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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. 

v 



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. 
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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-

6 



15° 20° 25° 30" 40" 

1.4 

25" 

1.5 

30 

35• 

1.6 

,, 
(b)' 

,, 
,, ,, ,, 

20 

REPUBLIC OF 

SOUTH AFRICA 
East London 

Port Elizabeth 

2.1 2.2 

' ' ' 

---, 

8.2 

' 

Figure 2.1 Map showing the major hake trawling grounds (shaded areas), the ICSEAF division boundaries and 
the 200 and 600 m depth contours off southern Africa (based on unpublished SFRI and ICSEAF 
statistics). The boundaries marked (a) and (b} refer to the domestically applied boundaries 
of Division 1.6 and the adjoining divisions. 

25° 

30° 

35° . 



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>. 
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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. 





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 
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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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i i 

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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.-, 

.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) • 
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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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173 
165 

hakes 
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168 
166 

164 
146 
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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. 
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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 • 
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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) 
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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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