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A Review of World Sardine Catch Patterns: What can be said about the
Likely Duration of the Current Peak in South African Sardine Fishery

C.L. Cunninghamand D.S. Butterworth®

Abstract

The question of how long the current peak in S@ftican sardine catch will extend is posed. Higtor
sardine catch series throughout the world are densil and two models are fitted to these series to
establish their reliability for predicting futureehds in catches. The authors find little basigiraw
conclusions for the South African resource basettemds elsewhere. More dependable inferences may
be forthcoming from the South African catch seitsslf, analyses of which suggest that catches may
remain high (above some 200 000 tons) until ab@@72 but this inference should not be considered

particularly reliable.

I ntroduction

The South African sardine resource has increasedgy in recent years. The last observed peak in
abundance occurred during the 1960s, and was fetloly a lengthy period of low abundance. The
current high recruitment levels have prompted doestas to how long such a peak in sardine aburedanc
might be expected to last, as well as how freqyesuth peaks might occur. Given that long-terrhtsg
for the South African pelagic fishery will be awadllater this year, such questions are of particula

interest to industries considering investment atigves.

Schwartzloseet al (1999) reviewed historic catches and in some scés@mass estimates of sardine
populations throughout the world, including sardfoend in the north-west, north-east and south-east
Pacific and in the south-east Atlantic. No futfioeecasting was attempted nor were any inferences

drawn from the data regarding how long peaks imdbace might last.

Klyashtorin (2001) used spectral analysis basedlwnate indices to estimate the periodicity in the
historic commercial catch time series of a numblespgecies and stocks, including European, South
African, Peruvian, Japanese and Californian sardiHe developed a stochastic model to forecast the

long-term fluctuations of catches, based on a Sbtgear periodicity deduced from the spectral ysigl
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In this paper we consider historic patterns of iserdatches in various parts of the world to sesnif
inferences can be drawn from them regarding thehcsdries for the South African sardine resouice.
particular, we consider whether the duration of¢dheent peak in South African sardine recruitmeart

be reliably predicted.

M ethods
Prior to considering any quantitative models, wepared the historic catch series in Schwartzéiss
(1999) to determine if any patterns in the timimgl aluration of peaks were evident. Subsequently two

models were applied as elaborated below.

Klyashtorin’s (2001) deterministic model for theegdiction of catch dynamic<(t)) is a multiple cyclic
trend withm periodsT;, i=1,...m, unknown amplitude®; andD;, and unknown static shift consta@t,

m
C(t)=2_ (B sin(@(t)+ D, codd 1))+ G . whered t) = 27t —t, )/ T.. (2)

i=1
We attempted to fit this model, assuming the amgésB; and D; were the same for all thereby
estimating four parameters, to catch data in Sdzleseet al (1999) by minimising a sum of squared

differences between observed and model-estimaleds/a

In addition, we attempted to fit a new model cotirsis of a constant over time to which normally
distributed periodic peaks were added. Gimenormal distributions with equal perio#fsand variance
02, and the earliest distribution mean occurringraefl years, the model to fit catch trends is given by:
C(t):iAx N(T +(-1P,0?)+G, ?)

i=1
whereA denotes the amplitude of the peak in the nornmstlidutions ands denotes the constant catch
evident for years well separated from peaks. Tioslel was fitted to catch data in Schwartzleseal
(1999) by minimising the sum of squared residualslaove, and was also later fitted by minimising a
lognormal likelihood function. In an attempt taluee some of the correlation between the residoals
the fit, first-, second- and finally third-ordertategression was also taken into account in theemod

using a lognormal likelihood function.

Results

Figure 1 shows the scaled historic catch serigs Bome of the larger areas considered by Schwaezlo
et al (1999). The first notable feature is that theitBdAfrican and Namibian catch series peaked during
the 1960s, at a time when all the other catch sevéxe in a trough. Thus, even if the peaks iohest in
some of the areas could be considered to be symohspthey do not coincide with the peaks obseived
southern Africa and can therefore not be used e¢digr the time of occurrence of peaks in this regio

Secondly, if one considers the duration of the pgeatonstitute the period while the catch is abb0&o
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of the recorded maximum value, then historicallg freaks in catches have ranged from 7 to 14 years
(Table 1).

Figure 2 shows the fit of Klyashtorin’s determirgsinodel to the South African sardine catch data in
Schwartzloseet al (1999), and to an extended series including mieoent data (Cunningham and
Butterworth (2004)). The period estimated by thzdel is 45 years, much shorter than that estimaged
Klyashtorin when using data from a number of sosirc&/hen more recent catch data are included, the
catch series estimated by the model does not shogh mhange. The model fit, particularly to the
observed peaks in the catch data, is unsatisfactitty the model estimated catches appearing to

‘average’ over years of sharp increase or decrieasetual catch.

Figure 3 shows some further fits of Klyashtorin&terministic model to catch data in Schwartzlesel
(1999). Once again the model fit to some of theeoled peaks in catch data is unsatisfactory.ormes
cases, for example the north-west and north-easitiRahe model suggests negative catches during
troughs. The estimated periods between consecpéais ranged between 42 and 71 years — a much
wider range than that estimated by Klyashtoringckastic model as reported in Klyashtorin (2001).
This stochastic model consisted of the determmistbdel given in equation (1) above, together \&ith
autoregressive Box-Jenkins model. Note, howevat, ih some cases (e.g. Namibia) the period cannot

be estimated precisely due to the absence of adégorease in the recorded catch series.

Given the different periodicity estimated for difat sets of data, and the variability in the dorabf
peaks, it would seem unwise to use such a modettieg with data from other sardine populations to

predict the duration of and/or period between péakise South African sardine catch.

The new model introduced in this paper consisting constant with added normal distributions wae ab
to reflect the observed peak in the historic cataties more closely (e.g., Figure 4 for South AfricThe
peaks in the catches estimated by the model weoh marrower and higher, with the model predicting a

peak centred around 2002, close to what has rgdeegin observed.

When a lognormal likelihood was minimised to fietmodel rather than use the sum of squares method,
the estimated peak in the catch deceased and widena result of the relatively lower influencerthe
associated with large catch values (compare Fighsasd 5). Only the third-order autoregressive ehod
was able to accurately reflect the peak in catéthdbe early 1960s (Figure 5). Although some small
improvement (e.g. during the 1960s) in the rand@srué the residuals was obtained by the inclusfon o
first-, second- and third-order autoregression,résduals after third-order autoregression wakided

were still not random (Figure 6).
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When the new model was fit to the South Africandsee catch series in Schwartzloseal. (1999)
together with more recent data (Cunningham andeButrth (2004)), the estimated series predicts the

second peak to occur slightly later (i.e. a slighthger inter-peak period) (Figure 7).

Discussion

Models such as those considered in this paper &sauirly low frequency longer-term variation fret
environment, with resource abundance being the mamifactor determining catches, and furthermore
that such catches have a limited impact on the @ddnoe of the resource. In reality, observed catche
will have been determined by delays in investmgrth of the fleet) as the industries in the coest
involved in the fishery developed, followed by #féects of regulations such as TACs, and theserfsct
are not of such a nature as to necessarily lesanidom deviations about a deterministic model. @ue
the impact of such factors on the initial recorgmdk (and in many cases only one complete peak in
historic catch has been recorded), using that peaktrapolate to provide features of the subsetquen

peak in the series is risky.

Given the lack of faith placed in the results of thodels used in this paper and the lack of siitlar
between the historic South African catch series pamed to the catch series from other parts of the
world, the authors suggest that the most “relialidéérmation to use in predicting the duration bét
current peak in South African sardine catch sddemsarlier data from the same fishery. The previou
recorded peak in South African sardine catch lagtgdars (if ‘peak’ is defined as occurring abo@8db

of recorded maximum catch). The historically releor maximum in South African sardine catch was
410 200 tons. The catch in 2001 was near 50%isfHiue and exceeded it in 2002. On this basis, o
might expect catches to remain “high” (above 200 @hs) until about 2007, but the authors wish to
emphasise that the level of reliability associavdgth such conclusions is extremely low, given the
generally poor predictive power evident from themptts of the models considered in this paper and

their limiteda priori justification.
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Table 1. Estimated duration of peaks in historiserved catches (data in Schwartzlose et al. (1999))
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Considering Peak Duration from 50%
Considering Total Peak Duration of Maximum Recorded Catch
Year of Year of Year first Year last
first last above above
noticeable | noticeable 50% of 50% of
Area increase decrease Duration max max Duration
NW Pacific 1975 1995 21 1980 1992 13
California 1921 1952 32 1933 1945 13
Seasonal NW America 1921 1952 32 1933 1945 13
Gulf of California 1978 1991 14 1983 1989 7
Peru and Chile 1975 1996 22 1979 1992 14
Australia 1978 19967 19 1987 1996 10
South Africa 1956 1967 12 1959 1965 7
Namibia 1951 1980 30 1964 1970 7

#This is the final year recorded in Schwartzlesal (1999) and may therefore not be an accuratectafle of the

end of the peak.
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Figure 1. Sardine catch series (from Schwartzldsd.€1999)) scaled to the maximum values observed

Observed and Estimated Sardine Catch in South Africa
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Figure 2. Observed South African sardine catch ditam Schwartzlose et al. (1999) and updated from
Cunningham and Butterworth (2004)) together with tlatches estimated using the deterministic version
of Klyashtorin’s (2001) model.
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Figure 3. Observed sardine catch data (from Schrlase et al. (1999)) together with the catchesrested using the deterministic version of Klyashter(2001)

model.
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Observed and Estimated Sardine Catch in South Africa
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Figure 4. Observed South African sardine catchaddtom Schwartzlose et al. (1999)) together whib t
catches estimated using the deterministic versfadlyashtorin’'s (2001) model and the new modeletteped
in this paper. Both are fitted using a sum of sqaabjective function.
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Figure 5. Observed South African sardine catctadfiom Schwartzlose et al. (1999)) together wiith tatch
series estimated by the new model developed ip#per, also taking account of first-order, secamder and
third-order autoregression. The models shown laeesfitted using a lognormal likelihood.

Residuals in Model Fit to South African Sardine Catch Data
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Figure 6. Residuals for the fits of the models ofit§ African sardine catch data (from Schwartzlesel.
(1999)) shown in Figure 5 which use the new mod#l & lognormal likelihood and take account of firs
second- and third-order autoregression.



WG/APR2005/PEL/06

Observed and Estimated Sardine Catch in South Africa (minimise Observed and Estimated Sardine Catch in South Africa (minimise InL)
sumSq)
7 ° Ob d
—~ . servel
@ 500 ¢+  Observed S 41
S 400 hay
— 3 4 .
o 9 Mode Estimated
g 300 New Model Estimated S 5
= 200 =
S 100 s S 14 o  Latest Observed
3] d 5
g ol ‘ ..,.m‘ 'y ‘ O  Latest Observed S o
------- Model Estimated w ith
1950 1970 1990 2010 | Model Estimated With 1940 1960 1980 2000 2020 o o
Year Latest Data Year

Figure 7. Observed South African sardine catcradféiom Schwartzlose et al. (1999)) and updatedhf@unningham and Butterworth (2004) together wliid t
catch series estimated using the new model dewtliopthis paper. The first figure shows the fitdaifed using a sum of squares objective functidrilenthe
second figure shows the fits obtained using a logablikelihood and taking account of third-ordeutaregression.



