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1.- Introduction

Sordino pilchardus landed in Cestelion end Vinaroz harbours
(Spanish Hediterronean coest) belongs to 0 stock unit described by
Larrcnete (1968). This stock i5 not clearly separcted from the ene off
northern Castellon area end it sooms te be independent from the ono
supportingthe southern Costellon Hnhory. For practical purposes this
stock con be regarded os Cl single uni t. "

Londingc were sompled systematically from 19!~ to 1969 in
Castellon end frorn 1955 to 19~9 in Vinaroz. Date on age composition
fishing effort end catch per unit effort ware published in several
papers by Larrcneto end Suau, ißsued in Invostigaci6n Pesquerc.

Tho 50rdino populations from Gibraltar to Aliccnte (SE. cf

Spein) have some Atlontic charactaristic5 but Costellan sardine popu
IpHon is more similor to thor;o cf the rest of the Nediterrcnecn sea
(Larroneta, 1963).

During the night tho fishos are concentrated under strong
light-sources ond catchod with Cl traina, 0 purse-seine like geor~

Larraneta (1958) found a relationship betwaen the fishino power end
the illuminoted water volume, ·oxpreoed by the equation <

b

whore p =fishing power

I = light-source intensity
0)
~ ond ~ =constonts

This expression-ho!; been teken into account to calculate the
",

f~~~~nopower of each fishing un~t. Annual fishing cffort was calcu-
la~ed by b-lo woys: considering tho oc;tivity of a fishino uni t only
.'. ,'~'C: . ~ ...'.. 1 ;:. L •. '
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when landings of ~crdine caught in previous night took pIece ("night"
effort) or the number of ~oon months in which the vessel was in the
fishing ground ("moon" effort), as th~ fishino activi ty 1s normally
carried out according to moon months, stopping during full moon.

2.- Total mortality rates

To estimate the instantcneous rate of total mortality several
methods were uscd in order to tost as many relationships with fishing
effort as possiblo. Those methods \·tere the following:

Zl' Comparing logarithms of the catch per unit effort "night" of an
onnual class in two consecutivc years, for agos 2-3, 3-4 and ~-5

and averaging the in~tantoneous rates bolonging to three different
annual classos of each particular year (Teblo 1).

Z2' As in Zl but using "l:1oon" effort (Teblo 2).

Z3' Estimeting virtual population cf each annual cless at agos 2, 3
end 4, ond calculating tho values cf Z betwoen agos 2-3 end 3-4,
end averaging for each porticular year the valuos bolonging to two
different annual classes (Teble 3).

Z4' Angular coofficient of the regression line between ogen 2 end 5+
of the annual catch curve (Teble 4). .

Z5' Total mortolity betwoen eges ~-1 from catch curve, corrected in
order to take into account tho difforences in recruitment for oach

yoor-class (Teble 5) •

nt 11
0Z =log ----- log----

nt+l N~

was used, whero nt end nt+l are the c.p.u.e. of two consecutive age
groups in a porticular year end t-l end ~l' are an index.of the. sizeo 0
of the recruitments of the corrosponding annuel closses estirnated by

adding c.p.'u.e. (" night") at agos 0, 1 and 2.

Also the linear formula of Paloheimo (1961) was used to esti-
A

mate directly t1 end Ci obtaining negativa valucs .for ~1, thus this method
was disregerded.



'....

~.- Estinates of the natural mortalitv

•

~le havc tried to find the best correlation between total
mortality end fishing effort in order to get 0 reliablo regression
line Z = f.q+H. Tcblo 9 shows the rosult of 0 serios of those correla
tions•. Zl end Z2 werG calculatod by comparing c.p.u.c. in two succe
sives years , t emd t+1. These rotes ware plotted ,ogcinst fishing
offort in yoar t, year t+l end the evercge (t, t+l). Hone of the corre

lotions was really significative (P<O.05). The best correlotions seem
to he 0), p) I s) C1 d t).

Taylor (1959) hos proposod on· approach to astimate M~sing

the formula

were ÄO•95 is the oge at which tlle fish ~each'~s 95% of Lex>. , Accor
ding to Larraneta (1965) tha.pClrameters·of the Berlalanffy's equation--- ' .
for the Castellon sardine" are· .

','

Lm = 203.4 mm
K =0.3065
t o = 1.54- years

Bevarton (1963) suggests that in sprat, Sardino pilchardus
end engraulids the ratio MI/, is aproximately 1.6.

Rikhter and ~fanov(1976) hove proposed an approach using the
empirical equation

0.155Y = 1..521

~Oo72

where Y (=M) i5 the natural instcntaneous mortali~y rate and ~ is the
age at massive maturotion. Larranoto (1976) estimotes thot massive motu-

I

ration occurs in Cestellon sardine ct age 2 years.

•

5ummarizing, tho estimates voluos for M according to the·
different methods used are the following:

i) Regression corresponding correlation 0) • • • • 1.16
ii) Regression corrosponding correlotion p) • • • • 0.96
iii) Regression corrosponding correlation s) · 1.03

iv) Regression corrosponding correlation t) • • • • 0.92
'v) Taylor's approach . · . . . . · .. • · 0.36

vi) Devcrton 's rate tt/K • • • .. • • • • • • • • • • 0.49
vii) Rikhter and Efanov' s approach · • • · • • • · · 0.77
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4.- Discussion

Tho most reliable method to ostimato naturel mortality is the
regression betwoon fishing offort and total mortality, with the condi
tion of a constant coefficient of catchability, but as it is shown in
table 9 none of tho,correlations bctween total mortality end effort has
a remdon probability minor thon 0.05. Bowever ostimetes of M from these
regressions are relativ~ly closed, renging from 0.92 to 1.16.

Values for M of 0.36 and 0.49 seom to be too low if wo compe
re thom with tho previous ostimato5. liowever the value of o.n, obtained
from the Rikhter end Efcnov's approach, 50em3 to be more relicble end
in the neighbourhood of tho ostimations obtained from regression lines.

A question arises; Z vclues were calculated for fully recruited
ages, 2 yecrs end more. f·!evertheless tcbles 1 to 6 show calculated Z

values between 0.3 end 0.9, that is to soy, minor thon estimctes of H
by regression lines, end the fishing activity heG becn olwoys i6portant.
Although odmiting that on importcnt varicnce in the estimotes may exist
i t 50ems that valuos for t1 more thon 0.9 are perhaps overestil!lations.
Somehow or other, natural mortolity 50ems to be high in Gestellon sar
dino and r1 values botwoen 0.3 end 1.0 seem to be the most suitable onos.,

5.- Summary

Hith data on ogo composition ond fishing effort of tho Gastellon
sardine (Sardino pilchardus) population frol!l 1956 to 1969 regression
lines betweon total marteli ty end effort are calculatod. Also approaches
of Taylor, B~vertcn end P.ikhter end Efanov to estimate H are used lJ Natu
ral inntantancous mortolity rate seems to be highondin the range of
0.8 to 1.0.

6.- fHisume

On a colcu16 des regres~ions entre 10 mortalite totale et
l'effort da peche denn 10 population da sardine (Sardino pilchardus)
d~ Gastellon ovoc dos donneos sur 10 composition en age ot l'effort
depuis 1956 jusqu'a 1969. Hous cvons employ6 aussi les formules da
Taylor, Beverton et P.ikhter et Efc:,,:ov pour l'estimction da ti. Le

coafficiont instcntcne da rnortolita naturelle ast environ de 0.8 a 1.0.
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Table 1.- Zl. Averago mortality rates betwoen two yoars and for aga
groups 2-5...... Effort "night".

Years Z Ycars Z Yoars Z

1956-1957 0.79 1961-1962 1.07 1965-1966 0.72
1957-1958 1.92 1962-1963 0.94 1966-19(,7 0.92
1958-1959 1.41 1963-1964- 1.27 1967-1968 2.02
1959-1960 1.76 1964-1965 1.10 1968-1969 1.92

1960-1961 1.70



•
Table 2.- Z2. Average mortality rates between two years and for age

groups 2-5+. Effort "moon" •

Years ~ Years Z Yecrs ZL

1956-1957 0.82 1961-1962 0.80 1965-1966 0.80
1957-1958 1.97 1962-19.63 1.12 1966-1967 1.12
1958-1959 1.44 1963-1964 1.29 1967-1968 1.99
1959-1960 1.81 1964-1965 1.43 1968-1969 2.08
1960-1961 1.81

Table 3.- Z3. T,,":"'ojl mortality from virtual population.

Year Z Year Z Yecr Z

1956 0.99 1960 1.73 1964 1.06
.., 1957 2.05 1961 1.0.1- 1965 0.89

1958 1.42 1962 1.23 1966 1.08
1959 1.86 1963 1.39 1967 1.43

1968 1.63

•
Table 4.- Z4. Total mortality from catch curves.

Yeor Z Year Z Year Z

1956 1.33 1961 1.51 1966 1.35
1957 1.42 1962 1.55 1967 1.02
1958 1.54- 1963 1.33 1968 . 1.57
1959 1.60 196.1- 1.35 1969 1.62

.1960 1.40 1965 0.88
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Toble 5.- Z5; Total mortolity between ages 3 and ~ from catch curves.
Corrected.

Year Z Year Z Yecr Z

1956 1.78 1961 2.72 1966 1.91
1957 2.. 13 1962 2.55 lS\S7 1.12
1958 1.. 26 1963 0.98 1968 2.12
1959 2,:40 1964 1..40 1969 1.79
1960 1.96 1965 0.90

e
Table 6.-' Z6. Total mortality between ages 2 and 4 from catch curves ..

Corrected.

Year Z Year Z Year Z

1956 1.. 49 1961 1.76 1966 1.38
1957 1.. 31 1962 1.69 1967 1.15
1958 1.42 1963 1.27 1968 1..45
1959 ·1.45 1964 1.06 1969 1.52
1960 1.64 1965 0.88

e

Table 7.- Fishing effort "night"

- - -Year f f Year f f Year -f f

1956 5588 1961 6149 '1966 2342
5374 7093 4220

·1957 5159 1962 8037 1967 2586
5218 7562 2792

1958 5277 .' 1963 7087 1968 2997
5660 6537 3422

1959, 6042 1964- 5987 1969 3847
6584 4656

1960' 7125 . 1965 3325
6638 4589



Teble ß.- Fishing effort "moon".

- - -Year f f Year f f Yeor f f

1956 516' 1961 756 1966 378
534 756 4-40

1957 551 1962 756 1967 503
542 780 537

1958 533 1963 804 1968 572
581 746 725

1959 627 1964- 688 1969 878
70L~ 590

1960 780 1965 492
768 435

.. Table 9.- Correlations between total mortolity end fishing effort.

Total Effort r f.d. Pmortality

a) Zl night t 0.293 9 0.3-0.4
b) Z,. nioht t+1 0.390 9 0.2-0.3
c) Zl night t-t+1 0.215 9 0.5-0.6
d) Zl moon t 0.220 9 0.5-0.6
e) Zl moon t+1 0.319 9 0.3-0.4-
f) Zl moon t-t+1 0.328 9 0.3-0.4
g) Z2 night t 0.243 9 0.4-0.5
h) Z2 night t+1 0.188 9 0.5-0.6.. i) Z2 -night t-t+l 0.132 9 0.7-0.8
j) Z2 moon t 0.1-1-9 9 0.6-0.7
k) Z2 moon t+1 0.215 9 0.5-0.6
1) Z? moon t-t+1 0.224 9 0.5-0.6

,-
rn) Z3 night 0.221 11 0.4-0.5
n) Z3 moon 0.218 11 0.4-0.5
0) Z4 night 0.379 12 0.1-0.2
p) Z4 moon 0.463 12 0.05-0.1
q) Zs night 0.324 12 0.2-0.3
r) Zs moon 0.168 12 0.5-0.6
s) Z6 night 0.456 12 0.1-0.2
t) Z6 moon 0.447 12 0.1-0.2


