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Abstract – The main important reproductive aspects of Mullus barbatus, one of the most important target species for
the fishery in the Mediterranean basin, have been studied on the basis of MEDITS trawl survey and sampling of commercial landing. The total length (TL) of females has been demonstrated to be positively correlated with egg sizes and
plasmatic concentration of vitellogenin. The possible implications of these aspects on the management of red mullet resources are discussed in this work. Moreover, the relationship between TL and fecundity follows an exponential pattern
with a temporal trend during the spawning season. These results represent an important input for more eﬀective management measures, such as the seasonal closure of fishery in summertime. The frequency distribution of the oocytes’
diameters showed an asynchronous ovarian organization with batch spawning pattern. Monthly variations in the gonadosomatic index and maturity stages percentage showed that males spawn during almost the entire year showed an
increasing trend from November to June and a decreasing trend from July to October, while females in spawning phase
are recorded from April to July, with peaks in May and June. The length at 50% maturity (L50) estimated respectively
for females and males are 12.1 cm (±0.083) and 10.1 cm (±0.073).
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1 Introduction
Red mullet (Mullus barbatus L., 1758) is one of the most
important resources for shelf fisheries of the Mediterranean
basin (8817 tons) (STECF 2014), representing about 8% of
the demersal species landings. This species is simultaneously
exploited by diﬀerent type of gears such as bottom trawl, trammel net, gillnet, traps and both beach and boat seine (Demestre
et al. 1997). Red mullet is also one of the most important
resources for shelf fisheries along the Italian coasts where it
represents about 13% (5105 tons) of landings of the demersal species (STECF 2014). Reaching the target of a sustainable exploitation of the natural stocks of this species is a
crucial objective for fishery management. Stock-recruitment
analysis provides the basis for setting precautionary reference
points for spawning stock sizes and utilization rates to prevent recruitment overfishing and an ultimate collapse of the
stock. The stock-recruitment relationship is a key element for
the stock-assessment models and long-term forecasts under
a

Corresponding author: carbonara@coispa.it

specific management strategy. Stock-recruitment relationships
were originally based on the total egg production (Beverton
and Holt 1957) as independent variable but, in case these data
are not available, estimates of the spawning stock biomass
could also be used as a proxy of reproduction potential, assuming that a direct proportionality between eggs production
and spawning stock biomass exists. In recent years, this assumption was increasingly criticized (Mehault et al. 2010).
Indeed, fishing mortality aﬀects not only fish abundance, but
also the size-age structure of fish populations, in particular the
composition in length of the spawning stock. Moreover, several studies have described a positive eﬀect of larvae survival
in relation to female age-size (Trippel et al. 1997; Vallin and
Nissling 2000; Nazzari et al. 2009), suggesting that the maternal eﬀect on egg quality is very important for the recruitment
success (Murawski et al. 2009). For this reason, the evaluation
of the quality of the eggs in relation to fish length represents a
reproductive characteristic with great relevance to stock management. These aspects of reproductive biology of red mullet
are here analysed for the first time and discussed from a fishery
management point of view.
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Fig. 1. Study area: the red points represent the hauls of the MEDITS trawl survey. The fishing sampling ports along the west coast (Italian) are
indicated.

Moreover, the outdated biological data on reproductive biology of this species for the Southern Adriatic Sea represents
an impediment to appropriate management measures. Indeed,
stock-assessment models, particularly the analytical ones, require maturity parameters as important input data. The aim of
the present study is also to fill this lack of knowledge.
Reproductive biology of the red mullet has already
been studied in diﬀerent areas of the Mediterranean basin
(Vassilopoulou 1992; Tursi et al. 1994; Menini et al. 2001;
Metin 2005; Layachi et al. 2007; Micale et al. 2007) and it
is assessed here also for the Southern Adriatic sea. Hence, we
estimated the length at 50% maturity (L50) and batch fecundity. In addition, the concentration of vitellogenin (VTG) in
female plasma was also analysed. Vitellogenin is a sex specific
protein produced by the liver under estradiol control, released
in the blood and selectively incorporated into the oocytes and
specifically cleaved into yolk proteins (Carnevali et al. 2008).
Furthermore, relevant aspects of the red mullet reproductive
biology, such as the period and the strategy of spawning and
the maturity cycle in both sexes, were here also clarified.

2 Material and method
Red mullet samples (2011–2012) were obtained monthly
from commercial landings (Data Collection Framework-DCF,
EU Reg. 1543/2000, 1639/2001, 1581/2004 and 199/2008) in
the fishing ports along the Italian Southern Adriatic coasts
(Fig. 1) and from the Mediterranean international trawl survey MEDITS (AAVV 2012). The total length (TL) at the nearest 0.5 cm and the total weight (TW) at the nearest 0.1 g were
measured. Sex and the maturation stages were recorded for
each sampled specimen, following the macroscopic scale reported in AAVV (2012) (Table 1). For a subsample of adult

Table 1. Maturity scale used in the present study (from MEDITS
Handbook, AA.VV., 2012).
Stage
1
2a
2b
2c
3
4a
4b

Description
virgin
juveniles
virgin developing
recovering
maturing
mature/spawner
adults
spent
resting

red mullet specimens (see the maturity scale reported in Tab. 1)
additional measurements were also taken at the nearest 0.01 g:
gutted weight (GW) and gonad weight (GoW).
For 109 females in spawning phase (2 from April, 59 from
May, 41 from June and 7 from July), three gonad samples
(portions from anterior, central and rear parts) were collected,
weighted (at the nearest 0.001 g) and fixed in 5% buﬀered formalin for the butch fecundity estimation (density of hydrated
oocyte for the entire gonad) using the gravimetric method
(Hunter et al. 1992). The number of hydrated oocytes was
counted in a sub sample for each portion and the batch fecundity was extrapolated from the weight of the gonad according
to the following relationship:




nP f or × P sub f orm P f orm
BF =
× GoW
P f re
where BF is the batch fecundity; nP f or is the number of hydrated oocytes counted in a subsample of the three portions
fixed in formalin; P sub f orm is the weight of the sub-sample
(fixed in formalin) where the oocytes were counted; P f orm is
the weight of the whole gonad sample preserved in formalin;
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P f re is the fresh weight of the same gonad sample; GoW is the
weight of the entire fresh gonad.
To estimate the relationship between batch fecundity and
TL, a regression analysis was performed and the significance
level was estimated by the analysis of variance of the regression. The models relative to samples of May and June were
statistically compared by the Chen test (Chen et al. 1992).
Oocytes’ diameters on fresh gonads were measured under
a light microscope (at least 300 oocytes per gonad/specimen)
for each adult and juvenile maturity stage. Maximum and minimum diameters were averaged for those oocytes that did not
appear spherical in shape.
Moreover, morphometric measurements of hydrated
oocytes (diameter of oocytes and diameter of oil globule) were
taken on fresh samples of 62 active spawning females specimens (50 eggs, randomly selected for each specimen). A linear
regression analysis was performed on both the mean diameter
of oocytes and the oil globule diameter of the hydrated oocytes
as a function of the TL. The linear relationships were statistically tested by the analysis of variance of the regression.
The gonado somatic index (GS I) was calculated according
the following formulations: GS I = (GoW/GW) × 100; where
GoW is the gonad weight and GW the gutted weight.
The monthly trend of the GS I as well as the percentage
of the maturity stages for both females and males were investigated to better understand the reproductive cycle of the
species. The monthly means values of GS I were statistically
tested by the Tukey’s post hoc test of the ANOVA (R software).
The L50 (the length at which 50% of the population is mature) and the maturity range (MR = L75% –L25% ) were estimated for both sexes (females n = 3104 and males n = 3145)
using a binomial generalized linear model (GLM, R software)
with logistic link (ICES 2008). In the analysis, the specimens
classified as 2b, 2c, 3, 4a and 4b were considered adult while
the specimens classified 1 and 2a were considered juveniles
(Table 1). The ogive models of males and females were statistically compared using the Chen test (Chen et al. 1992).
On the 16 active spawning females of M. barbatus caught
alive during the MEDITS trawl survey (2009), blood samples
(about 1.5 ml) were taken from the caudal vein. The blood was
immediately centrifuged at 2000 x g for five minutes to obtain
the plasma, and then stored in liquid nitrogen.
The VTG assay was performed by Western blotting analysis. The plasma was electrophoresed and transferred to PVDF
(Polyvinylidene fluoride membrane) (Maradonna et al. 2004).
Briefly, 20 μg of each protein sample were separated using 4%
stacking and 10% separating sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) (Leammli 1970), and
electroblotted onto a filter using a mini trans-blotting electrophoretic transfer cell (all from Bio-Rad). Transfer was carr TurboTM
ried out for 30 min using Bio-Rad’s Trans-Blot
Transfer System.
The membrane was soaked in 5% Nonidet-P40 for 1 h
to remove SDS and incubated with 2% bovine serum albumin (BSA; Sigma) in PBSand then incubated with the
αVTGcarpa (1:10,000) (Carnevali and Belvedere 1991) in 3%
milk-PBS for 2 h at room temperature. The second antibody
solution (HRPconjugated anti-rabbit IgG; Bio-Rad) diluted
1:1000 in 2% BSA in PBS buﬀer was incubated for 1 h.
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Fig. 2. Examples of Western blotting results for the plasmatic vitellogenin. The number on the top indicate the TL (cm) of specimens.
Moreover the two components (116 kDa and 96 kDa) of vitellogenin
taken into account in the densitometry analysis are indicated.

The reaction was visualized with ECL-PLUS (GE Healthcare,
Milano, Italy) chemiluminescent reagent for Western blotting.
Densitometric analysis was performed using ImageJ software
for Windows. The two main bands, corresponding to the apparent molecular weight of 116 and 97 kDa (Fig. 2) were taken
into account in this analysis.
A linear regression analysis (R software) was used to investigate the relationship between the plasmatic vitellogenin
concentration and TL of each specimen. The linear relationships were statistically tested with the analysis of variance of
the regression.

3 Results
The oocytes and the oil globule diameters resulted significantly correlated (p < 0.05) to TL following a linear relationship (Fig. 3).
The results of Western blotting analysis showed numerous
forms of plasmatic vitellogenin (Fig. 2). The amount of plasma
VTG (116 kDa and 97 kDa) was significantly (p < 0.05) correlated with the total length by a linear relationship (Fig. 4). The
amount of plasmatic VTG ranges between 4.759 AU (14 cm
of TL) and 9.014 AU for a females of 22 cm TL.
The monthly percentageof maturity stage in females
(Fig. 5) shows that the number of 2b stage females (recovering) with oocyte in pre-vitellogenic stage (Micale el al. 2007)
progressively increases from July to January (from 19.5%
to 100%). Females with gonads in maturation stage (2c) begin
to appear in February (21.3%), until June (6.8%) with a peak
in April (54.1%). The mature/spawner females present a peak
that lasts two months: May (83.3%) and June (83.5%). Since
the month of June it is possible to observe females in the postreproduction phase: spent (4a) and resting (4b) with the higher
concentration during July (36.2%) and August (35%). Moreover, it is possible to observe the presence of stages 4a/4b until
December: during this month a new maturation cycle starts,
with high presence of stage 2b.
The males’ percentage of maturity stages (Fig. 5) shows a
longer reproductive period compared with the females’. The
resting males (2b) are present during all the year with an increasing trend since July to September and a decreasing trend
starting in October. Males in maturation stage (2c) are caught
since September (0.3%) until July (0.52%) showing two peaks,
the first in February (87.1%) while the other is in June (52.1%).
Males in spawning phase (stage 3) are present for almost the
whole year with an increasing trend since November until June
and a decreasing trend since July until October. Spent/resting
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Fig. 3. Relationship between the hydrated oocyte diameters (left) and oil globule diameters (right) with total length in 67 spawning red mullet
females. The equation and the relative statistics are also reported.
Table 2. Results of the Tukey’s HSD ANOVA post-hoc test (R software). The grey cells indicate the existence of significant (p < 0.05)
diﬀerences among the pairwise means comparison.

Fig. 4. Relationship between the plasmatic vitellogenin (AU: Arbitrary Unit – Western Botting Densitometric analysis) and the total
length of spawning red mullet females. The equation and the relative
statistics are also reported.

males (4a and 4b stages) occur since March until December
with a peak in the period between July (76.2%) and August
(76.4%).
A comparison between sexes shows that the males became
mature earlier (October) than females (April). The females’
spawning peak (May and June) corresponds to the elevated
presence of males in the stage 3 of maturation (respectively
37.1% and 54.4%).

This maturation pattern is confirmed by the monthly analysis of the GSI trend (Fig. 6), both in males and females. In
Table 2 are reported the results of the GSI mean comparison
(Tukey’s post hoc test of the ANOVA) for males and females.
The females’ GSI started to increase in March, reaching its
highest peaks in May and June (p < 0.05), months in which
the presence of spawning females is higher according to the
maturation pattern. The GSI in males starts to increase earlier
in October, and reaches the maximum in the period between
March and May (p < 0.05).
The oocytes’ diameters’ frequencies distribution (ODF) of
10 female specimens by maturity stage and by month is reported in Figure 7, where the most representative maturity
stage per month has been chosen. The stage 2a and 2b in
March presented the same ODF pattern with a single mode
around a 100 μm (previtellogenic oocytes) (Micale et al. 2007),
but in the stage 2b the oocytes’ diameters reach higher dimensions in comparison to maturity stage 2a. In April maturity stage 2c shows a polymodal pattern with three peaks
respectively at 250 μm, 500 μm and 750 μm, corresponding
to yolked oocytes at diﬀerent stages of vitellogenesis (Micale
et al. 2007). For the spawning maturity stage 3 (May–June) the
ODF shows a poly-modal pattern, with maximum diameter in
the range of classes between 1050 and 1100 μm. Moreover an
evident lack between the diameter class of 900 and 1050 μm
is present. Also during this stage three modes could be identified (250 μm, 500 μm and 750 μm), representing oocytes in
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Fig. 5. Monthly trend of percentage of maturity stage of adult females and males. The number of the specimens analysed each month is reported
in brackets.

Fig. 6. Box-plot of the monthly GSI for females and males. The bars indicates the lower and the higher GSI values, while in brackets is reported
the number of specimens used in the analysis.

Fig. 7. Monthly frequency distribution of oocytes diameters by maturity stages. The number of measured oocytes is reported.
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Fig. 8. Maturity ogives of females (left; n = 3104) and males (right; n = 3145) of red mullet. The Maturity Range (MR) and the lenght of 50%
maturity (L50) is also reported.

Fig. 9. Relationship of batch fecundity and total length for the samples from May and June (left) and from all spawning season (right).
Parameters and statistics of the exponential function are reported.

diﬀerent vitellogenic phases. During post spawning maturity
stages (4a and 4b), the percentage of oocytes in vitellogenic
phase decreases and in August the ODF of maturity stage 4b
shows only the residues of the vitellogenic oocytes in absorption. Most of the oocytes’ ranges between 50 to 250 μm as
well as the previtellogenic oocytes (maturity stage 2b).
The estimated values of L50 for females and males (Fig. 8)
are respectively 12.2 ± 0.083 cm and 10.1 ± 0.073 cm. The
maturation ranges (MR L75 –L50 ) are 0.84 ± 0.165 for females
and 0.94 ± 0.144 for males. The comparison of the maturity
ogives of males and females by the Chen test shows significant
diﬀerences (p < 0.05). The smallest mature female observed
was 10.5 cm in TL, while the smallest mature male was 9 cm
of LT; moreover, the first length class with 100% of adult specimens are 14 and 13 cm respectively for the females and males.
The batch fecundity estimated with the specimens collected from April to July (spawning season) was significantly
(p < 0.05) correlated with TL following an exponential relationship (Fig. 9). Also, the batch fecundity in May and June
was significantly (p < 0.05) correlated with TL followingan
exponential model (Fig. 9). The comparison of the batch fecundity curves of these two months by the Chen test (p < 0.05)
shows a significantly higher batch fecundity in May samples.

4 Discussion
The diameters of oocytes measured in this work are comparable to data reported by Metin (2005) for the Aegean coast

of Turkey. In literature the diameter of hydrated oocyte and
the dimension of oil globule was demonstrated in diﬀerent
species, such as Dentex dentex (Çoban et al. 2011), Salmo
salar (Heinimaa and Heinimaa 2004) and Merluccius merluccius (Mehault et al. 2010), to be correlated with egg quality
and, hence, with reproductive success. Therefore, the positive
correlation between diameter of hydrated oocytes and the oil
globule with TL, demonstrated here for the first time in red
mullet, could indicate that females bigger in size may have a
greater reproductive fitness, not only from a quantitative (fecundity) but also from a qualitative point of view (vitellogenin
and eggs dimensions). The significant relations between TL
and both the fecundity and size of the oocytes (expressed as
the egg and the oil globule diameter) stand for animals with
bigger size (TL) producing a greater number (Fig. 9) of larger
eggs (Fig. 3).
As already demonstrated in other fish species (Trippel
et al. 1997; Vallin and Nissling 2000; Berkeley et al. 2004;
Heinimaa and Heinimaa 2004; Nazari et al. 2009), the bigger
larvae are hatched from larger eggs, spawned by longer/older
females. Studies on early life stage showed that a greater
amount of yolk reserves are positively correlated with the survival of the larvae during the first days after hatching and with
the growth rate (Mehault et al. 2010). Indeed the larger larvae
may use a wider range of prey and therefore they have greater
facility in finding food, wasting less energy (Miller et al.
1988). Moreover, the final egg diameter associated with the
hydration process is one of the factor that influences buoyancy
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(Vallin and Nissling 2000), determining their position in the
water column. This aspect seems to play an important role
in the fertilisation success of eggs as well as in larval survival (Nissling et al. 1994). The bigger eggs are placed more
close to the water surface where there is better oxygenation
and a higher abundance of plankton preys (Vallin and Nissling
2000). All these aspects are translated into higher chances of
survival for the larvae generated by bigger/older females than
the larvae hatched from eggs produced by smaller/younger
females.
Fiorentino et al. (2008) in the Gulf of Castellammare
(Southern Tyrrhenian Sea), where trawling has been banned
since 1991, found that the eﬀects of this management measure
have determined the increase in average size of the spawningstock of red mullet and an increase of the recruitment.
Although the oldest specimens are a small portion of the
spawning-stock, they seem to have a great contribution to the
total eggs production. Therefore, egg production is directly
proportional to the spawning stock biomass, but the oldest
specimens play a more influential role in reproduction fitness
than younger ones, both in term of quality and quantity of
egg/larvae produced.
However, further investigations need to be conducted to
better understand some crucial steps influencing recruitment,
as well as the factors that influence fertilization and larvae
survival. Indeed, the mechanism occurring between red mullet
spawning and recruitment remains poorly understood. Therefore the observed correlation between the eggs’ quality and
the size of females, suggests that in the stock assessment,
spawning-stock should be taken into account not only in terms
of biomass, but also in term of size/age structure composition
(Mehault et al. 2010).
The presences of vitellogenin in the plasma during spawning phase was observed also in other species, such as Atlantic halibut (Methven et al. 1992), and seems linked to asynchronous ovary organization and to the consequent presences
of oocytes in the vitellogenic phase also during the spawning
period. Also the positive correlation between fish length and
plasma vitellogenin concentration, found in this work, could
be explained as an eﬀect of higher reproduction fitness of
larger females.
The monthly percentage of maturity stages and monthly
trend of GSI seems to define a single reproductive event during the year extended from April to July with a bulk in May
and June for the female. Mature/spawning males are present
during almost the whole year (except in September) as well
as in M. surmuletus (Mahé et al. 2013); GSI values tend to
increase in October, reaching the highest values in January, remain high until July and then fall in late summer (Table 2).
This maturation pattern supports the hypothesis that males anticipate the sperm emission phase to be ready for fertilization when the egg-spawning season starts. In literature few
data (Hädar 1970; Layachi et al. 2007) are reported for the
Mediterranean area about males’ maturity and their reproduction cycle, but they are in agreement with an anticipation of the
spawning phase in males in comparison to females. The higher
male eﬀort oriented in reproductive activity could explain the
growth diﬀerences between the sexes in Mullus barbatus. Indeed, female specimens show higher growth rates compared
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to male specimens, which accounts for a diﬀerence in size of
about 2–4 cm of TL for the first two years of life (Tursi et al.
1994; Fiorentino et al. 1998; Voliani et al. 1998).
For red mullet females, even with some geographical
diﬀerences, the various authors agree to indicate a spawning season included between the spring and early summer
months (Table 2). The spawning season here estimated for the
Southern Adriatic Sea, included in the period between April
and July, is also reported for the Gulf of Thermaikos, NorthWest Sicily, and the North African coast (Ezzat et al. 1997;
Gharbi and Ktari 1981; Micale et al. 2007; Kokokiris et al.
2014). A shorter period has been identified in the Ligurian Sea
(Orsi Relini and Arnaldi 1986) (from June to July), as well
as in the Gulf of Lion (Miramad et al. 1991) and the Antalya
Gulf (Becer Özvarol et al. 2005). Other authors observed an
extension of the spawning season from April to September for
the North Adriatic Sea, the Catalan coast, the southern Tyrrhenian Sea and the Mediterranean coasts of Morocco (Jukic and
Piccinetti 1981; Aguirre Villasenor 2000; Layachi et al. 2007;
Sieli et al. 2011).
Through the oocytes’ diameter frequency distribution in
spawner females it is possible to define the reproductive behaviour of red mullet as a batch spawner, with asynchronous
ovary organization (Murua and Saborido-Rey 2003). This result is in agreement with what has been described by other
authors for diﬀerent areas of the Mediterranean (Menini et al.
2001; Metin 2005; Layachi et al. 2007; Micale et al. 2007).
The oocytes’ diameter frequency distribution shows a polymodal pattern also in females in the spawning phase. Every mode could correspond to diﬀerent oocytes’ maturational vitellogenic stages (Menini et al. 2001; Micale et al.
2007), which would suggest a continuous maturation pattern
of oocytes and spawning of eggs in successive batches (Murua
et al. 2003; Kokokiris et al. 2014).
According to what was reported by other authors (Bougis
1952; Vassilopoulou 1992; Tursi et al. 1994; Metin 2005;
Layachi et al. 2007), the L50 estimated in this work confirms that males reach sexual maturity at lower sizes (L50 =
10.1 cm) in comparison to females (L50 = 12.2 cm). This
could be explained by the diﬀerence in growth pattern between
males and females in Mullus barbatus described by several authors (Tursi et al. 1994; Fiorentino et al. 1998; Voliani et al.
1998; Joksimovic et al. 2008).
Concerning the L50 (Table 3), no previous estimates are
reported in the literature for the Southern Adriatic Sea. Jukic
and Piccinetti (1981) and Haïdar (1970) have reported for the
Northern Adriatic Sea an estimated L50 coincident with those
found in this study. While Joksimović (2005) reported for the
Montenegrin shelf a L50 value of 13.54 mm, for both sexes
combined, higher than those estimated in this work. Moreover,
the values reported in this study are comparable with what is
reported for the Southern Tyrrhenian Sea (Micale et al. 2007),
the Mediterranean coast of Morocco (Layachi et al. 2007)
and the south of France (Bougis 1952), while they are higher
than those reported for the North Aegean Sea (Vassilopoulou
1992; Kokokiris et al. 2014) and Cyprus (Lividas 1988) and
lower than those reported for the Ionian West Sea (Tursi et al.
1994), the Aegean Turkish coast (Metin 2005), the Northern
Tyrrhenian Sea (Voliani et al. 1998) and the Tunisian coast

Author
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Method
Area
Aguirre Villaseñor 2000
GSI
Catalan Coast
Becer Özvarol et al. 2005
GSI
Antalya Gulf
Cherif 2007
GSI
Tunis Gulf
Del Arbol et al. 2004
GSI
Alboran Sea
Ezzat et al. 1997
GSI
Alexandria Coast
Gharbi and Ktari 1981
GSI
Tunisian Coast
Haïdar 1970
GSI – Maturity stage
Northern Adriatic Sea
Miramad et al. 1991
GSI
Bay of Roquebrune (Gulf of Lion)
Jukic and Piccinetti 1981
GSI
Northern Adriatic Sea
Layachi et al. 2007
GSI
Nador Coast
Menini et al. 2001
GSI
Northern Tyrrenian Sea
Sieli et al. 2011
GSI
Castellamare Gulf (North-West Sicily)
Orsi Relini and Arnaldi 1986
Maturity stage
Ligurian Coast
Kokokiris et al. 2014
GSI – Maturity stage
Thermaikos Gulf
Vrantzas et al. 1992
GSI
Saronikos Gulf
Present work
GSI – Maturity stage
South-West Adriatic Sea

Table 3. The spawning period of Mullusbarbatus in diﬀerent Mediterranean areas.
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Table 4. The L50 values of Mullusbarbatus for the diﬀerent areas of the Mediterranean.
Author
Bougis 1952
Gharbi and Ktari 1981
Jukic et al. 1981
Livadas 1988
Vassilopoulou 1992
Voliani et al. 1998
Joksimovic et al. 2005
Layachi et al. 2007
Cherif 2007
Del Arbor et al. 2003
Metin 2005
Micale et al. 2007
HaÏdar 1970
Tursi et al. 1994
Kokokiris et al. 2014
Present Work

L50 (cm) L50 (cm)
Male
Female
11.5
13.5
12.9–14.4
10.5
9.5
9.4
10.4
12.5
13.5
10.3
13.8
13.87
13.94
10.8
11.5
12.4
14.2
11–11.3
12–14
10.5
12
12.5
13.5
11.4
10.1
12.2

(Gharbi and Ktari 1981). These diﬀerences could be explained
by the phenotypic response to some environmental variation
or by the evolutionary consequence of some selective pressure
such as fishery eﬀorts (Barot et al. 2004), as well as by the
diﬀerent estimation methods applied (ICES 2008).
The correlation between fecundity and TL by means of an
exponential model has already been reported in the literature
(Metin 2005; Menini et al. 2001; Micale et al. 2007; Tirasin
et al. 2007). The data from this study provide a preliminary
estimation of the reproductive potential of red mullet in the
Southern Adriatic Sea.
The samples analysed in this study allowed an evaluation
of changes in fecundity during the spawning season. The analysis of fecundity in the months of spawning peak showed a significantly higher red mullet fecundity during May rather than
in June. Fishery management measures such as fishery interdiction in specific months of year, could be more eﬀective taking into account the results of fecundity trend obtained in this
study. These results further confirm the importance of knowing
spawning dynamics for resource management.

5 Conclusion
One of the main contributions of this work was to demonstrate, in red mullet female specimens, the significant correlations between total length with both egg dimensions (oocytes
and oil globule diameter) and plasma vitellogenin concentration. Several studies have already described that the maternal
eﬀect (eggs dimension) is important on the recruitment success. Hence, for more eﬀective fishery management the stock
assessment should take into account the spawning stock not
only in terms of biomass, but also in term of size/age structure
composition.
The fecundity, during the spawning season, shows for the
red mullet in the southern Adriatic Sea a significantly time differences. Also, this result has important implications for the

Area
Southern French coast
Tunisian coast
Eastern Adriatic coast
Cyprus
Eubea (Aegean Sea)
Tuscan coast
Montenegro coast
Moroccan Mediterranean coast
Gulf of Tunis
North of Alboran Sea
Izmir (Turkish Aegean Sea)
Gulf of Castellamare (North-West Sicily)
North-Eastern Adriatic coast
Western Ionian Sea
Gulf of Thermaikos
Southern Adriatic Sea

conservation of this important resource for the Mediterranean
basin, mostly in the application of some management measures
such as fishery closures in some periods of years. Moreover,
the monthly data of the GSI and maturity stage define a single reproductive event during the year extended from April to
July with a bulk in May and June for the female, while mature/spawning males are present during almost the whole year.
The results on the reproductive pattern and L50 seem in accordance with the knowledge on this species for the Mediterranean basin.
Acknowledgements. The data elaborated in this work were collected
in the context of the Data Collection Framework (DCF, EU Reg.
1543/2000, 1639/2001, 1581/2004 and 199/2008).
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