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Abstract

Polyacrilamide gel electrophoresis (PAGE) of allozymes was used to investigate the intraspecies genetic variation and
the genetic stock structure ofDiplodus vulgarisandLithognathus mormyruscaptured from eight localities in the Mediter-
ranean Sea. Twenty-two and 20 putative enzyme-coding loci were examined, respectively, inD. vulgarisandL. mormyrus.
Polymorphic loci at the 95% level were used to assess the allozyme variability inD. vulgaris (AAT-2∗, EST-1∗, GLDH∗,
PEPB-2∗, PGI-2∗, PGM∗, SDH∗) andL. mormyrus(AAT-2∗, EST-1∗, GLDH∗, MDH-2∗, PGI-2∗, PGM∗). The proportion
of polymorphic loci in both species ranged from 0.31 (D. vulgaris) to 0.30 (L. mormyrus), and the observed and expected
mean heterozygosity varied between 0.082 and 0.093 (D. vulgaris) and between 0.069 and 0.072 (L. mormyrus). The mean
value of observed heterozygosity inD. vulgaris showed a deficit of heterozygosites, thereby indicating a Wahlund effect
in the samples examined. Significant genetic differentiation (mean value ofθ = 0.013, p < 0.005) was found inD.
vulgaris indicating an intraspecific genetic substructure among the samples examined, whereas the mean value ofθ =
0.001, p > 0.05 found inL. mormyrusshowed a high degree of genetic homogeneity. The results showed the presence
of distinct subpopulations ofD. vulgaris among the sampled sites, and suggested that analysis of allozymes may pro-
vide important information on the genetic stock structure of these two sparids to ensure sustainable management of these
species.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

The Sparidae family is represented in Mediter-
ranean Sea by 10 genera and 22 species that usually
inhabit coastal areas, and produce pelagic eggs and
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larvae. The speciesDiplodus vulgarisand Lithog-
nathus mormyrus, belonging to this family, are com-
mercially important demersal fish which are caught
in a bathymetric range of 3–100 m.D. vulgaris is
distributed along Mediterranean coasts, the Atlantic
Ocean and from the Gulf of Guascogna to Senegal. It
lives on rocky and sandy bottoms, close to the habitat
of the marine plantPosidonia oceanicaor in lagoons.
L. mormyrusis the only species of its genus and is
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present on the sandy bottoms of Mediterranean Sea,
Atlantic Ocean, Western Indian Ocean and Red Sea.

In recent years many Sparidae species have been
investigated with regard to reproduction, ethology and
growth. However, little information concerning the as-
sessment of the productivity potential and the genetic
structure is available. The few studies of allozyme
variation of Sparidae species have focused mainly on
finding species specific isozyme markers (Alarcón and
Alvarez, 1999; Basaglia, 1991; Reina et al., 1994),
but less have focused on intraspecific genetic variation
and stock assessment. OnlyArculeo et al. (1999)re-
ported preliminary data comparing growth parameters
and electrophoretic approaches inL. mormyruscaught
along the Sicilian and Greek coasts where no signif-
icant differences between sample sites were found.
Successively, stock and population dynamics ofD. vul-
garisandL. mormyruswere assessed by an age-based
virtual population analysis (ACA-VPA) along the Si-
cilian and Aegean coasts (Cannizzaro, Final Report
EC, 2000, pers. comm.). Those preliminary results in-
dicated that catch effort in the areas analysed was ef-
fected in different ways, and that both species were
composed mainly of young individuals, and suffer
from the fishing activities.

The use of molecular markers applied to stock as-
sessment has often cast light on population substruc-
ture, and given useful information for the management
of fishery resources (Carvalho and Hauser, 1995). Be-
cause population genetic methods offer new tools for
investigating genetic stock structure, which is of pri-
mary interest in fisheries management, we analyse in
this paper the genetic population structure ofD. vul-
garisand improve information on the genetic variation
of L. mormyrusin the Mediterranean Sea.

2. Materials and methods

2.1. Sample collection and electrophoresis

A total of 400 specimens ofD. vulgarisfrom seven
localities and 470 specimens ofL. mormyrusfrom six
localities was sampled within the Mediterranean basin.
The localities were: Livorno and Castellammare del
Golfo in the Tyrrhenian Sea; Selinunte in the Channel
of Sicily; Siracusa in the Ionian Sea; Ancona and Tri-
este in the Adriatic Sea; and Kavala in the Aegean Sea

(Fig. 1). Samples were taken from small boats oper-
ating in artisanal fisheries by means of trammel nets
at depths of between 20 and 30 mt. Once caught, the
fish were kept frozen at−20◦C until the organs had
been removed.

Allozyme electrophoresis was performed. Liver, eye
and muscle tissue was homogenised in two volumes
of distilled water at 4◦C, centrifuged at 25,000× g

at 4◦C for 1 h, and the supernatant used for poly-
acrylamide gel electrophoresis (PAGE) as described
by Davis (1964). The homogenates not processed im-
mediately were stored at−80◦C. Buffers and stain-
ing procedures were adapted fromRichardson et al.
(1986).

A set of enzymes with a clear polymorphic zymo-
gram on the gel was chosen. The loci used for analysis
were scored from the following enzyme stainings: al-
cohol dehydrogenase (ADH, E. C. 1.1.1.1), aspartate
aminotransferase (AAT, E. C. 2.6.1.1), esterases (EST,
E. C. 3.1.1.1), fumarase (FUM, E. C. 4.2.1.2), glu-
cose dehydrogenase (GLDH, E. C. 1.1.1.47), glucose
6-phosphate dehydrogenase (G6PD, E. C. 1.1.1.49),
lactate dehydrogenase (LDH, E. C. 1.1.1.27), malate
dehydrogenase (MDH, E. C. 1.1.1.37), peptidases
(PEP-A and PEP-B, E. C. 3.4.11), phosphoglucoiso-
merase (PGI, E. C. 5.3.1.9), phosphoglucomutase
(PGM, E. C. 2.7.5.1), sorbitol dehydrogenase (SDH,
E. C. 1.1.1.14), superoxide dismutase (SOD, E. C.
1.15.1.1), and xanthine dehydrogenase (XDH, E. C.
1.1.1.204). The detection of isoenzymes and nomen-
clature of locus designation were performed according
to Shaklee et al. (1990). Alleles were designated by
their electrophoretic mobilities relative to the catho-
dal mobility of the most common allele, which was
designated as100.

2.2. Statistics

Direct count observed heterozygosity (Ho) and
unbiased expected heterozygosity (He) (Nei, 1978)
were calculated over all the examined loci. Devia-
tion from the Hardy–Weinberg (H–W) equilibrium
for each locus was assessed using an exact test cal-
culated by GENEPOP package, andp-values were
also compared to theoreticalp-values obtained by the
sequential Bonferroni procedure (Lessions, 1992).
The variation in allelic frequencies was quantified
using theF-statistics (f, F, θ) of Weir and Cockerham
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Fig. 1. Localities where samples were caught: Livorno (1) and Castellammare del Golfo (2) in the Tyrrhenian Sea; Selinunte (3) in the
Channel of Sicily; Siracusa (4) in the Ionian Sea; Ancona (5) and Trieste (6) in the Adriatic Sea; and Kavala (7,8) in the Aegean Sea.

(1984)per loci over samples.f, F andθ corresponds,
respectively, to Wrigth’sFis, Fit andFst, which are the
correlation of alleles within the single sample (Fis),
the correlation of alleles within the total samples (Fit )
and the standardised variance in allele frequencies
among samples (Fst) that is a measure of the degree
of genetic differentiation. Their statistical significance
of departures from zero was tested using permutations
for each locus and for all the loci (using the FSTAT
program;Goudet, 1995). Heterogeneity was also cal-
culated by a pairwise comparison between samples
and its significance tested using Fisher’s exact test
method, as computed by the GENEPOP software
(Raymond and Rousset, 1995).

To examine the distribution of heterogeneity among
the samples of both species, genetic distances (Nei,
1978) were calculated and clustered by NJ algo-
rithm using the MEGA program version 2.1 (Kumar
et al., 2001). Bootstrapping with replicates encom-
passing 100 data sets (Felsenstein, 1985) was per-
formed to investigate the robustness of nodes in each
cluster.

3. Results

3.1. Diplodus vulgaris

Twenty-two loci were scored, 15 of which
were monomorphic (AAT∗, FUM-1,2∗, G6PD-1,2∗,
LDH-1,2∗, MDH-1,2,3∗, PEPA-1,2∗, PGI-1∗ and
SOD∗) at a level of 95%. Seven polymorphic loci
were identified:AAT-2∗, EST-1∗, GLDH∗, PEPB-2∗,
PGI-2∗, PGM∗ andSDH∗; of theseEST-1∗, GLDH∗
and SDH∗ were highly variable, representing 13, 7
and 8 alleles, respectively (Table 1). The mean num-
ber of alleles per locus was 6.1.

Allelic frequencies for the seven scored polymor-
phic loci are listed inTable 1. Observed (Ho) and
expected (He) heterozygosity plus the H–W test are
shown inTable 2. On average, the observed heterozy-
gosity (mean value calculated on monomorphic and
polymorphic loci) was 0.082, a lower value than the
expected heterozygosity (0.093). TheAAT-2∗, EST∗,
GLDH∗, PEPB-2∗ and SDH∗ loci deviated from the
Hardy–Weinberg equilibrium (Table 2). After using
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Table 1
Frequencies of alleles found for each locus among the samples ofD. vulgaris

Locus Alleles Tyrrhenian
Sea I

Tyrrhenian
Sea II

Channel
of Sicily

Ionian
Sea

Adriatic
Sea II

Aegean
Sea I

Aegean
Sea II

st. 1a st. 2 st. 3 st. 4 st. 6 st. 7 st. 8

AAT-2∗ Nb 84 25 40 47 34
62 n.s.c 0.060 0.404 0.025 n.s.
85 0.137 0.260 0.163 0.160 0.162

100 0.833 0.720 0.788 0.830 0.824
116 0.024 0.020 0.025 0.011 0.015

EST-1∗ N 42 87 35 40 41 41
93 0.012 0.006 0.014 0.025 0.053 0.024
96 0.048 0.017 0.043 0.025 0.061 0.012
97 0.023 0.029 0.063 0.061
98 0.190 0.126 0.014 0.063 0.122 0.085

100 0.476 0.483 0.500 0.463 0.263 0.451 0.500
101 0.083 0.017 0.014 0.088 0.053 0.049 0.037
102 0.119 0.155 0.114 0.125 0.053 0.061 0.146
103 0.023 0.043 0.316 0.061 0.049
104 0.046 0.071 0.088 0.105 0.061 0.098
105 0.012 0.046 0.100 0.105 0.037 0.024
107 0.012 0.006 0.043
112 0.012 0.011 0.014 0.053 0.012 0.012
123 0.036 0.040 0.063 0.024 0.012

GLDH∗ N 38 78 36 42 49 43
90 0.013 0.042 0.024 0.031
93 0.118 0.125 0.036 0.010

100 0.474 0.590 0.500 0.524 0.705 0.592 0.558
107 0.013 0.032 0.028 0.107 0.159 0.051 0.128
110 0.342 0.340 0.306 0.262 0.286 0.198
122 0.039 0.038 0.048 0.136 0.031 0.093

0.023
PEPB-2∗ N

0.011 0.012 0.022 0.020 0.011
0.943 0.959 0.971 0.967 0.900 0.929 0.944
0.045 0.011 0.029 0.011 0.051 0.051 0.044

PGI-2∗ N 44 95 42 47 49 45
80 0.011 0.060
92 0.011 0.024 0.011 0.011

100 1.000 0.963 0.905 0.989 0.980 0.969 0.978
105 0.011 0.020 0.031
110 0.005 0.012 0.011

PGM∗ N 44 96 42 47 49 45
90 0.011 0.005 0.001 0.020

100 0.966 0.979 0.964 0.989 0.968 0.969 0.989
110 0.023 0.016 0.036 0.011 0.031 0.010 0.011

SDH∗ N 32 91 31 38 45 36
60 0.033 0.011 0.028
71 0.005 0.026 0.011
87 0.011 0.014

100 0.688 0.731 0.629 0.605 0.733 0.733 0.625
123 0.031 0.038 0.032 0.026 0.022 0.022
131 0.281 0.203 0.339 0.329 0.200 0.200 0.306
165 0.022 0.014
176 0.013 0.011 0.014

a Station of the samples (st.), seeFig. 1.
b Number of genotypes scored.
c Not scored.
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Table 2
Observed (Ho) and unbiased expected (He) heterozygosity for each locus inD. vulgaris

Locus Tyrrhenian
Sea I

Tyrrhenian
Sea II

Channel
of Sicily

Ionian
Sea

Adriatic
Sea II

Aegean
Sea I

Aegean
Sea II

st. 1a st. 2 st. 3 st. 4 st. 6 st. 7 st. 8

AAT-2∗ He n.s.b 0.288 0.422 0.357 n.s. 0.289 0.300
Ho 0.262∗ 0.320 0.325 0.255 0.294

EST∗ He 0.720 0.723 0.725 0.752 0.819 0.768 0.715
Ho 0.476∗∗ 0.667 0.600 0.650 0.474∗∗ 0.536∗∗ 0.585∗

GLDH∗ He 0.651 0.538 0.647 0.649 0.470 0.569 0.631
Ho 0.632 0.462∗ 0.583 0.548∗ 0.591 0.612 0.558

PEPB-2∗ He 0.109 0.079 0.058 0.066 0.184 0.136 0.107
Ho 0.023∗∗ 0.058∗∗ 0.059 0.067 0.040∗∗ 0.061∗∗ 0.022∗∗

PGI-2∗ He 0.000 0.072 0.179 0.021 0.041 0.060 0.044
Ho 0.000 0.074 0.190 0.021 0.041 0.061 0.044

PGM∗ He 0.067 0.041 0.070 0.021 0.080 0.060 0.022
Ho 0.068 0.042 0.071 0.021 0.082 0.061 0.022

SDH∗ He 0.454 0.425 0.497 0.531 0.653 0.426 0.522
Ho 0.313∗∗ 0.341∗∗ 0.548∗ 0.474 0.667 0.467 0.694∗

a Station of the samples (st.), seeFig. 1.
b Not scored.
∗ p < 0.05 significant departure from Hardy–Weinberg equilibrium.
∗∗ p < 0.005 significant departure from Hardy–Weinberg equilibrium.

the Bonferroni procedure, only 16% of the samples
deviated significantly, showing a deficit of heterozy-
gosity. However,f values were significantly higher
than zero only forAAT-2∗, EST∗ and PEPB-2∗ loci
(Table 3).

The heterogeneity testθ-statistics (Weir and
Cockerham, 1984) revealed a heterogeneous genetic
structure among the Mediterranean samples for the
EST∗, GLDH∗, PGI-2∗ andSDH∗ loci and a signifi-

Table 3
Weir and Cockerham (1984)F-statistics values inD. vulgarisa

Locus f F θ

AAT-2∗ 0.107∗ 0.106∗ −0.002
EST∗ 0.202∗∗ 0.212∗∗ 0.013∗∗
GLDH∗ 0.064 0.085∗ 0.022∗∗
PEPB-2∗ 0.512∗∗ 0.509∗∗ −0.006
PGI-2∗ 0.064 −0.017 0.014∗∗
PGM∗ −0.016 −0.020 −0.003
SDH∗ 0.033 −0.050 0.018∗

Mean 0.122∗∗ 0.134∗∗ 0.013∗∗

a The significance off andF indicates the deficit of heterozy-
gotes, while the significance ofθ demonstrates the genetic hetero-
geneity of the samples.

∗ p < 0.05.
∗∗ p < 0.005.

cant difference in the average between all the samples
(Table 3).

To examine the distribution of heterogeneity among
the samples, genetic distances (Nei, 1978) were calcu-
lated and the values ranged from−0.0095 to 0.0466.
Neighbour joining clustering (Fig. 2a) showed that the
Adriatic sample was widely isolated from all the oth-
ers (Table 3).

3.2. Lithognathus mormyrus

A total of 20 loci was scored, 14 of which were
monomorphic (AAT-1∗, EST-2,3∗, FUM∗, LDH-1,2∗,
MDH-1∗, PEPA-1,2∗, PEPB-1,2∗, PGI-1∗ andSDH∗,
SOD∗ and XDH∗) at a level of 95%. Six polymor-
phic loci were identified:AAT-2∗, EST-1∗, GLDH∗,
MDH-2∗, PGI-2∗ and PGM∗. EST-1∗ was the most
highly variable with seven alleles, whereas the other
polymorphic loci were represented by three or two
alleles (Table 4). The mean number of alleles per
locus was 3.3.

Allelic frequencies for the six scored polymorphic
loci are listed inTable 4. Observed (Ho) and expected
(He) heterozygosity plus the H–W test are shown in
Table 5.
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Fig. 2. Neighbor-joining dendrograms of (a)D. vulgaris and (b)L. mormyrusbased on Nei’s genetic distance (1978); number on nodes
indicates percentage recovery of these nodes per 100 bootstrap replications.

Average overall observed heterozygosity overall
loci was 0.069 and expected heterozygosity 0.072
(Table 5). Deviation from Hardy–Weinberg equilib-
rium for each locus was calculated and showed a low
deficit of heterozygosites in two samples (Tyrrhenian
Sea II and Aegean Sea II) for theAAT-2∗ andEST-1∗
loci (Table 5), the last of which deviated also after
Bonferroni correction (Table 5).

Genotypic distribution and allele frequencies for
polymorphic loci were substantially homogeneous.
The genic differentiation, quantified usingF-statistics
of Weir and Cockerham (1984)for all samples, was
not significant (θ = 0.001,p > 0.05; Table 6).

Although the computation of Nei’s distance (Nei,
1978) gave low values (between 0.0001 and 0.0008),
the dendrogram obtained clustered the samples in two
different groups: one of which comprising the Ionian
and Adriatic samples (Fig. 2b).

4. Discussion

The analysis of protein-coding loci among the
Mediterranean populations of two Sparidae species
showed thatD. vulgarisandL. mormyrushave a dif-
ferent pattern for the distribution of genetic variation
on a large geographical scale.

A genetic population substructure was identified
for D. vulgaris whereθ-statistics values were signif-
icant at four loci (EST∗, GLDH∗, PGI-2∗ andSDH∗)
and for the mean value (θ = 0.013, p < 0.005)
(Table 3). The dendrogram of genetic distances (Nei,
1978) of D. vulgaris, showed that the sample from
Adriatic Sea was separated from the other sites
(Fig. 2a), as a result of mechanisms that limit the
gene exchange between the Adriatic and the other
Mediterranean populations. According toAstraldi
et al. (1999) the Adriatic Sea is a semi-closed
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Table 4
Frequencies of alleles found for each locus among the samples ofL. mormyrus

Locus Alleles Tyrrhenian Sea II Channel of Sicily Ionian Sea Adriatic Sea I Aegean Sea I Aegean Sea II

st. 2a st. 3 st. 4 st. 5 st. 7 st. 8

AAT-2∗ Nb 56 68 45 49 60 41
86 0.384 0.404 0.378 0.439 0.325 0.329

100 0.616 0.596 0.622 0.561 0.675 0.671
EST-1∗ N 64 68 43 50 59 41

95 0.016 0.015 0.008 0.012
98 0.039 0.015 0.047 0.050 0.042 0.037

100 0.664 0.684 0.721 0.670 0.576 0.695
102 0.063 0.088 0.047 0.030 0.093 0.098
104 0.109 0.132 0.081 0.170 0.153 0.073
106 0.086 0.029 0.093 0.080 0.059 0.049
107 0.023 0.037 0.012 0.068 0.037

GLDH∗ N 56 64 42 41 55 36
97 0.179 0.164 0.214 0.220 0.109 0.069

100 0.821 0.828 0.786 0.780 0.891 0.931
102 0.008

MDH-2∗ N 73 74 50 50 60 41
80 0.027 0.007 0.040 0.020 0.025 0.049

100 0.966 0.993 0.950 0.980 0.967 0.951
130 0.007 0.010 0.008

PGI-2∗ N 38 60 50 43 41
92 0.039 0.017 n.s.c 0.050 0.035 0.037

100 0.961 0.975 0.950 0.965 0.939
108 0.008 0.024

PGM∗ N 37 60 50 60 41
100 0.959 0.967 n.s. 0.960 0.975 0.988
118 0.041 0.033 0.040 0.025 0.012

a Station of the samples (st.), seeFig. 1.
b Number of genotypes scored.
c Not scored.

area with peculiar oceanographic characteristics,
which seem to influence the distribution of al-
lelic frequencies in other fish species, like the Eu-
ropean anchovyEngraulis encrasicolus (Bembo
et al., 1996) and the common soleSolea vulgaris
(Kotoulas et al., 1995), in which genetic differ-
ences were found. Nevertheless, the intraspecific
genetic substructure ofD. vulgaris, was supported
by the significant heterogeneity among each pair of
samples (as calculated by the pairwise Fisher’s exact
test) (data not showed), showing the heterogeneity in
all the samples analysed.

Genotypic frequencies forD. vulgaris showed
a deviation from expectations for Hardy–Weinberg
equilibrium and a significant deficit of heterozygosity
was observed (f = 0.122, p < 0.005) in many of
the loci analysed (Table 2). This may be the result
of selective forces against heterozygotes in the sys-

tem. On the other hand, the Wahlund effect (Hartl
and Clark, 1989), by which the presence of different
genetic stocks in a single sample can cause an excess
of homozygotes, could be a plausible explanation.
The mixture of different populations with different
allozyme frequencies (Wahlund effect) is common in
marine species (Sanjuan et al., 1994; Mamuris et al.,
1998) due to difficulties in identifying the boundaries
of different demes. The other possible causes of this
deficiency may be inbreeding, assortative mating or
null allele. The first two aspects could be excluded
because inbreeding should display the deficit across
all polymorphic loci, whereas assortative mating
should be influenced by male and female courtship
or interaction before release of eggs; in this last case
the spawning behaviour ofD. vulgaris is completely
random. Finally, no homozygotes for null alleles were
observed.
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Table 5
Observed (Ho) and unbiased expected (He) heterozygosity for each locus inL. mormyrus

Locus Tyrrhenian Sea II Channel of Sicily Ionian Sea Adriatic Sea I Aegean Sea I Aegean Sea II

st. 2a st. 3 st. 4 st. 5 st. 7 st. 8

AAT-2∗ He 0.477 0.485 0.475 0.498 0.442 0.447
Ho 0.339∗ 0.426 0.400 0.510 0.417 0.463

EST-1∗ He 0.538 0.508 0.466 0.518 0.631 0.503
Ho 0.476 0.500 0.512 0.480 0.610 0.317∗∗

GLDH∗ He 0.250 0.289 0.341 0.347 0.196 0.131
Ho 0.296 0.281 0.333 0.439 0.182 0.139

MDH-2∗ He 0.067 0.014 0.097 0.040 0.065 0.094
Ho 0.068 0.014 0.100 0.040 0.067 0.098

PGI-2∗ He 0.079 0.049 n.s.b 0.096 0.068 0.118
Ho 0.077 0.050 0.100 0.070 0.122

PGM∗ He 0.079 0.065 n.s. 0.078 0.049 0.024
Ho 0.081 0.067 0.080 0.050 0.024

a Station of the samples (st.), seeFig. 1.
b Not scored.
∗ p < 0.05 significant departure from Hardy–Weinberg equilibrium.
∗∗ p < 0.005 significant departure from Hardy–Weinberg equilibrium.

The values ofθ found inD. vulgarissuggested that
the samples should be considered as distinct subpop-
ulations; the values ofθ fall within the range of val-
ues (θ = 0.002–0.079) found in other fish species in
the Mediterranean basin (Borsa et al., 1997; Mamuris
et al., 1998), thereby reflecting the common degree of
geographic differentiation in this area.

The geographical structure of populations could be
affected by local conditions and species life-history
(Borsa et al., 1997; Sinclair, 1988), and it follows
that, the potential for species dispersal may not al-
ways predict the amount of gene flow among pop-

Table 6
Weir and Cockerham (1984)F-statistics values inL. mormyrusa

Locus f F θ

AAT-2∗ 0.103∗ 0.101∗ −0.002
EST-1∗ 0.080∗∗ 0.081∗ 0.001
GLDH∗ 0.002 0.014 0.012
MDH-2∗ −0.026 −0.026 0.000
PGI-2∗ −0.031 −0.036 −0.004
PGM∗ −0.024 −0.030 −0.006

Mean 0.059∗ 0.060∗ 0.001

a The significance off andF indicates the deficit of heterozy-
gotes, while the significance ofθ demonstrates the genetic hetero-
geneity of the samples.

∗ p < 0.05.
∗∗ p < 0.005.

ulations (Palumbi, 1995). This is particularly true if
we consider that physical or oceanographic barriers
to gene flow are not relevant over the whole Mediter-
ranean basin (Borsa et al., 1997; Lo Brutto et al.,
1998). In this respect,D. vulgaris is a species closely
associated with brackish environments, like lagoons,
where ecological factors may have selective pressure
on genotypes (Cognetti and Maltagliati, 2000). Thus,
selective factors could affect local demes and deter-
mine genetic heterogeneity within the species. This
hypothesis should be confirmed by further analysis on
D. vulgaris, including a more accurate plan of sam-
pling and the use of different molecular markers.

In contrast, the genotypic distribution and allele fre-
quencies inL. mormyrus, were substantially homo-
geneous, as showed by theθ-statistics (Table 6). The
homogeneity were showed also by the low values of
genetic distances (ranging from 0.0001 to 0.0008), as
compared with those ofD. vulgaris (Fig. 2), even if
two different clusters were described by the dendro-
gram, where the Adriatic and Ionian samples were
separated from the others (Fig. 2b).

A lack of genetic structuring forL. mormyrus, in-
dicates a unique gene pool and a single panmitic pop-
ulation of this species. This result was also supported
during preliminary research where the comparison of
electrophoresis, otolith readings and growth parame-
ters from three sample sites along the sicilian coasts
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and one from Greece coasts showed no significant dif-
ferences between them (Arculeo et al., 1999).

In conclusion, our genetic data suggest two sce-
narios whereD. vulgarisandL. mormyrusare repre-
sented, respectively, by separate breeding populations
and by a single gene pool. This finding is particularly
relevant for management decisions on a strategy to
ensure sustainable utilisation of both species. More-
over, it should be emphasised that among priorities for
future studies should be the genetic analysis of mi-
tochondrial or nuclear DNA markers and that further
investigation are warranted such as the collection of
samples from putative spawning grounds.
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