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RESUMEN

Estudio comparado del crecimiento de la caballa (Scomber japonicus Houttuyn, 1782) en tres regiones diferen-
tes: Mediterráneo Noroccidental y Atlántico Nororiental y Sudoccidental. Se estimaron los parámetros de creci-
miento del modelo de von Bertalanffy de la caballa del Mediterráneo Noroccidental, a partir de ejemplares de la costa
catalana (España). Estos resultados constituyen las primeras estimaciones para dicha región y fueron los siguientes: L∞
(cm) = 39,75; K (años-1) = 0,298; to (años) = -1,40 (para los grupos de edad 0 a 8). Tales resultados se compararon con
los parámetros de crecimiento estimados para la caballa que habita las regiones: Nororiental (Islas Azores) y
Sudoccidental del Océano Atlántico (R. Argentina). Cuando se compararon simultáneamente los parámetros de creci-
miento L∞, K y to, se encontraron diferencias significativas entre las curvas de crecimiento correspondientes a cada una
de las regiones. El mismo resultado se obtuvo al comparar las curvas correspondientes a cada una de las regiones cuan-
do se consideraron solamente los parámetros L∞ y K. Para establecer las causas que pudieran determinar tales varia-
ciones geográficas en el crecimiento se analizaron algunos factores ambientales locales. En particular, se investigó el
efecto de la temperatura del mar sobre el índice de actividad fisiológica del pez (K). Las diferencias geográficas obser-
vadas indican que la caballa alcanza una menor longitud asintótica en latitudes altas, pero tiene un mayor K que la caba-
lla que habita en latitudes más bajas. Sin embargo, no pudo establecerse una relación directa entre K y la media anual
de temperatura del agua de las diferentes regiones en las que se distribuye la caballa. Por otro lado, la calidad y la dis-
ponibilidad de alimento son los factores que tienen una mayor influencia en el crecimiento de la caballa. 

*Contribución INIDEP Nº 1333
†This work was developed partially at Departamento de Oceonografia e Pescas Marinas (Universidade dos Açores-Portugal).
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SUMMARY

The von Bertalanffy growth parameters for chub mackerel from the NW Mediterranean, along the Catalan coast (Spain), were estimated.
These results constitute the first estimated values for chub mackerel in this area and were as follows: L∞ (cm) = 39.75; K (years-1) = 0.298;
to (years) = -1.40 (for age groups 0 to 8). These results were compared with the estimated growth parameters for the chub mackerel that
inhabits other two regions: NE Atlantic (Azores) and SW Atlantic (Argentina). Significant differences in growth curves between regions
were found when the growth parameters, L∞, K and to, were simultaneously compared. When comparing the growth parameters L∞ and
K individually, significant differences between regions were also verified. To establish the causes in the geographical variations in the
growth, some local environmental factors were analysed, in particular, the effect of surface water on the index of physiological activity
of fish (K). The observed geographical differences indicate that chub mackerel from higher latitudes reach a lower asymptotic length but
have a higher K than chub mackerel from lower latitudes. No direct relationship could be established between K and the average annual
water temperature in the different regions of their world distribution. On the other hand, food resource quality and availability appears to
have a greater influence on growth in chub mackerel.

Palabras claves: Scomber japonicus, crecimiento, condiciones ambientales, Mediterráneo Noroccidental, Atlántico Nororiental,
Atlántico Sudoccidental.
Key words: Scomber japonicus, growth, environmental conditions, NW Mediterranean, NE Atlantic, SW Atlantic.

INTRODUCTION

Fish growth is a complex process, influenced
by numerous biotic (e.g. size, feeding rate, devel-
opment stage and genetic makeup) and abiotic
factors (e.g. temperature and photoperiod).
Temperature in ectothermic fish is regarded as a
metabolic controlling factor (Fry, 1971; Brett,
1979), and there are specific optimal temperature
windows for growth and survival (Gadomski and
Caddell, 1991). These optimal values may change
along the animal’s ontogeny (Brett 1979;
Pedersen and Jobling, 1989; Fonds et al., 1992).
Early life stages often exhibit different optimal
temperatures from adults, which may be reflected
in differences in temporal and spatial distribu-
tions of young and older fish of the same species
(Gadomski and Caddell, 1991). 

The chub mackerel Scomber japonicus
Houttuyn, 1782, is a cosmopolitan pelagic
species inhabiting tropical and subtropical
regions of the Atlantic, Indian and Pacific Oceans
and adjacent seas (Collette and Nauen, 1983). As
a consequence of its broad distribution and the
existence of oceanographical barriers, this
species may be comprised of isolated populations

(Kotlyar and Abramov 1982; Roldán et al.,
2000). Chub mackerel is essentially a near coastal
species, with a vertical distribution ranging at
depths between 0 and 300 m. Adults carry out
reproductive migrations from deeper shelf-break
waters to shallow coastal areas (Collette and
Nauen, 1983; Cousseau et al., 1987; Castro and
Santana, 2000; Perrotta et al., 2001). 

Lorenzo and González (1993, 1996), in their
study on chub mackerel off the Canary Islands
highlighted the usefulness of regional studies in
improving the understanding of the behaviour of
this species in other less known geographical
areas. Following this line of research, the present
paper deals with aspects of age and growth in
chub mackerel from three different regions: the
NW Mediterranean, NE and SW Atlantic waters
in a comparative way. It is interesting to mention
that chub mackerel that inhabits this last region
was considered by López (1959), as the sub-
species Scomber japonicus marplatensis.
Nevertheless, Perrotta et al. (1990), criticized this
opinion, considering specimens from the SW
Atlantic as Scomber japonicus. This last approach
was adopted in this work. The Mediterranean Sea
and the open oceanic waters of the subtropical N
Atlantic are typically characterized as oligotroph-
ic regions (Estrada, 1996; Morton et al., 1998),



while the Argentine Sea is generally known for its
eutrophy (Piola et al., 2000). However, at certain
times, mechanisms enhancing fertility may be
found along the Mediterranean coast (Estrada,
1996), and the Azores region is scattered with
numerous seamounts, where the biological pro-
ductivity is generally much higher than that of the
surrounding oceanic waters (Santos et al., 1995;
Koslow, 1997; Morton et al., 1998; Guénette et
al., 2001).

This study presents, for the first time, estimat-
ed growth parameters for chub mackerel in the
NW Mediterranean area. Furthermore, the possi-
ble influence of some local environmental factors
on chub mackerel growth were analysed, in par-
ticular, the index of physiological activity of fish
(K), and its relation to seawater temperature
(Taylor, 1959; Pauly, 1980), is discussed.

MATERIALS AND METHODS

Study areas

Data on chub mackerel analysed in this study
were obtained from three different areas: one in
the Mediterranean Sea and the other two in the
Atlantic Ocean. The Mediterranean study area
was situated in the northwest, along the Catalan
coast (Spain) (40° N-43° N approximately). In the
Atlantic, one study site was located in the north-
east, around the Azores Archipelago (Portugal)
(37° N-40° N approximately), and the other in the
southwest, along the Bonaerense coast, between
Buenos Aires and Nor-Patagonia (Argentina) 
(35° S-45° S approximately) (Figure 1). 

The Mediterranean Sea and the open oceanic
waters of the subtropical N Atlantic are typically
characterized as oligotrophic regions (Estrada,
1996; Morton et al., 1998), while the Argentine
Sea is generally known for its eutrophy (Piola et
al., 2000). However, at certain times, mechanisms
enhancing fertility may be found along the
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Figure 1. Location of the three study regions. A) Catalan
coast, Spain (NW Mediterranean Sea). B) Azores
Archipelago, Portugal (NE Atlantic). C) Bonaerense
region, Argentina (SW Atlantic). 

Figura 1. Ubicación de las tres regiones de estudio. A) Costa
catalana, España (Mar Mediterráneo Noroccidental).
B) Archipiélago de las Islas Azores, Portugal
(Atlántico Nororiental). C) Región Bonaerense,
Argentina (Atlántico Sudoccidental).



Mediterranean coast (Estrada, 1996), and the
Azores region is scattered with numerous
seamounts, where the biological productivity is
generally much higher than that of the surrounding
oceanic waters (Santos et al., 1995; Koslow, 1997;
Morton et al., 1998; Guénette et al., 2001). The
average water temperature in the three regions
ranges between 12 and 28 °C in the W
Mediterranean; 16 °C and 22 °C in the Azores and
5 °C and 18 °C in Argentina (García and Palomera,
1996; Piola et al., 2000; Guénette et al., 2001). 

Study design and methodology

Chub mackerel from NW Mediterranean
waters were collected from commercial catches
along the Catalan coast, during April-July 1992
and December 1997. Existing data from the SW
Atlantic (Argentina) (see Perrotta, 1992) was
complemented with unpublished data obtained in
December 2000. Data on chub mackerel for the
NE Atlantic area was obtained from Carvalho et
al., (2002). The sample statistics used in the
present study are summarized in Table 1. As pre-
vious growth studies on chub mackerel had
shown that no significant differences exist
between sexes (Westhaus-Ekau and Ekau, 1982;
Perrotta, 1992; Perrotta and Forciniti, 1994;
Kiparissis et al., 2000), the data was analysed
with both sexes pooled.

A total of 899 otoliths (sagittae) from chub
mackerel specimens were used in the analysis.

The sagittae of each fish were removed, cleaned
and preserved dry. For age reading, the otoliths
were placed in a shallow petri dish filled with 90°
alcohol and examined whole over a dark back-
ground under a dissecting microscope. Age esti-
mates were obtained by counting the translucent
bands from the centre of the core according to cri-
teria previously described in Perrotta (1992),
Perrotta and Forciniti (1994) and Lorenzo et al.
(1995). Two independent readings were carried
out for each otolith. When both readings did not
match, a third one was attempted, and accepted
only when it coincided with one of the previous
readings. Monthly proportions of opaque and
translucent bands along the edge of the otoliths
were examined in order to validate the annual
periodicity of band-formation.

The von Bertalanffy growth curve was fitted
to the length-at-age data using the maximum like-
lihood method, considering a normal distribution
and unequal variances of the residuals per age
class (Kendall and Stuart, 1967; Francis, 1988;
Cerrato, 1990; Aubone and Wöhler, 2000). The
von Bertalanffy growth parameters (L∞, K, t0)
were estimated taking into account age groups 0
to 8 for both the Catalan and Bonaerense regions
and 0 to 13 for the Azores. Due to the reduced dif-
ference between the mean lengths for age 1 and 2
(the difference being less than between ages 2 and
3) in the Catalan sample, further statistical analy-
sis for all three regions were undertaken taking
into account only age groups 3 to 8 in order to
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Table 1. Statistical basic of chub mackerel samples from the NW Mediterranean, NE and SW Atlantic waters. 
Tabla 1. Estadísticos básicos de las muestras de caballa del Mediterráneo Noroccidental y Atlántico Nororiental y Sudoccidental.

Region N Mean length (TL) Range (TL) Source
(cm) (cm)

NE Mediterranean 158 29.85 11-39 Present study
NE Atlantic 349 38.27 9.8-57 Carvalho et al. (2002)
SW Atlantic 392 31.70 14-45 Present study



ered were obtained from the World Ocean Atlas
(Levitus, 1994).

RESULTS

Although samples were not obtained through-
out the year, border analysis of the otoliths of
chub mackerel from Catalonia showed that
opaque bands were more frequent (85%) during
the months April-July (spring-summer), while
translucent bands predominated (90%) during
December (winter). Opaque bands of rapid
growth and translucent bands are formed annual-
ly on the otoliths.
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determine whether any significant differences
were obtained. The growth parameters were com-
pared by chi-square test (Kendall and Stuart,
1967; Cerrato, 1990; Zar, 1996). 

A linear regression between the estimated K
values for the different regions and the average
annual water temperature of the location where
fish was caught was performed. A Student’s t dis-
tribution was then used to test for the null
hypotheses H0: r = 0, where r is the correlation
coefficient, with n-2 degrees freedom. 

Argentina’s average surface water tempera-
ture was estimated from the Instituto Nacional de
Investigación y Desarrollo Pesquero (INIDEP)
databases (period 1979-1999). The average
water temperature for the other regions consid-

Table 2. Samples sizes (N), mean total length (TL), standard deviation (SD) and observed range of total length at age for the NW
Mediterranean, NE and SW Atlantic chub mackerel.

Tabla 2. Tamaño de las muestras (N), longitud total media (TL), desviación estándar (SD) y rango total de tallas por edad para
la caballa del Mediterráneo Noroccidental y Atlántico Nororiental y Sudoccidental.

Region NW Mediterranean NE Atlantic SW Atlantic

Source Present study Carvalho et al. (2002) Present study

Age N TL SD Range N TL SD Range N TL SD Range
(cm) (cm) (cm) (cm) (cm) (cm)

0 4 12.25 0.92 11-13 1 9.8 - - 41 16.30 2.99 14-20
1 42 23.02 5.23 14-24 62 18.93 6.73 14-25 25 18.78 6.60 14-22
2 64 24.86 1.31 23-28 65 27.33 3.08 23-31 61 30.52 2.90 26-34
3 6 30.17 15.07 26-35 45 32.06 2.49 28-37 68 33.53 5.29 29-39
4 11 33.41 5.09 30-36 34 36.61 2.19 32-40 70 36.29 4.37 31-40
5 13 34.88 2.09 33-37 33 40.21 2.05 37-43 46 38.13 5.02 33-42
6 11 35.32 0.56 33-36 29 43.69 1.69 40-46 36 40.11 3.96 36-43
7 2 36.00 0.50 35-37 37 46.36 1.97 43-49 27 41.24 2.71 37-43
8 5 37.10 1.80 36-39 10 48.64 5.51 45-51 18 42.61 2.30 39-45
9 12 50.93 0.39 49-51
10 8 52.20 0.55 50-52 1 43.5
11 6 53.82 0.57 52-55
12 4 55.68 0.33 55-56
13 3 56.57 0.33 56-57



Length-at-age values for chub mackerel from
all three regions are shown in Table 2. The
observed age classes ranged from: 0 to 8 years for
Catalonia, (corresponding to 12.25 and 37.1 cm
mean TL: total length, respectively); 0 to 13 years
for the Azores (corresponding to 9.8 and 
56.57 cm mean TL, respectively) and 0 to 10
years for Bonaerense (corresponding to 16.30 and
43.5 cm mean TL, respectively). 

In comparison, during the first 3 years, chub
mackerel from Bonaerense (with the exception of
age class 1 for Catalonia) are larger in size than
individuals from the other two regions, whereas
during and after the 4th year of life, chub macker-
el in the Azores reach larger mean lengths at age. 

The estimated growth parameters for chub
mackerel in the three study regions are presented
in Table 3 and the resulting curves are illustrated
in Figure 2. Growth of fish in Catalonia and
Bonaerense was found to be fast during the first
year, reaching up to 57.91% and 42.46%, respec-
tively, of the asymptotic length. In the Azores, the
growth rate revealed to be slower, reaching
32.90% of the asymptotic length during the first
year. However, this value increased to approxi-
mately 47.52% during the second year, similar to
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Table 3. Estimated growth parameters and confidence intervals (α = 0.05) for NW Mediterranean, SW and NE Atlantic chub
mackerel.

Tabla 3. Parámetros de crecimiento estimados e intervalos de confianza (α = 0,05) para la caballa del Mediterráneo Noroccidental
y Atlántico Nororiental y Sudoccidental.

Region L∞ K t0 Source
(cm) (year-1) (year-1)

NW Mediterranean 39.75 0.298 -1.405 Present study
(34.17; 45.33) (0.132; 0.464) (-2.447; -0.362)

NE Atlantic 57.52 0.201 -1.093 Carvalho et al. (2002)
(50.25; 64.80) (0.131; 0.270) (-1.661; -0.524)

SW Atlantic 44.23 0.324 -1.388 Present study
(39.58; 48.88) (0.193; 0.456) (-1.984; -0.792)

Figure 2. Estimated growth curves for chub mackerel for the
three study regions: NW Mediterranean, NE and
SW Atlantic.

Figura 2. Curvas de crecimiento estimadas para la caba-
lla de las tres regiones estudiadas: Mediterráneo
Noroccidental y Atlántico Nororiental y Sudocci-
dental.



the other two regions. 
Significant differences (P<0.05) were

observed between regions when comparing the
estimated growth curves using the likelihood
ratio (simultaneously comparing the 3 growth
parameters). When comparing the growth param-
eters individually, significant differences
(P<0.05) in L∞ and K values were found for all
three regions. 

As mentioned above (see Material and
Methods), further statistical analysis, taking into
account only age groups 3 to 8, did not alter the
interpretation of the results. 

In Table 4 (which shows the estimated values
of K for chub mackerel in regions along the
species distribution and the respective average

annual water temperature for each region) a wide
range of K values can be observed for similar
temperatures. Statistical analysis demonstrated
that no significant correlation exits between these
two variables (r2 = 0.008), thus the null hypothe-
sis (H0: r2 = 0; P<0.05) was not rejected. The low-
est and highest water temperatures in the three
study regions varied by 23 °C, ranging from 5 °C
in Argentina and 28 °C in Catalonia.

DISCUSSION

Border analysis of chub mackerel otoliths
from Catalonia indicated that translucent bands
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Table 4. K parameters for chub mackerel and mean annual sea surface temperatures (SST) in several regions.
Tabla 4. Parámetro K para la caballa y temperaturas medias anuales del mar en superficie (SST) en varias regiones.

Region SST k Reference
(°C) (year-1)

Argentina (Mar del Plata) 18.25 0.324 Present study
Argentina (North 39° S) 17.50 0.370 Perrotta and Forciniti (1994)
Argentina (South 39° S) 14.50 0.490 Perrotta and Forciniti (1994)
Chile 19.80 0.162 in Castro and Santana (2000)
Ecuador 26.00 0.279 in Castro and Santana (2000)
Japan 14.70 0.477 in Castro and Santana (2000)
Mexico 22.30 0.555 in Castro and Santana (2000)
Morocco 18.33 0.336 in Castro and Santana (2000)
Namibia 20.80 0.162 in Castro and Santana (2000)
NW Africa 19.60 0.118 in Castro and Santana (2000)
Peru 19.00 0.409 in Castro and Santana (2000)
Portugal 17.00 0.189 in Castro and Santana (2000)
Portugal (Azores) 19.50 0.201 Carvalho et al. (2002) 
Portugal (Azores) 19.50 0.245 Westhaus and Ekau (1982)
South Africa 19.00 0.207 in Castro and Santana (2000)
Spain (Canary Island) 20.30 0.210 in Castro and Santana (2000)
Spain (Catalonia) 18.50 0.298 Present study
Taiwan 25.00 0.265 in Castro and Santana (2000)
USA (California) 15.00 0.339 in Castro and Santana (2000)
Venezuela 26.80 0.540 in Castro and Santana (2000)



predominated during the winter, while opaque
bands occurred more frequently during the spring
and summer months. In the Bonaerense region,
translucent band formation was found to occur
from the end of winter until summer, predominat-
ing during the reproductive season (Perrotta and
Christiansen, 1993), while in the Azores, translu-
cent bands began to form at the end of autumn
and continued throughout the winter months,
until spring (Carvalho et al., 2002). In these two
regions, opaque band formation predominated
during the spring and summer, indicating fast
growth during these months (Forciniti and
Perrotta, 1988; Perrotta, 1992; Carvalho et al.,
2002). A similar period of fast growth has also
been described for the Canary Islands (Lorenzo et
al., 1995), Argentina (Castello and Cousseau,
1976) and Hellenic Seas (Kiparissis et al., 2000).
In accordance with our results and in comparison
with previous studies on growth in other regions,
it may be assumed that the annual periodicity of
band formation is similar for chub mackerel in
Catalonia. 

It is worth pointing out the reduced number of
specimens of smaller size/length obtained in
Catalonia and the Azores. As the samples were
obtained from the local fishing fleet, they should
reflect the fishing activity of the region and the
population dynamics of chub mackerel. In
Argentina, chub mackerel is a targeted species as
it is one of the basic species of the canning indus-
try (Perrotta et al., 1998), whereas in the other
two regions this species is essentially a by-catch
of the various local fishing activities (Carvalho et
al., 2002; Palomera, pers. com.)1. Habitat varia-
tion during different life-history stages is com-
mon in many fish species and usually shows a
two-dimensional pattern involving water depth
and distance from the coast (Zeller and Pauly,
2001). In Argentina, around the Mar del Plata
area, segregation of adult and earlier life stages of
chub mackerel, related to spawning and feeding

migrations, has been well documented. Adults
undergo spawning migrations from cooler, off-
shore areas to warmer coastal waters, where,
according to Hunter and Kimbrell (1980), tem-
perature conditions and resources for larval
development are more adequate. In this coastal
spawning area, which coincides with the fishing
ground, juvenile and adult fish overlap (Perrotta
et al., 2001). At the end of the reproductive/fish-
ing season, when juveniles reach first maturity
(between one and two years of age), they follow
post-spawning adults to the medium shelf ecosys-
tem, where high densities of macrozooplankton
and adult anchovy determine this area as a poten-
tial feeding ground (Perrotta, 1992; Pájaro, 1993;
Perrotta et al., 2001). Similar migration patterns
also appear to occur in the Azores (Carvalho et
al., 2002), and in other regions along the species
distribution range (see Castro and Santana, 2000),
while in the Catalan region, the chub mackerel’s
feeding and spawning migration dynamics is still
poorly understood. 

The observed age classes ranged from 0 to 13
years and the average size at age varied between
regions, with the Azores sample representing
both the older and the larger specimens. The pres-
ence of larger and older fish in the Azores may be
attributed to a low fishing effort and reduced pre-
dation (Carvalho et al., 2002). Statistical analysis
of the growth parameters, L4 and K, showed sig-
nificant differences in both parameters for all
three regions.

No direct relationship could be established
between the annual average water temperature
and the estimated values of K for the three
regions analysed, or for any other region where
these values are available (see Castro and
Santana, 2000). This result is not surprising when
taking into account the wide temperature range
found along the chub mackerel geographical dis-
tribution. Furthermore, chub mackerel are eury-
thermal, with two major adaptations to avoid
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1 Isabel Palomera, Institut de Ciències del Mar (CMIMA-CSIC), P. Marítim de la Barceloneta, 37-49, 08003, Barcelona, Spain.



potentially harmful temperatures and to survive
in a dynamic heterothermal environment: (i) they
are physiologically tolerant to temperatures (5 °C
to 30 °C) and (ii) they are able to thermoregulate
through behaviour, due to their acute temperature
sensitivity (Schaefer, 1986). 

Several studies have demonstrated that the
growth performance in fish may vary between
different populations and increased growth at
higher latitudes has been found in a wide variety
of fish species (e.g. Leggett and Carscadden,
1978; Shepherd and Grimes, 1983; Parrish et al.
1985; Jonassen et al., 2000; Imsland et al., 2001).
Many species with broad north-south distribu-
tions show an inverse relationship between
growth potential and the length of the growing
season, with the latter usually decreasing with
increasing latitude. A shorter growing season
appears to be compensated by higher growth
rates, suggesting a countergradient variation in
growth with possible genetic variation between
populations (Conover and Present, 1990;
Conover, 1992; Conover et al., 1997). 

There is evidence of latitudinal differences in
growth for the two northern hemisphere popula-
tions: the Catalan population showed a higher
growth rate than the Azores population. However,
the same phenomenon was not observed when
considering the Bonaerense region. Although the
Azores and Bonaerense regions are situated at
approximately the same latitude, yet in different
hemispheres, differences in growth rates were
observed. Moreover, the Bonaerense samples
revealed a significantly higher growth rate than
the higher latitude Catalan population, suggesting
that latitudinal differences in growth is not
reflected between populations in different hemi-
spheres. Possibly, for latitudinal differences in
growth of a species to span hemispheres, local
environmental conditions would have to be very
similar, which is not the case. In effect, they vary
considerably between regions: the NE Atlantic
oceanic waters and Mediterranean Sea are regard-
ed as oligotrophic regions, whereas the

Argentinean Sea is considered to be a very pro-
ductive area, rich in nutrients (Carreto et al.,
1995). In addition, it has a considerably higher
zooplankton biomass (Champalbert, 1996; García
and Palomera, 1996; Viñas and Gaudy, 1996;
Perrotta et al., 1998; Guénette et al., 2001,
Perrotta et al., 2001), and a lower average water
temperature than the other two study regions.
Nonetheless, there are indications of latitudinal
differences in growth in chub mackerel along the
Argentine coast. Two fishing stocks of chub
mackerel (north and south of latitude 39º 00’ S)
have been designated by their seasonal occur-
rence, observed behaviour and environmentally
induced morphometric characteristics (Perrotta,
1993; Roldán et al., 2000). The southern stock
near El Rincón (approximately 41° S) revealed a
lower growth rate (Perrotta and Forciniti, 1994)
than the Mar del Plata stock, indicating that the
growth rate of chub mackerel decreases with
increasing latitude along the Argentine coast.
Furthermore, morphological differences were
observed in chub mackerel from southern Brazil
and the two Argentinean stocks, detecting a pro-
gressive increase in body length correlated with a
decreasing head size with increasing latitude
(Perrotta and Aubone, 1991; Perrotta, 1993;
Roldán et al., 2000). Roldán et al. (2000) sug-
gested that the greater zooplankton productivity
of the Río de la Plata area could account for the
adaptive trend towards the development of a larg-
er head to enhance feeding activity while the pro-
gressive increase in body correlated with a
decreasing head size would appear to be more
closely related to a migration feeding strategy. 

In conclusion, variations in growth of chub
mackerel appear to be more closely related to
food resource quality and availability rather than
water temperature. An initial faster growth in
chub mackerel from Bonaerense could be due to
a higher availability of food and more adequate
conditions for embryonic and larval development
of the new generation found in the coastal region
(Perrotta et al., 2001). Conversely, in the Azores,
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growth is slow during the first year of life,
increasing at a rate of approximately 33% of the
maximum length, making it one of the slowest
growing populations of chub mackerel (see
Castro and Santana, 2000). However, the growth
rate increases significantly during the second
year of life, corresponding to a stage during
which they migrate to deeper richer offshore
waters (seamounts), which appear to offer much
better conditions for growth than coastal waters.
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