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1.= Introduction

Sardina pilchardus landed in Castellon ond Yinaroz harbours

- (Spenish Mediterrancan coast) belongs to o stock unit described by
Larrciieta (1968). This stock is not cleerly scparated from the one off
northern Cestellon arca and it scems to be independent from the one
supporting the southern Castcllon fishery. For practical purposes this

stock can be regarded os o single unit. .

Landings were sampled systematically from 1980 to 1969 in
Castellon and from 1955 to 1959 in Vinaroz. Data on age composition
fishing effort and cotch per unit effort were published in several

papers by Lorrofieta end Suau, issued in Investiqacidn Pesquera.

The serdine populations from Gibraltar to Aliccnte (SE. of
Spain) have some Atlantic characteristics but Castellon sardine popu-
lation is more similor to those of the rest of the Mediterrcnean sea
(Laorrciieta, 1963). |

During the night the fishes are concentrated under streng
light-sources ond catched with a troifia, a purse-seine like gear.
Larraiieta (1958) found a relctionship botween the fishing power and
the illuminated water volume, axpresed by the equation -

- , I
\<[; = a.logevlo- b '

where p = fishing power
Iof light-source intensity
a and b = constants
This expression-has been tcken into account to calculate the
fishing power of each fishing unit. Annual fishing offort was calcu~

lated by two ways: considering the activity of e fishing unit only
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when landings of sardine caught in previous night took place ("night"
effort) or the number of moon months in which the vessel was in the
fishing ground ("moon" effort), as the fishing activity is normally

carried out according to moon months, stopping during full moon.

2.~ Total mortality rates

To estimate the instantcneous rate of total morfality several
methods were used in order to test as many relationships with fishing
effort as possible. Those methods were the following:

Z]. Comparing logarithms of the catch per unit effort "night" of an
annual class in two consecutive years, for ages 2-3, 3-4 and 4-5
and averaging the instantaneous rates belonging to three different

cnnual classes of each particular year (Teble 1).
22‘ As in 21 but Using "moon" effort (Table 2).

23. Estimating virtuel population of each cnnual class at ages 2, 2
and 4, and calculating the values of Z between ages 2-2 and 3-4,
cnd averoging for each particular year the values belonging to two
different annual classes (Table 3).

24. Angular cocfficient of the regression line between ages 2 and 5+
of the cnnual catch curve (Table 4). -

Zp. Total mortality betwcen oges 3-4 from catch curve, corrected in
order to tcke into account the differences in recruitment for each
year-class (Table 5).

Zge Avercge total mortality between cges 2-4 from catch curve, correc-
ted in order to toke into account the differences in recruitment
for each year-class (Table 5).

To estimate Zy ond Z, the expression (Gullend, 1971):

n ”o
= log 4%
(o]

Z:log

g M4
was used, where ny and L are the c.p.u.e. of two consecutive age
groups in ¢ particular year and Ho and Na ore an index.of the. size
of the recruitments of the corresponding annual classes estimated by
adding c.p.u.e. ("night") ot ages 0, 1 and 2.

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

mate directly fl and § obteining negative values for ﬁ, thus this method
was disregarded, S '
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.- Estimates of the notural morxrtality

Jle have tried to find the best correlation between total
mortality ond fishing effort in order to get‘o reliable regression
line Z = f.q+M. Tecble 2 shows the result of a serics of those correla-
tions. - Zl and Z2 were calculatod by comparing c.p.uv.c. in two succe-
sives years, t and t+1. These rates were plotted agcinst fishing
effort in year t, year t+1 and the avercge (t, t+1). Hone of the corre-
lations was really significative (P<0.05). The best correlations seem
to be o), p), s) omd t).

Taylor (1959) has proposed an. epproach to estimate M using
the formulc ‘ A

M = —2:298
A0 95
were AO 95 is the age at which the fish reaches 95% of L . Accor-

ding to Larrafieta (1963) the. parcmeters - of the Bertulanffy s equotxon
for the Castellon sardlne are

.L = 203.4 mm
o)
K = 0.3085
t, = - 1.54 years

Beverton (1943) suggests that in sprat, Sarding vilchardus

end engraulids the ratio M/K is aproximately 1.6.

Rikhter and Efenov (1978) have proposed an opproach using the
empirical equation

1.521 _ 0.155
0.72

.
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Y =

where Y (=M) is the natural instentoneous mortality rate and x is the
age at m0331ve maturation, Larraficta (1975) estimates that massive nctu-
rction occurs in Castellon sardine at age 2 years.

Summarizing, the estimates values for M according to the -
different methods used are the following: |

i)  Regression corresponding correlation o) . . . . 1.16
ii) Regression corresponding correletion p) . . . . 0.9%
iii) Regression corresponding correlation s) . . . . 1.09
iv) Regression corresponding correlation t) . ... 0.92
“v) Taylor's approach & . ¢ & & 4 ¢ ¢ ¢ ¢ o o« « « « 0.36
vi) Beverton's rate M/K v v v v v v v o 4o 0 o o o o 0.49
vii) Rikhter and Efanov's approcch « o o v o o o o o 0.77



A,.~ Discussion

The most reliable method to estimaote naturcl mortality is the
regression between fishing effort and total mortality, with the condi-~
tion of a constant coefficient of cotchability, but as it is shown in
table 9 none of the correlations between total morxtality and effort has
a ramdon probability minor than 0.05. However estimctes of M from these
regressions are relativaly closed, renging from 0.92 to 1.16.

Vaolues for M of 0.36 and 0.49 seem to be too low if we compa-
re them with the previoué estimates. However the value of 0.77, obtained
from the Rikhter and Efcnov's approach, seems to be more reliable end
in the neighbourhcod of the estimations obtained from regression lines.

A question arises; Z veclues were calculated for fully recruited
ages, 2 years cnd more. Hevertheless tables 1 to 6 show calculated Z
values between 0.8 cnd 0.9, that is to say, minor thon estimates of H
by regression lines, ond the fishing activity has been always importont.
Although admiting that on importont varicnce in the estimates may exist
it seems that velues for M more then 0.9 are perhaps overestimations.
Somchow or other, natural mortality seems to be high in Castellon sar-
dine and 1 values betwecn 0.8 and 1.0 seem to be the most suitable ones.

5.~ Sunmary

YWith data on ege composition ond fishing effort of the Castellon
sardine (Sardina pilchardus) population from 1955 to 1969 regression
lines batween total mortelity end effort aere calculated. Also approaches

of Taylor, Buvertcn cnd Rikhter end Efanov to estimate M are used, Matu-~
ral instantaneous mortality rate seems to be high ond in the range of
0.8 to 1.0.

6.~ Résumé

, On a calculé des régressions entre la mortalité totale et
1l'effort de péche dens la population de sardine (Sardina pilchardus)

de Castellon avec des données sur la composition en &ge et 1l'effort
depuis 1955 jusqu'y 1949. Hous avons employé cussi les formules de
Taylor, Beverton et Rikhter et Efcrov pour l'estimation de M. Le
coafficient instantené de mortolité naturelle est environ de 0.8 & 1.0.
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Table 1.- Zy. Average mortality rates between two years and for age
qgroups 2-5+. Effort "night".

Years Z Years -Z Years Z
1956-1957 0.79 1961-1952 1.07 1965-1946 0.72
1957-1958 1.92 1962-1943 0.94 1965-1957 0.92
1953-1959 1.41 1963-1964_ 1.27 1967-19683 2,02
195919450 1.76 19564-1955 1.18 19631959 1.92

1950-1951 1.70




Table 2.~

Z,. Average mortality rates between two years and for age

groups 2-5+, Effort "moon".

Years Z Years Z Yeors Z
1956-1957 0.82 1961-1952  0.80 1965-1965 0.80
1957-1958 1.97 19521953 1.12 1966-1987 1.12
1958-1959 1.44 1943-19564 1.29 19567-1968 1.99
1959-1950 1.81 1964-1965 A3 19468-1969 2.08
1950~1951 1.81
Table 3.~ 23. T>"31 mortality from virtucl populaticn.

Year Z Yeor Z Year 4
1955 0.%9 1950 1.73 1964 1.86
" 1957 2.05 1961 1.04 1955 0.89
1958 1.42 1952 1.23 1965 1.08
1959 1.86 1963 1.39 1947 1.43
o 1968 1.63
Table 4.~ 24.iTotal mértality from catch curves.
Yeor z Year i Year z
1956 1.33 1951 1.51 1956 1.35
1957 1.42 1952 1.55 1967 1.02
1958 1.54 1953 1.33 1968 1.57
1959 1.50 1964 1.35 1969 1.62
1960 1.40 1955 0.88




Table 5.~ 25.ATotal mortality between ages 2 and A from catch curves.

Corrected.

Year Year A Year
1956 1.78 1961 2.72 1956 1.91
1957 2.13 1942 2.55 1967 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.%0
Table 6.-'26. Total mortality between ages 2 and 4 from catch curves,
Corrected. ‘
Year Year Z Year YA
1956 1.49 1961 1.76 1966 .38
1957 1.31 1962 1.69 1967 1.15
1958 1.42 1963 1.27 1948 1.45
1959 1.45 1964 1,06 1969 1.52
1960 1.64 1965 0.88
Table 7.~ Fishing effort "night"
Year f f Year f T Year f ?.
1955 5588 1961 6149 1966 2342
5374 7093 4220
- 1957 5159 1962 8037 1967 2586
5218 7562 2792
1958 5277 g 1963 7087 1968 2997
5660 6537 ‘ C 3422
1959 6042 1964 5987 1969 3847
. 6584 4656
1960 7125 . 1965 3325
6638 4589




Table 8.~ Fishing effort "moon".

o

0.447

Year  f F Year f  f Year  f ¥
1956 516 1961 756 1966 378
534 756 440
1957 551 1962 756 1967 503
\ 542 - 780 537
1958 533 1963 804 1968 572
- : 581 746 725
1959 527 1964 698 1969 878
704 590
1960 780 1965 492
768 435
Table 9.~ Correlations between total mortality and fishing effort.
Total
a) Z, night ¢ 0.293 9 0.3-0.4
b) Z;. night t+l 0.390 9 0.2-0.3
c) Z, night t-t+l 0.215 9 0.5-0.6
e) Z] moon t"‘] 003]9 9 0.3-004
f) Z] moon t-~t+1 0.328 9 0.3-0.4
9) Z, night ¢ 0.248 9 0.4-0.5
“h) Z, night t+1 0.188 9 0.5-0.6
i) Z, -night t-t+1 0.132 9 0.7-0.8
i) z, moon t 0.149 9 0.6-0,7
k) Zo moon t+1 0.215 9 0.5-0.6
1) Z, moon t-t+1 0.224 9 0.5-0.6
m) Zq night 0.221 1 0.4-0.5
n) 23 moon 0.218 1" 0.4-0.5
o) Z, night 0.379 12 0.1-0.2
p) Z4 moon 0.463 12 0.05-0.1
q) 25 night 0.324 12 0.2-0.3
r) Zs moon 0.168 12 0.5-0.6
s) Z night 0.456 12 0.1-0.2
t) z moon 12 0.1-0.2




