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B~§tcªst: Measurements of ring distance to the otolith
center are made in order to analyse their gene-
ral pattern of appearence. The possible agreement
between the defined modes with true annual rings is
tested. According to these modes, lengths of fishes
are back calculated using regression length of fish-
length of otolith. Results are compared with those
obtained with the direct reading method.

8~§~m~: Les mesures des distances des structures
annulaires aux centres des otolithes ont été
effectuées dans le but d'analyser leurs fréquence
d'apparition. La possible concordance entre les modes
et les vrais anneaux annuels est testée. D'aprés ces
modes, la longueur des poissons est estimée, par ré-
trocalcul, en utilisant la régression entre la 10n-
gueur du poisson et celle des otolithes. Les résultats
sont comparés avec ceux obtenus par la méthode
directe.
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In recent years growth of horse mackerel has been
e~tensively studied (TROUVERY 1977,NAZAROV 1978, CRUCES 1980,
FARI~A 1983, EATON 1983, KERSTAN 1985, MARECOS 1986, ELTINK
1985 and 1988, etc.), and several würkshops and otolith
exchange programs have been dedicated to this subject.

Results however reveal a general lack of agreement in
age determination criteria between authors frQm different
countries, as pointed out by EL1INK (1985). This is due to
the complicated structure of the otolith ,which is currently
the usual method for age determinations. Problems arise beca-
use of the fact that in older fish, growth results in a
thickening of the otolith rather than in an increase in width
or length. It is also questioned whether all visible rings
are annual or more than one is laid down each year MACER
(1977) .

Some authors tend to group rlngs in age determinations
while others consider each one annual. The former view is
supported by the observations of FARI~A (1983) who pointed
out that two hyaline bands are formed each year. On the other
hand, MACER (1968) indicates that there seems to be no
obvious grouplng of rings because they appear to be all
equally prominent. In the same way ELTINK (1988) supports the
Vlew that only one hyaline and one opaque ring should be
counted as an annual growth zone. In this case horse mackerel
would be a long-lived fish with a low natural mortality rate,
similar in these respects to the genus §~~ª~i~~ as suggested
by MACER (1968).

In this paper we test whether by measuring the
distances from the centre of the otolith to each hyaline zone
it is possible to identify frequency modes which allow us to
dlscriminate between true annual rings and secondary
structures.
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The otoliths analysed were collected during three
trawl-surveys in September-October 1984, 1985 and 1986, on
the Galician shelf <I.C.E.S. Div.VIIlc and IXa).

The method used was developed by GO~I (1983) for
the Northwestern African hake. Measurements from the centre
of the otolith to every hyaline zone were taken, regardless
of whether they might be annual or not (Fig.l).Therefore as
many radii as hyaline zones have been recorded on every
otolith. Whenever one of them was obviously an annual ring it
was recorded separately in order to obtain the frequency
distribution of radii belonging to each age.

For thlS purpose one sample of 313 otoliths was selec-
ted from fishes ranging 30 to 41 cm. That represents the
fraction of the biggest individuals usually found in the
Spanish commercial catches. 80th measurements and direct age
determinations have been made on thin transverse sections of
the otolith cut through their nucleus, with transmitted light
at a magnification of x20. For radli measurements an ocular
micrometer was used, one ocular micrometer unit (e.p.u.)
being equal to 0.05mm.

Since the selected sample comes from three different
years, the homogeneity of the frequency distribution of the
radii was tested. A chi-square test indicated the absence of
significant deviations in the results ( X = 110.89, d.f.=88
P = 0.05 ).

The relationship between the total radius of the oto-
lith (Ro) and the total length of fish was established. The
equation obtained has been used to backcalculate the lengths
of fish corresponding to each radii measured in the otolith.

Direct age determinations were made using a sample of
451 otoliths from the same material but covering the whole
range of sizes (7-41 cm). Otoliths older than 10 years are
grouped together. Readings were made by two readers and only



those where there was agreement in the ages assigned have
been taken into account. Sex of fishes has been ignored as
there seems to be no differences in their patterns of growth
(TROUVERY 1977, NAZAROV 1978, KERSTAN 1985).

Results of backcalculated length-at-age and of direct
readings are compared both in terms of mean length-at-age and
of parameters of V.Bertalanffy·s growth equation, obtained
with the FISHPARM programo

January 1st was considered the conventional birth-date
in the direct ageing while in backcalculations the "natural"
one Cspring) is involved. Taking into account that the mate-
rial analysed comes from September-October, the direct method
would overestimate the length-at-age in relation to the other
ane. To avoid this effect the adjustment to the
V.Bertalanffy·s equation was made in the former considering
the length-at-age observed as belonging to ages 1.75, 2.75
a.nd so on. The actual lengths-at-age 1,2, ~.,etc. obtained
from this equation are the ones to be compared with the
results of backcalculations.

The overall length distributian of radii including all
the otoliths analysed is shown in Fig.2. Also shown i5 the
frequency distribution corresponding to the radii identified
as annual rings. In older ages annual increments became
progressively smaller and radii length distributions
overlapped.

The relationship between total otolith radius and
length of fish (Tab Le v I ) has been found to be potential
(Fig.3), following the equation:

1. 66
L = 4219.3 x Ro (r = 0.97>

Accordingly, the length distribution of fish correspon-
ding with the radii measured appears in Fig.4. From the



length distribution of the successive annual radii, the
limits of the sizes corresponding to each one of the nine age
classes have been established and the mean length of each one
was calculated.

The growth curves obtained from the backcalculated
values of length-at-age and the ones from direct readings are
shown in Fig.5. Results are compared in Table.2, and the
corresponding V.Bertalanffy parameters are summarized ln
Table.3 together with those found by other authors.

From Fig.2 it can be observed that the general
distribution of radii lengths presents a sequence of modes
which are coincident with the distribution pattern of lengths
of radii identified as annual. This is particularly clear in
the earlier year classes. Over age five the low annual
increments in the otolith length produce the overlap of the
length distributions of radii, making impossible the
identification of annual components. This is in agreement
with the observations of KERSTAN (1985).

The presence of secondary rings can also be
distinguished in the three earlier age classes, disappearing
later on. In support of it FARI~A (1983) indicates that the
double ring formation is masked in older individuals due to
the recomposition of the otolith structure by the successive
enlargements.

Two modes can be clearly identified (Fig.2) before the
first annual radius, whereas MARECOS (1986) points out the
presence of only one nuclear ring, that she called juvenile
ring. Those rings are not always visible in our sample. It
could be further argued that the bimodal distribution found
would support either the existence of two peaks in the
spawning season or the presence in tha samples of fishes of
different origino
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Once the radii length distribution is converted
length of fish, it can be seen the five earlier ages
bimodal, while MACER (1977) observed the same in the
Sea but only for the three earlier year classes.

into
were

North

As it is usually reported, mean lengths-at-age backcal-
culated are found to be much lower that the ones obtained by
direct readings for the earlier ages (Table.2). Also the
phase of steady growth is attained before in the growth curve
constructed for the direct readings (Fig.S). Although it i5
risky to fit a growth curve to the backcalculated data becau-
se they only cover a fraction of ages, 50me conclusions can
be made from it. First it seems that by direct readings the
mean lengths at age 1, 2 and 3 could be overestimated. The
opposite would be expected with the older classes due to the
low representation of fishes bigger than 40 cm in this area.
It prob~bly yields also some evidence of both maximum length
and ages attained could be higher than previously supposed
(T ab 1e. 3) .

We want to thank J.PORTELA for his contribution, and
R. GOí~I foro her comments.
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ID

Age 1 2 3 4 5 6 7 8 9 10 1 1

L. 8.4 14.3 19.3 23.1 26.5 28.9 31 .5 33.2 34.8 36.1 37.4

1 S.D. 1 .7 2 2 3.9 2.5 2.3 2. 1 2.2 2.3 2.9 1 .5

N. 31 49 73 29 36 45 47 48 27 20 46

L. 7.7 12.4 17.3 21 .1 25.6 27.9 30.8 34.3 36.5 - -

1 1 S.D 1 .2 1 .5 1 .7 1 .9 2 1 .7 1 .3 1 .6 1 .3 - -

N. 105 97 87 83 64 37 25 18 1 1 - -

( 1 ) Resulta obtalned adjusting data to a V.l.}ERTI\LANFFY eurve eonsiderin~
age 1 ,~,3 ete, as 1 .7S,~. IS,ete.

( 11) Baekealeulations.

( L = Mean length S.D. = Standard deviation. N = Number of observations )

Table (2) : Mean lengths at age.
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LoO K To

------ --- --
45.28 0.2 -0.55

- --TROUVERY (1977) 46.07 O. 17 -2.73

---
49.09 0.14 -2.26

1--------------- -----
44.94 0.12 -3.15

---NAZAROV ( 1978) 40.20 0.13 -3.44

33.80 0.28 - 1. 12

f--' --- --- --
40.45 0.24 -0.80

MARECOS et al. --1----
(1978) 58. 11 O. 11 -1 .82

~------- -FARIAA ( 1983) 41 .57 0.19 - 1 .48

~--- - - -
43.19 0.18 -1.48

KERSTAN ( 1985 ) 41 .59 0.22 -0.65

49.69 O. 13 -2.34

-dírect calco 42.04 0.19 -0.17
(1) ....................... -back calco 57.15 0.18 -0.31

(1) Present study.

Table (3) : Parameters of V.BERTALANFFY equation
from different authors.
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