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Abstract: Age and growth of the European anchovy Engraulis encrasicolus, caught in the Northern and Southern areas
along the Tunisian coasts, were determined by otolithometry. Analyses of the otolith marginal zone indicate that a hyaline
zone is deposited yearly from November/December to March. In both areas, the anchovies have short lives and grow fast.
Their growth was almost achieved during the first year of life and no growth difference was recorded between males and
females in the same area. However a different growth pattern was found between the anchovies from the North (open sea)
that have on an average a statistically greater size at the same age than those from the South area (inshore coastal water).
The corresponding von Bertalanffy growth equations were in the North area: FL = 19.16(1 - e-0.32(t + 1.68)) and in the South
area: FL = 17.19(1 - e-0.36(t + 1.01)). Abiotic and/or genetic factors could be involved to explain the growth differences
observed between the two areas.

Résumé : Age et croissance d’Engraulis encrasicolus (Clupéiforme : Engraulidae) dans les eaux tunisiennes.
L’estimation de l’âge et de la croissance de l’anchois Engraulis encrasicolus, collecté le long des régions Nord et Sud des
côtes tunisiennes, a été réalisée par otolithométrie. L’analyse de la zone marginale des otolithes d’anchois montre la
formation d’une seule zone hyaline par an ; cette dernière se dépose de novembre/décembre à mars. Dans les deux régions,
les anchois se caractérisent par une faible longévité et une croissance rapide notamment au cours de leur première année
de vie. Dans chacune des régions, aucune différence de croissance n’a été observée entre les mâles et les femelles alors
qu’une différence de croissance existe entre la région Nord et la région Sud. En effet, les anchois de la région Nord sont en
moyenne statistiquement plus grands que ceux de la région Sud à âge égal. Les équations de croissance de von Bertalanffy
correspondantes sont pour la région Nord : FL = 19,16(1-e-0,32(t + 1,68)) et pour la région Sud: FL = 17,19(1-e-0,36(t + 1,01)).
L’implication de facteurs abiotiques et/ou génétiques pourrait expliquer la différence de croissance entre les anchois des
deux régions. 
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Introduction

The European anchovy, Engraulis encrasicolus (Linnaeus,
1758), is wide spread in the sea and support large fisheries.
It is mainly caught in the Mediterranean and Black seas but
also in Eastern Atlantic areas (Fisher et al., 1987). In
Tunisia, the European anchovy is of a great economic
importance. Its biomass estimated by hydroacoustic
surveys averaged 6000 tons (Gaamour et al., 2005). It is
caught along the coasts all year round without significant
seasonal differences in the catches. Nevertheless, for all the
Tunisian coasts the maximum of landing is recorded in July
(National Statistics). Anchovies belong to the group of
small pelagic fishes that represent 33% of the overall
catches along the Tunisian coasts. Since 1993 the annual
fishing yields of anchovies increase from 23 to reach 450
tons in 2003 (Gaamour et al., 2005).

The European anchovies are distributed in various areas
where they experience different environmental conditions
that may affect their growth and cause recruitment varia-
bility (Sinovčić, 1998 & 2000). In some cases, large natural
fluctuations of the biomass may induce sudden fishery
collapses that are also reported for other small pelagic
fishes (Schwartzlose et al., 1999). The species recruitment
variability causes low resilience and thus more sensitivity
to over fishing. Therefore, a rational management of E.
encrasicolus fishery is necessary to preserve juveniles and
to ensure the durability and the profitability of the exploita-
tion. For that purpose, biological parameters (age, growth,
reproduction period, size and age at first sexual maturity…)
and population dynamics are required (Mills & Beamish,
1980; Panfili et al., 2002). Data are still fragmentary and
important gaps exist on the anchovies of Tunisian waters.
This is the first study devoted to the comparison of the
anchovy growth along the Tunisian coasts. 

Recent studies have shown that the morphological
differences found in anchovy populations could be related
either to specific genotypic adaptations (Spanakis et al.,
1989; Bembo et al., 1996; Borsa, 2002; Borsa et al., 2004)
or to environmental conditions adaptations (Sinovčić, 1982;
Tudela, 1999). These hypotheses led us to study the growth
of anchovies caught from different areas along the Tunisian
coast characterized by varied hydrological regimes.

The aim of this study is to report first data on the age and
growth of the anchovies in the Tunisian waters, using
otolithometry. 

Material and methods

Sampling was carried out during three years (2000 - 2002)
in order to provide a yearly average of the studied
characters (age, growth). Most of the months of these three

years were represented in the sample. Samples were
collected along the Tunisian coasts in the North in the open
sea (36°58’N 8°40’E-37°10’N 10°16’E), and in the South,
in inshore coastal waters (35°N 11°E-33°20’N 11°40’E)
(Fig. 1). These regions differ in the water depth and in
hydrological parameters (Table 1). The South region is a
wide shallow area of brackish water (below 50 m) charac-
terized by high values of temperature and it is affected by
variable climatic forcing (thermal front, tide…).
Conversely, in the North region, the temperature of the
deep-sea water (over 50 m) is lower and environmental
conditions are more temperate than in the south area
(Sammari & Gana, 1995).

In each region, anchovies were caught by mid-water trawl
(hydroacoustic survey catches) and purse seine (commercial
catches). For each fishing gear, the sampling periods were
the same in both regions. Three thousand anchovies were
sampled. For each specimen, the fork length and the total
length (FL and TL to the nearest mm) were measured and the
sex determined by macroscopic examination. 

Otoliths (sagittae) were removed, cleaned, and preserved
after drying. For age determination, in toto otoliths were
viewed with a binocular dark-field reflected light in order
to count the translucent zones. According to Panfili et al.
(2002), a translucent zone corresponds to a “slow growth
zone”, that appeared as a dark layer whereas an opaque
zone, a “fast growth zone”, appeared as a white layer. Each
otolith was examined by two readers. If there was a
discrepancy between the readings the otolith was discarded. 

The periodicity of the formation of the otolith growth
increments was revealed by the marginal zone analysis
(Beamish & Mac Farlane, 1987; Panfili et al., 2002). This
method is based on both qualitative data that involves
following the evolution of the percentage of translucent
edge through time and quantitative data obtained by the
monthly following of the relative marginal distance
(RMD). The measures were done along a standard axis
(Fig. 2) with analysing image system (Tnpc Software).

RMD = AMD/D
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Table 1. Engraulis encrasicolus. Data on water surface salini-
ty and temperature in the North and South areas.

Tableau 1. Engraulis encrasicolus. Données de salinité et de
température de l’eau de surface dans les régions Nord et Sud.

North area South area
Summer Winter Summer Winter

Temperature (°C) 24 13.5 27.3 15
Salinity 37.5 36.6 39.3 38



(AMD is the distance separating the last translucent zone
from the edge; D is the distance separating the two last
increments). 

If growth increments were formed yearly, the evolution
through time of the RMD should show one peak per year,
which would correspond to the formation of an opaque
zone.

The age readings were carried on a sub-sample of 950
otoliths of one year average sampling and pooled within
each area (343 individuals in the North area and 607 indi-
viduals in the South area). The age of each specimen was
assigned, in month, by taking into account the annual
formation and the total number of translucent zones, the
date of capture and the theoretical birth date; 15 July was
considered as a birth date (Gaamour et al., 2004). The
growth model for the anchovies was established with the
von Bertalanffy Model (Bertalanffy, 1938). The growth
equations were calculated by the “Quasi Newton” non-
linear method using the statsoft “Statistica”.

The student t-test was used to compare the growth in
length between males and females of anchovies and
between anchovies in each of the two sampling areas. This
t-test assessed whether the mean lengths (at the same age)
of males and females within each area respectively for the
age class 1, 2, and 3 were statistically different. In our
study, we used the alpha level (risk level) of 0.05 to test the
significance.

The test of the normal distribution of the anchovy
lengths from the North and the South areas was performed
using Shapiro-Wilk test (Shapiro & Wilk, 1965). 

Results

In most cases, the otolith growth mark pattern was clear and
legible; only 3% of the analysed otolihs were discarded.
The monthly trend in RMD showed an apparent seasonal
cycle (Fig. 3A). However it should be noted that the
monthly evolution of the RMD and the percentage of
translucent zones in the otoliths appeared approximately
similar in the North and the South areas even if data were
missing for some months, (Figs 3B, C). Thus, the analyses
of the monthly evolution of the average of the RMD and the
average of the percentage of translucent zones showed a
cyclic phenomenon of the growth increment formation. 

The RMD value increased from April until it reached a
peak in August (69%) and then decreased (Table 2).
Nevertheless, it remained at a high level until October. In
December the RMD value dropped down and stabilized at
low value until March. The highest percentage of marginal
otoliths with translucent marginal zone was observed dur-
ing this period. The evolution of the percentage of translu-
cent zones showed that whatever the month was, the rate of
hyaline marginal zones did not fall down 15% in the
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Figure 1. Engraulis encrasicolus. Map of the Tunisian coast
showing the sampling areas (dotted lines). 

Figure 1. Engraulis encrasicolus. Carte des côtes tunisiennes
indiquant les zones d’échantillonnage (en pointillé).

Figure 2. Engraulis encrasicolus. Otolith of anchovy of 11.5
fork length showing the axis of measurement (black arrow), the
absolute marginal distance (AMD) and the distance separating the
two last increments (D). A: anterior, P: posterior, D: dorsal, V:
ventral parts.

Figure 2. Engraulis encrasicolus. Otolithe d’anchois d’un
individu d’une longueur à la fourche de 11,5 cm montrant l’axe de
mesure (flèche noire), la distance marginale absolue (AMD) et la
distance séparant les deux dernières marques (D). Régions A :
antérieure, P : postérieure, D : dorsale, V: ventrale.
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Figure 3. Engraulis encrasicolus. Monthly evolution of the Relative Marginal Distance (curve) and percentage of marginal translu-
cent zone (histogram) in the otoliths (A), monthly evolution of the Relative Marginal Distance by area (B) and monthly evolution of the
percentage of marginal hyaline zone by area (C). 

Figure 3. Engraulis encrasicolus. Evolution mensuelle de la distance relative marginale (courbe) et du pourcentage de zone hyaline
marginale (histogramme) dans les otolithes (A), évolution mensuelle de la distance relative marginale par région (B) et évolution
mensuelle du pourcentage de zone hyaline marginale (C).



otoliths. One clearly defined peak was observed in RMD
suggesting that one translucent zone was form per year in
the anchovy otoliths. This translucent zone is deposited
from November/December to March whereas an opaque
zone was formed from April to October/November. 

Anchovies from 0 to 4 years old were present in both
areas. The length frequency distributions of age showed a
large range in length for each age class and an overlap
between adjacent age classes (Tables 3 & 4). In the North
area, the most common groups were respectively class 1
and 2. In the South area most of the population was
composed of specimens belonging to age class 1. 

The W values of Shapiro-Wilk test of 0.80 for the North
area and of 0.79 for the South area validate the normality of
the distribution of the anchovy lengths in the two areas. The
student t-test showed no significant differences between
males and females within each area (p > 0.05), so the two
sexes were grouped for the growth analysis (Table 5).
However significant differences (p < 0.05) were found in
mean lengths between the two areas in the different class of
ages (Table 6). Specimens from the North area were longer
than in the South area in all age class. Thus, the data con-
cerning these two areas were analysed separately.

Von Bertalanffy growth curves showed that differences
in growth between the North and South areas were impor-
tant since the first year of anchovy life (Fig. 4). The growth
of the anchovies was almost achieved during the first year
in both areas. One-year-old anchovies reached 10.9 cm in
the North area and 8.5 cm in the South area, these values
corresponding respectively to 56% and 50% of their
maximal theoretical length. 

Discussion

Our analysis of the formation of otoliths of anchovies in the
Tunisian waters demonstrated that one hyaline zone is
yearly formed. The progressive change from a hyaline to an
opaque one probably reflects intrinsic physiological
processes in anchovies as demonstrated in other teleosts
(Khemiri, 2006). The formation of an opaque zone in the
anchovy otoliths occurred in a period of high water
temperatures along the Tunisian coasts coinciding with the
well-being period of the anchovies. Conversely, the hyaline
zone was formed when the water temperatures were at their
lowest value corresponding to a poor condition of the
anchovies (Sinovčić & Zorica, 2006). Seasonal environ-
mental variations including changes of the water
temperature and food supply seemed to be more important
than physiological processes such as spawning activity to
control the formation of the hyaline zone in the anchovies
in the Tunisian waters. The concurrent formation of an
opaque zone in spring and summer when anchovies had a
high metabolism supported the hypothesis that the opaque
zone was associated with a rapid growth of the fish whereas
the formation of the hyaline zone was coupled with a slow
growth of the fish. Our results were in accordance with
other reports on the formation of the hyaline zone in species
living in temperate and sub-polar latitudes (Beckman &
Wilson, 1995).

Like other small pelagic teleosts (Blaxter & Hunter,
1982), anchovies are fast growing and short-lived species.
The decrease in growth rate after the first year could be
related to the onset of the reproductive activity occurring
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Table 2. Engraulis encrasicolus. Monthly evolution of the relative marginal distance and of the marginal zone of anchovy otoliths. n:
number of otoliths, s standard deviation, HMZ : number of otoliths with hyaline marginal zone, OMZ: number of otoliths with opaque
marginal zone.

Tableau 2. Engraulis encrasicolus. Evolution mensuelle de l’allongement marginal relatif et de la zone marginale des otolithes
d’anchois. n : nombre d’otolithe, s : écart-type, HMZ : nombre d’otolithes avec une zone hyaline marginale, OMZ : nombre d’otolithes
avec une zone opaque marginale. 

Relative Marginal Distance Marginal Zone
Month Length (cm) n Average s Length (cm) HMZ OMZ

January - - - - - - -
February 7.5-11.6 11 0.41 0.18 7.5-12.4 48 24
March 8-11 13 0.47 0.09 8-11 54 21
April 7.7-10 20 0.55 0.29 7.4-10.3 14 13
May 9.8-14.6 67 0.59 0.22 9-15.8 65 74
June 8.5-12.2 52 0.60 0.27 8.5-12.2 41 67
July 7.9-16.7 82 0.65 0.35 7.7-16.7 27 105
August 8.1-15.9 54 0.69 0.25 8.1-15.9 19 100
September 8.1-10 12 0.68 0.26 8-10 29 34
October 7.6-11.1 58 0.65 0.31 7.6-11.1 28 78
November - - - - - -
December 8.5-14.8 14 0.39 0.22 8.1-15.6 14 12
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during the first year of life (Gaamour et al., 2004). In both
the North and South areas, the lifespan of the anchovies
was, at least 4 years from age group 0 to 4. This longevity
corresponds to the lifespan reported for the same species in
the Adriatic Sea (Sinovčić, 2000) and in the Northwestern
Mediterranean Sea (Morales-Nin & Pertierra, 1990).
However, according to Bailey (1992), a small fraction of

the anchovy population may reach an age of five years. The
overlap observed between age groups could be attributed to
the protracted reproductive period of this species (Gaamour
et al., 2005) and fast growth of juveniles, which is reflected
in the individual lengths of the cohort (Fréon, 1984;
Sinovčić, 1998).

Our results show that anchovies from the North area
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Table 4. Engraulis encrasicolus. Length frequency distribution of the female (A) and male (B) anchovies in the South area in vari-
ous ages. FL: Fork length.

Tableau 4. Engraulis encrasicolus. Distribution des fréquences de tailles en fonction de l’âge des anchois femelles (A) et mâles (B)
dans la région Sud. FL : Longueur à la fourche.

Month 10 11 12 2 4 7 8 9 10 1 2 3 1 2 3 1 2 3
FL/age (month) 3 4 5 7 9 12 13 14 15 18 19 20 30 31 32 42 43 44

A
7-7.5 2
7.5-8 3
8-8.5 14 11 34 4 4
8.5-9 5 6 33 12 9 14
9-9.5 4 3 23 7 18 21
9.5-10 4 4 9 4
10-10.5 3 18 1 8 1
10.5-11 1 9 8 1
11-11.5 1 7 1
11.5-12 3
12-12.5 9 15
12.5-13 12
13-13.5 8
13.5-14 11
14-14.5 1
14.5-15 1
15-15.5 1
class class 0: 5 class 1: 299 class 2: 15 class 3: 48 class 4: 1

Month 10 11 12 2 4 7 8 9 10 1 2 3 1 2 3 1 2 3
FL/age (month) 3 4 5 7 9 12 13 14 15 18 19 20 30 31 32 42 43 44

B6-6.5 2

6.5-7 2
7-7.5 3
7.5-8
8-8.5 16 8 10 4 4 1
8.5-9 9 6 17 10 12 13
9-9.5 1 2 12 12 10 20
9.5-10 3 7 2
10-10.5 1 8 1 4
10.5-11 2 4 1
11-11.5 1 1
11.5-12 1 2
12-12.5 4 7
12.5-13 8
13-13.5 6
13.5-14 3
14-14.5 3
class class 0: 7 class 1: 200 class 2: 7 class 3: 26 class 4: 3



(open sea) reach a greater length than those from the South
in inshore coastal water. Quignard et al. (1973) also noted
morphological differences between the anchovies of the
lagoon and those of the offshore in Tunisia. Other studies
also showed a high dispersion in the growth patterns in the
anchovies depending on the regions as summarised in table
7. This dispersion could be considered, at least in part, as a
consequence of the various ageing methods but most often
it reflected differences in growth patterns that could be
related either to variations of the environmental conditions
and/or to a genetic basis. 

However, in the present study, the comparison of
anchovy growth in the two areas was carried out using the
same methods applied to homogenous samples to avoid
technical discrepancy. Thus, the growth differences might
be related to the variability of the environmental conditions
in the two areas. Among abiotic factors, temperature could

be considered as a limiting factor
in ectotherms. A positive correla-
tion between instantaneous
growth rate and temperature was
already determined for the
anchovy larvae (Dulcic, 1997).
Gunter (1950 in Sinovčić, 2000)
showed that a high temperature
resulted in a premature onset of
sexual maturity. The growth
became slower and finally the
body size was smaller. This may
explains to some extent the dif-
ference in growth observed
between the two areas, since in
Tunisian waters, mean
temperature in summer is higher
in the South area than in the
North area (Sammari & Gana,
1995). The higher temperature
results in a faster growth of lar-
val and juvenile anchovies.
Furthermore, Pauly (1980) using
175 fish stocks showed that L∞
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Table 5. Engraulis encrasicolus. Comparison of length in the age groups 1 to 4 between sexes (N : North, S : South, FL : Fork length
in cm, s : standard deviation, n : number of specimens, t : t-test with p < 0.05, * : significant differences). 

Tableau 5. Engraulis encrasicolus. Comparaison de la longueur entre les sexes pour les groupes d’âge de 1 à 4 (N : Nord, S : Sud,
FL : longueur à la fourche en cm, s : écart type, n : nombre de spécimens, t : test t avec p < 0,05, * : différence significative).

Fem (N) n Male (N) n t Fem (S) n Male (S) n t
Age FL ± s (cm) FL ± s (cm) FL ± s (cm) FL ± s (cm)

1 10.79 ± 0.46 80 10.64 ± 0.53 84 1.92 9.07 ± 0.82 299 8.93 ± 0.64 200 1.95
2 13.51 ± 1.09 74 13.49 ± 1.11 55 0.20 11.96 ± 0.12 12 11.77 ± 0.47 6 1.17
3 15.03 ± 0.66 20 14.7 ± 0.39 13 0.22 13.08 ± 0.61 48 12.83 ± 0.54 26 1.61
4 15.77 ± 0.29 4 15.7 1 1.03 15 1 14.45 ± 0.07 3 6.27*

Table 6. Engraulis encrasicolus. Comparison of length in the
age groups 1 to 4 between areas (FL : Fork length in cm, s : stan-
dard deviation, n : number of specimens, t : t-test with p < 0.05, *
significant differences). 

Tableau 6. Engraulis encrasicolus. Comparaison de la
longueur entre les régions pour les groupes d’âge de 1 à 4 (FL :
longueur à la fourche en cm, s : écart type, n : nombre de spéci-
mens, t : test t avec p < 0,05, * : différence significative).

Area North area South area
Age FL ± s (cm) n FL ± s (cm) n t

1 10.70 ± 0.50 164 9 ± 0.76 499 26.35*
2 13.50 ± 1.09 128 11.90 ± 0.27 18 2.62*
3 14.87 ± 0.63 33 12.99 ± 0.59 74 11.62*
4 15.76 ± 0.26 5 14.23 ± 0.66 4 4.75*

Figure 4. Engraulis encrasicolus. Growth curves of the anchovies in the North and South
areas. 

Figure 4. Engraulis encrasicolus. Courbes de croissance des anchois dans les régions Nord
et Sud.



increased as temperature decreased. Thus, the colder waters
of the North area were responsible for the relatively high
asymptotic length reached by the anchovies in this area. 

Another factor affecting the growth of the anchovies
could be productivity. Indeed, in the south area, the phyto-
plankton biomass is subject to stressing conditions, such as
abrupt changes in the hydrological factors and/or important
tidal activity. The low phytoplankton primary production
found results in the low growth observed in this area.
Moreover small anchovies could not travel far away to
encounter better feeding conditions. Conversely, anchovies
in the North area, characterised by a greater length, were
able to perform wide migration towards feeding areas and
store enough energy reserves to reach a great length at first
maturity. Similarly the diagram established by Marchal
(1991) for the round sardinella Sardinella aurita
(Valenciennes, 1847) indicated that “two sized-types” of
round sardinella were differentiated along the West African
coast. The smaller type located in the Gulf of Guinea was
sedentary and fed intensively only during the short produc-
tive season. The larger type found in the Northern and
Southern areas (open sea) migrated all year round to follow
the productive water and made important energy reserves.

Fage (1920) considered that these differences in growth,
and some morphometric characteristics, allowed to
distinguish two races of European anchovies, an Atlantic and
a Mediterranean one. Genetic studies also showed high levels
of genetic heterogeneity in anchovies (Spanakis et al., 1989;
Bembo et al., 1996). Borsa (2002) and Borsa et al. (2004)
analysed allozyme frequencies and Nuclar-DNA markers of
anchovies collected in the Northern Adriatic (inshore) and in
the Southern-central Adriatic (open sea) and distinguished
two anchovy species: Engraulis albidus sp. and Engraulis
encrasicolus with distinct habitats. These were widely distri-
buted throughout the Mediterranean Sea: the open sea lineage
and the inshore water lineage. These two populations showed

differences in their growth rate and maximal length. 
Bembo et al. (1996), Borsa (2002) and Borsa et al. (2004),

stated that the genetic differentiation between Adriatic popu-
lations of anchovies was associated with hydrological
patterns (inshore-offshore). In these studies on the population
structure of anchovies (Bembo et al., 1996; Borsa, 2002), the
genetic differentiation was considered as a result of a restric-
tion in the gene flow between the population of the open sea
area and that of the coastal area, these two populations
showing a more or less reproductive isolation.

Likewise, our results suggested that anchovies in the
Tunisian waters were composed of two distinct groups: The
first, located in the South area (inshore), was characterized
by a low growth and a small maximal length, and the
second, composed of anchovies from the North area (open
sea), was characterized by a high growth and a large
maximal length. The differences between the South area
(shallow water) and the North area (open sea) in Tunisian
waters could act to delineate the two anchovy populations.
The anchovy spawning period occurred in summer
concomitantly with the installation of a thermal front in the
South area (Sammari & Gana, 1995) that could act as a
barrier separating the spawning ground of the population of
the coastal area from that of the open sea. This physical
barrier could be responsible for a restriction of the gene
flow between these two populations resulting in a genetic
divergence. However, up to now the anchovies from these
regions have not been genetically analysed, thus further
studies were needed to test the hypothesis of genetic
differences between anchovies from the North and the
South areas. A genetic subdivision within the Tunisian
water would result in a modification of the anchovy
fishery-managements by incorporating stock identity.

At the present time, our results prompted to direct
fishing effort to the open sea areas where large anchovies of
economic interest were present. 
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Table 7. Engraulis encrasicolus. Comparisons of the growth parameters obtained for the European anchovy in various regions (L∞:
asymptotic length in cm, k: growth constant, t0: extrapolated constant in month). 

Tableau 7. Engraulis encrasicolus. Comparaison des paramètres de croissance des anchois dans différentes régions (L∞ : longueur
asymptotique en cm, k : coefficient de croissance, t0 : âge théorique du poisson en mois quand la longueur du poisson est nulle).

Area L∞ K t0 Method Source

Strait of Sicily 18.6 0.3 -1.81 Otolith Basilone et al., 2004
Gulf of Cadiz 18.95 0.9 -0.01 Frequency Bellido et al., 2000
Gulf of Biscay 21.3 0.48 Otolith Cendrero et al., 1981
North Adriatic sea 15.3 2.44
Eastern Adriatic sea (juveniles) 13.2 0.82 -0.5 Otolith Sinovčić, 2004
Adriatic sea 19.4 0.57 -0.5 Otolith Sinovčić, 2000
North Western Mediterranean 19.1 0.34 -1.44 Otolith Morales-Nin & Pertierra, 1990
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