
decade the annual production in the Hellenic seas was
about 10000 mt. Despite its important commercial value,
virtually nothing is known about its stocks in this region
and generally in the Eastern Mediterranean. Information
regarding the biology and population dynamics of this
species comes mainly from studies conducted in other
parts of the world, mainly from the Pacific Ocean
(SCHAEFER, 1980). The objective of the present work is to
elucidate the main features of the demography of this
species in the Hellenic seas.

MATERIAL AND METHODS

Fish sampling

Samples were collected monthly during the year 1996
from the landings at the auction sites of Kavala and
Thessaloniki (Northern Aegean), Pereus (Saronikos Gulf)
and Heraklion and Chania (Cretan Sea). A total of 1138
fish was collected from all sampling regions. From the
Cretan Sea samples were found only during June and
August because of the seasonal appearance of this species
in this area. All fish were caught with purse seines and
after landing were refrigerated at -20¡C until further
work. Sampling was not conducted during January and

INTRODUCTION

Chub mackerel (Scomber japonicus Houttuyn, 1782),
is a cosmopolitan middle-sized pelagic species with a
very wide distribution over the continental shelf of the
tropical and subtropical regions of the Atlantic, Indian,
Pacific Oceans and adjacent seas. It is a primarily coastal
species, found from the surface down to 300m depth
(COLLETE & NAUEN, 1983). Along its distribution, the
species is found in isolated populations with complex
intraspecific structure, which has been studied little
(KOTLYAR & ABRAMOV, 1982). Five subspecies have been
identified so far, which form discrete populations with
different spawning and feeding areas along the species
distribution (KOTLYAR & ABRAMOV, 1982; BELYAEV &
RYABOV, 1987). In the Mediterranean sea and in the west
African waters, the subspecies found is the Scomber
japonicus colias (MORAITOPOULOU, 1963; KOTLYAR &
ABRAMOV, 1982).

Scomber japonicus is a species of high commercial
interest in Hellas. According to the bulletins of the
Hellenic National Statistical Service, during the last
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December 1996 because of the prohibition of purse seine
fishing during these months. The total weight of each fish
was weighed to the nearest centigram and its fork length
was measured to the nearest millimeter. Sex was deter-
mined through gonadal inspection. The proper interval for
the length frequency distribution was estimated by the
Goulden method (CANSELA DA FONSECA, 1965).

Age determination

The age of each fish was assigned by otolith reading.
The otoliths (sagittae) of each fish were removed, cleaned
and preserved dry. The readings were conducted by a
stereoscopic microscope under a 50x magnification, using
reflected light against a dark background. Under reflected
light the bands formed during periods of fast growth have
a white appearance (opaque), while those formed during
the periods of slow growth have a dark appearance
(translucent). In order to enhance their transparency dur-
ing reading, the otoliths were kept submerged in 90¡ alco-
hol. Each otolith was read twice, with a two month
interval between each reading. Whenever there was a dis-
crepancy between the two readings, the age data were
excluded from the study. Besides the number of annuli on
each otolith, the otolith radius (distance from the focus to
the otolith posterior end), the width of each annulus as
well as the type of marginal formation were recorded.

Statistical analysis

The time of the annulus formation and the periodicity
of the opaque and translucent bands were estimated by the
marginal increment ratio (MIR), which gives a measure of
the relative width of the otolith edge and is described by
the ratio:

MIR = (R - rn) / R

where R = the total otolith radius and
rn = the radius of the most recent annulus.

The MIR was calculated for each month and age sepa-
rately. Marginal increment analysis was not conducted for
ages above 3 due to the lack of sufficient samples.

The sex composition of the samples from all three sam-
pling regions was examined for each age class independ-
ently and significant deviations from the expected 1:1 sex
ratio were tested using the χ2 goodness of fit test (ZAR,
1996). The correction factor of Yates was applied on the
test.

The theoretical rate of growth was obtained by fitting
the assigned ages and the corresponding lengths to the
von Bertalanffy growth model. The parameters of the
model were estimated iteratively using the Simplex mini-
mization algorithm (WILKINSON, 1987). The measure of
goodness of fit was the coefficient of determination (r2).
The 1st of June was assigned as the birth date for all fish.
During this month, the largest concentration of S. japoni-
cus larvae has been detected in the Northern Aegean
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(Somarakis, personal communication). The growth
parameters were estimated for each sex separately and for
both sexes combined. The difference in growth of males
and females was tested by an analysis of the residual sum
of squares using the Ratkowsky method as suggested by
CHEN et al. (1992).

The length-weight relationship was estimated from the
regression of the total weight to the fork length. For this
calculation the logarithmic values of weights and lengths
were used.

RESULTS

Length frequencies

The dominant size class in the length frequency distribu-
tion from the catches of all three regions together was the
190-200 mm size class. For each region seperately, the
dominant size classes were: 155-165 and 240-250 mm for
the Northern Aegean catches, 190-200 mm for the
Saronikos Gulf catches and 275-285 mm for the Cretan Sea
catches (Fig. 1). The range of the total lengths and the mean
length of the fish caught in each study area were: a) for the
Northern Aegean Sea 91-266 mm (mean length=184 mm,
sd=28 mm) b) for the Saronikos Gulf 138-293 mm (mean
length=206 mm, sd=38 mm) and c) for the Cretan Sea
239-310 mm (mean length=279 mm, sd=15 mm).

Fig. 1. Ð Length frequency distributions of chub mackerel
caught at the three sampling areas.

Fig. 2. Ð Mean monthly relative marginal width on the otoliths
of chub mackerel belonging to the age classes 1, 2 and 3.

Marginal Increment Analysis

Translucent edges on the otoliths were observed in all
months, while opaque edges were observed from March



to September, with highest percentage (59%) on April.
Analysis of the Marginal Increment Ratio, showed a dis-
tinct fall of the relative marginal width on April for the
age classes 1 and 2 and on July for the age class 3 (Fig. 2).
During one year period there was only one distinct fall,
which proves that one translucent and one opaque band
are formed each year constituting one annulus.

Age composition

Conformity in both age readings was found for 1026
otoliths which corresponds to 90,3% of the readings.
From the three sampling areas the allocated age classes
were: a) for the Northern Aegean the age classes 0 to 5
with dominant the age class 1, b) for the Saronikos Gulf
the age classes 0 to 2 with also dominant the age class 1
and c) for the Cretan Sea the age classes 1 to 4 with dom-
inant the age class 3 (Table 1).
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TABLE 1

Percentage of each age class of chub mackerel
in the three sampling areas

Age class Sampling area Total

Northern Saronikos Cretan
Aegean Gulf Sea

0 34.5 30.8 0 30.1
1 52.7 43.5 4.4 45.9
2 11.7 25.6 41.2 19.1
3 0.7 0 52.9 3.9
4 0.1 0 0 0.2
5 0.1 0 0 0.1

TABLE 2

Sex composition of chub mackerel in the three sampling areas, tested for each age class in each area seperarely as well
as for all sampling areas combined. The H0 tested was the 1 male : 1 female sex ratio (m = number of males, f = num-
ber of females, Öc2 = Ö2 test value corrected for continuity, * = no fish were caught).

Sampling area Age class

0 1 2 3

m f χc
2 m f χc

2 m f χc
2 m f χc

2

Northern Aegean 58 44 1.66 157 149 0.16 19 19 0.00 3 1 0.13
Saronikos Gulf 70 64 0.19 79 68 0.68 4 9 1.23 * * *
Cretan Sea * * * 30 22 0.94 12 14 0.04 8 10 0.06
Total 128 108 1.53 266 239 1.34 35 42 0.64 11 11 0.00

Finally, the χ2 test for goodness of fit for all samples com-
bined, verified the former analogy (for all tests performed, it
was p>0,05).

Growth rate

By the iterative method the parameters of the von
Bertalanffy equation for males and females were esti-
mated as:

males: L∞ = 46.406 cm, K = 0.157 and t0 = -1.882
females: L∞ = 34.548 cm, K = 0.303 and t0 = -1.531
with coefficients of determination r2 = 0.989 for the

males and r2 = 0.987 for the females respectively. The
comparison of the these two growth curves by the
Ratkowsky method (CHEN et al., 1992), displayed no sta-
tistically significant difference between the two curves
(F = 0.7390558, F(0.05, 3, 1017) = 2.61), thus we cannot
reject the null hypothesis of similarity.

The parameters of the Bertalanffy function as they were
estimated from the pooled data of both sexes, were: L∞ =
47.596 cm, K = 0.154 y-1 and t0 = -2.177 (r2 = 0.988).

Weight - Length relationship

From the regression of the total weight on the fork
length of each fish the relationship derived, was: logW =
3.462 logL - 6.0151 ⇒ W = 9.65 * 10-7 L3.5.

DISCUSSION

In natural populations the younger an age class is the
more abundant it is expected to be, unless extraordinary
environmental conditions have preceded. An unbiased
sampling device is expected to show this age abundance
sequence in the samples it collects. In the samples coming
from the Northern Aegean and Saronikos Gulf (Table 1),
the age class 0 is underrepresented, which shows that
there is a sampling bias originating either from the prefer-
ence of the fishermen to the larger fish, or from the abil-
ity of smaller fish to escape from the seines. Either way,
the 0 age class specimens caught must be the largest ones

Sex composition

The χ2 test for heterogeneity performed for each sample
separately in all sampling areas, revealed that the ratio males:
females was not significantly different from 1:1 for all
cases. The χ2 test for heterogeneity performed for each age
class from each sampling area also showed the ratio males:
females to be not significantly different from 1:1 (Table 2).



of this class, which leads to the conclusion that selective
fishing is exerted towards the largest specimens of this
class. The remaining age classes in these regions follow
the expected pattern which also shows that fishes of the
age class 1 and older are fully fished. In the Cretan Sea the
complete lack of the age class 0, the very low presence of
the age class 1 and the high abundance of larger sexually
mature classes (age classes 2 and 3) along with the highly
seasonal appearance of this species in this area Ð the
species appears in the area during the summer months
(MORAITOPOULOU, 1963) Ð lead us to the conclusion that
its presence there is related with its spawning migratory
routine. The migratory pattern of this fish Ð whether it
comes from the Aegean Sea stock or from other Eastern
Mediterranean stocks Ð is a matter for further investiga-
tion.

Due to their annual periodicity opaque and translucent
bands are appropriate for assigning age. The time of the
onset of the new annulus formation for the age classes 1
and 2 was April, whereas that for the age class 3, was July.
This is in agreement with WILLIAMS & BEDFORD (1974)
who state that generally, within each stock, younger fish
begin to lay down the opaque band before older ones.
Analysis of the marginal type has shown that the period of
rapid growth (when opaque edges are observed) is from
March to August. The same period of fast growth (March
to September) has been observed in the Canary Islands,
where the same subspecies is found (LORENZO et al.,
1995).

The sex ratio of 1 male: 1 female found in the Hellenic
seas was also found for chub mackerel in the Pacific
Ocean (SCHAEFER, 1980). According to WATANABE (1970)
during wintering and spawning periods the sex ratio
varies among S. japonicus schools, but is assumed to be
1:1 for the population as a whole.

Scomber japonicus growth rates are similar in both
sexes, as has also been observed in other regions of the
species distribution (GAGLIARDI & COUSSEAU, 1970;
PERROTTA & FORCINITI, 1989). From studies conducted in
most regions of the species distribution, it was shown that
S. japonicus exhibits a very high growth rate during its
first year of life (SCHAEFER, 1980; PERROTTA, 1992). In
the Hellenic seas this growth rate reached 38.7% of its
asymptotic length (L¥). During the second and third year
of life the growth rate dropped, reaching 47.5% and 55%
of its asymptotic length respectively, a phenomenon that
can be attributed to sexual maturity (LORENZO et al.,
1995). The growth rate observed in the Hellenic seas was
slightly lower than that observed in the Canary Islands,
where the species reached 40% of its asymptotic length
during the first year of life (LORENZO et al., 1995). The
von Bertalanffy parameters as estimated for the Hellenic
seas were very close to those estimated for Mauritania
(L∞ = 48.8 cm, K = 0.20) and Morocco (L∞ = 51.2 cm,
K = 0.32) by MARTINS & GORDO (1984). We can conclude
that the growth and demographic characteristics of S.
japonicus colias in the Hellenic seas are similar to those
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in the rest of the subspecies distribution (Mediterranean
Sea and NW Africa), yet show a trend towards a slower
growth rate. However, differences exist in the growth
rates exhibited by the other subspecies. In Argentine
waters S. japonicus marplatensis reached 50% of its
asymptotic length within the first year of life (PERROTTA,
1992). Comparative studies have shown that the sub-
species of the Pacific Ocean (S. japonicus peruanus, S.
japonicus diego and S. japonicus japonicus) exhibited
faster growth rates than S. japonicus colias and S. japon-
icus marplatensis (RODRIGUEZ-RODA, 1982; MORALES-
NIN, 1988). This makes S. japonicus colias the slowest
growing of all subspecies.
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