i+1 

That is, assuming constant age-specific selectivities in 
this manner means that the ratio of the fishing 
·mortalities of age i· to age i+l remains constant from one 
year to the next although total effort and therefore 
actual levels of F; nsay change. 

Therefore, for any given year, ideally, 

y y y y 
<F /S >= ••• <F /S >= ••• <F /S >= <F /S > 

1 l i i imax-1 imax-1 imax imax 

where ·imax = oldest age of fish caught, 

and therefore S = S 
y y 

• [F /F J • 
i i imax 

lt is assumed 
bec=ause of mesh 

that the oldest 
size. That is, 

s = 1 • 
imax 

age is fully 

(9. 8> 

selected 

<Note that for simplicity this argument has 'ignored the 
effect of emigration. See Appendix 9.4 .) 
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y y 
lt follows that s = F I F (9. 9> 

- i i ima>< 

F.Y 
I 

values niay vary f ro«1 year to year and thus the F1y and 

Firnax values are averaged over the whole data period so as 
t~ smooth out any fluctuations in the S1 values. This 
amounts to st1m1Yling the Fiy values ·in the various coll.l1Yins 
of the. F matrix. "T:herefore, the selectivity values for all 
ages are estimated using the formula: 

imax-:1 
Fy*-k 

imax-1 
F y$-k s = L: I ~ (9. 10) 

i k=O i · k=O ima>< 

where y* is the lrsost recen:t year in the data series. 

9.5 Terminal F values ftrr the oldest age-classes 

The .VPA 
111ortal i ty 

y 
F 

ima>< 

procedure requires an estimate of the 
y-ate for the· oldest age-class in each 

fishing 
cohort., 

This is equivalent to calculating values fo~ the last 
column of the -F matri>< where all cohorts are assumed 
to have been fully recruited. From equation (9.8> it can 
be seen that 

F /_S - F /S 
i i 

The selectivity-at-age can be represented by the following 
diagram. 

~ -­·- G> .>-
·- Ci 
- v 0"' 

. Q) 0 
(i) ..=. 
"' 

0'-==.~1==---!-2---4----+--~5~~6~-.1.7--~8__. 

Figure 9.5 
( imax) age 

To account for fluctuations, and at the same time to avoid 
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any maJor variations between age groups, an average of the 
<Si/Fi) values for the (imax-5) oldest age groups was 
taken. The terminal fishing mortality prescription for the 
oldest age-classes was therefore: 

y imax-1 y 
<F /S > = < L (F /s J >I ( imax-4> (9. 11> 

imax imax i=4 i i 

Using the assumption, S = 1, this can be simplified to 
imax 

y imax-1 y · 
F = ( L (F /s J}/(imax-5> (9.12) 

imax i=4 i i 

9.6 ~stimates for F for the most recent year 

Nearly all cohorts present in the population during the 
most recent year covered by the data will not have reached 
age i,.,a>< and therefore require the treatn1ent .described 
below. 

Assuming that selectivity patterns remain unchanoed from 
year y-1 to year y and using equation (9.6), it follows 
that: 

and hence 

y y-1 
F ·/F 

i i 
= [q.S .E J/(q.S .E J 

i y i y-1 

= E /E 
y y-1 

y y-1 
F = CE /E J.F 

i y y-1 i 
(9~ 13) 

That· is, Fj vah1es can be allocated for the most recent 
year by proportion to those from the previous year. Then 
if y* corresponds to the most recent year and y is any 

y* 
previous year, F is given by 

i 

y* 
F 

i 
= E 

y* 

y 
<F /E > 

i y 
(9. 14) 

To red1.1ce the effect of data fluctt.1ations, an average over 
a number of previous years may be taken. Equation (9.13) 
can be generalized to the following: 

y l: 
F 

5 y*-k 
= E • [ L <F /E ) J /.5 

y* k=l i y*-k 
( 9. 15} 

i 
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Cases of zero catches of age i are omitted from the 
average. Although selectivity-at-age values are likely to 
vary frort1 year to year, it is desirable to 1Yii1Y1imise bias 
from possible long term trends in catchability, q. Taking 
the average over the last 5 years as in equation C9.15) is 
tantamount to assuming that no marked trends in q (or in 
the selectivity pattern wit~ age) have occurred over that 
period. 

9.7 Precision of VPA 

Many of the inaccuracies of VPA stem from imperfect input 
data on natural mortality, catch numbers-at-age and 
weight-at-age. 

To estimate the stock size using the principles underlying 
VPA, reliable values for the rate of natural mort~lity, M, 
must be obtained. Over- ~r under-estimating M will have a 
large effect on absolute values such as those for F and 
stock size. Trends, however, will be affected to a lesser 
extent. Although M is assumed to be constant it is likely 
to vary during the lifespan of hake and from year to year. 
Ideally, an age~dependent M should be incorporated into 
the model, but it would be difficult to quantitatively 
apportion. The problem of what numerical value to use for 
Mis discussed further in Appendix A9.1. 

There are also many problems in assessing the numbers 
caught of each age from total catch statistics owing to 
inaccuracies in catch estimates and the lack of knowledge 
about the age composition of the hake population and 
catches •. These occur frequently because of the discarding 
of small hake (see Section 9.9). 

In VPA, the problem of estimating the terminal F values 
cannot be solved at all precisely from the age str\.tcture 
information above (Pope and Shepherd, 1982). Further 
assu~ptions such as those used in equations C9.12) and 
<9.15> are needed. 

In general as one moves back into the history of each 
cohort present in the stock there is a tendency for the Fj 
values to become increasingly less sensitive to the ini­
tial estimate of Ft, an~ henc~ any error in the .estimates 

of F{ or Njy caused by error in the starting vahtes will 
decrease steadily as back calculations proceed. 

The largest errors from VPA are therefore likely to occur 
in the current and recently preceding years' biomass 
estimates. Unfortunately, it is these years where the 
highest accuracy is req1.1ired if predictions for the size 
and composition of ihe stock in subsequent years are to be 
realistic. Predicted value~ should be treated with caution 

. as the error in such estimates will increase steadily as. 
one moves into the future. 
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9.B CCJtr1parisCJ·,.., of the •.,1PA resuits with those of the dynafflic Schaefer and Fo~ fflodels 

The VPA proc:·et:h.tre developed i·,.., the previous sectioYrs was applied OYt the asstutrptioY1 · that fishing took place tn•d fo-,.fflly t hroughottt the ye-ar fo'r- all age g·r·oups. 

Table '3. 1 lists the c:·atch-at-age data (e)(pressed as a percent age by YtUfflber of the total cf'('ffrtta l cat c:-h > used in the VPA calculElticms foT· DivisioYr 1. 6 as provided by R. Leslie <SFRI, pers •. c:-ottrtrtY"t>. The data T·eqtti .,..ed to calculate VPA estimates for the other di vi si 0Y1s were ttY1avai l able to the attt ho r at the t i me these cal c:·tt lat ions were ca rT'i ed out. The perc:·e.,..rtage c:·atch-at-age data do Y10t· distiYrgttish bet ween (> c:md 1 yea T' olds a"f'td VPA cal ctt 1 at i crns have assu1tred that all fish aged 1 year cmd yotmger beloY1g to the 1 yeaT· old age group. Si·nce it is k.,..1own that the c:·ont ri bttt ion of 0 year olds to the catch is e><t T·etrtely sttra 11, such a c:-ombi nat i o.,.., of (> and 1 year olds is reascmable a·,..,d should not signi ficEIYrt ly affect results. 

Al so g.i Ve"l"t i Yt Table '3. 1 .a re the mid-year weights at ti «te t, Wt , c:·alc:-ttlated ttsing the fol lowi"f'rg fo·r-fflttla (see Appendi>t 9.2): 

-0, 113(t (>, (>396> 2,8852 w = C>,0(>'35 r 125,4 {1 - e 
t 

} J 
(9. 16} 

whe·r-e t = t i ttte (i .,.., yea rs>. 

The VAA estimates of fishiY19 mortality-at-age, F.Y and I selectivity-at-age, Sj, foT· the case M = 0, 3 are listed iY1 Table '3.2 Ii1 additioY1, the ttrid-yeaT- stoc:-k biottrass and 0-group yeet· class strength were estittrated cmd these are given in Table '3.3. Froffl 0-group stre-Y1gth figures in this table it can be seen that the low 1'372-1'377 catch rates 
c-attsed 
of a 
per-iod 

for Division 1.6 <Table 3.3) fflay not only have beeY1 by heavy e~ploitation, but ttray also be the result sustained low recr-uitm~nt of JUV~niles over the 1 '372-1975. 

In Figure 9.6, mid-year biomass estimates obtained frottr the VPA analysis are c-ottrpared with those provided by the Schaefer and Fo~ dynamic models for Division 1.6 Three different values of M were used, namely, M = 0,2 , 0,3 and 0,4 , as these were considered to be representative of a reasonable possible ray,ge for M (seoe Appendi~ '3.1>. 

Both models il'tdicate a decreasing trend in biottrass until the mid-seventies. In the case of the dynamic models this trend continues until 1'374, but VPA results show a c-urtailttrent of this decliY.e only in 1976. The minimum biomass levels obtained using the VPA method were substantially lower than those .indicated by dyr1amic- model est ittrates. The subsequent recovery shown by the dynattric:-
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Figure 9.6: Biomass estimates for Division 1.6 using the 
dynamic Schaefer model Csolid line) are compared 
with those from the dynamic Fox model (dashed 
line>. in addition, lC>-year ?:>1omass pr0Jec-c1ons 
under a Q 0 •1 harvesting strategy (dotted lines} are 
shown for both models. Hist~rical annual catches 
are indicated by solid vertical bars and the Fox 
model 0 0 • 1 pr0Ject1ons for the next 10 years by 
dashed vertical bar.s. VPA biomass estimates for 
three different values of natural tr1ortal i ty HID are 
also shown (dashed-dotted lines). 

models to begin in 1978, is not evident in the VPA results 
which show relatively insignificant changes from 1976 
onwards. This is somewhat surprising as the dynamic model 
outp\.tts are reflecting the CPUE increase over this perioci, 
and this is incorporated to sott1e extent into the VPA 
through equation ('3. 15>. These results therefore indicate 
that, in general, the biomass estimates and trends for 
Division 1.6 for the V?A model are smaller and time­
delayed in comparison with ~he estimates of the dynamic 
tt1odels. 

In the context of the assu111ptions 111ade for these VPA 
calc\.tlations, the VPA bio111ass esti1r1ates over- the last few 
years should be inter-preted with caution. 
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9.9 FurtheP considerations 

The large c1screpancy between the results obtained in 
Section 9.8 may possibly be attributed to two ma1or 
fact ors, narr1el y, di sea rd i ng ( reJ.ect ion) and cannibal i s11s: 

It is known that ma~y vessels discard the smaller fish in 
their catches. Investigations in 1966 showed that fish 
·less than 40 - 45 cm 1 ong were f req1..1ent 1 y di sea rded and 
the proportion of discards co1.1ld amount to 10 - 3(1'j(. by 
weight of the total catch, or up to 50~ by number (Jones, 
1974>. The size composition and numbers of fish discarded 
tend to fluctuate according to the market demand and with 
catch rates. In this analysis, revised total catch figures 
were used for Division 1.6 (see Chapter 3>. Although th~se 
figures include an estimate of reJection, it is not known 
"''hether the revised values are an under- or overestimation 
of the true values. Such inaccuracies will affect biomass 
estimates .obtained using the dynamic models and the VPA 
procedure. In addition, "the VPA procedure also requires 
percentage catch-at-age information. If unreported 
reJection of Juveniles has taken place then it is likely 
that in reality the proportion of younger age groups in 
the catch is greater than assumed here. This would alter 
the relative age structure of the population and the. VPA 
biomass est~mates based thereon. So it can be seen that 
where no <or inadequate> allowance is made for discarding, 
biomass estimates can be over- or underestimated and this 
could cause ~ither greater or lesser agreement between the 
curves in Figure 9.6 • 

Cannibalism is a prominent feature of the Cape hake 
populations and increases in areas of high population 
density and where th~re are individuals of different sizes 
in the same place and at the same time. Since a large 
proportion of the younger fish die as a result· of 
cannibalism, the failure to include this factor in the VPA 
analysis means that· the biomass of the younger age groups 
is underestimated. 

Catch-at-age statistics given in Table 9.1 indicate a 
steady decrease in the proportion of adult individuals in 
hake catches since 1964, reflecting a higher average 
population age in the initial stages of the fishery. Since 
the rate of cannibalism of Juvenile hake is dependent o~ 
the number of old•r (cannibalistic> individuals in the 
population, an effective M would be larger during this 
period. This would imply a much steeper decline of the 
graph of VPA biomass estimates in the 60's <see Figure 
9.6) and hel'lce better agreement with the dynamic Fo)( and 
Schaefer absolute biomass estimates during this period. 
However, the discrepancy between VPA and dynamic Fox and 
Schaefer model estimates in the later stages of the 
fishery cannot be;accounted for by this argument. The 
inclusion of the 'effect of cannibalism in the VPA 
procedure has been examined by Lleonart, Salat and 
Macpherson <1985). Details are given in Appendix 9.5 • 
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YEAR 1 

1964 (I 

1965 (I 

1966 0 

1967 (I 

1968 (> 

1969 (l 

1970 2,08 

1971 12,46 

1972 10, 16 

1973 1, 78 

1974 0 

1975 0 

1976 6,05 

1977 13,67 

1978 7 ,,..,,_,/ 
, "" 

1979 11,. 36 

1980 . 5, 58 

1981 23,78 

1982 35,06 

1983 11,77 

1984 9 ,..,.-, 
. , '" 

Mid-
season 71 
mass 
<g> 

Table 9. 1: 

.... , 
• 3 

3, 11 7,24 

3,07 5, 75 

0 12,68 

(l 18, 12 

0,34 19,55 

8,87 31,84 

15, 70 30,78 

25,"44 35,45 

37,52 32,55 

32,82 43,01 

18, 30 44,68 

15,05 26,41 

31, 83 34,80 

53,45 21,44 

71,59 15,15 

54,50 21., 50 

47,17 28,85 

47,37 16,55 

46,51 11, 01 

48,47 24,91 

46,84 26,49 

181 415 

Percentage 
(including 
1. 6 . 

AGE 

4 5 6 7 8 9 

11, 91 17,36 24, 75 20,28 10,02 C" ,_, 
.;;.s, ~.4 

10,97 19,85 24,76 20,46 1 o, 01 5,12 

21,37 30,21 19,29 12,07 ""':" c--, 
~, i.J.4 0,86 

27,78 27, 79 15,36 8,21 .-, .-,~ 
.,.~ (>, 52 

27,97 26,36 14,04 8,38 2,71 0,64 

27,48 13,59 l 0, 08 5,61 1, 95 0,58 

24.,·17 12,49 8,18 4,39 1, 65 0,56 

15,27 4,82 3,66 1, 81 0,83 0 ,..JC" 
, "..J 

13,20 3,49 1, 80 0,89 (>, 28 o, 11 

15, 1(1 4,49 1, 50 0,83 0,37 o, 11 

2--, "C" .. , ~.;;.s 8,16 3., 12 2,41 0,63 C>, 34 

20, 8(> 17, 9C> 10, 16 6,58 2,42 C>, 68 

16,32 5,56 3,67 1, 61 0, 1 7 (> 

7,12 3,32 0,83 0, 17 (I (I 

3,87 1., 58 0,49 0, 10 (I (I 

6,35 4,63 1, 31 0,33 0,02 0 

11, 19 4,76 1, 70 0,54 0,16 0,05 
. 

7,77 2, 76 1, 20 0,39 0, 14 0,03 

3,96 2.,23 0,89 o., 26 0, 06 0, 02 

8,30 4 ,..,c:-
' .;;.i 1, 55 0,58 0, 13 0,04 

10,56 4,43 1, 67 0,54 0, 21 0, 03 

743 1148 1613 2121 2653 3197 

age structure by number of catches 
discards} of Cape hake in Divisiori 
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AGE -
F 

YEAR 1 
.,., 
J.. 3 4 5 6 7 8 9 y 

1964 0 , 01 , 03 , (>8 ,18 , 43 , 70 , 57 , 53 , 53 

1965 (> ' (> 1 , 03 , 09 • 28 • 64 1, 29 1, 73 1, C>8 1, 08 

1966 0 0 '09 .,22 C'":" 
, .Jo.) , 72 1, 24 1, 38 1, 11 1, 11 

· 1967 (> 0 , 16 , 32 , 58 , 67 , 96 1, 01 , 95 , 95 

1 '.368 (> , 002 ,13 • 35 , 51 , 58 , 85 , 89 , 83 ,83 

1969 0 '06 , 36 , 50 '50 , 69 ,93 '94 , 9(> '90 

1970 '01 , C>7 , 30 , 55 '49 , 70 8'"' , 4 ;9(1 , 86 , 86 
I 

1971 , 06 , 21 , 60 , 71 , 57 , 77 1, 07 1, 22 1, (>6 1, 06 

1972 ,13 '48 '86 '94 '64 '83 ,84 '91 '98 , 98 

1973 '02 , 43 '80 ,69 '54 '36 '63 , 55 '64 '64 

1974 0 , 21 , 85 '70 , 55 ., 51 ., 79 '76 , 78 ., 78 

1975 (> ., 07 • 25 , 55 , 78 , 95 2,31 1., 61 1, 61 1, 61 

1976 ., 04 '43 1., (>(I 1, 14 1., 42 2,51 2., 81 2,81 (I 2,81 

1977 , (>7 '71 , 75 '74 1, (>3 1, 21 1, 64 0 (I 1., 64 

1978 , (16 ,95 , 69 '42 '53 ., 60 ., 61 0 0 , 84 

1979 ., 08 , 59 , 60 '5(1 , 87 '78 '73 ,24 (1 1, 07 

19ao , (>4 ., 60 '76 '78 '91 1, 01 '95 1, 07 1, 22 1, 22 

1981 .,16 , 77 ., 71 , 77 , 72 1, 08 1, 23 1, 34 1, 30 1, 30 

1982 ,28 , 66 , 50 , 45 '67 '69 .,97 ., 81 , 95 , 95 

1983 , 07 , 41 '49 '48 '64 • 72 , 69 .,98 .,92 .,92 

1984 ., 1(> '50 , 51 '49 , 64 , 71 .,75 .,74 , 9C> , 87 

Se lee-
tivity ,049 '317 • 464 , 508 '601 , 758 1, 01 1, C>O 1, 00 
by age 

Table 9.2: Fishing mortality val~es F (in yr- 1 > from VPA 
for Division 1.6 • Fy obtained from equation 
(9. 12) • 
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Table 9.3: 

Mid-year 0 group 
biomass strength 

YEAR (' 000 t) . <in mi 11 ions> 

1964 612 564 

1965 533 582 

1966 470 574 

1967 417 656 

1968 382 950 

1969 353 1162 

1970 351 13(11 

1971 356 771 

1972 315 425 

1973 252 481 

1974 2(10 559 

1975 17(1 725 

1976 137 1029 

1977 13(1 753 

1978 143 611 

1979 146 641 

198(> 136 857 

1981 126 829 

1982 135 59(1 

1983 148 321 

1984 154 -

Biomass and year class strength 
estimates for Division 1.6 from VPA. 
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Apper1d i )( '3. 1 

The instantaneous coefficient .of natu·,..al mortality, M 

A'3.1.1 Introduction 

Natural mortality is defined as death caused by all 
factors, e><cept fishing. A 1r1aJor cause of natural 
1r1ortal ity within the hake population is cannibal is1r1. Other 
factors include disease., old age, predation by other 
species and pollution. It would be desirable to 
distinguish quantitatively between these different causes 
of natural mortality and to quantify their effeC'ts on the 
stock so that the real situation can be 1r1ore accurately 
reflected, thereby making fisheries managen1ent more 
ef f eC't i ve. 

This section has been included since, although the 
Schaefer and Fo>< models require only past catch and effort 
data., estimates of the instantaneous coeffieient of 
natural mortality., M., must be provided for the Shepherd 
model and VPA procedure. The results of these latter two 
evaluations should therefore be viewed in the conte><t of 
the problen1s inherent in assessing M. 

Uncertainty about natural mortality has complicated hake 
stock assessment. Values assumed for M have varied in the 
past. These include the earlier estimates of M by Newman 
~al. (1'376a.,b and c) and Draganik (1976a> which were in 
the range 0., .2 - O, .25. In 1979 Assorov and Shcherbich 
proposed revised.natural mortality values of 0,4.2 for M. 
capensis and 0., S for M. parado><tts i"n Zone I. Such values 
were eonsiderably higher. than earlier estimates and were 
not adopted for stock assess1r1ent purposes., although 
slightly increased values of 0.,3 were used by authors such 
as Prellsk i ( 1980b > and Davi es et el· < 198(1 > • 

In 1984., the ICSEAF Standing Committee on Stock Assessment 
decided that values of M falling between 0.,3 and ci.,4 wo\.tld 
be regarded as being aeceptable <ICSEAF, 1985a). Some 
researchers feel, however, that the aC'tual ·value of M n1ay 
be appreciably higher and, in the case of .!!!:.. parado>etts in 
Divisions .2.1 + 2.2., this coefficient could be as high as 
0.,7 (Payne, in prep.>. 

Assessm~s in Chapter 9 and 10 assume M to be constant at 
0,3 • This choice was Mad~ to be consistent with the 1984 
ICSEAF decision noted above. In the case of the VPA 
procedure, assessMents were repeated using values of 0,.2 
and 0,4 to provide sqme idea of the sensitivity of results 
to the value assumed for M. Since managetr1ent decisions are 
generally based on stock trends rather than absolute 
values., the lack of a precise value of M May not severely 
handicap atte1r1pts to provide good managen1ent advice 
<I~SEAF, 1979>. 
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A9.1.2 Variations in M with age and time 

In reality, the assumption that M is constant with respect 
to age and ti nre does not hold. M is dependent on the age of the fish, being higher for smaller younger fish (which are available to a broader range of predators> and for 
older less fit fish. 

Of the density-dependent factors which natttral ly regttlate 
the fish population size, quite possibly density-dependent 
mortality in the youngest age groups plays a 111aJor role in 
the hake populations. It has been noted that M appears to 
be inversely related to the rate of exploitation <ICSEAF, 
1978). An increase in fishing intensity resulting in a decrease in population size, could be counteracted by a 
decrease in overall natttral n10.rtality. This is partly 
attribttted to the lik~ly proportional reduction in the nttntber of older <cannibalistic> hake individuals. Studies 
by Pre~ski (1978> in Divisions 1.4 and 1.5 indicated a 
heavy cannibal ism rate by individuals greater than 60 cm in length. Smaller hake.were found to constitute 9<:>~ of 
the total food consumed ·by such adults. Therefore, it can 
be hypothesized that M, particularly in younger fish, is· closely dependent on the abundance of older fish (that is, fish longer than 60 cm> and the 111ore abtmdant the latter, 
the higher the value of M. This theory would lead one to expect lower values of M in the middle stages of the 
fishery when the stocks were most heavily depleted. On the 
other hand, an increase in stock size following a reduction in fishing intensity (as a result of, for 
example, lower catch quotas or the introduction of fishing zones or increased mesh sizes> would be expected to indicate higher values of M for the most recent <and 
earliest> period of the fishery. M also depends on the 
predator populations other than tt1an, which may adJust their intake of hake depending on its abundance and 
availability. 

Although a production model which n1akes provision for a density-dependent M is likely to be a more realistic management tool, at present the infor111ation to estin1ate parameters quantifying such changes and hence to construct 
such a model is not available. Therefore, for the purposes of this assessment, M is assumed to be independent of age and stock biomass. Since most production models deal essentially with the eMploitable part of the stock which is mainly beyond the young ages after which natural mortality rates decrease sharply, it may be reasonable to assume that M is constant for those fished ages. The probable density-dependent nature of M ttsust, however, be kept in mind when dr.awing conclusions from Shepherd model and VPA results. 
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A9.1.3 Methods of estimating Mand some results 

Botha <198(>) calculated vahtes for M using a tt1ethod origi­
nally developed by Rikhter and Efanov (1977>. This method, 
which is based on the relationship between M and fish age 
at 50" se>n.tal mat\.trity, is given by the following fortt1ula: 

o, 7(> 
M = 1,521 I <x ) - 0,155 

where x is the age in years at 50" sexual maturity 
and M values thro\.tghout this thesis are quoted in units 

yr-I. 

Botha <1980> applied the above forttl\.1la to data available 
for males and females of both species in Division 1.6. The 
M values he calculated are given below: 

Species Male Fen1ale 

M. capensis (>, 42 (>, 33 

M. parado:xus 0,44 0,34 

Another method of natural mortality estimation is the 
analysis of the stomach contents of predators. Such 
estimates depend .on the total eonsumption by predators, 
their abundance, diet composition and preferences and the 
abundance and suitability of.prey. This approach is used 
in CVPA (described in Appendix ·9.5>. 

As illustrated below, M can also be calculated from the 
li"near regression of fishing effort on the total mortality 
eoefficient., z: 

Z = F + M = q.E + M. 

where M is the y intercept <E = O>. 

z 

M 

EFFORT 
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Pauly 0980> introduced an alternative n1eans of estin1ating 
M for any given fish stock by relating it to other easily 
estimable parameters, nan1ely; the size of the fish as 
expressed by its value of Wco or Lm (given by the von 
Bertalanffy growth formulae in equations A9.2.2 and 
A9.2.3>, the von Bertalanffy equation growth parameter K 
and T (the n1ean annual water temperature>. Good est inrates 
of these paranreters have been calculated for tt1ost large 
exploited marine fish stocks (Pauly, op. cit.>. 

By obtaining regression equations in ternrs of ~eight: 

" log M = -, 2107 - , 0824 log W00 + , 6757 log K + , 4627 log T 

<A9. 1. 1 > 
and in terms of length : 

" log M = -, 0066 - , 279 log Leo+ , 6543 log K + , 4634 log T 

<A'3. 1. 2> 

<where W00 is given in granrs, Loci in cm and T in °C> 

and by calculating their multiple and partial correlation 
coefficients, Pauly showed that the three variables, K, T 
and W00 or Loci significantly affect the value of M with K 
having the highest partial correlation with M. 

I\ Pauly also calculated the standard deviations of the log M 
values for equations <A'3.1.1> and <A'3.1.2>. A typical 
range for M values for hake is 0,3 - 0,5 • For the lower 
extrenre of this range the standard deviation of log M is 
o,.247 which c-orresponds to a coefficient of variation 
<c.v.) of 24,7~ and a standard error (s.e.) of approxi­
mately 0,1 for the estimate of M. For the higher extreme, 
the corresponding val\.tes are very similar, natt1ely, a 

I\ 
standard deviation of 0,245 for log M and corresponding 
c.v. and s.e. values of 24,5~ and approximately 0,1 
respectively for M. 

Table A9. 1. 1 gives est itt1ates of M obtained using Pauly:- s 
(1980) formulae and data provided by various authors for 
the hake stocks in each of the divisions. It is notable 
that most of these estimates are nearer the higher than 
the lower end of the 0,3 - 0,5 range. This suggests that 
the 0,3 - 0,4 range currently considered acceptable by 
ICSEAF and the vahte of O, 3 used in this thesis tt1ay be 
somewhat too low. 
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AUTHOR, DATE T=B.,11 T=B,75 and 
DIVISION K Leo Woo Mi.. Mw M '- Mw 

Ko lender 1975 , 063 174,83 
( 1. 3 + 1. 4) .,077 130, 3(1 

34509 
1526(> '4(1 ., 41 

,38 '38 (Mc> 
(Mp> 

Pozo 1976 , 12(1 111., 14 * 7594 ,4B ,49 (Mc) ( 1. 3 + 1. 4) 

Obregon 198(> '056 17C1, 86 22280 , 36 , 37 .,36 ,38 ( 1. 3 + 1. 4> 

Isa rev 1983 ,085 134,53 17128 '41 4 ... , ., . 4"'· ., . .,43 ( 1. 3 + 1. 4) 

Prei.ski 1978 , 106 125., .20 13091 '45 '46 (Mc) 
(1. 4 + 1. 5) 

Botha 1971 .,OB7 139,63 *1467(1 4 .. , .. . '43 4'"' ' . ,43 
( 1. 5 + 1. 6> 

Draganik 1976b '088 138.,5 18270 4 .. , ' . ,43 ., 42 ,43 
(1. 5 + 1. 6> 

Botha 197(1 '13(1 115, 7 1(1748 .,49 ,48 (Mc> 
(1. 6) 

Davies et al.1980 ., 119 118,6 * 9160 .,46 .,48 .,47 ,48 
(1. 6) 

Payne~ al. 1982 ,134 114., (I * 8172 '48 ,50 .,49 ,50 -(1. 6) 

Leslie 1985 '113 125.,4 *10758 , 45 '47 , 46 ,47 ( 1. 6) 

Payne~ ~- 1984 ., 086 144,8 *16292 ., 41 4 .. , ., . .,42 .,43 
(1. 6, 2.1 + 2. 2> 

Kono 1980 ., 111 118, 8 14160 .,46 ., 47 
(2.1 + 2.2> ,099 129., 1 17076 , 44 '44 

Leslie 1985 '(>79 167,3 *24715 '4(1 '41 ,40 .,42 
<2. 1 + 2.2> 

Table A9.1.1 • Estin1ates of M obtained using Pauly's (1980) 'length' and 'weight" formulae (denoted by ML and Mw respec­tively), and data provided by various authors. Values of T = 8,75(for1'!1:.. capensis) and T = 8,11 (for~ oaradoxus> are used <Botha, 198(1). A * indicates that the Wco values are calculated on the basis of Draganik's (1976b) length:weight relationship (see Appendix 9.2>. Where values apply to only 
~ capensis or M:.. paradoxus this is eorrespondingly denoted by Mc or· Mp after the results. 
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Appendix A9.2 

Growth in length and weight 

Growth is one of the main driving forces in the dynamics 
of a fish population. To reflect weight- or length-at-age 
measurements such as those required for Virtual Population 
Analysis <Chapter 9> and Pauly's method of estimating M 
<Appendix ~.1), fisheries scientists use simple growth 
equations. These are based on observed si2e-at-age data 
and are in mathematical forms·which can be incorporated 
reasonably easily in expressions for yield. Th• equatiDns 
for weight and length used in this analysis are described 
below. 

Ci) It has been found that within any stage of a fish7 s 
life, weight varies.as some power of length: 

b 
w = a.l <A9. 2. 1> 

where w = weight in grams 

1 = length of fish in centimetres 

and a and b are constants <b being approximately 
equal to 3). 

For the purposes of this hake assessment the 
length : weight relationship of Draganik <1976b) is 
used: 

2,8852 
w = 0.,0095 l 

(ii> The model most frequently used to describe growth in 
length has been attributed to von Bertalanffy (1934>. 
The von Bertalanffy growth fuwction CVBGF> assumes 
that fish grow towards some theoretical maximum 
length or weight, and that the closer the length gets 
to the maximum the slower the rate of change of size. 
The VBGF equation for length is given by 

-K. Ct-t 0 > 
l = L m • C: 1 -e J CA9.2.2> 

t 

where l is the length of fish in ct11 at time t 
t 

Lm is the asymptotic length of fish in cm 
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and K is the rate at which length approaches L 
00

• 

<See Note (1) for the derivation of 
<A9. 2. 2>. > 

equation 

The VBGF is a useful model since it fits most of the 
observed fish growth data and it can be incorporated 
readily into stock assessment models. A single model 
will not fit the growth curve from egg ~o old age~ so 
different models apply ~o different stages of the 
growth curve. Usually it is only the adOlt fished 
population that is of interest. 

From curves of length- and weight-at-age, Leo~ t 0 and 
K can be deterndned using regression techniques. 

Payne fil al. ( 1984) present a composite VBGF for Zone 
II based on South African age data drawn from the 
years 1968-1982. The relationship is: 

-0,08601(t + 0,3998) 
l = 144, 8 [l 

t 
e J 

However, ·Since the Virtual Population Analysis 
discussed in this thesis only requires a VBGF for 
Division 1.6, the formula given by Leslie (1985> was 
used, namely, 

l = 125,4 [1 - e 
t 

-0,113(t 0,0396) 
J 

The.· weight of a fish is usually closely proportional to 
the cube of its length and s~ equation <A9.2.2> can also 
be expressed in weight: 

[ 
-K. (t-t 0 )] 3 

w = Wco. 1-e 
t 

where w is the weight. in grams at time t 
t 

<A9.2.3> 

and WO) is the asymptotic 
asymptotic length, 

weight, 
L CIO " 

corresponding to the 

The constant, K, i~ as given in equation (A9.2.2). 
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Many problems in fishery assessment are essentially a 
matter .of comparing weight gained by growth against that 
lost by natural mortality, and as a result most population 
analysis is concerned more directly with the growth .rate 
of :biomass rather than number of the population. 

Note (1) The simplest derivation of the VBGF is that of 
Gulland <1969): 

dl/dt -· K. <L(X) - l > 

Integration of the above equation yields 

l· = Leo - c. e-K.t 

where c is the·constant of integration. 

K.t0 

Let l = 0 at t 0 , then c = Leo. e 

It follows from equation (A9.2 .. 4> that 

-K. <t-t 0 > 
l = LO? • I:1 - e J 

t 
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Apoendix 9.3 

Cohort analysis 

As in VPA, cohort analysis uses catch-at-age data and 
est il'Ylates of M and Ft to obtain est in1ates of Fi and Ni for 
each age of a year-class. 

·Pope7 s ll'1ethod is CIS follows: 

Let N = nu1Y1ber of fish of age. i 
i 

c = nul"tlber of fish caught of age i 
i 

and M = instantaneous rate of natural l'YIO rt al i ty. 

Cohort analysis is based on the following t~o basic VPA 
equations: 

N = N .e 
i+1 .i 

- <F· +M> . I 

-<F;+M> 
C = N .F • (1 e )/(F +M) 

i i i i 

Equation <A9.3.1> can be rewritten as 

M 
N .e = N .e 

i+l i 

which can be expressed as 

M -Fi 
N .e = N - N (1-e ) 

i+1 i i 

Llsirig equation CA9.3.2) this can be written as 

M -Fi 

<A9.3.1) 

<A9.3.2) 

-(Fj +M>· .. 
N .·e = N re. <F +M>. <1-e >JICF < 1-e > J 

i+1 i i i i 

VPA a~sumes that, within an~ one age group, the.decline in 
numbers due to fishing and natural mortality with time 
over one year can be represented by an exponential ct.1rve. 
In cohort analysis, the exponential cu-rve is interrupted 
by a step function 'by assuming that all the catch for any 
particular age group is taken iristantaneously in the 
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middle of the time period under consideration (usually one 
year) and that only natural losses occur continuously on 
an exponential basis. 

\ 
............................. ~ N· I 

N N •. -M/ i+1= .• e 2 ,." 
.._ I\ 

' -~ N' 1 · 
~ -··-··-······-···-···-···{"··-\:< J- catch (C;l 

c: N" ············~········-···········! ................. , 
I I ·,, 

'\ I . I .,. 
'· N. . ............................ .J .....•......•. .J. ••••••••••• 

i+l I I 1·'., 
I I I 
I I I 
I I I 
I I I 

i + 1h i +1 
age 

Figure A9. 3. 1: In cohort analysis a step function replaces 
the exponential curve (dotted) of·VPA. 

For values of M. < 0,3 and F < 1,2 ; the function 
i 

-Fi . -<Fi +M> 
r ( F +M > • <1-e > J I [F • <1-e ) J 

i i 

M/2 
can be accurately approximated by e 
follows that 

<see Note (1)). It 

M M/2 
N = N .e + C .e <A9. 3. 3> 
. i i+l i 

.Jf all the catch were taken at the midpoint of the 
period under consideration, then equation <A9.3.3> 
be e>eact. 

time 
WOltld 

For the case i = t~ making some assumption for Ni+t (or 
equivalently an assumption for Ft> and further knowing the 
values of C;· and M, one can use equation <A9.3.3) to 
obtain Nj and this in turn can be used to obtain Nj-1 and 
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so on proceeding backwards in time from the oldest to 
youngest ages. So, if one can determin~ the population 
size of the oldest age, by applying equation <A9.3.3> one 
can determine the size in numbers of successively younger 
age groups. 

Equation <A9.3.1) can be rewritten as 

F = ln<N /N > - M • 
i i i+1 

Values of Fi can therefore be found for all age groups. 

If the rate of fishing mortality is distributed unifornily 
throughout the year, more fish of any fully recruited a~e 
are caught during the first semester than the second. 
Therefore equation <A9. ~. 3) will tend to ov.erestin1ate the 
Ni values, but only for a few percent for values of 

F ( 1,2 and M ( 0,3 • 

As with VPA, the most recent set of F estimates and hence 
current population estimates are going to be the least 
acc\.1rate in the analysis, and Pope (1977> emphasizes that 
quota adJustments based on this type of analysis should 
account for the likely errors involved. 

-F -(F+M) 
~ (1) Let f(M,F> = (F+M). (1-e > I CF. (1-e )J 

M/2 
If e is an approximation of f(M,F>, 
error <r.e.> is given by: 

then the relative 

From the 
relative 
increase. 

M/2 
r.e. = f(M,F> I e 1 

plot in Figure A9.3.2 it can be seen 
error increases as the values of 

<A9.3.4> 

that 
F and 

M/2 

the 
M 

A Taylor expansion of the function i: f<M,F> I e J - 1 
as far as terms of the second order in M and F yielded the 
following: 

M/2 
f <M,F> I e l = - CM. <M+2F>J/24 + <A9. 3. 5) 

terms of the third and higher order in F and M. 
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Appendix 9.4 

The effect of mesh size and emigration on selectivity 

In Section 9.4 the effect of the mesh size of the net on 
selectivity was discussed. In principle, the mesh size 
determines the size composition of the catch, the larger 
fish being more vulnerable to the fishing· nets than the 
smaller fish which pass through the meshes. This effect is 
illustrated graphically in Figure A9.4.1 where iR is the 
age of f\.tll recruit111ent and' imax is the maximum age 
observed in the catch. 

s 

. Selectivity Sj 
<no scale> 

Figure A9.4.1 

It is assumed that 
because of mesh size. 

AGE 

the oldest age 
That is., S = 

imax 

imax 

is fully selected 
1 • This defines the 

scale and removes· any ambiguity from the definition of 
selectivity. 

The size composition of hake.is also known to vary over 
their geographical distribution. As hake mature, they tend 
to 11iigrate to deeper waters and therefore various groups 
of hake may not inhabit the main fished area. This effect 
of emig:ration is rot.tghly equivalent to apparent 
selectivity decreasing with age (see Figure A9.4.2>. 

Apparent 
selectivity Sj 
(no scale) 

Figu~e A9.4.2 

AGE 
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Taking both effects into account, the graph of selectivity 
with respect to age could exhibit the following behaviour. 

Apparent 
selectivity si 
(no scale> 

Figure A9.4.3 

AGE 

Mathematically, the rate of change of population si%e <in 
numbers> with respect to tin1e when there is ·an eniigratio11 
effect can be expressed as 

y y y y ,.. y 
dN / dt = -M.N - q.S .F .N - E .N <A9. 4. 1 > 

i i i i i i 

-where Ej denotes the per capita rate of population loss 
due to emigration. 

The effects of emigration on selectivity are difficult to 
quantify and therefore, for convenience, they are ignored 
for the purposes of this analysis. However, emigration 
could be incorporated into the definition of M .by 
rewriting equation <A9.4.1l as follows: 

y 
-M'.N 

y y .y 
dN I dt = - q.S ·• F .N 

i i i i i 

M'= 
,., 

where M + E . 
i i 
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Appendix '3.5 

The method of CVPA, applied to hake by Lleonart, Salat and 
MacPherson (1985>, is an alternative method of stock 
biomass estimation which includes the effect of 
cannibalism. The natural mortality factor has two 
components. The first depends on cannibalism and the 
other, which is due to all other natural causes, remains 
constant. Since cannabilism va~ies greatly with age, the 
use of a rt1odel such as VPA which takes the age structure 
of the stock into account, is particularly apprtipriate. 

The CVPA model was applied by Lleonart g! al. (1985> to 
Cape hake in Division 1.5. Yearly catch-at-age data was 
available for this divi~ion and cannibalism was known to 
occur. The yearly diet of cannibalistic individuals and 
the number 0¥ individuals eaten at each age was e~timated 

from stomach ~ontent analysis. 

The CVPA rest1lts were corr1pared to the those obtained using 
the standard VPA. Significant differences in values for 
population size-at-age and the coefficient .of natural 
rr1ortality were found between these two models. CVPA 
estimates of the total number of individuals were 1,44 

times greater than those of VPA. The difference between 
the number of younger and older individuals was shown to 
be tt1uch greater than in ·vPA and as a consequence the 
population appears to be much younger. Biomass-at-age 
levels showed the same trend to a lesser degree. 
Therefore, by ignoring the effects of cannabilism, the 
standard VPA underestirr1ates the values for the youngest 
age groups. 

These considerations have a significant impact on the 
tt1analdement of the Cape hake fishery in which there is a 
high rate of cannibalism. Managen1ent could to a certain 
extent limit the effect of the competition between fishing 
and canYlibalism on the yotmger age groups by shifting the 
fishing pressure onto larger individuals. Lleonart et U• 
conclt1de that 'Rf#gulating the tt1esh size would be likely to 
be much more effective than regulating total effort, 
becat1se, even if effort increases, if that increase only 
affects the older age groups, which cannibalise the 
younger age groups, but which do not themselves suffer 
heavily frott1 cannibalism (ages 5 to 7 in the present 
instance> it would be offset by the enhanced survival of 
younger individuals which as a result do not fall prey to 
cannibalism. ' 
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1(> EXTENSIONS TO DYNAMIC MODEL 

1 (>. 1 I "('rl; T'Oth.tct i Ol"I 

In Chapter 9, VPA biomass estimates were compared with 
those of the Schaefer and Fox dynamic ttrodels for Division 
1.6 and some large discrepancies were noted. In this 
chapter a number of possible biases in the existing 
dynamic production model are examined. Several extensions 
to this model are introduced in an attempt to achieve 
greater agreetrrent with the magnitude arid trend of biottrass 
estimates produced using VPA. 

Such extensions include the incorporation of a titrre delay 
ir1 the net growth functioY1 as wel 1 as (undetected) 
increased efficiency in the catching operation. In 
addition, the effect of allowing y 1 to vary is also 
examined (up to this point, the initial biomass, y 1, has 
been assutrred equal to the carrying capacity K>. Finally, 
an alternative form of the net growth function which was 
introduced by.Shepherd (1982> is described and applied to 
data from all four divisions. 

10. 2 The effect of time lags i·n the net growth ftmction 

A response delay was incorporated into the net growth 
function, G<y>, and its effects on dynamic model biomass 
estimates were examined: 

G<y > -t G(y > 
i i-T 

where T = t ill'1e lag. 

This aspect was introduced to allow the model to take so«se 
account of the period between spawning and recruittrrent to 
the fishery. 

Earlier cotrrparisons with VPA results for Division 1.6 do 
suggest that time lags may be playing a role. It then 
might follow that the instantaneous response in the net 
growth function assumed by the models considered above, 
could lead to overestimates of appropriate catch. limits. 

Schaefer and Fox models "hich incorporate such an effect 
have been fitted to the data for Division 1.6 Results 
are shown in Figures 10.1 and 10.2 respectively. Non­
integral time lags were simulated by linearly interpolat­
ing" between biomass values: 

y <1 - a>.y + a.y (10. 1 > 
i-a i i-1 
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Figure 10.2: Fox model 

Figures 10. 1 - 10.2: Biomass trends for Division 1.6 for the 
Schaefer and Fox models where a time-lag of T years is 
incorporated in the surplus production function. The VPA 
biomass assessment for M = 0,3 is shown by the dashed 
line marked VPA. 
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The Schaefer model results in Figure 10.1 indicate that 
values of T 4 1 year do provide a marginally improved 
agreement with the VPA estimates. However, ;the res\.1lts for 
the Fox model (illustrated in Figure 10.2> show no 
improvement ir1 agreement beweeY1 the two proced\.1res; for 
all values of T > 0, the biomass curves are higher than 
the curve showing no time lag (T = (1), thus representing 
correspondingly larger discrepancies with VPA biomass 
estimates. 

For large delays of approximately T greater than 3, there 
does appear to be some better agreement of trends with 
those of VPA for recent years (that is, not· as large a 
rate of increase of biomass as for the case T = O>, but 
this is at the expense of a tt1\.1ch greater difference in 
absolute biomass estimates. 

Therefore, it can be· co-r1cl \.1ded frott1 analyses based on 
available catch and effort data, that the inclusion of 
time delays in the net growth f\.mction does not appear to 
account for the maJor i'l"lconsistency between the VPA arid 
dynamic model estimates. 

10.3 The effect of increased efficiency in the catching 
operation 

The dynattiic model is based o·n the ass\.1mption that the 
catch rate is proportional to biomass (equation <5.4>>, 
that is, 

y = (C/E)/q 

where q is the catchability coefficient. 

This can be rewritten as C/y = q.E 

where 

If 

where 

and 

E = actual effort. 

E = P .E 
f N 

P is the s\.1itably averaged power factor of 
f 

vessels active in the fishery 
relative efficiency> 

(that is, 

E is nominal effort measured in trawler hours, 
N 

it follows that C I y = q.P .E 
f N 

As can be seel'l fT'otr1 the above equations, the proport i ol"I of 
the accessible population ca\.1ght peT" yeaT' is deter11rined by 
changes both in nominal effort and in the efficiency of 
fishing vessels. 
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For this analysis, the ICSEAF figures for act\.\al effort 
(which have been adJ\.isted by ICSEAF to all ow for power 
factors> are used. If, however, the power factors used in 
the calc\.tlation of actual effort have failed to account 
completely for a gradual steady increase in catching 
efficiency taxing place over the past years, current CPUE 
estimates could reflect biomass values that a'r'e lower' than 
dynamic tt1odel biottrass est i1t1ates obtained in Chapter 8. 
Such lower values would be more consistent with VPA 
biomass estimates for Division 1.6 • 

The associated Y'evised 1t1odel can be represented as 
follows: 

C/y 

where p' 
f 

I I 
= q. p • E = q.P .P .E (1(1. 2> 

f f f N 

is an adJustment to the existing averaged 

power factor incorporated to account for 
<undetected) increased efficiency. 

A constant percentage increase <x> in the adJ\.tsttt1ent 
factor each year was introd\.tced into the dynattiic minimi=<:a­
tion proced\.tre, that is, 

(p I) 

f i+n 

n 
D [1 + ()(/100)J 

where the adJUStttrent factor is assumed to first cottre into 
play in year (i+1). Though >< is defined as a percentage 
here, for clarity of meaning the " sytt1bols wi 11 neverthe­
less be retained in the following text when quoting values 
of x. 

Biomass esti111ates for Division 1.6 were evaluated, 
considering an (undetected> increase in efficiency over 
the last 10 and last 20 year periods for both the Schaefer 
and Fox models. The results are illustrated in Figures 
10.3 - 10.6. 

Schaefer and Fox model results indicate little i111prove111ent 
in agreettrent with VPA esti111ates for the 1(1 year period. 
For the 20 year period there is better agreett1ent. In the 
case of the Schaefer model, consistency between biomass 
values improves when the adJusttt1ent factor has a value of 
up to 5" and is best when an increttrent of 3% is used. Fox 
model estimates lead to sittrilar improvements over a large 
range of adJustment factor values, the optimum case being 
when the postulated undetected efficiency increase rate is 
6~ per year. 

While these res\.tlts are of interest, it would seem 
prettrature to use thett1 in fratr1ing management action at this 
time. The first consideration should be a search for other 
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Figure 10.4: Fox model 

Figures 10.3 - 10.4: Schaefer and Fox model biomass trends for 
Di~ision 1.6 assuming that catching efficiency has in­
.cr~ased <unde~ectedly) by x ~ per year over the past 10 
years <that is; since 1974). The VPA biomass assessment 
for M = 6,3 is shown by the dashed line marked VPA. 
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Figure 10.s: Schaefer model 
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Figures 10.5 - 10.6: Schaefer and Fox model biomass trends for 
Division 1.6 assuming that catching efficiency has in­
creased Cundetectedly> by x ~ per year over the past 20 
·years <that is, since 1964). The VPA biomass assessment 
for M = 0,3 is shown by the dashed line marked VPA. 
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evidence to indeper1dent ly q1_,;:cnt i fy the 'uridetected" 
efficiency increases postuleted above. Such research might 
commence with a re-examination of previo\.tS power factor 
est i 111at ion cal cul at ions. 

10.4 The effects of time delay and increased efficiency 
factors on estimates of sustair1able yield and 9'1.lOtas 

Originally, t i111e delay and increased efficiency factors 
were incorporated in the dynamic models in an attempt to 
red\.\ce differences betweel!'I dynattiic tt1odel and VPA 
estimates. However, of additior1al interest i? the effect 
of such factors on the MSY and 1985 q\.\ota estitt1ates. These 
effects are illustrat'ed in Figures 10.7 - 10.1(1. 

The incorporation of time lags in the dynamic model net. 
growth equation resulted in changes in MSY that were 
relatively insignif_icant. In the case of the Schaefer 
tt1odel, a tin1e delay of T = 0,9 provided optinial agreement 
between VPA and dynamic catch-effort model bion1ass 
estimates. This time delay corresponded to a 2., 4% increase 
in MSY and a 4,7% decrease in Q 01 <85) when compared to 
values obtained when T = o. In general., the trend was 
towards slightly lower MSY values as the time lag was 
increased (see Figure lC>. 7>. 

As shown in Fig\.tre 10. 8, an increase in efficier1cy over 
the last 10 years had a similar effect on MSY. However, a 
slightly steeper and virtually linear decrease in MSY 
values with respect to the increase in efficiency was 
observed. An increase of >t = 4% (per year> resulted in a 
5% decrease in MSY for .the S_chaefer model, and 
correspondingly a 13% decrease for the Fo>t model. 

Quite different MSY trends were observed when the 
efficiency increase was taken over the last 20 years. For 
the Schaefer model, MSY was seen to remain fairly constant 
for x values in the range 0 - 5% per year, after which it 
decreased sharply. On average, Fox model estimates showed 
quite a different trend, with MSY values rising slightly 
as the efficiency adJust111ent factor increased. The 
' opt i m\.\1t1' val \.\e < in respect of getting best agreement with 
VPA biomass records) of x = 3% for the Schaefer model 
resulted in no increase· in MSY, whilst the corresponding x 
value of 6% for the Fox model led to a 7,4% increase. 

The effect of increased efficiency over the last 1<> years 
on 1985 quota values was also investigated (see Figure 
10.10>. Q 0 , 1<B5> values appear to decrease in an 
.e>tponential-like fashion as the efficiency adJustment 
factor is increased •. For the Schaefer model~ an ~ optitti\.\m~ 

value of >t = 3% yielded an 38%. decrease in Q 0 , 1 (85}, 
whereas, in the case of the F o>t model with x = 6% , the 
corresponding decrease was 40%. • 
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Figure 10.7: Schaefer and Fox model MSY estimates as a 
f\.tnction of T for Division 1. 6 where T is the titt1e­
lag (in years) that has been incorporated in the 
surplus production function. 
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Figure 10. B: Schaefer and Fox tt1odel MSY esti111ates as a 
function of x for Division 1.6 where x is the 
percentage increase <undetetected) in catching 
efficiency per year over the past 10 years. 
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function of >e for Division 1.6 where >e is the 
percent~ge increase <undetetected> in catching 
efficiency per year over the past 10 years. 
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10.5 The effec:-t of c-:11owi·og i't'1itiE<l biotl'!C<SS, y 1 , to assutl'!e 
·-..·C<lues other thC<'t'1 the carryi't'1g c·apE<c:·ity, K 

lY1 the iY1itiC1l r·ttl"rs of the dy .. namic model progT·atrY, the 
c·o.,..1st rai 't'rt was set that the i ·nit i a 1 hake biomass · preseYrt 
(thi:!t is, the bio1ttass at the start of the CPUE series>, 
y P wi:ls somewhat arbit r·a·r·i ly assumed equal to the c·arrying 
c·apacity, r\. This is reasoY1able if the CPUE data series 
goes back to the start of the fishery or, alterY1atively, 
if catches before the start of the data series were 
r·elatively sttfal l (whic·h is broadly the c·ase for- the stocks 
UYrdeT· ccmsideratioY1 her-e}. The effect of r~laxir19 .. this 
assutttptiol"r is now exaffliY1ed. Howe-ver, as explaiY1ed below, 
allowi·,.-,9 y

1 
to vary without any co·,.-,straiYrts c·c:m lead to 

tmrealistic· estifflates for- iYdtial biottfass. 

Data series for all four- ICSEAF divisio·ns (see Tables 3. 1 
- 3. 4} iY1dicate very high CPUE vahtes for the i.,..dtial 
stages <typic·al ly the first 2 - 3 year-s> of the fishery 
and theY1 substaY!tially lower- values thereafter. These 
large values at the start of the CPUE series (WhE'Y1 the 
fisher-ies wer-e Sttfai l > do not .,..,ecessari ly indic·ate a 
pr-oportionately higher- stock si:te. They c-otlld r-ather· be 
the result of the initial fishing out of high density 
-r·egicms. If there are no restricticms on y 1 , the fitting 
pr-ocedur-e ifflttfediately sets y 1 >} I'\ to . ac-couyft for the 
u·r1T·ealistically large ·negative valttes of the gl'owth 
f tmct i 0Y1, G ( y > , r-1eeded t o rep rod ttce l a rge dec· l i Y1es i .,.., 
'biomass' (corresponding to large CPUE drops>, and 
therefore poor estittfates of y 1 could be expected. Such 
results should be tl'eated with c·atttion. 

To illustrate this probleffl, the following approach 
adopted. A sertti-arbi t rary nuttfber· of CPUE values at 

. sta·r-t of each of the data ser·ies we.,.e ignored for 
analysis aYid the value of y

1 
/K that allows for the 

fit to the data was selected. 

was 
the 
the 

best 

Results of rUY1s of the Sc·haefer a·nd Fox sqttare root 
ffliYdttri :tat i o·n pT·ocedures for y 1 = W and for y 1 /I'\ set 
variable are give-n il"1 Tables 10. 1 - 1(>. 4 • In the y 1 /t\ 
vaT·iable case., the nrodel was fitted to the whole of the 
data series as well as to the data series less the first n 
data pairs (wher·e n = 1, ••• 5>. MiYlifflizations were 
per-for-nred using the NAG nrininrization routine, E04FDF, and 
in all cases the results were checked using an alterr1ative 
routine MINIM. 

Coefficient of variation (c.v.> estinrates were calculated 
using the sanre proc-edur-e desc·ribed i·n Chapter- 7. These are 
9iverr for al 1 parattreter- and variable est ifflates calc·\.tlated 
using the full data series and for certain cases where 
n data pai T's were dropped froffl the start of the data 
series. (Since the variance calculation method adopted 
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ttses considerable computer t itt1e, it would have been 
unrealistic to perfortt1 such calculations for- the whole 
table.) For- Divisions 1.3 to 1.6 a value of n = 2 was 
chosen since., in general, 'reasonable' (that is less than 
tmity> y 1 /K ratios resulted from these data sets. However., 
in Divisions 2. ·i- and 2. 2., n was taken to be 5 since only 
in this case did y 1 /K fir-st fall to below 1. 

From the y 1 /K variable results given in the table below., 
it can be seen that in 6 (out of the B> cases., y 1 was 
greater than K when the complete data set was used. 
However., in thT'ee of the abovementioned .cases., the 
difference between the y 1 /K estimates and unity is small 
and from the 95';<. confidence interval 1 imits (listed in the 
table below> it can be seen that these differences are not 
statistically significant. A sittd lar argument shows that 
even though both the Schaefer and Fox models in Divisions 
2.1 and 2.2 show y 1 to be much greater than K., the 
corT'esponding 95" confidence intervals span unity and 
therefore the difference by which y 1 /K is greater than 1 
is also not statistically significant. Therefore only in 
the case of th~ Schaefer model in Divisions 1.3 + 1.4 is 
y 1 /K <=2,28> significantly greater than 1. However., as 
soon as the first year (1965) is omitted from the data 
series., this ratio dT'ops to below unity. 

y 1 /K 

DIVISION MODEL. Estimate 95" confidence int. c.v. 

Schaefer 2,28 ( 1 .... ,&:'. .. 3., 18 } 22 .,.,.-.;i 
' 

., 
1. 3+1. 4 

Fox 1, 11 ( 0.,58 .. 1.,94 ) ., 31 ., 

Schaefer 1.,27 ( 0.,70 .. 2., 19 } .,30 ., 
1. 5 

Fox 0.,95 ( 0.,44 .. 1., 84 ) .,37 ., 

Schaefer 1.,03 ( (I., 74 .. 1., 76 ) .,23 ., 
1.6 

Fox 0.,00 ( o, 6(1 .. 1, 08 )• ., 15 ., 

Schaefer 1, 36 ( 0.,42 .. 2 IC'~ ) ., 41 ., ., -.;$.;) 

2.1+2.2 
Fo>t 1.,96 ( 0.,86 • 3.,85 ) .,36 ., 

To facilitate comparison of the constrained (y 1 =K> and 
unconstrained (y,IK variable> model estimates of the 
quantities MSY., Q 0 ,,<85> and y*IK., the relative changes in 
these values were calculated and expressed as percentages. 
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In the case of the MSY estimates, these differences were 
very str1all <less than 5~ and on average 1,3~> for both the 
Schaefer and Fox n1odels in all divisions. A comparison of 
the Q~1 CB5> estimates yielded similar results (that is, 
cha'l"lges less than 5~> e>ecept in two cases, natt1ely, the 
S6haefer model· i'l"l Divisions 1.3 + 1.4 CwheT'e a relative 
change of 6~ is evident> a'l"ld for the Fox model in 
Divisions 2.1 + 2.2 (where the change was 13~>. 

The relative change in y*/K values for these two cases 
was also rather larger with corresponding values of 6 and 
10~ being obtained. Also, in the case of the Fox n1odel in 
Division 1.6, a largish absolute relative change of 7~ was 
calculated for the y*/K value. Since no obvious trends 
towards higher or lower MSY, Q 0 ,, <85> and y•/H values were 
observed when y 1 /H was unconstrained (that is, both 
negative and positive and generally fairly sn1all relative 
changes were observed>, it can be concluded that the 
re~oval of the y 1 =K constraint will cause only small 
-changes in the estin1ates used for tt1anagement decisions. 

On the other hand, a· con1parison of the relative changes in 
precision associated with the MSY, Q 0 , 1 C85) and y*/K 
results Cas deterndned by their c.v. estimates) reveals, 
in most cases, substantial differ~nces between the 
precision of the constrained and unconstrained dynaniic 
model results. Only in 6 (out of the 24) cases was the 
relative change found to be· insubstantial Cless than 5~> 

and in as many as 7 cases, the relative change exceeded 
50~ • Also, in one third of the cases, negative relative 
changes were evident and therefore no general conclusions 
could be reached _with regard to increasing or decreasing 
trends in precision as a result of the ren1oval of the y 1 =K 
constraint. 

The c.v. estimates for the three quantities (MSY, Q 0 ;a<B5> 
and y*/K) were all less than 20%, except for G 0 ,1 (85> Cy 1 /K 
va·riable case> in Divisions 2. 1 + 2. 2 • It can therefore 
be concluded that, although letting y 1 /K vary might result 
in c.v. estimates substantially different fron1 the y,=K 
case, the overall precision with which these three 
quantities can be estimated is still within an aceeptable 
range and therefore the use of the unconstrained model (as 
opposed to the y 1 =K model> is unlikely to have a substan­
tial effect on T'esultant management recommendations. 

It is also obvious frottr the results in Tables 10.1 10.4 
that the exclusion of high CPUE values frottr the start of 
.the data series has a definite effect on Ya /K estin1ates. 
In Division 1.3 + 1.4 and 1.5 this effect was to decrease 
y 1 /K values. On the other hand, in Divisions 1.6 and 2.1 
+ 2.2 the T'eVeT'Se effect OCCUrred, and in some cases 
relatively high estittrates of y 1 /K were obtained. As 
expected, in a few cases unrealistic y 1 /K ratios occurred 
as a result of some high initial CPUE values. 
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A reasonable or biologically acceptable value of y 1 /K can, 
as a rough guideline, be considered to be one where 
y 1 /K ~ 1 <that is, one where y 1 'K>. Runs of the Schaefer 
and Fox models for y 1 /K variable and different data series 
(that is, for values of n = 0, ••• 5> all yielded a 
reasonable y 1 /K ratio for at least one data combination, 
except in the case of the Schaefer tt1odel for Division 1. 6 
where the ttiinitt1\.ur1 value of y 1 /K was 1, 01 • However, 
coefficients of variation for these estitr1ates were in the 
range of 15 - 40~, suggesting that much variation in these 
estimates can be expected. 

In summary, it can be concluded that this extended model 
does not appear to have any obvio\.ts advantages over models 
where y 1 =K. In sott1e c~ses, tt1ore biologically acceptable 
results were obtained, but there was no trend in these 
results and so no generalizations could be made. Since 
parameter and variable est~mates important to tttanagett1ent 
of the stocks remained essentially the same, the original 
three-paratt1eter model may as well be retained for 
management advice. 

Further refinett1ents could, however, be tt1ade to the 
original tt1odel or fitting procedure. One such cha'r'lge wo\.1ld 
be to consider a constrained minitt1i:i:ation where y 1 /K is 
variable, but not greater than some fixed quantity. The 
latter would not necessarily be equal to 1. It could be a 
slightly higher amount (for e>eample, 1,2> to allow for the 
fact that natural fluctuations ttiight have seen the stock 
somewhat higher than its mean explofted level (K) when the 
fishery cotttmenced. 

A further extension to the fitting procedure is possible 
if there is some information on catches (but not effort> 
before the start of the data series used. The model could 
then take such catches into account, although the absence 
of corresponding effort information would mean that these 
catches affected the minimization criterion only 
indirectly. 
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DIVISIONS l .,. 
.~ + l. 4 . SCHAEFER MODEL . 

Y1 = I'\ Y1 /K VARIABLE 

65-84 65-84 66-84 67-84 68-84 69-84 7(•-84 

y /K l, 00 2.,28 .,973 ., 705 ., Bl<• '631 1., 0.2 
1 <.,.217) (' .252) 

MSY 263 262 .261 .273 266 259 .251 
(., ()55) (., 057> (' 091> 

Q 239 254 24<:• 226 234 .244 274 
<•, 1 (, 124) (, 105) (, 134> 

y*/K '517 .,·55<• • 5.21 • 472 ., 5(•1 ,535 , 615 
(. (186) (, ()77> (., 162) 

K 2683 .2686 2745 .282(• 2736 2625 2392 
<, 115) (,106) (' 144) 

DIVISIONS 1. 3 + 1. 4 : FOX MODEL 

y,= K y
1

/K VARIABLE 

65-84 65-84 66-84 67-84 68-84 69-84 70-84 

y /K 1, (1(1 1, 11 ., 8(13 ,549 ,668 , 731 ,984 
1 (' 31 ~) <, 372> 

MSY 249 250 249 257 251 248 256 
(, 055> (, 059) (,112> 

Q 253 265 231 193 213 239 313 
o, 1 (., 125> (. 186) (, 241) 

Y*IK ,485 ,505 ,444 , 360 ,407 ., 45(1 ,579 
<, 077} (, 145) (., 287) 

K 3124 3101 3285 3791 3437 31(•6 255(• 
(, 094) (, 1(18) (., 3C•4> 

Table 10. 1: Di vision 1. 3 + 1. 4 • Paranseter est in1ates using 
Schaefer and Fo>e dynansic square root mininiization 
procedures with y, = K and y 1 /K variable. Figures in 
parenthesis indicate coefficients of variation. y* is 
the current biomass (that is, biomass at the start of 
1985>. 
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DIVISION 1. 5 . SCHAEFER MODEL . 
y,= K Y, /K VARIABLE 

65-84 65-84 66-84 67-84 68-84 69-84 7<>-84 

y /K 1, 00 1, 27 1, 93 '612 ,592 , 485 ,579 
1 (, 298> (, 231 > 

MSY 175 173 181 185 185 192 178 <, 049> (, ()54} (, (>71) 

Q 168 169 169 156 156 152 159 o, 1 (., 132) (, 127) (, 130> 

Y*IK ,556 ,564 ,542 ,492 ,491 ,463 ,521 
(, 101> (, (199> (, 154) 

K 1162 1192 1166 1252 1253 1321 1174 
(., 161) (, 159> (, 165} 

DIVISION l. 5 . FOX MODEL . 
--

Y, = K y 1 /K VARIABLE 

65-84 65-84 66-84 67-84 68-84 69-84 7(>-84 

y It-\ 1, (>0 ,946 ,666 , 351 ., 33(> ,246 ,362 
1 (, 370.> (, 328> 

MSY 162 162 164 187 19(1 206 178 
(' 049) (,(>51) (,OBS> 

Q 166 163 144 107 105 96,1 115 
(1, 1 (,135) (, 189} (, 287> 

Y*IK , 495 , 486 , 426 , 283 ,273 , 231 ,320 
(, 093> (' 164} (+} 

K 1497 1501 1601 2173 2245 2644 19(>1 
(, 132> (, 153) (, 266) 

Table 10.2: Division 1.5 Parameter estimates using 
Schaefer and Fox dynamic- square root ndnitt1ization 
procedures with y 1 =Kand y 1 /K variable. Figures in 
parenthesis indicate coefficients of variation. y* is 
the current biotr1ass <i.e. biomass at the start of 
1985>. A (+} indicates that the distribution for the 
parameter estin1ate evaluated by the bootstrap 
technique was extremely skew. The estitt1ate is there­
fore probably severely biased and the coefficient of 
variation is an inappropriate n1easure of precision. 
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DIVISION 1. 6 . SCHAEFER MODEL . 
y,= "' Ya /K VARIABLE 

55-84 55-84 56-84 57-84 58-84 59-84 60-84 

y /K 1, (t(t 1, 03 1, 01 1, (t8 1,10 1,13 1,13 
1 (, 228> (' 211) 

MSY 139 139 138 136 134 133 132 
(, 07(1) (, 064) (, 076> 

Q 93,7 93,7 93,8 95,0 96,8 99,3 103 
(1, 1 (, 170> (, 153) (, 149) 

Y*IK ,391 ,392 395 ... '405 '416 4"'1"'"1 ' ~""- .,450 
(, 139) (' 119) (, 115) 

K 1286 1297 1309 1327 1328 1322 1307 
(, 232) (, 209> <, 210) 

DIVISION 1. 6 .. FOX MODEL . 
Y, = K y,JK VARIABLE 

55-84 55-84 56-84 57-84 58-84 59-84 60-84 

y /K 1., 00 '796 , 793 ,854 ,881 .,906 .,902 
1 (, 152> (,178> 

MSY 123 128 128 126 125 124 123 
(, 043) (' 042) <, (t47) 

Q 89,5 86., (I 86.,7 89,4 91, 9 95,0 97,9 
0,1 (., 113) ( .. 113) ( .. 114> 

y*/K ,353 ,328 ,332 ,347 ,359 , 374 ,388 
( .. 084> (' 099) (' 107) 

K 1764 1699 1696 1676 1656 1628 1602 
<, 10(>) (' 103) (, 099> 

Table 10.3: Division 1.6 Paran1eter estimates using 
Schaefer and Fox dyna1Jsic square root niininii:<:ation 
procedures with y 1 = K and y 1 /K variable. Figures in 
parenthesis indicate coefficients of variation. y* is 
the current bion1ass <that is, bion1ass at the start of 
1985). 
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DIVISIONS 2.1 + 
,.., ~, . SCHAEFER MODEL ""'-• L . 

y,= K y 1 /K VARIABLE 

67-84 67-84 68-84 69-84 7(•-84 71-84 72-84 

y It\ 1, (tO 1, 36 1, 47 1, 61 1, 62 2, (10 '722 1 (, 406> <, 367> 

MSY 52,8 51,4 50,7 51, 1 52,3 53,7 t~ ..... , iJw, L 
(, (t64} (' 13(•} (, 168} 

Q 5(1, 9 49,1 49,7 53,0 58,2 61, 4 56,7 
0,1 (, 173} <, 316} <, 249} 

Y*IK ,552 ,543 .,555 ,586 .,627 ,645 ,604. 
(, 13(>) (, 155} - (' 258) 

K 303 334 359 368 368 39() 402 
(, 264} <, 753) (, 364) 

DIVISIONS 2.1 + 
,., ,., . FOX MODEL L• 4'. . 

Y1 = K y 1 /K VARIABLE 

67-84 67-84 68-84 69-84 70-84 71-84 72-84 

y /K 1, (l(t 1, '36 1, 97 2, (•3 2,12 ,.., ~,c 

.. , .c;;;:J '589 
1 (' 364) (' 419) 

MSY 51,8 52,8 54,5 57,6 63,0 76,2 53,1 
(, (•52) (., 142> (, 152> 

Q 53,8 60,7 66.,4 75,9 90.,6 122 54,6 
0., 1 (, 159> (' 3(•1) <, 496> 

y*/K .,498 ,548 ,580 ,625 ,680 , 756 ,492 
(' 1(19) (' 121) (+) 

K 338 373 375 376 381 4Ct5 481 
(, 172} <, 272> (, 458> 

Table 10. 4; Division 2. 1 + 2. 2 • Paran1eter est in.ates using 
Schaefer and Fox dynamic square root minimi~ation 
procedures wi~h y 1 =Kand y 1 /K variable. Figures in 
parenthesis indicate coefficients of variation. y• is 
the current bion1ass <i.e. bion1ass at the start of 
1985>. A (+) indicates that the distribution for the 
parameter estin1ate evaluated by the bootstrap 
technique was extren1ely skew. The estin1ate is there­
fore probably severely biased and the coefficient of 
variation is an inappropriate n1easure of precision. 
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10.6 The Sheoherd oarametrization of 
product i ors fur1ct i or1. 

the st1rol us 

Previotts dynamic model calculations were based on the Fo:x 
and Schaefer forms where YMsY is a constant proportion of 
the carrying capacity, K. For the Schaefer model 
YMsvlK = 0,5 and for the Fox model, 0,37. There is no 
firmly established reason why either of these proportions 
should necessarily be correct. In principle, any degree of 
skewness of the yield curve away from the symmetric 
Schaefer curve would be acceptable. However, predictions 
of models which are skewed further- to the left than the 
Fox model should be treated with extren1e caut~on because 
of the high relative depletion levels they would advocate. 

The fitting procedure could, in principle, incorporate a 
skewness paran1eter in an appropriately chosen f\.mctional 
form for the surplus prDduction function, G(y). In this 
section such a general i :.:ed form of the dynand c nrode 1 is 
used to test whether the data contains sufficient 
information to determine the YMsvlK ratio at an acceptable 
level of precision. 

The net biomass growth (surplus prod\.tction) f\.mction, 
G<y>, is defined as the growth due to both individual fish 
growth and recruitment (,gross' growth>, g<y>, less losses 
to natural mortality: 

G(y) = g(y) - M.y ( 10. 3) 

where y is the recruited population biomass 

(g <y > is by definition non-negative> .• 

One method of allowing MSY to be achieved at values that 
are not a fi:xed proportion of K was suggested by Pella and 
Tomlinson <1969}. They prescribed the following form\.tla 
for net biomass growth which does not separately 
distinguish the effects of growth and mortality: 

where 

and 

p 
G<y> c r.y.£1 - <ylK> J (10. 4) 

r is the intrinsic growth rate (at least for 
cases with p } O> 

K is the carrying capacity. 

When p = 1, Pella-Tomlinson's model is equivalent to the 
Schaefer formula. 

Shepherd (1982> critici:.:ed 
following grounds. For 
becomes negative. Fron1 
fol lows that 

the Pel la-Tomi'inson form on the 
large biomasses <y > K>, G<y> 

equations (10.3) and (10.4> it 
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g<y> = G<y> + M.y = (r + M>.y 
-p p+1 

'r'. H • y 

Since g(y) is by definition non-negative, this relation 
requires M to be density-dependent and to increase for 
large biomasses. Strictly therefore, such a model can only 
be used in assessing populations if one is prepared to 
accept that nat \.\ral mortality is density-dependent. 
However, for most heavily fished populations such as those 
considered here, y is less than H and therefore the poor 
behaviour of the model in the do1r1ain y > K does not pose 
any real problems. 

Shephe'r'd ( 1982> S\.\ggests a more versatile general 
p'r'od\.\ct ion model with a skewness parameter which allows 
fo'r' the achievement of MSY at values that a'r'e not a fixed 
proportion of. K. In addition, this 1r1odel has t11o'r'e 
'r'ealistic behaviour in_ the domain y~O than the Fox model 
and in the domain y~K than the Pella-Tomlinson model. In 
the Shepherd parametrization., 

p 
G<y> = r'.y/C1 + (y/K'> J M.y <io. 5> 

where the paran1eters are defined as follows: 

r' = intrinsic specific 'g'r'oss~ biomass growth 
rate attainable only at very low bion1asses 
<that is, before nat\.\ral mortality is taken 
into account) 

p = degree of compensation in the relationship 

and K' = threshold biomass separating ,the region 
y > K' <where density~dependent effects are 
dominant> from the region y < K' <where the 
7 gross' growth rate· is approaching its 
intrinsic maxit11um value>. 

Unlike the Pella-Tonilinson model, Shepherd7 s model does 
not require M to be density-dependent for appropriate 
behaviour in the region y > K. 

It is desirable to rewrite the Shepherd forni with 
paranieters r and J'\ having the san1e interpretation as those 
used in the Pella-Tomlinson niodel (and thence the Schaefer 
form>. This was effected as follows: 

Using th~ assunspt ions., G<y> = O at y = Ct and y = K 

and (1/y) dG/dy] = .,.. 
y=O 

G<y> can be rewritten in ternis of r and K. The substitu-
ti on of 

r' = M + .,.. 
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( 1/p) 
and K' = K. CM/r) 

into equation (10.5) yields 

[ 

. p 
GCy) = CM+r>.y I C1+(r-/M>. Cy/tO JJ - M.y <10. 6) 

By differentiating the above forn1ula, solutions for YMs"</K 
and MSY can be found: 

. I (1/p) 
y /K=[<r-M-p. (M+r)+p. ~(1+p2 >. (M+r)2 +2CM2 -r2 > .>IC2r>] 

MSY 
'( 10. 7> 

p 
MSY = CM+r).y I t1+(r/M). Cy /K) J - M.y <10. B> 

MSY MSY MSY 

Since 

and C/E = q.y , 

c can be expressed as follows: 

(1/p) 

c = q.K.E. [u-Cq/r).E)/(1+(q/M>.E>] <10.9) 

MSY and the effor-t level at which it is obtained can be 
evaluated by differentiating with respect to E : 

V 
2 I E = <-A+ A+ 4p2 .r.M >IC2p.q> ( 1(>. 10) 

MSY 
( 1/p} 

C = q.K.E • [<1-Cq/'l").E )/(1+<qlM>.E >] 
MSY MSY MSY MSY 

(1(1. 11} 
where A = M. C1+p) + r. <1-p> • 

E 0 , 1 and Q 0 ,1 <see Chapter 7> are detertriined by \.tsing the· 
secant method of approximating roots to solve for X in 

- p 

[10 [1-CM+r).)(/{p. CM+X>. <r-X>>J] .M. Cr-X> - r. CM+X> = 0 

where E = X/q 
(1, 1 

and Q 
(1/p) 

= q.K.E • [<1-(q/r}.E )/(1+CqlM>.E >] . 
o, 1 - o, 1 o, 1 0,1 

( 10. 12) 
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The above Shepherd model forn1ulae are now used as a basis 
for investigating a·n t.mrestricted yMS"I' /K ratio. 

The square root minimization procedure described in 
Chapter 5 was used to calculate 'best fit' estimates of 
the Shepherd model parameters for all four divisions, 
initially for various fixed values of p and then letting p 
vary. The value of M was taken to be 0,3 yr- 1 for all 
ca.lculations (see Appendix 9.1). These rest.\lts are given 
in Tables 10.5 - 10.B and coefficients of variation are 
given by figures in parenthesis. Biomass trends with tin1e 
for various fixed values of the parameter p are 
illu~trated in Figures 10.11 - 10.14. 

In all cases, the results listed were calculated using 
the san1e NAG routine, E04FDF, as described in Chapter 5. 
These results were cheeked ·using another niinimization 
routine MINIM and no d-iscrepancies were fot.md. In many 
cases the r values were very poorly deterttiined (see 
Appendix 10. 1) and where this is the case, r est in1ates 
have been placed in parenthesis. To prevent the fitting 
procedure frotr1 estimating unrealistically high r values, 
it was decided to limit r to the range r (> ; 50 J for the 
arinimizat ion. 

In Divisions 1. 3 + l. 4, 1. 6 and 2. 1 + 2. 2, 'best fits' 
were achieved at low p values (0,962, 0,418 and 0,836 
respectively> and hence 1 ow· YMsY /K ratios ((>, 362 , 0, 279 
and 0,139 respectively>. The corresponding values obtained 
for Division 1. 5 were p = 2, 89 and YMsY /K = (>, 507 • The 
low p values obtained in all divisions except Division 1.5 
may be attributed in part to the fact that the additional 
p parameter is ·used to try to fit the initial high 
observed CPUE values more closely. As is shown in Figures 
10.11 - 10.14 this is reflected in the increasing biomass 
and decreasing MSY estimates (interpreting the fisheries' 
history more as the ren1oval of aceuMulated stock and less 
as the harvesting of surplus production>. 

The ~ values in Tables 10.5 to 10.B were calculated as 
follows: 

rr = V SS I (m - np > 
1 

where SS is the sum of sqt.\ares minimutt1, 111 is the nua1ber of 
observations· used in ·the fit and np is the number of 
parameters fitted (see equation (7.7>>. The subtraction of 
np in the denoMinator is an ad hoc allowance for bias. 
This correction would be e~act if the model was linear in 
the paran1eters estiMated. Therefore., for p fixed l'lp = 3, 
whereas for p set variable, np = 4. rr values calct.\lated 
using p variable runs have been marked with an asterisk 

and should be multipiied by a factor of ~ beTore 
eo111parison with three-parameter models <such as Schaefer 
and Fox> is made. 
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From Tables 10. 5 to 10. 8 it can be seen that changes in 
the value of p produce relatively insignificant changes in 
er. It therefore appears that the addition of the paran1eter 
p yields little. improvefl'1ent in the general fitting of the 
net growth function to past catch and effort data. In 
addition, a comparison of the su111 of sq\.ta res mini nra 
calculated using the Shepherd n1odel <with p variable> to 
those obtained using the Schaefer and Fox dynandc n1odels 
indicates that any improvements in fit by the Shepherd 
model are negligible. 

The c. v. values were calculated (using the n1ethod 
described in Chapter 7) for all paranreter and variable 
est in1ates for the p variable case listed in Tables 10. 5 to 
10.8. Of particular interest are the 95% confidence limits 
for yMSY /K estimates which are given below: 

YMsY /K 

DIVISION Estimate 95% confidence interval c. v. 

1. 3 + 1. 4 0,36 ( 0 ... ,":" .. 0,62 ) 0 ~,., ., •.;) , , .;)• 

1. 5 0,51 ( 0,29 .. 0,62 ) (>., 15 .. 
1. 6 0,28 ( 0,26 .. 0,41 ) 0, 13 ., 

2. 1 + .-, ,., 0,14 ( 0.,(19 .. 0,58 ) (1., 60 ••• ,. 
I 

In all divisions except perhaps Division 1. 6 the YMSY /K 
values appear to be very poorly estimated, and it can be 
concluded that the skewness of the Shepherd surplus 
production function (and hence probably that of any other 
surplus production functional form incorporating a 
skewness parameter> is very imprecisely determined by 
available data. Accordingly, estimates of the quantities 
associated with a bioeconomically optimal policy such as 
f 0 ,1 may not be determined very precisely <Butterworth et 
s.!·., 1986a>. 

A good indication of how close the current biomass <y*> is 
to the equilibrium biomass corresponding to the f 0 •1 harvesting policy <Yo.1 > is given by the. ratio, y"*'/y0 •1 • 
These estimates togethe~ with the corresponding 
coefficients of variation are given in the following 
table: 
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DIVISION Y*IYo,t c. v. 

1. 3 + 1. 4 1, OB 0,137 

1. 5 1, (15 0, 1 OB 

1. 6 0,83 0,081 

2. 1 + r, ~, ..... 1, 31 0,124 

These figures 
Division 1.6 
equilibrium 
tt1anagement' s 
from previous 

indicate that for all divisions except 
, the stocks have already attained their 

levels \.mder an f 0 ,1 strategy so that 
initial obJective in restoring these stocks 
depleted levels has virtually been achieved. 

As can be seen from the above table, the c.v. estimates 
for y*/y0 ,1 range from B to 14~ which indicates a ttsore 
acceptable degree of precision than in the case of YMsy/K 
where the c. v. estimates are on average 2, 5 times laY-ger. 
Similarly, the c.v.estimates associated with Q 0 ,1 (85> (see 
Tables 10.5 - 10.8) are also 'relatively low <in the range 
11 - 19~>. So although it may be difficult to determine 
with confidence the position of YMSY relative to K, the 
vaY-iables necessary for ttsanagement purposes <y* /y0 , 1 and 
tl0 ,1 <85> > may be estimated with a fay- greater degree of 
precision. 

It is also of interest to coMpare the c.v. estittsates of 
the aboveMentioned variables with those of the Schaefer 
and Fox models <listed in Tables 8.1 - B.B> where YMsylK 
is fixed. In these Models, Yo.1 is a constant proportion of 
YMsv and therefore the coefficients of variation for 
y*/y0 ,1 will be the same as those for y*/yMSY. In Most 
cases, the Schaefer and Fox esti1r1ates of y*/y 0 ,1 and 
Q 0, 1 (85) were relatively ttsore precise. This is not 
surprising since, although the incorporation of the 
additional parameter (p) used in the Shepherd ttsodel leads 
to a decrease in bias, a corresponding loss of precision 
would generally be expected. However this is not always 
the case. In Division 1.6, Schaefer model c.v. estiMates 
for y*/y0 ,1 and Q 0 , 1 (85) are notably (at least 10~> greater 
than the corresponding Shepherd model estimates. In each 
division the proportional increase in c.v. for these 
manageMent variables estimated using the Shepherd model 
over estimates using the Schaefer and Fox model was 
calculated. These p~oportions were then averaged over the 
Tour ICSEAF Divisions and the results are given in the 
following table: 
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Proportional i'ncrease \expressed 
as a ~) of Shepherd model £.:...:::'. • 

. J'i10DEL Y*IYo,1 0 0 , 1 <B5> 

Schaefer 4,97 (l,54 

Fox 26,06 H>, 55 

A similar table below gives a comparison of the average 
percentage difference in the actual y~/y0, 1 and Q 0 , 1<B5> 
valttes of the Shepherd model over all four divisions: 

Prop. incr. <expressed as a ';<.) of 
Shepherd mo~el earameter values 

MODEL Y*IYo,1 tio,I (85) 

Schaefer 16,55 12,15 

Fox 6,72 10,28 

From these two tables it can be concluded that only the 
Fox 1ttodel management variable estimates show a substantial 
increase in precision when compared to those of the 
Shepherd model. The average proportional increases in 
Shepherd model Q 0,1 (85) est itt1ates are slightly larger· as a 
result of higher y*/y0 ,1 values <that is, the Shepherd 
tt1odel estimates ·the current state of the stock to be 
closer to or more in e><cess of Yo,1 ·than is the case for 
the Schaefer and Fox models, and therefore higher quotas 
are advocated). However, the average differences for the 
y•/y0 ,1 and ti 0 ,1 <BS> variables are still relatively 
insubstantial. In addition, the Shepherd model t.v. 
estimates for the the two management variables are within 
an acceptable range and are very sitr1i lar overal 1 to those 
of the Schaefer n1odel which is considered to be a suitable 
n1odel for managettient recotrrmendation purposes by the ICSEAF 
Scientific Advisory Council. The Shepherd model can 
therefore be accepted as an appropriate model for 
managett1ent of the Cape hake stocks. 

A cottrparison with VPA biotrrass estittiates for Division 1.6 
<Fig\.tre 10. 13> indicates no improvett1ent in agreement 
between the two models when the value of p providing the 
sum of squares minimutr1 <p = O, 418) for the Shepherd model 
was \.tsed. Values of pin the range 0,3 - 2,0 all indicated 
current biomass estimates which were s\.tbstant ial ly greater 
than those provided by the VPA procedure, althou9h 
consistency between absolute VPA and dynamic Shepherd 
model biomass estimates itr1proved considerably when the 
value of p was increased to 2~0. However~ the Shepherd 
moc:!e l shows different recent bi 0111ass trends to those 
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calc:-ttlated ttsi·t"rg the VPA. This disc:·repa't"1c:·y appea'f's to be 
the r-esu 1 t of a c:·o't"1f 1 i c:·t i 't"1 the i 't"1t erpret at i o-,.., of 
i'f'1c:-reasi'f'1g CPUE tT·e'f'1ds (which domi't"1ate productio-,.., 1t1odel 
fits> a·,.-,d decr-easi'f'rg mea't"1 catch-at-age tre-,..1ds (which dotr1i­
'1"1ate the VPA>. The VPA is fuT't·her co-,..,fotmded by the possi­
bi 1 it y of a c·haY1ge i 't"1 se 1 ect iv it y pat t erri whi eh earmot be 
ir1depel"rdeYttly qtta'f'ttified \Butterworth et fil., 1'386b>. 

Figtt'f'es 1(>. 15 to 1(>. 18 show plots of the surpltts produc­
t i o't"1 G (y i } as a ftmct i OYt of biomass, y;. The paT·ameters 
used were deter-miried by fits of the Fox, Schaefer and 
Shepher-d fu·t"ic:·tio·t"1al for·ms to the data foT· all ICSEAF 
divisio·t"rs. The approach adopted is set out in Apperidix 
10.2. Frottr a qualitative irrspection of these ,plots, it is 
c·lear that while the data can detertrd·ne a 1rreasur·e of scale 
(sttc·h as MSY>, they e0Yttail"1 r-elatively little iriformatioY1 
about the shape of G(y) (see Butterworth!'.!, al., 1'386a>. 

To sttffltt1a7"i:<::e: the c·ompariscm of the Shepherd ttJodel 't"esults 
with those of the Sc·haefer· aYid Fox models iY1dieated 
improveme·,.-tts ir1 fit (as reflected by the sum of squares 
trril"tittra or O") arid differeYiees ir1 values a·,..,d p't"ec:·isiori of 
tf1co·1age1tteYtt variables that we'l"'e iY1Sttbstarttial. The Shepherd 
model y MSV /r\ values had relatively high e. v. est i'tttates (cm 
aver·age 3(>~), thus indicating that the skew't"iess parameter 
p could 't"1ot be est itrfated with reasor1able preei si o·,.-, fro1rr 
the available data (given in Tables 3.1 - 3.4 >. How~ver, 
c·. v. est itrfates for Q 0 , 1 (85> values <the variable of prittrary 
eo·t"1eerr1 to mana9em~t"1t > were muc:·h s1t1al le't" (,.., 15';(}, iY"1dic·a­
t i.,..19 that inability to estimate skewt"1ess prec:·isely is Y1ot 
as critical as one trfight first think froffl an exploitation 
regulatior' standpoi·nt. The actual values of estitrfated 
trfanageme-rrt variables (sttc·h as Q 0 , 1 (85> arid y*'/y

0
,
1 

> aYtd the 
precision with which these quantitit;-s wer·e detenttined did 
not diffeT" substarttially from those of the Schaefer a.,.rd 
Fo>e models, although the actual Q 0 1 (85> values in the ease 

• of the Shepherd model did tend to be sl igrtt ly higheT· (by 
,.,, 11~>. This was partly attribttted to the fact that the 
S~tepherd model esti1t1ated the eur'l"'e-rrt states of the stocks 
to be closer to OT" more in e>Cc:-ess of Yo, 1 tha't"1 did the 
Schaefer and Fox trfodels. A comparison of biottfass estimates 
provided by the Shepherd 1rrodel htsi'f'rg the . valtte of p 
providing the sum of squares 1rriYtitrfu1tr> with those of the 
•..iPA proceduT'e for Division 1.6 indicated no ifflprovement irt 
agreetrre-,..tt compared to the Schaefer and Fox models. 

The Shepherd model was introduced as a 1rreans of ineorpora­
t iY19 a skewness parameter in the growth functior1. However, 
as indicated above, the available catch-effort data series 
proved inadequate to de-termine this par-ame-teT' with T'eason­
able precision. Furthe'I"', a·ny bias that 1rright arise in 
esti1rrates of nra·nagE'ft'l'E"'f'lt variables through fixing the skew­
ness (such as in the Schaefer and Fo>C models> rathe.,. than 
tT'E'ating it as an estittrable parameter seettrs relatively 
Strfal 1 (..., 1°">. Th\.ts the Shepherd model appears to be a 
suitable, though not necessarily superior, alte'M"1ative 
basis fo.,. manageme-rrt of the stocks under consideratio·n. 
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DIVISIONS 1. 3 + 1. 4 DATA PERIOD: 1965-1984 

p value p=0,3 p=0,5 p=1,0 p=2,0 p=,962 <, 822) 
<best fit) 

r (50,0) (49,2) 0,578 0,321 0,614 <1, 55) 
-3 

q x 10 0,233 0,366 0,402 0,456 0,400 (, 206) 

K 4833 3456 3166 2768 3i82 (' 175) 

E 546 801 531 433 540 (, 305) 
MSY 

E 379 481 423 391 426 (,121) 
(>, 1 

y*/K 0,409 0,464 0,483 0,510 0,482 (, 105> 

y*/y 1, 34 1, 83 1, 31 1, 06 1, 33 (, 289) 
MSY 

y /K 0,306 0,253 0,369 0,481 0,362 (' 319) 
MSY 

y<mid-84> 1987 1590 1510 1380 1515 (, 148} 

y 2036 1363 1427 1462 1422 (,111) 
0,1 

MSY 188 256 249 263 249 (., 089) 

Q <85> 181 223 237 262 236 (, 114) 
s-s 

Q (85) 252 466 322 272 327 (, 304) 
MSY 

Q (85) 175 280 257 246 258 (, 150) 
o, 1 

Q (86) 175 277 258 253 260 (., 137) 
0., 1 

(J' 1., 31 0,945 0,940 0,947 0,969 * 

Table 10.5: Parameters of Shepherd model fits <using the 
square root mininlisation procedure) to hake catc-h­
effort data for Divisions 1.3 + 1.4 • All biomass­
type parameters are in '000 tonnes. 
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DIVISION 1. 5 DATA PERIOD1 1965-1984 

p value p=0,3 p=(>, 5 p=1, (I p=4,0 p=.2,89 (' 389) 
(best fit) 

r (50,C» (5(t, 0) 0,874 (t, 507 0,478 (3, 03) 
-3 

q x 10 0,526 0,878 1, 21 2,15 1, 83 (., 2.28) 

K 3020 .2083 1631 893 1081 (., 235) 

E 241 334 244 183 184 (, 170) 
MSY 

E 167 .200 184 173 170 (, 062) 
(t, 1 

y*/K 0,414 0.,438 (t, 478 0.,621 (t, 571 <., 133> 

y*/y 1, 36 1, 73 1, 4.2 1., 11 1,12 <., 166) 
MSY 

y /K (>, 306 0,253 (>, 336 0,559 0,507 (, 153) 
MSY 

y(mid-84> 1.255 903 765 517 586 (' 182) 

y 1.273 822 699 5.24 588 (, 179> 
0,1 

MSY 117 154 161 196 184 (' (>71) 

Q (85) 113 139 149 191 180 (, 080) 
s-s 

Q (85) 159 264 224 .203 197 ( .. 173) 
MSY 

Q (85) 111 159 170 193 18.2 <, 140) 
o, 1 

Q <86) 110 159 ·171 206 191 (, 125) 
0, 1 

er 1.,40 1,10 1, (>0 O, 94Ct 0,940 * 

Table 10. 61 Paran1eters of Shepherd n1odel fits 
square root minimisation procedure> to 
effort data for Division 1.5 All 
parameters are in :POOO tonnes. 

(using the 
hake catch­
bi oniass-type 
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DIVISION 1. 6 DATA PERIOD: 1955-1984 

p value p=C>., 3 p=0,5 p=l, (> p=2.,0 p-=., 418 (, 507) 
<best fit) 

r (5(1., (>) 2., 18 0,516 0.,388 19.,6 (,715) 
-3 

q x 10 7, 15 10., 4 12, 1 15,4 H>., 1 (' 163> 

K 2612 2001 1715 1283 2(>54 (., 113> 

E 17.,8 19.,2 16., 1 15., 3 20.,4 (., 097> 
MSY 

E 1 '"' "':" "' ,.;) 
1 "':" ... , 

..;>., " 13,0 13., 7 13.,3 (., (t47) 
(t, 1 

y*/K Ct., 306 0.,340 0.,356 0,388 Ct., 337 (, 081) 

y*/y 1., 00 1., 14 0,943 (>., 831 1, 21 (' 120) 
MSY 

y /K 0,306 0,298 0.,378 0.,468 o., 27'3 <., 127) 
MSY 

y ("tid-84) 791 663 590 474 676 (,103) 

y 11(t0 83(1 783 663 836 (, Cl97) 
0,1 

MSY 101 119 126 142 118 (, 057> 

Q. (85) 1C>1 118 126 137 117 (., 054) 
s-s 

Q (85) 100 132 115 112 139 (, 137) 
MSY 

Q (85) 69,7 90.,5 92.,6 1 (t(I 90,3 (, 114) 
o, 1 

Q (86) 71,8 94,8 98.,5 109 94,3 (., 115> 
0,1 

er Ct., 794 0,677 C>., 706 o., 822 o.,687 * 

Table 10. 71 Paratl'leters of Shepherd "'odel fits (using the 
square root ttdnittdsation procedure> to hake catch­
effort data for Di vision 1. 6 Al 1 bi o"'ass-type 
paratneters are in '000 tonnes. 
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Figure 10.11: Divisions 1.3 + 1.4 
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Figure 10.12: Division 1.5 

Figt.tres 10. 11 - 10. 12: Shepi"lerd model biomass trend est i­
mates (full line) and proJections 1..mder a 0 0 , 1 
harvesting strategy. (dotted lines} for various 
fixed values of the Shepherd model parameter p. 
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Figu~es 10.13 - 10.14: Shepherd model biomass trend esti­
mates (full line) and prDJections under a Q~1 
harvesting strategy (dotted lines> for various 
fixed values of the Shepherd model perameter p. 
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1C>.7 Conclusion 

The Shepherd n1odel and extensions to the Schaefer and Fox 
dynandc nrodels were introduced in an atten1pt to resolve 
the difference between dynamic model and VPA bion1ass 
estimates. Although, theoretically, the effects discussed 
in Sections 10.2 to 10.5 could be quantitatively estimated 
using the dynamic n1odel mi nimi :zat ion procedure, in 
practice, this is unlikely to prove a useful exercise. The 
seemingly insignificant results obtained could be 
attributed to the fact that the original three-parameter 
version of the dynanric n1odel had relatively good fits, but 
once further parameters are introduced, the sum of squares 
surface becomes very flat in the vicinity of the minimum. 
This suggests that this model nearly fully exploits the 
information content of the catch and effort data. 

In all cases the modified models showed 
improvement in agreett1ent with VPA biomass 
superiority over the original models. Even 
dynamic model with variable p did not yield 
decrease in the sum of squares minitt1a when 
those of the Schaefer and Fox forms. 

no obvious 
estimates or 
the Shepherd 
a substantial 

con1pa red to 

It therefore appears that further extensions or different 
parametrizations of the dynamic model may not lead to a 
significant inrprovement in results. However, a minindza­
tion procedure incorporating additional independent 
information in its criteria (·for e>tan1ple, agreen1ent with 
VPA trends) could provide insight concerning these extra 
features. 

The opinion of sonre local researchers now (M. Bergh, D. 
Butterworth, pers. comnm> is that the inconsistency 
between the VPA and dynamic model biomass estimates 
probably reflects more that there are problems with the 
VPA assessments rather than biases due to the simplistic 
nature of the production models. There are two main 
problem areas with VPA assessments. The first is the 
discarding of small fish. Total catch values have 
accounted for this to some extent, but discard patterns 
have varied over tinre so that the available catch-at-age 
statistics n1ay not be representative. Secondly, 
cannnibalism acts in a density-dependent way, decreasing 
when the stock is fished down and increasing in periods of 
greater stoek size. Henee, higher M values in earlier 
years would reflect larger biomasses than indicated by VPA 
and a correspondingly better agreement with production 
nsode l results. 
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1-,..,se-nsi ti vi ty of Shepherd stn·pl us prodl.H:·t i o-,.., f~rr1c:-t i cm to 
value of ·r· whe·r1 r-}}M 

Co-,..rside.,. the c:-ase where 0 < p ( 1 cmd . the 
product i o-,.., f\.mct i o-,.., is gi ve-1"1 by: 

surplus 

. p 
G<y> = [<M+r>.y I (1+(r/M). <_yll'O l] M.y. 

p 
Assurtti·,..,g .,.. }} M, then (r/M). (y/l'O >> 1 \.tl'"1less y/I'\ ·is very 
srttall. It follows that 

p 
G<y> ~ [r. y i [ ( r/M). (y/H) l] - M. y <Al0.1.1) 

-p 
This c:-a.,.., be sirttplified to G(y) ~ M.y ((y/l'O - 1J whic-h 
is i-,..1depe-nde·nt of the value of r-. 

[It should be Y1oted that this form is very simila·r- to the 
form adopted by the Pella-Tomli-,..1so'!"1 equation whE'Y'1 the p 
(Pella-Torttlinson> is app.,.oximately equal to -p <Shepherd) 
c:n·1d lies i-,.., the ra-,..1ge (-1; OJ. !·,.., this littdt, 

I 

YM&'f /I'\ = . r 1-pJP (Shepher-d p}, which is the .,.eaSO)"r why 
Tables 10. 5 - 10. B show .,..,eaT· ide-rrt ical values of YMSY/K for 
low p values with .r approxin1ately o-,. set eq\.tal to 50 • J 

It eaY1 be c:·oY1cluded frortt equation <A10.2.1) that 
in large values of .,. will have . little effect 
9er1eral S\.trphts production furrction. 
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Appendi>e 10.2 

A desC'ri pt ion of the aporoach used for the 
cott1pari son of the best fits to the Schaefer, 
Shepherd tt1odel s 

The tt1odel used in this thesis is y = y + G<y > 
i+l i i 

where G<y ) has one of the following forms: 
i 

(a) Schaefer: G<y ) = r. y • (1 y IK> 
i i i 

(b) Fox: G<y ) = r. y • (1 ln<y )/ln<K» 
i i i 

( c} Shepherd: G<y } = <M+r>.y /t1+(r/M). <ylK> 
i i 

p 
J 

graohical 
Fo>e and 

c 
i 

<AlO. 2. 1> 

(AlO. 2. 2) 

- M.y 

<A10. 2. 3> 

Using the dynamic formulations given in sections 5 and 10, 
best fits of the parameters (r, K, q and p) were 
calculated. These are given in Tables 8.1 - 8.8 and 10.5 -
10.8 It was assumed there that the model was a precise 
fit and that any error was in the observed catch rates. 
Note that for these fits thie expected catch rate is given 
by 

" (C/E) = q. <y +y )/2 <A10. 2. 4> 
i i i+l 

An alternative approach is to assume that the observed 
<CIE>i is an exact index of Yi and that any error 
represents only and entirely fluctuation in G(yj) as given 
in equations <Al0.2.1> to (A10.2.3> tsee Note (l)J. 

To compare the Schaefer, Fox and Shepherd fits to the 
data, plots of surplus production, G<yj>, as a function of 
biomass, Yi, were used. 

The 'observed' G<yi> values wer~ calculated using the 
formula given below: 

obs 
G (y ) = y y + c 

i i+l i i 

where y = t(C/E) + <CIE> J/(2q) <see Note <2> > 
i+1 i+l i+2 

<the q values used were those obtained from the previous 
fits to the Schaefer, Fox and Shepherd forms>. 
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obs 
It follows that G <y > = t<CIE> (C/E> J/(2q> + C • 

i i+2 i i 

The 7 e>tpected 7 ·G<y;> values were calculated frottr equations 
<A10. 2. 1), (AH>. 2. 2> and (AH>. 2. 3> using the parattreters 
<r, K and p> obtained by the best fit to the data. 

Note '(1) Ideally, the ttriniffii%ation program should have 
been rerun, taking this change into account by 
postulating a plausible distribution for the 
difference between soba(Yi > and G <yi >. . However, 
since this will have a ttrinor effect on numerical 
values, it has been ignored for the purposes of 
this thesis. 

Note (2) This equation is not identical to the one used 
previously for relating catch rate and biomass 
(equation (A10~2.4>>, but for practical purposes 
it can be assumed equivalent. 
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11 FURTHER CONSIDERATIONS 

11. 1 hrt .,.oduct i o·r1 

There is considerable potential to e>ete-nd the dynatr1ic 
catc·h-effort models. This chapter reviews soffle of the 
possibilities. In cases where such analyses have alr-eady 
been carried out and r-eported elsewher-e, the approaches 
employed and T·esttl ts obtai r1ed are described briefly. IY1 
other- cases qttestions related to the fishery are posed ~md 
approaches that could be used to answe.,. them suggested. 

First economic aspects are discussed. Results in 
indicate that following the mid-seveY~ies slump, 
of the hake resources have increased and are 
r-eaching or have alr-eady r-eached y 01 equilibriuttr . . 

Chapter 8 
bioniasses 
near to 

levels. 
It the ref ore appears that managett1ent" s initial coY1ser-va-
t icm objective has essentially been reac·hed and it is r1ow 
appropr·iate to co·nsider whether the f 0 , 1 strategy is 
economically optimal. ·Consequently, an alternative 
approac·h using Clar-k" s bioeconomic model to fi·nd the 
optimal harvesting policy as a function of the ·discount 
rate and price/cost ratio is described. 

In this context, the shape of the surplus .growth function 
r1ear· to YMsv is particularly important. G.,.aphs in Sectior1 
10. 6 highlighted the Y1eed for a reassesstr1ent of va.,.i ous 
forms of the surphts growth func·tior1. Hel"e, the 
appropl"iateness of more flat-topped curves than the 
Schaefer and Fox is considered. 

The dynamic ttrodels used previously ·have beeY1 based on the 
assumption of constant catchability. Management ifflposed 
increased ttrinimultf mesh sizes on the hake fisheries in the 
1t1id 1970s in an attempt to improve catch rates and yields 
in the longer terttr. Such a change would be expected to 
change both catchability and the growth parameter r. Al'J 
examination to test for the efficacy of this change in 
1t1esh size using the dynamic model is proposed. 

In Chapter- 9 large differences in dynamic model and VPA 
esti1t1ated biomass values and trends for Division 1.6 were 
evideY~. Al'J adjusted dy~anric model ealculational procedure 
in which eatch estimates are discounted is proposed. Sueh 
a discount factor would allow for the effects of growth 
and natural mortality that would have adJusted the biomass 
of fish caught had they not beem removed from the stock, 
thereby possibly reducing discrepancies b~we~ VPA and 
dynamic model est i tr1at es. The i nrpact of cannibal i snr on such 
analyses is also diseuss~d. 

Further considerations also include more appropriate 
weighting pl"ocedures for catch-effort model fits and an 
analysis of vessel power factol"s. 
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11.2 Economic considerations 

Up to this poi .,..,i, mal'"1agemel'"1t recom1r1el'"1dat ions have bee.,.., 
based predomir1antly o·,.-, what is 'p1'eferable' iY1 a biologi­
cal sense (that is, "MSY or slight vaT'iants thereof). 
However, such r-ecottrttrel'"1dat i 0Y1s ttray l'"1ot necessarily be 
econottrically 'preferable' for the industry as a whole. 

The y'*-/y 01 estittrates obtained for· the four- hake stocks 
tmder conside·r-atio·n ar·e SUffltr1arized in the following table 
(y * refers to the esti1t1ated biomass at the start of 1985): 

DIVISION 
y*/Yo,I 

Schaefer- Fo:x 

1. 3 + 1. 4 (>, 94 1, (>6 

1. 5 1, 01 1, 08 

1. 6 o,·11 0,77 

2.1 + r, ~, 

"-• . 1, 00 1, (>9 

These results indicate that tt1ost stocks aT'e close to 
attaiYiil'"1g their· equilibrium level undeT' a f 0 , 1 strategy if 
they have not already done so. It therefore appeara that 
ttranagemeYit's initial conseT"Vation obJective has virtually 
been achieved. The following question now arises: to what 
extent should the loss of catch <lower sustainable yields> 
at greater biomass levels be traded for higher catch 
rates? This goes beyond the pttr·ely biological regi1t1e and 
r-equi res that ec::-onomic· factors also be consideT'ed. 

The f 0 , 1 strategy is at best ~aking an 2ft hoc· allowance fo1' 
this effect in the context of Gordon's static bioeco~omic 
model (as well as keeping stock size above MSY level as a 
buffer against fluctuations>. The1'efore an e:xamination of 
the appropriateness of the f 01 strategy and other 
management strategies now becomes of importance. Such an 
analysis has been published by Butterworth, Bergh and 
Andrew (1986b>; the ttrain points are summarized b1'iefly 
below. 

ClaT'k (1976) e~tended Gordon,s (1954> approach to cater 
for dynamic effects. The particular and ifflportant feature 
of his model was the incorporation of a discount facto.,.. to 
allow fflore appr-opriate compar'ison of the values of current 
aY1d future economic returns. 
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Clark's sol ttt i OY'1 for· a di ffere'1"1t ial equat i O'l"1 
prodttcticm tr1C1del is readily adapted to the 
f Ct Y'trrtt 1 at i Ol'"1 of the dy'l"1atrli c mode 1 g i veY1 i .,.., Sect i OY'1 
biottrass (y> at which the pr-ese·nt valtte of future 
re'l"1t is 111axitrd:<:ed (the opti111ality cr-iterion used) 
by the- solutio·,.-, of the- following eqttation: 

6 = G' <y> + C G<y>ly J I r q.y.p)c - 1 J 

S\.trpl US 

disc·rete 
5.2. The 
economic 
is giv~,.., 

or 
(11. 1> 

pie = [ 1 + ( [ G<y> /y J I [ A - G' (y) J} J I ( q. y > 

where p • price of unit mass of fish harvested 

c· = cost of unit of effort ttsed in harvesting 

and 0 = al"lnual discount rate. 

For the Schaefer model G<y> = r.y. (1-y/K) and therefore 

p/c.., [ 1 + {r(l - ylK>lrA - r(1-2ylK>J> J I (q.y) ( 11. 2> 

Under the f o,1 harvest strategy concept, in the c-ase of the 
Sc-haefer nrodel, 

y = 1,1 KI 2 
0,1 

(see Appe....1diM 6.2>. 

Therefore if the f 0, 1 policy equilibriu111 biomass level 
(y 01 > corresponds to the bioec-ononric optimum in terms of 

I • -Clark's model (that l.s, Yo,r • y> then 

p/c- c tl + 0,9 I {2(6/r + 0,1)}) I tq.K (1,1)/2J <11. 3) 

Similar calculations to find the optimal harvesting policy 
as a function of the discount rate and price/cost ratio 
can be performed for the FoM ttrodel. 

lttrtrrediate questions arise from the above equations. For 
eMample, what are appropriate values for p and e and what 
discount rate range is econottrically/politically desirable 
or acceptable? Little data on such ec-onottric factors are 
available, and investigation to detertrrine them seettrs 
desirable. ~utterworth, Bergh and Andrew (1986b) quote 
illustrative results assutrri~g 6 = 5" and basing a pie 
estitrrate on the assutrrption of zero profitability of the 
fishery at the lowest recorded catch rate. These suggest 
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harvesting stY'ategies ir1 the rar1ge f 0 , 15 to f 0 ,33 might be ttrore appropriate tha·,.-, the f 0 ,
1 

proced\.tT·e. 

A f\.1rther iltfportar.t question is: how sensitive a·,..e the 
results obtained using the above analysis to CPUE trend 
fits by production lftode 1 s other than the Schaefer model, 
"hich have YMsv /K not equal to (>, 5 ? This co\.1ld be­
i"nVestigated using the Shepherd ttrodel introduced in ChapteT" 10. 

11.3 FuT"theY" aspects of the shape of the 
production function 

surplus 

Results irr Chapters 8 and 10 suggest that the ge-neral 
scale of the surphts production fu·nction (i·ndexed by, for 
exaltfple, the MSY estimate> is quite precisely deterttrined by the dynamic catch-effort ttrodels. Coefficient of 
variation values for hake MSY estittrates for the four divisions range over 4 - 7" .. However, plots of the surplus production, G<y>, against bioltfass (y) data (see Figures 10.15 to 10.18) indicate that the shape of the surplus production function is very iltfprecisely determined by the available data and ltfay be ltfore flat-topped than the Schaefer and Fox forltfs used. This aspect is particularly 
relevant when considering whether allowing biottrass (and 
catch rate> to increase will result in drops in 
sustainable yield as large as that suggested ~y the traditional Schaefer and Fox ttrodels. This in turn will have iltfportant ittrplications for the choice of bioeeonoltfically optittral strategies. 

To investigate this aspect, the fol lowing alternative forrtr of the surplus production function was considered in Butterworth, Bergh and Andrew (1986b): 

r. K 
G <y > == <µ} 0) 

2µ (11. 4) 

£This forttr has YMsv = K/2 whatever the value ofµ. • The Schaefer Model is a special case of this forttr with P..= 2. Values of µ- > 2 give curves More flat-topped than the Schaefer ttrodel.J 

Results of fits of the dynaMie catch-effort nrodel using the above surplus production function (and various values of jJ- > to revised catc-h-effort data series (diffe'f'ing fflarginally froM the data sets given in Tables 3.1 to 3.4) are given in Butterworth, Bergh and Andrew (1986b). The results for the four divisions were attrbivalent with two 
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values of }f} 2 and two of J..f ( 2 beirtg obtained. I.,.-, all 
eases the sutrs of squares of residuals (or alteM"'latively CT) 
val\.tes appear to be relatively insertsitive to the value 
of J..f and large 95~ eo·nfidet·,ce intervals were obtained. 
Only in Division 1.6 was the value of µ- significantly greater than 2 at the 5" level. 

11. 4 The effect of eh;:mges i'l't catc-habil ity in the c·atchiYtg 
oper-cct i or' 

Catehability is the fishing moT"tality on a stoek generated 
by a unit of fishing effor-t. This has been denoted by q in 
the equation F = q.E • Dynamie model calculations (in 
previous chapters> have been based on the assu1rsption of 
eonstar~ eatehccbility over- time. However-, it is known that 
eatchability is dependent on many variables (sueh as 
seasonal, physiological or behaviour-al changes or- changes 
in the type or deployment of fishing gear>. 

For example, it would be expected that the catehability 
coeffieient would have been greater in the initial. stages 
of the fishery when the areas of local high density were 
the first to be exploited and reduced. This could aeeount for the high CPUE values reeorded in the early stages of 
exploitation whieh both the steady-stat.I!' ·and dynamic 
models have problems fitting (see Figures 8.1 - 8.S>. In 
addition, eateh-at-age figures indicate an increase in the 
proportion of younger fish in catches in recent years 
whieh may also affect catehabi l ity/e_fficiency. 

It has already been mentioned that catehability is likely to be a function.of mesh size. Dur.ing the years 1964 to 
1973 fishing for hake in the divisions under consideration 
was conducted mainly by Japanese, South Afriean, Spanish 
and Soviet trawlers. These vessels used nets with 1rsesh 
sizes ranging from 70 to 1~'() mm, and therefore many 
problems arise when attempting to generalize on the 
effective mesh size of the whole fleet over this period <New1rsan et s.!-, 1976e>. However, it _is known that from 1933 the South Afriean fleet was restricted by loeal authorities to ·the use of a 102 mm mesh net (Newman, 
1977>. Mesh selection studies based on yield per recruit 
analyses <ICSEAF Report of the Second Regular Session, 1974> indicated that if all vessels adopted a minimum mesh 
size of 110 mm in plaee of 90 mm, long term inereases in eateh of the order of 5 - 13~ could be obtained. This led 
to the iwtroduction of mesh restrictions on 1 July 1975 to the entire iwternational fishery when a minimum mesh size of 110 mm was imple~eY,ted by ICSEAF <Newman, op. eit.>. 

The following figure illustrates how eatchability might be 
expected to have ehanged with the introduction of the 110 1rsm minimum mesh size regulation in 1975. In addition, the growth rate para1rseter r might be e~pec-ted to increase 
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to .,.eflec:·t the il'"1cr-eased yield/r-ec:·r-1.1it indic:·ated for- the 
l ar-ger 1t1esh. 

Catchabi l ity 

Analyses on 
Chapter 1(> 

cat ch-eff-o rt 
in 1'375. 

m = ttresh si:.:e 
q, = f<ttr1> 

q 1 tt1='30tt1111 (' average' > 

q = f(1t12> 2 
m1 < m2 
ci, > q2 

(rt= 1 1 0111111 ----------- ._ ______ ...::...;::;....::...;=---

1'375 
Time 

a basis similar to those carried out in 
cottld be undertaken to examil'"1e whether the 
data reveal any significant change in q or r 

In addition., the effects of saturation <which co1.1ld 
effectively lead to q being a function of E> should be 
considered. As the net fills, the 111eshes become blocked 
and the catchability of the fish trapped within the net 
increases. Accordingly., if there has been a trend towards 
haul times of increasing length, catchability could 
il'"1crease (a.,.-~d vice versa). Fur·ther, if sttch trends in haul 
ti111es correlated (positively> with trends in total effor~, 
q could be either an increasing or decreasing function of 
E. In other wor·ds, the relation between F and E could be 
respective 1 y convex or concave. 

On the other hand, as effort increases., the nu111ber of 
vessels in the fishery usually also grows and the chances 
of one vessel trawling over grounds covered by another 
shortly beforehand becomes greater. As the average time 
between hauls over the sa111e ground decreases, the probabi-
1 i.ty tha:t; the fish redistribute themselves by diffusion/ 
ttrigration (thus equali~ing dens·ity over the whole area) 
drops. H~nce the effective catchability for the second 
vessel will t,e less as it is trawling over a lower density 
than the first. This effect would result in q being a 
declining function of E as is illustrated below. 

q = constant 

............................... 

F = q.E 
.... ······· q = q <E> ... 

E 
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AdditioY-1 of a fu.,.the.,. pa.,.affleter to the fflodel to represe·nt 
suc:·h aY'1 effec:·t, arid deterffliY-1atioY-1 of c:·o.,..1fidence li1t1its for­
the estifflate of that paraffleter, c-ould be used to ascertair1 
whether there is significaY-1t evidenc:·e for S\.tch effects 
playi'ng a r·ole. 

11. 5 The i Y'1corporat i trr-1 of. a c-atch di sco\.rnt fac:-t or i .,.., 
dVY'1a<tti c 1ttode 1 ca 1c:·u1 at i OY'1S 

In Chapter 9 it was shown that VPA estimates for biomasses 
aY'1d biofflass trer1ds fo.,. Division 1.6 were Sfflaller· co .. ,d more 
time delayed than cor-respondi.,..19 estiftfates obt'aiY-1ed using 
the dynafflic models. 

If anr1ual catch values <Tables 3. 1 - 3. 4> t.tsed in the 
dynaftfic fflOdel fits wer-e discounted as follows: 

c -} w.c 

that is, y = y + G<y > 
<11. 5) 

- w.·c , 
i+1 i i i 

then bi otttass estimates f rottr the pynami c 1t1ode l fits wou 1 d 
all be adJusted by the discou.,..,t facto.,. w (yi -> w •Y; >. 
For- w < 1, better agreeftfent with the VPA bioftfass estimates 
might result. 

There is a biological J\.tstification for st.tch a discount 
factor which to a certain e)(te'r"ft aceot.mts for the c:·o1t1bined 
effects of growth and natural mortality (tttainly due to 
ca'nnibalisttt>; these would have adJusted the biomass of the 
fish caught between the time of captt.u·e and the end of the 
year had they not bee'n removed from the population. Such a 
fact or c..> ean be cal cu 1 at ed for each year f T'onr age 
co1t1position data (such as that given in Table 9.1> and 
weight-at-age T'elationships. From . these w values, an 
average w value can then be obtained fo.,.. the whole peT'iod. 
[Note that if values of w greater than t.n'lity are obtained, 
biofflass estifflates fro"' the dynattric fflOdel would be 
inereased, augfflenting rather than reducing the discrepancy 
with the VPA estitttates.J 

Using this approach, Butterworth and Andrew (1984) quote 
values of w = 1, 09 for M = 0, 3 y.,..-1 and w = 1, 04 for 
M = 0,4 y.,..-•. So in this case, introduction of this factor 
does not help rettrove the discrepancy in biolffass estifflates. 
Howeve.,.. cannibalisffl is known to be an important natural 
ltfortality facto.,. for the younger age classes, and 
indications are that M 1r1ay be much higher than the values 

232 



asst\ffled above for· yotmger- hake (Lleo.,..1art, Salat c:cnd 
MacPherson, 1985>. This would·affect both~ as calculated 
above and VPA biomass estirr1ates, so that not too «rttch 
should be read into the difference in biomass estimates 
pr-ovided by VPA and dynamic catch-effort model approaches, 
at least until the influence of cannibalism on each has 
beeY1 assessed. 

11.6 Weiohti·r1Q fac:·tcn·s ir1 c:·riteria fc:sr fittir19 dyr1amic 
c-at ch-ef f o r-t mode 1 s 

The obJective function minimized in fitting dynamic catch­
effort models to hake catch and CPUE data is given in 
equat i 0Y1 (5. 9> !' 

In fitting the models, Cj and E; were (for sifflplicity and 
comparability with other analyses presented at ICSEAF> 
taken to be the total catc-h and calculated total effort 
for the di vision conc-erned. Hower.,,.er·, as is ment i OY1ed in 
Chapter 3, catch rate statistic-s froffl which effort values 
are calculated are usually based on information from only 
one of the national fleets participating in the fishery in 
that division. 

A rriore appropriate weighting pT"ocedure statistically wottld 
be to use for Ei only the effcn .. t of the vessels pT"oviding 
the observed CPUE data, T"ather than the total effort 
ca 1cu1 at ed t o have been used by a 11 riat i ons in tt1ak i l'lg t he 
total catch. ll'l other words, Cj should refer to the catch 
of the nation whose CPUE data series is beil'lg used, rather 
than the total catch. This would tt1ake no difference to 
results if the natio·n whose catch rate data ser·ies is 
being employed had maintained a constant proportion of the 
total catch over the history of the fishery; however­
ButteT"Worth, Bergh and Andrew <19B6b> show that this 
·proportion is often q\.tite variable. 

11. 7 Power f' ac:-t en· aY1a 1 y ses 

Fishing power, as defined in Chapter 3, is dep~~dent on 
ttrany factors such as the tonnage OT" horsepower of' t·ne 
vessel concerned. The quantification of such factors is 
not a sittrple process, but is absolutely necessary if 
precise effort estimates aT"e to be obtained. At present, 
Spanish and South African effort data used have been 
standardized to OTB-7 and OTB-5 vessel units respectively. 
However, the power factors used to convert vessels from 
other classes to these categories have been estimated or1ly 
very c:·rudely (see Chapter 3). A detailed arialysis of 
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vari arrce e:xami r1at i ori of catc:·h rates as a . fttr1c-t ion ·of 
vessel charac:·teri st ics ( sueh as t o.,.-1na9e, age of vessel and 
ho r·sepowe.,.. > to ext r·ac:-t poweT" facto T"s f o.,. these f 1 eet s is 
an u7"9ent necessity. 

11. 8 Cor1c:l usi or1 

Of the various aspects suggested fo.,.. furtheT" iYYVest iga­
t ion, the 1r1ost tl T"geYit wou 1 d seettf to be al"1 exami nat i o·r1 of 
power factors. The inteT"pretation of the cuT"rent status of 
these fisheries as esse-l'"lt.ial ly · T"ecoveT'ed to eqtti 1 ibrium 
·Yo,t levels is crttcial ly dependent on the T"ecent ly 
incT"easing CPUE tT"ends; these eould be artefacts of 
inappT"opriate allowance for poweT' factoT"s as fleet 
composition has cha·,..,ged. As showrr in Sec:-t iol"1 10. 4, this 
aspect can affect the calculations for curre-nt appropriate 
catch levels quite mark~dly (see Figure 10.10>. It would 
seem ser1sible to finalize any adaptions to the effoT"t data 
base a'r'ising . frott1 suc:-h analyses prio'r' to embarking \.tpon 
fflOT"e sophisticated model extensions, the results of which 
ttray well prove critically dependent on this aspect of the 
data. 
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12 CONCLUSIONS 

The fflotivation for this st\.tdy was evidence of increasing 
discrepaY1cies betweer1 recent observed aY1d 1t1odel-predicted 
CPUE values for the hake fisher·ies iYr the ICSEAF 
c·oYNentioYr area (for example, see Fig\.tre 1.1>. Previously, 
the ICSEAF Scie·,..rtific Advisory Co\.tl"1cil had beeY1 usiYrg a 
steady-state version of the Fox production model 
(iY1c:·orporatiY1g G\.tl land's effort averagiY1g pr·ocedure> to 
assess these stocks aY1d 1t1ake quota rec·otrrtrre-ndat i ems. It was 
hypothesized that the maJor cause of these discrepancies 
was the c·ont i Y1uous equ i l i bri utt1 assumption made i .,.., those 
analyses, and that a dynatrric versi orr of the· production 
model would provide a much ilfrpr·oved fit to the data. 

A particular· c·oncern pertaining to those ICSEAF analyses 
was the possibility of biases arising in sustainable yield 
estimates because of the failure to take dynamic effects 
into account. Downward CPUE trends have genera 11 y bee'Y'1 
obser-ved for the maJor part of the histories of the hake 
fisheries iY1 the fo\.tr ICSEAF divisioY1 c·ottrbi'r~ations 
considered, and it was shown in Chapter 4 that under these 
c·i r·c·umstances the steady-state produc-t i o.,.., model wi 11 tend 
to produce positively biased estimates of sustainable 
yield. While Gul laY1d' s_ procedure wi 11 compensate for this 
bias to some exte-nt, it is not immediately clear whether 
it wi 11 teY1d to UY1der- or over-correct. 

Accordingly, this study has examined the performance of 
the discrete formulation of the dynamic version of the 
productioy, model.· Schaefer and Fox. forms of this model 
were fitted (using nonlinear miYtimization proced\.tr-es> to 
catch-effort data for these four divisions. In addition, 
c·oefficie-nts of variatio't"I' for the model par-ameter and 
yield values assessed were estimated usi'n'g Monte Carlo 
simulation methods. 

In all divisions the dynanric nrodels pT-ovided substantially 
inrproved fits to the- CPUE tinre seT-ies when compared to 
those obtained using the Gulland Functional Regression 
<GFR> or the steady-state formulations (this is 
particularly well illustrated by conrparative plots of 
observed and model-predicted CPUE trends with time see 
Figures 8.1 to 8.8). As expected, dynamic- nrodel MSY and 
Q o, 1 ( 85 > est i mat es were 1 ess OYI' average (by approximate 1 y 
1°" in both cases) than those resulti'n'g fro"' the GFR 
procedure. Coefficient of variatio't"I' (c.v.> estimates 
indicated a high degree of precision for the dynamic «rodel 
MSY est itnates (average c. v. = ~> ~ b\.tt less for Q

0
,
1 

(85) 
estimates (average c.v. = 14~>, and even less in the case 
of the r, q and K estimates (average c.v. = 1B~> • By 
cotrrpari son, the GFR c. v. estimates for MSY and Q

0
,
1 

<85> 
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, 

C<'11era9ed 7~' C<'1'"1d 12~ respec:·tively. Although there appeared 
to be little to c:·hoose bet wee·,.-, the Schaefe·r· smd Fo)o: 
tttodels, ir1 most divisior1s the Fo:x tr1odel reflected a 
1r1ar9ir1al ittJprove1r1er1t ir1 fit aY1d therefore was p·r-efe·rred as 
a basis for· catch littJit evalttaticms. 

Bi otrtass est i trtat es for r·ecerrt yea rs ca 1 cul at ed \.ts i ·ng the 
dyY1a1tri c 1rrodel s show fairly opt iffli st ic:· t Y"ends ( i ·,.-,d:ic·at i ng 
r·ecovery of the stocks> for· al 1 fCt\.tT' ICSEAF divisi o.,.., 
combinations conside'r'ed. However it is possible that the 
il"1c·reasin9 CPUE trer1ds upo'1"1 which these assess1r1e'l"1ts are 
based could be reflecting (at least in part> a few good 
year classes o'l"lly, r·ather than S\.tstair1ed reco'very of the 
stocks. Concer·,.-, has beer1 ex pressed that this appa ·r·eyf't 1 y 
favourable rec·ruitmerf't is r·apidly bei·,..,g exposed to heavy 
e>eploitation. The effects of UY1certaiY1ties suc·h as these 
as well as the effects of e'l"ndronmerrtal variability c·ay, 
seriously affect the outcotrre of trtsmage1r1eY1t decisioYrs; 
C-a\.ttioy, should therefore be exeT"cised whe-1"1 maki·,..,9 c·atch 
littrit recotrrtrre-1"1datiC1Yrs. Variaus tttCtre appropriate (that is, 
coY1servat ive> approac·hes· were. advocated, and assoc·iated 
curre-nt catch litrrit recotrrmendatiCtns evaluated. These 
inc·lude the Gul l.:0"1d and Boeretrra f 0 1 procedure, smd ar1 
appr·Ctach where the quota is red\.tced· by a fractio·,.., af the 
standar·d error of the initial ·quota estimate. AlteT"l"ra­
tively, if eurreYf't biomass estimates are available from 
other assesstrre-l'"f't trrethods, the dy'f"1atrric. trrodel srl"1e<lysis 
provides an estitrrate of the appropr·iate biotrrass fT"actioYr 
to haT"vest. For a'l"1 f MSY strategy, the aveT"age f.,.ac-t i es·,.., fo.,. 
the fou.,. stocks analy~ed using the Fox model was 0,22 
(with a c.v. of 8~>. 

The dynafflic- model was also employed to predict future 
biomass (as well as CPUE and quota> values. A historical 
e>tatrri ·nation of the· accuracy of such bi offlass pr·oJect ions 
was used to cotrrment upon the efficacy of the Schaefe.,. and 
Fci:x dym:cmic tttodels. For the initial per·iad of the 
fishe'l"'ies whe-1"1 consiste-ntly declining CPUE t'l"'eY1ds were 
e-videYf't, confidence i·ntervals for· the l"let growth rate 
parameter r and fo.,. MSY often overlapped ~eT"o. This was 
ca\.tsed by the min.itffi ~at i O'l"t ro\.tt il"le frequently c-hoosi ng to 
e>eplain the .histo'l"'ical catches as mainly the removal of 
accumulated stock rath!!r thal"I the harvestil"lg of surplus 
production. However, during the past decade, increasing 
CPUE trends have been reported and the resultant data 
contrasts have eYtabled the ttrodel s to better est itrrate 
surplus productiol"I and so to provide results which 
dettronstrate a statistically significant density-depende\"'rt 
response by the population. Relative eT"ror calculations 
over the history of the fisheries indicated relatively 
accurate CPUE predictions, with errors of less than 12~ 
for the one-year proJections since 1982 fo.,. all divisions 
co'l"rsidered. 
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A c:c11ttpar·iso·f'1 of dy·f'1attiic::· model biomass estitt1ates with those 
provided by the Vi rt ttal Poptilat i crn AY1al ysi s <VPA> 
procedure for Divisior1 1. 6 revealed large discr·ep.:<"f'1cies i.,.., 
both receYit trends C:fl'"1d absolute vahtes, with both being 
1ttuc·h lower i·,.-, the case of VPA. 1.,.., aY1 attempt to resolve 
these di ffere.,..1c::·es, vari Otts exte-nsi o·,.-,s to the Schaefe'r' and 
Fo>t dy·f'1attric· models were int·r-oduced. The i.,..1co·rporatio· ... , i·n 
the dynamic:- model of tittre lag effects (in the net growth 
function) and increased efficiency fac~ors (in the 
catching operation> yielded no obvious improve1tte-rit in 
agreeffle-nt betweer1 dynamic ttrodel and VPA results. ln 
addition, models where the ratio of the biomass at the 
sta·rt of the give·,.-, CPUE series to the c·arryi·i-'19 capacity 
<y

1
/K) wes ellowed to assuttre values other tha.,.., tmity, 

showed .,..,o superiority over models applied earlier which 
had assltttred .y

1
=H. The appare-nt failure of these 

exter1sions to lead to a significaYit improveme-nt in 
ag reettreY'lt bet wee·n ·r-esu l ts Sltggest s i Ytt ev- al i a that the 
o ri gi .,..,al three-pa ·r-att1et er vers i 0Y1 of the dynamic tt1ode l 
(which provided relatively gttod fits> Y1early fully 
explttits the informatittn conte.,..it of the catch-effort data, 
.:md that the introduct.ioY1 f:?f fttMh~r par·ameters caY1 cattse 
the sum of squar·es sttrface to become ve·r·y flat iY1 the 
vicfrdty of the· mi·,.-tittruttt sottgt'it. by the fittiY19 procedure. 

FuMher, dynamic 1ttodel fits using the Shepherd surplus 
prttduc~ion forlff (which iY1corporates a skewness par·ameter> 
were perforttred on the catch-effoM data aYtd it was fou·nd 
that the sum of squares miYti1tta obtaiY1ed from. these fits 
were not substaYitially less than those obtained using the 
Schaefer cmd Fox forms. 1.,.., addition, the ratio of the 
biomass at MSY to the ca·r-r-yiY19 capacity (Yt-tsv /f'O was show-,.-, 
to be ve~y poorly deterfflined by the catch-effoM data (the 
average value for the four divisions being 0,32 and the 
average of the c.v. estimates being 3~>. It was 
concluded that the Shepherd ttrodel was a suitable, though 
not necessarily a superior, alte·,.....,ative to the Schaefer 
and Fox dynamic for1tts. 

Discrepancies bt!'twe~n VPA and dynamic model biomass 
estimates are now felt to stem more probably from problems 
with the VPA assessme-nts than biases due to the sittrplistic 
nature of the production models. The two maJor problem 
areas with VPA assessme-nts appear to be making appropriate 
allowances for the discarding of small fish and the 
effeets of canY1ibalism on natural ttroMality. 

Possible future e~tensions and ameYtdmeyfts to the dynamic 
models have also be~n suggested. These included the use of 
Clark's bioeconomic model to r·eview the f 0 , 1 strategy 
(usually the basis for the ICSEAF Sci~ntific Advisory 
Counci l' s quot a recommend at i Ol"•S > with reg a rd to ecoY101tri c 
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opt i ttta 1 it y, aYtd the rep 1 ac·e1r1e·r-rt · of the t r·ad it i OY1a 1 
Schaefe.,. aY1d Fo:x 'fc:n·ttts with tt1o·r·e ge"f'"1eraliLed stn·plus 
growth f\.t"l'"1ct i 0"1'"1S. Al so pr·oposed was a·,.., e:xattti "1'"1at i 0Y1 of 
whether the 1975 c·hal"1ge iY1 fflesh siLe had ay, effect OY1 

eithe·r· c·atchability or net growth par·ameters, a·,..,d a·,., 
adJ\.lsted dy-,..,.:cttlic:- ttrodel c·alc:-tilatio·,.,al procedure i"f'"1 which 
c·atches aT·e 'discounted' to allow ·for ir1dividttal growth 
aY1d ·natural ttYortality correc:-tior1s. More appr·opriate 
wei gfrrt i rig proc-edu res f o.,. c·at ch-effort 1t1ode l fits have beer, 
suggested a·,..,d lastly, an analysis of vessel power facio7's 
has bee-n advised. Of the above aspects sttggested for 
further investigation, the 1t1ost urgerrt appears to be an 
e~atttir1ation of vessel power factor· allocation.· 

The results of. this study lead to the conclusion that the 
dynamic 1t1odel approach is undoubtedly an i1t1prove1t1ent over 

. that of the t rad it ioY'1a1 · steady-state 1t1odels for assess1ng 
the hake resources iY1 t-he ICSEAF c-onver1tion area. The use 
of dyr1amic 1t1odels c·a.,.., reduce bias withot1t an acc·ompanying 
loss of precision, so that the unrealistic continuous 
eq\.tilibriutts assu1trpticm of the· steady-state pY-oced~T·es can 
be avoided. 
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