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Introduction
e

The Western Sahara region (21-26 °
N) Is well known for Its Intense
upwelling and good fishing grounds. A
large Internatlonal fleet is operating
in the area and the main target species
are cephalopods. Large flish are taken
as bycatch. About half of the fish
caught belong to the family Sparidae.

Methods
In 1980, 1981 and 1982 +the
research vessel of the ISPM made a

total of 8 crulses to the reglon (21~
26° N, 0-100 meters depth), and this

resulted in 434 trawling stations. The
vessel has an overall Ilength of 39
meters. A cephalopod trawl with a

headfine of 72 meters was used. The
codend meshsize was 60 mm (stretched)
and a 25 mm cover was always applled.
Catches of net and cover have always
been treated separately. Length/
frequencies of Sparldae caught were
always recorded.

The data of these crulses have
been analyzed on the HP 9845B computer
(56 Kbyte, Graphics ROM, Advanced Pro-
gramming ROM) of which t+he perlipherals
were an 8 inch 500 Kbyte flexible disc
(programs), a 10 Mbyte hard dlsc
(files), & matrix printer and a
plotter.

Data have been stored on disc with
8 package of programs, described In
Mennes (1982).

For each crulse the captaln's
records, catch records and length/
frequencles have been stored; Captain's
records on CAPT files, each record (24

Items) contalns data such as date,
depth, poslition, etc. Catch records
h
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_record).

are stored on BIOL files (4 items per
A statlon always begins wlith
one record with system information
(station number, etc.s) and thereafter a
variable number of catch records
follows: species code, total welght,
total number and a number +hat
Indlicates whether a length-frequency
sample has been taken or not. Length-
frequenclies are stored on LEFR files (2
items per record). A station beglins
with 3 records that contain systenm
information (station number, etc.) and
a railsing factor, to take Into account
any sub-sampling. Thereafter, a varl-
able number of data palirs t'fength,
frequency' follows.

A fish codiflcatlion system has
been stored as a file, called FISHES
and records contaln a six dlgit code
and a sclentific name.

Some LINE files have been made,
they contain digitallzed mep contours,
such as the coastiine and depthlines.

For each BIOL file a binary poin-
ter t+able (POBI) has been made, and for
each LEFR flife one binary POLE pointer
table and one polnter table In ordinary
format (POLF). These pointers speed up
data processinge.

Data have
programs, described

been processed with
in Mennes (1983).

Distribution of statlions

have been
which uses

Maps of the crulses
prepared by program MAPSTA,
CAPT and LINE flfes.

Blomass estImate

For each specles, +the average
catch per hour has been cafculated, as
well as the varlance of the estIimated
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mean catch per hour (Savifle, 1977).
The program BIOMAS, which works with
the CAPT, BIOL and POBI files has been
used. Depth stratiflication and stratl-
fication perpendicular to the coastline
may be deflned by the operator and
various other selectlon criteria are
implemented In the program. The
results are presented on a printout and
are summarized In Table 1. Combined
with the towing speed, the wingspread
of the net and the surface of the swept
area, the Sparidae stock can be est|-
mated at 217,000 tonnes, and all other
fish at 245,000 tonnes.

Length/welght relationship

Programs LEWEO! (calculations) and
LEWEO2 (plot) have been used to obtain
a optimal regression with a fixed power
of 3. lLength/weight data are entered
manually and are log/log converted.
The program calculates the correlation
coefticient of two lines, one far above
the cloud of dots, and one far below.
Oniy the 'best' of the two [ines 1Is
kept and the correlation coefficlient of
a new [ine, 'halfway' the first+ two
[tnes, is calculfated. The correfation
coefficients of the two lines are com-
pared. Through this 'binary search' a
'best' [ine with a fixed power of three
can be found. The method has two ad-
vantages:

1) no '"tricks' are necessary later
on, In the Beverton and Holt+ model,

2) only one parameter determines
the curve, hence Inter-specles compari-
son Is easy.

Selectivity

Program SELEQ1 (calculations) and
SELEO2 (plot) use the CAPT, BIOL and
LEFR files, as well as the POBI, POLE
and POLF pointers.s Varlous selection
criteria (cruises, depth limits, etc.)
may be specified by the operator. Only
stations that have length/frequencies
in both the net and the cover are
accepted. A length/total frequency
array Is built up In the memory and the
frequencies are converted to 'logli+ts'.
The operator may define an upper and
[ower Iimit for [linear regression,
which Is applled on the fength/logit
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array and the result is re-converted to
length/percentage retained. The method
is described in Pope (1975). An
example is given in Figure 1.

Growth

Program LFTIME has been used to
prepare plots of length-frequency dis-
tributions, as shown iIn Flgure 2. The
program works with the CAPT, LEFR, POLE
and POLF files and allows the operator
to select on varlous parameters (which
cruises, etc.)e The subjectively esti-
mated modes can be used to estimate
growth. 1+ Is assumed that there has
been constant growth In time, and thus
modes of different years have been
combined. Program vonBER uses the von
Bertalanffy growth curve and allows the
user to enter data pairs: time, fength,
where the time is the year in the deci-
mal system, as glven in Figure 2. The
program requires the entry of the maxi-
mum length and estimates of t, 2nd K,
as start values. Both fo and K are
varied and the sum of the dIf ferencess
between the calculated length minus +he
observed fength is minimized. An
example Is given In Figure 3. The
first version of vonBER varied the
maximum fength (Lo )} as well, but
because of the Intense fishing In the
region no large specimens were avail-
able and the first estimates of growth
resulted in non-reallstic values for
Lo It has been decided to adapt
VOonBER and to take Ly from +the
[Mterature.

Mortallty

The natural mortality has been
estimated with the formufa of Pauly
(1983). Total mortallty has been esti-
mated with program CATCUR, which uses
the CAPT, LEFR, POLE and POLF files.
Again, varlous selection criteria may
be specified by the cperator. A total
length-frequency array Is bullt up in
the memory and a length-to-age conver-
ted catch curve Is prepared. The
method Is described by Pauly (1983).
The program accepts two time fimits for
the finear regression. This in order
to allow rejectlon of the left part
{Incomplete recruitment) and the right
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Table 1. Stratified mean catch per hour and the $5% confidence
Jimits, per species(-group),

=<

w

[N F RN
U\ QD

‘Taxonomic group
Dentex
ngtex dentex
‘pentex gibbosus
pentex canariensis
pentex macrophthalmus
pentex maroccanus
gpondy!iosoma cantharus
pagellus
i pagelius centrodontus
i pagellus erythrinus
+ -pagellus acarne
pageilus bellottii
Li?hognathus mormyrus
‘Lithognathus aureti
Pagrus
4 Pagrus pagrus
. - Sparus aurl%a
4 Sparus aurata )
: Sparus coeruleostictus
i Boops boops
: Sarpa salpa
5 Puntazzo puntazzo
Diplodus annularis
Diplodus bellottii
Diplodus vulgaris
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Diplodus cervinus
Ob?ada melanura
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Fig. 1, Sample output of selectivity analysis.
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Species: Pagellus erythrinus. Cruises: March 1980 till November
1982. Limits: 20 and 98 pescent. Casablanca, 9.8.83.
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Fig. 2. Sample output of length-frequency data,

. ! Species: Pagell bellottii. ises: i
Sub-total (non-Sparidae) 157.169 1982, Casablncs, 2890 0% March 1982 til November.

Tota) 295.960
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part (fow number of fish) of the plot.
The result is glven in Figure 4.

Beverton and Hoft model

Programs YIJELD) (screen) and
YIELD2 (pfotter) have been used. The
operator may define the scales of t+he
fishing mortafity axls and the age at
first capture axis, and is requested to
enter the natural mortallty, the maxi-
mum welght, K, ‘ro and the age at first
recruitment (tr). The latter has been
estimated using the lowest fength
observed in the plots of progranm
LFTIME. The value of t, has always
been assumed to be zero. Furthermore,
the program needs as inputs various
values of yield per recrui+: these will
be the Isopfeths which are to be drawn.
The resolution may also be defined.
For tryouts on the screen, low reso-
fution is used, whilst the final result
is prepared with high resolution. This
is because @ high resolution plot may
take up to one hour processing time.
An example of a plot is given In Figure
35, in which the resolution was 500.

Basically, In thls method, the
scaled area Is divided into a number of
intervals (this depends on the resolfu-
tion). Then, for each Isopleth, the
program scans the sides of the plotting
area and calculates for each interval
two times the yleld per recrult (Y/R),
{f a datapalr Is found with the firs+
Y/R lower, and the second Y/R higher
than the selected Isopfeth, the start
point of the Isopleth Is found. There-
after, the program folfows the [so-
pleths For each interval, it calcu-
lates four times a Y/R value (for four
points In a square), adjusts Itself
each time for t+he various values found
and advances one interval step, until a
side of the plotting area is reached.

Eteven plots were prepared, of
which 10 showed ‘'overflishling'.

Multi-species Beverton and Holt model

To alfow for tadditlon' of several
specles, programs MULTII/MULTI2 have as
scales relative fishling effort (RFE
percentage) and codend meshsize (MS,
mm)e A linear relationship between RFE

8

and fishing mortality has been assumed,
For each species F can be calculateq

corresponding to a certaln fevel of
RFE: F = AF x RFE / 100 where AF = the
actual F of Tabie 2. Also a Fflinear
relationship has been assumed between
MS and the length at which S0% of the
fish are retained (Lc). For each
specles, Lc can be calculated cor-
responding to a certaln level of MS: Lc
= ALC Xx M5 / 60 where ALc = the actual
Lc of Table 2. It is assumed that +he
actual codend meshslize used in the
fishery also equals 60 mm. To account
for various levels of recrultment, a
relative index of recruitment has been
Included in the model, equal to the
average number of fish caught per hour
multiplied by the total mortality,
This index was used as a weighting
factor while summing the yield per
recruit for each species. The results
are isopleths similar to Figure 5,
applicable to several species. '

Lonclusions

The Sparldae stock {is ‘'over-
fished's If the objective is to opti-
mize the output of the system, expres-
sed In weight of Sparidae, then a
codend meshsize of 90 mm, a reduction
of fishing effort by 60% to 40%, or a
combination of these two should be
advised.

And MOre eeee

A Pella and Thomlinson production
model has been appfied on catch/effort
data given Iin FAO (1979) and FAO
(1982). Program GPM has been used.
The result shows that a reduction of
fishing effort by 70% to 30% corres-
ponds to the MSY.

Length cohort analysis (Jones,
1981) has been undertaken, using
program COHORT (iterative method, with
plot). The results show that recrult-
ment overfishling does not take pface.
Seasonal closure will probably not be
the solution.

When population parameters of the
main target species (QOctopus vulgaris,
Sepia officinalis and Loligo vulgaris)
are Incfuded In the modef, as well as
market values for all species, the plot
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Table 2. Some population-dynamic parameters. Symbols are as follows:

3 — factorinW=a"* LJ. used in calculation of maximum weight Z — total mortality

Woo — maximum weight in grams F  — fishing mortality

loe — maximum fork length in centimeters E — exploitation rate

K — growth coefficient of von Bertalanffy curve {annual basis) L, — fork length {cm) at first recruitment
L — fork length (cm} at which 60% of the fish will be retained (net selectivity, 60 mm) t - relative age (years) of L,

tc — relative age (years) of Le

hﬁ — natural mortality

Species a Weo Lo K Le te M 4 F E L t,

Boops boops 0.0145 475 32 0.29 13.89 196 057 280 223 080 450 052
Dentex gibbosus 0.0173 11004 86 0.19 1155 0.76 0.32 1.15 0.83 072 550 035
Dentex macrophthalmus 0.0210 3,889 57 0.25 10.64 083 044 210 166 079 450 0.33
Dentex maroccanus 0.0211 1,252 33 0.23 12.08 1.61 0.46 233 1.87 080 450 053
Dentex canariensis 0.0223 13,695 85 0.15 14,04 1.20 028 2.58 2.30 0.89 750 0.62
Dipldus vulgaris 0.0240 1424 39 040 11.28 085 066 2.1 1.15 069 750 053
Diplodus bellottii 0.0308 541 26 0.27 11.28 2.1 057 214 1.57 0.73 350 054
Pagellus erythrinus 0.0206 2,733 51 0.24 13.89 132 043 1.20 0.77 0.64 550 048
Pagellus acarne 0.0204 608 31 0.21 13.89 283 046 088 042 048 350 057
Pagellus bellottii 0.0192 896 36 0.38 13.39 122 065 218 1.53 070 350 0.27

Spondyliosoma cantharus 0.0211 2967 52 0.30 12.79 0.94 0.50 238 1.88 0.79 3.50 0.23
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Fig. 3. Sample output of growth analysis program. Species: Pagellus bellottii. Data based on results of plot of program LFTIME for the
cruises: March 1980 till November 1982. Casablanca, 5.10.83.
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Fig. 4. Length-converted catch curve and mortality estimates

9enerated by program CATCUA. Species: Diplodus bellottii, Fig. 5. Yield isopleth diagram for a single species. Species: Dentex
Cruises: March 1980 till November 1982. K = 0.27, infinitive maroccanus. Yield per recruit indicated at top or right side of the
length = 26 ¢m. Limits set 1o 2 and 5.5 years, Casablanca, 6.9.83. plot, in grams, Casablanca, 5.10.84. (plot revised)
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shows that the yleld per recruit,
expressed in US dollars, will optimize
at a mesh size of 125 mm or at 60% of
the present effort.

The complete stock assessment has
been repeated for the 1981-82-83 data.
Comparison between 1980-81-82 and 1981-
82-83 indicates that filshing effort
appears to have increased, as well as
‘overfishing’.

For the three main species, Diplo-
dus bellottii, Pageflus belfot+ii and
P. acarne the catch in numbers per hour
decreases in time, whilst the total
mortality increases.
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Hote for programmers:

Listings ang
users' Instructlions written by Mp,
Mennes for all of the programs men-

tioned above can be obtalned from
ICLARM, by writing to +t+he Network
Secretary (address on p.l1). Please Use
your judgement before making a request
as the full set amounts to 231 pages,
l.e. serious users only please!

PRELIMINARY LENGTH-BASED
GROWTH PARAMETER ESTIMATES OF
PERUVIAN SARDINE (SARDINOPS SAGAX SAGAX)

by

G. Cardenas
Instituto del Mar del Perd,
Apartado Postal 22, Callao, Perd
and
J. Mendo
Proyecto de Cooperacion Clenf{flca
Peruano-AIeman,Aparfado Postal 22,
Callao, Peru

Introduction

The Peruvian sardine (Sardinops
sagax saqax) Is one of the mos+ Impor-
tant fish species caught off Peru. |Its
fandings Increased after the decline of
the anchoveta (Engraulis ringens)
landings (Fige 1) With +he Increase
of sardine landings Interest about the
state of the stock also Increased.

Stock assessments of sardine until
today have been based mainfy on blomass
estimations by means of acoustic sur-
veys. Also, staff at+ |MARPE {Instituto
del Mar del Peru) have attempted to
apply Virtuel Popufation Analysis for
comparison of stock estimates with
those obtained through acoustic methods
and to obtain more Information about
the population structure of the sardine
stock. Because growth iIs one of the
most important aspects of fish biology
population dynamlcs and because we
observed differences between the esti-~
mates of growth parameters derived by
several authors, we present here an
attempt to obtain growth parameter
estimates using the ELEFAN ) program
for the analysis of fength frequency
data.
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