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EDITORIAL

-F'nis edition of Fishbyte-in-Naga presents the mix of concept
or methods-orientated and species- or location-specific
studies which | strive to maintain (when | am not on vaca-
tion - sorry about the last issuel).

Moreover, we have some real highlights: the paper of
Mendoza et al., which represents the first application of
what | called “VPA Il by a group outside of ICLARM,
Temming's elegant demonstration of the usefulness of the
generalized VBGF for estimating food consumption in fishes,
Arias-Gonzalez et al.’s identification of an important factor
affecting coral reef yield predictions and more.

And then there is FiSAT and FishBase, two major pieces
of software developed at ICLARM in the last years, and
which some colleagues thought would never come out ...
all in all an exciting issve.

Finally, one bit of news on my own behalf: from Octo-
ber 1994 on, I'll be leading a double life, and share my
time between the Fisheries Centre, University of British
Columbia, Vancouver, Canada, where I'll be a Professor
{a new experience for mel) and ICLARM, where my new
position will be that of Principal Science Adviser. This will
enable me to have the best of both worlds: winter rains in
Vancouver, and monscon rains in Manila.

Correspondence meant to reach me as Fishbyte editor
and NTFS coordinator, or any other capacity in October/
November or from January to March should therefore be
sent to the Fisheries Centre, The University of British Co-
lumbia, 2204 Main Mall, Vancouver, B.C. Canada V4T
1Z4, Fax: (604) 822-8934, Tel: (604) 822-2731, other-
wise to ICLARM. D. Pauly

VPA Estimates of Fishing Mortality
and Exploited Biomass
from Sardinella aurita Catch-at-Length Data
in Eastern Venezuela

JEREMY J. MENDOZA
PIERRE FREON
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Abstract

In this study, length-frequency data on Spanish sardine (Sardinelia
aurita) from northeastern Venezuela were analyzed for the period 1967-
1989. Average growth parameters for the von Bertalanffy equation
were estimated as L_ = 26.6 cm (TL) and K = 1.26 year!. The number
of recruits to the fishing area, estimated from length-structured Vir-
tual Population Analysis, varied from <108 in the late 1960s to >10°
at the end of the 1980s. Exploited biomass estimates for the same
period varied from less than 20,000 t in the first years to more than
100,000 t in 1989. Both recruitment and exploited biomass showed
different seasonal patterns between 1976-1983 and 1984-1988. Despite
some uncertainty regarding these estimates, it is considered that major
population tendencies are adequately represented by this analysis.
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Iintroduction

ardinella auritarepresents the most important single

species fishery in Venezuelan waters. According

to official statistics, around 53,000 t were landed

in 1989, after a record production of 80,000 t in 1988.

This small-scale fishery occurs exclusively in the north-

eastern Venezuelan region, where exploitation is carried

out by beach and purse seines in areas close to the lit-
toral zone (Fig. 1).

Several aspects of the biology and exploitation of this

species have been studied in this area. Among these we

NAGA, THE ICLARM QUARTERLY



may mention the work of Griffiths and Simpson (1967),
Etchevers (1974), Trujillo (1977, 1980) and Anon. (1990)
on exploitation and evolution of catch and effort statis-
tics, and the work of Simpson and Gonzélez (1967), Lépez
(1972) and Anon. (1984) on the reproduction and spawning
of S. aurita. The growth studies of Heald and Griffiths
(1967) relied on scales, while those of Gonzélez (1985)
relied on otoliths. Distribution and abundance were es-
timated from aerial surveys (Trujillo 1976, 1978) and more
recently by means of hydroacoustics (Gerlotto and
Elquezabal 1986; Ginés and Gerlotto 1988; Anon. 1989).

Despite the knowledge acquired in Venezuela on this
resource, there exists a considerable amount of informa-

estimation.

The parameters of the von Bertalanffy Growth Func-
tion (VBGF) were obtained through modal progression
analysis, following length-frequency decomposition us-
ing Battacharya’s (1967) method. Estimates of L_ and K
were obtained using the Gulland and Holt (1959) plot,
and subsequently improved using ELEFAN I

Pauly’s model allowed to obtain an approximate value
of natural mortality (M), adjusted downward using a factor
of 0.8 to account for the schooling behavior of S. aurita
(Pauly 1980).

Biomass and fishing mortality were obtained from a
length-based virtual population analysis (VPA) devel-

oped by ]. Pope, documented by Pauly

and Tsukayama (1983) and Pauly and

Palomares (1989) and incorporated as
L= a routine (“VPA III”) of the Compleat
\\§, 000 ELEFAN software package of Gayanilo
b "~ | etal. (1989). In this method the catch
equation is generalized as:
z W » Ni.a/Ci = Z," exp(Z*At)/F;* (1 - exp-
% //4;/;: Sola 1. Los Testigos (Zi'At))
g 200 Loy where
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Fig. 1. Northeastern Venezuela. Map shows maln fishing areas and the approxi-

mate known distribution of Sardinella aurlta.

Monthly length-frequency and catch

tion which has not been analyzed. In this study we present
an analysis of historical series of length-frequency data
from 1967 to 1989, in order to obtain estimates of growth,
mortality, recruitment and available biomass in the fish-
ing area.

Materials and Methods

The database consists of monthly catch and length-fre-
quency data extending for the period 1957-1989, which
have been collected by personnel of the Ministry of Ag-
riculture and Animal Husbandry. However, due to vari-
ability in data quality, the growth parameter estimates
are based essentially on information for the period 1967-
1989 and for estimates of fishing mortality, recruitment
and biomass on data for the 1976-1989 period. The Compleat
ELEFAN (Gayanilo et al. 1989) was used for parameter
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data were used in this application of

the model. “Pseudocohorts” were ob-
tained from successive monthly growth curves which
“sliced” through the catch-at-length data (see Fig. 2). In
this analysis a (unique, nonseasonal) growth curve ob-
tained from the average values for the period 1976-1989
was used. In all cases, a moderate level of terminal fish-
ing mortality (F = 0.7, with M = 1.4 year™') was assumed.
The transformation of lengths into weights was based
on the relationship established by Gonzélez (1985).

Results

Table 1 shows the growth parameter estimates (L_, K
and ¢’) for the study period. The yearly values corre-
spond to average growth observed for the different co-
horts present in any year. The average values for the study
period were L_ = 26.6 cm (TL) and K = 1.26 year"; this
average growth curve is depicted in Fig. 2.
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Table 1. Growth parameter estimates

Filenome . SAR8589C Poputation and F Blomass forSardinella aurita from eastemn Ven-
Cohort # a F  N(10*2) (in tonnesy10°3) ezuela (1967-1989).
. 6
M : L4 sl do 6 Year L, K ‘.
Ft . 07 s (am; TL)  (year?)
Lo | 266 r a
K 126 3l 1967 270 105 278
N al- . 3 1968 243 129 288
c:o 2 1971 275 1.20 2.96
WP 0O - ! 1972 273 1.50 3.05
oL 50 og = 1973 26.6 140 3.00
Month Menth 1975 285 1.75 3.15
1976 26.2 1.45 3.00
1977 274 1.02 2.88
4 1978 240 140 291
% 1 J Ié 1979 27.8 1.4 291
o ikl 1981 238 104 277
l'! AE ! J 1982 29.0. 1.25 3.02
" Eed qaa8e ‘,%,E et 19838 252 120  2.88
EEAEE ~ 198 285 110 295
10 1 | | ) | i1 1985 28.8 1.10 2.96
185 1985 1986 887 1988 289 1986 26.6 1.35 298
FIg. 2. copy of the printer output of the Compleat ELEFAN (“VPA 111"}, showing how monthly izg: g.g :zg g'gg
“pseudocohorts” are generated by using two growth curves, drawn at an interval of one month, 1989 26.0 1.10 2.87
to Identify catch-at-length data (shaded) used to obtaln cohort-specific estimates or F and of
blomass. Monthly blomass Is obtalned by pooling the month-specific blomass estimates of Mean  26.6 1.26 295
different pseudocohorts. Talues of & were calculated from ¢ =
log K + 2 * log L_ (Pauly and Munro
1984).

Table 2 presents the number of 10 cm recruits into the
fishing area per month and year. Generally, we may ob-
serve relatively low values (from less than 2-10° to 4-10¢
individuals), with a decreasing tendency between 1976
and 1982. This trend is reversed in the following years
until maximum values (around 10° individuals) are ob-
served at the end of the series. The seasonal signal shows
that between 1976 and 1983, higher recruitments occurred
from October to February, while between 1984 and 1988,
maximum values were observed from June to October.

The biomass estimates by month and year are presented
in Table 3. As may be expected, the trend in biomass is
similar to that of recruitment. Maximum values (around
100,000 t) are observed at the end of the study period.

As in the case of recruitment, there is a change in the
seasonal signal during the study period. For 1976-1983,
higher biomass values occurred between March and July,
while for 1984-1988, the higher values were observed
between October and March.

The evolution of fishing mortality is presented in Table
4. The general trend shows a reduction of fishing mor-
tality over time. The seasonal signal had maximum val-
ues between May and August in the early years (1976-
1983), then changed to higher values in February and
March.

Table 2, Estimates of recruitment (in millions) per month and year for Sardinella aurita in eastern Venezuela,

Months
Year J F M A M ] J A S O N D
1978 149.6 113.1 140.5 193.5 1938 1423 109.0 1078 1245 158.7 208.3  246.2
1977 234.2 180.7 132.8 93.5 60.8 48.2 33.0 50.8 107.4 169.8 1739 1431
1978 1224 101.2 86.6 59.2 66.8 53.0 67.8 62.8 81.8 1349 1942 2215
1979 193.5 153.1 159.8 167.9 66.4 49 30.2 33.7 619 1205 1762 2320
1980 196.9 216.2 196.6 1783 1544 121.8 79.5 49 3.5 35.1 50.4 76.7
1981 133.8 105.4 79.7 72.8 67.4 74.1 933 1250  178.0 236.3 2629  256.6
1982 1986 -~ 1104 61.7 47.0 419 432 44 49.6 58.8 67.4 76.3 779
1983 87.3 86.6 119.0 1525 1728 1519 124.0 125 98.8 914 1009 1195
1984 1195 130.1 148.4 169.6 194.2 223.0 2485 2547 2744 - 2214 1931 1896
1985 136 1224 1524 177.6 209.8 247.0 275.3 2582 2343 197.9 180.1 ‘1378
1986 109.5 105.9 128.6 166.2 1922 2219 255.8 2663 2494 214.8 187.7 1060
1987 72.7 71.2 93.7 126.2 182.2 2783 348.5 359.1 3759 282.0 1625  129.0
1988 197.6 2441 248.6 280.0 344.7 351.7 3741 3134  426.6 532.7 649.0  597.7
1989 486.1 296.3 6147 11728  1,067.2 244.6 . - - - - -
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Table 3. Estimates of exploited biomass per month and year for Sardinella aurita in eastermn Venezuela (biomass in thousands of tonnes);,

Months
Yar ] F M A M I ] A s o N D
976 147 187 224 25,6 286 314 311 286 256 223 216 2.5
1977 24.6 264 302 34.1 35.0 34.3 29.1 237 16.3 143 139 168
1978 16.1 169 182 17.8 162 134 14 101 9.2 92 1.1 136
1979 173 | 183 215 208 21.6 19.2 17.5 16.7 138 = 141 13.6 14.8
1980 18.7 232 204 22 2.2 24.6 25.0 24.4 220 20.6 18.3 173
1981 95 102 116 123 nz 15 s - 98 120 162 203 26.1
1982 3.6 350 358 357 34.6 32.5 30.2 27.8 256 23.8 2.7 21.6
1983 24 214 220 21.8 2.8 25.1 273 28.1 28.1 28.0 27.9 27.5
1984 285 295 315 316 332 34.0 354 38.0 39.8 425 445 471
1985 504 - 512 508 50.1 50.1 48.8 492 50.2 481 466 4338 420
1986 464 473 463 453 425 43 43 436 42.8 421 427 439
1987 458 450 430 40.0 37.6 35.8 37.0 374 39.5 410 431 456
1988 489 466 423 394 38.5 37.8 38.1 38.2 413 47 48.6 55.0
1989 62.7 71.1 785 899 1052 1172 - - - . - -

Table 4. Monthly estimates of fishing mortality (F; year") for Sardinella aurita in eastern Venezuela.

Months

Year ] F M A M ) J A ] (o} N D

1976 .01 .08 34 48 a2 1.06 1.16 1.23 228 1.34 75 60
1977 .67 .16 .08 .66 76 1.82 221 2.69 1.56 .66 13 97
1978 72 .83 117 1.04 2.09 219 1.60 148 1.35 54 56 18
1979 52 37 142 .88 133 1.44 1.04 2.10 84 148 84 1
1980 K- 54 1.24 1.1 97 1.18 1.22 1.56 1.27 140 .95 .64
1981 97 .61 1.30 1.96 1.63 1.25 2.76 .28 .05 23 22 .16
1982 52 91 J2 1.00 1.27 1.07 97 95 74 58 .61 41
1983 40 32 1.23 .39 25 .28 56 94 87 79 .89 52
1984 56 41 90 44 .57 74 66 .68 .65 72 56 32
1985 .62 S4 75 44 37 62 56 53 36 .63 1.30 03
1986 52 94 75 98 .25 55 63 68 73 .81 35 23
1987 78 93 1.19 94 90 50 61 52 49 .66 66 32
1988 1.56 1.60 1.29 92 1.13 .90 63 84 9 1.10 .70 52
1989 ) | 61 59 32 42 .38 - - - - - -

Discussion within “pseudocohorts”. In the present case this effect is

Our growth studies, based on length-frequency analysis,
indicate that Sardinella aurita growth in eastern Venezu-
elais rapid. These contrast with the relatively slow growth
rates for the same area suggested by Heald and Griffiths
(1967) and Gonzéalez (1985), based on hard structures.
However, the results of Gheno (1975) and Fréon (1988)
for west Africa, also using length-frequency analysis, are
comparable to ours. Furthermore, Mendoza (1993) de-
termined from an application of the ECOPATH approach
(Polovina 1984; Christensen and Pauly 1991) in eastern
Venezuela that a fast growth rate was compatible with
the predatory pressure exerted upon this species within
the ecosystem.

Length-structured VPA may present an autocorrelation
effect (Mendelssohn and Mendo 1987; Pauly and Palomares
1989) caused largely by differences in individual growth
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probably magnified by the use of a single non-oscillat-
ing growth curve. For this reason the seasonality of the
monthly estimates of recruitment was not emphasized
in this paper, except for the fact that we observed a change
in the location of the maxima during the period, which
probably reflects other underlying causes, such as changes
in environmental variables, resource availability and/
or reproductive pattern.

The nature of the fisheries in eastern Venezuela imposes
certain limitations on the application of length-structured
VPA. Our results and hydroacoustic surveys (Anon. 1989)
indicate that the exploitation level is low. Under these
circumstances, the uncertainty associated with the natural
mortality estimate and different sources of variability in
this parameter affect the degree of confidence which may
be put on quantitative results. These will also depend
on the level of interchange (i.e., movement) between the
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exploited fraction and the rest of the population at any
time. The assumption of a moderate exploitation level
(E =F/Z =0.33) for all cohorts implies that this interchange
occurs at an intermediate rate.

Despite the above mentioned limitations, our results
are compatible with existing knowledge on this resource.
For example, the VPA estimates of biomass suggest that
around 15% of the total standing stock estimated from
hydroacoustics was available in the restricted fishing area
at the end of the study period. Further research and more
intensive sampling is required in order to tune the VPA
using independent biomass estimates within the fishing
area. In this case, assuming no major temporal changes
in natural mortality, the observed yearly trends in re-
cruitment to the fishery and exploited biomass would
remain essentially the same. Research is underway to iden-
tify possible relationships between the biomass and the
recruitment of S. aurita off eastern Venezuela, and their
relationship to various environmental parameters.
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