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Abstract The sword razor shell Ensis siliqua (Linnaeus,
1758) is a bivalve with a high commercial value being
appreciated in fresh and processed markets. However, the
genetic studies carried out in populations of E. siliqua are
scarce. In this work, the genetic variability and diVerentia-
tion of the sword razor shell was assessed using PCR–
RFLPs of a fragment of the 16S rRNA mitochondrial gene
and random ampliWed polymorphic loci (RAPD) in nine
localities from Ireland, Spain, and Portugal. In the 314 indi-
viduals examined for the mitochondrial fragment, 12 com-
posite haplotypes were observed; meanwhile, a unique
phenotype was observed for each of the 242 individuals
analyzed with 61 RAPD loci. Two of the mitochondrial
composite haplotypes accounted for the majority of
individuals (89.81%) and showed a remarkably disjoint dis-
tribution between Irish and Iberian samples, with the excep-
tion of Aveiro which exhibited as the most frequent
haplotype the same found in Ireland. The level of variabil-
ity observed for each sample was generally correlated with
both types of markers and the results obtained suggest the
existence of a strong population diVerentiation between

Irish and Iberian localities, except for the Portuguese sam-
ple from Aveiro which is surprisingly closer to Irish indi-
viduals, although it is probably highly diVerentiated.

Keywords PCR–RFLPs 16S rRNA · RAPDs · Genetic 
variability · Population structure

Introduction

The existence in many marine organisms with high dispersal
potential, at least in part of its life cycle, together with the
absence of clear barriers to dispersion over broad geographi-
cal ranges, would imply low or absence of genetic diVerenti-
ation. This is the case of some studies carried out with
marine bivalves, such as mussels of the genus Mytilus
(Skibinski et al. 1983) or clams (Benzie and Williams 1992;
Vadopalas et al. 2004). Nevertheless, there are increasing
reports of genetically diVerentiated bivalve populations over
large (Beaumont and Zouros 1991; Reeb and Avise 1990) or
small (Buroker 1983; Ridgway 2001; Luttikhuizen et al.
2003) scales. The present genetic diVerentiation for each
species would be the result of the interaction of historical
events, hydrogeographic features and human intervention.

The sword razor shell Ensis siliqua (Linnaeus, 1758)
belongs to the family Pharidae and inhabits Wne sand, silt or
sandy-mud bottoms at depths between 3 and 12 m, where
they form extensive and dense beds (Gaspar et al. 1999).
This species is found mainly from Norway to the Atlantic
coast of the Iberian Peninsula. It is increasingly captured in
Europe (mainly Ireland, the United Kingdom, the Nether-
lands, Spain and Portugal), being a highly appreciated sea-
food especially in Spain, which imports most of the
production. Nevertheless, it is quite diYcult to estimate the
real landings of E. siliqua, since the oYcial data do not
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reXect exactly the extracted amounts, mainly due to illegal
catches and to misidentiWcation of diVerent Solenidae spe-
cies. The FAO statistics evidences the overexploitation sta-
tus of E. siliqua stocks in diVerent countries, with periods
where most production came from a single country, fol-
lowed by a fall in the catches to minimum values.

Therefore, in order to preserve the natural populations of
this species, to promote the rational exploitation of the Wsh-
ing resources and to evaluate the possibility of stock
enhancement by transplanting individuals from other
regions, it is essential to assess the genetic variation and
population diVerentiation throughout the geographical range
of E. siliqua. Furthermore, since diVerent genetic methodol-
ogies used in the same species may depict diVerent genetic
structures (Karl and Avise 1992), it is important to employ
several kinds of molecular markers. Among them, RAPDs
(Welsh and McClelland 1990) allow a fast and convenient
way to unravel the genetic diversity in species without a
previous knowledge of the genome and have been exten-
sively used to evaluate the population structure in molluscs
(e.g. Huang et al. 2000; Holmes et al. 2003; Toro et al.
2004; Casu et al. 2005; Barreiro et al. 2006; Holmes and
Miller 2006). Similarly, the analysis of mitochondrial DNA
has been useful in determining the genetic population struc-
ture of molluscan species (e.g. Wilding et al. 1997; Heipel
et al. 1999; Kong et al. 2003; Luttikhuizen et al. 2003;
Nagashima et al. 2005; Mahidol et al. 2007).

Until now, the only genetic study of sword razor shell
populations was carried out by Fernández-Tajes et al.
(2007), employing 61 RAPD loci to examine samples from
six collecting sites: one from Ireland, three from Spain and
two from Portugal. This work revealed small diVerences
between the localities from Spain and Portugal, and higher
values between these localities in the Iberian Peninsula and
Ireland. Furthermore, evidences of an isolation by distance
process were observed. The aim of the present study was to
assess the genetic variability and diVerentiation in E. siliqua,
increasing the number of localities previously analyzed
along the European coast (Fernández-Tajes et al. 2007) and
employing an additional marker based on the mitochondrial
DNA. The information gathered in the present study pro-
vides useful insights into the preservation of E. siliqua and
for the sustainable management of the Wshing resource.

Materials and methods

Sample collection and DNA extraction

Individuals of E. siliqua of commercial size (12–15 cm)
were collected from Ireland, Spain and Portugal, three sites
in each country, by dredging or by scuba diving (Fig. 1).
Immediately after collection, the razor clams were brought

alive to the laboratory, dissected and preserved in 95%
ethanol. DNA was isolated through the method described
by Fernández-Tajes et al. (2007).

PCR–RFLPs of 16S rRNA gene

Part of a mitochondrial gene fragment (16S rRNA) was
ampliWed using the universal primers 16Sar and 16Sbr
(Palumbi 1996). PCR was performed in 25 �l of a solution
containing 1 ng/�l DNA, 10 mM Tris–HCl, 50 mM KCl pH
8.3, 1.5 mM MgCl2, 2.5 mM dNTPs, 1 U of Taq DNA
polymerase, and 1 �M of each primer. The PCR proWle
consisted of one initial denaturation cycle of 3 min at 94°C,
followed by 35 cycles at 94°C for 20 s, 51°C for 20 s, and
72°C for 45 s. A Wnal extension was carried out at 72°C for
5 min. Five �l of each PCR product were electrophoresed
through a 1.0% agarose gel to check the ampliWcation. Five
�l of 16S rRNA PCR product were singly digested with Acs
I, Alu I, Cfo I, Dra I, Hae III and Sty I, using the conditions
recommended by the manufacturer (Roche). The digests
were resolved after electrophoresis on 2.5% agarose gels in
1£ TAE (40 mM Tris–acetate, 1 mM EDTA pH 8.0) and
visualized after ethidium bromide staining.

RAPD ampliWcation

The ampliWcation and visualization of 61 RAPD loci
obtained with Wve primers were carried out using the meth-
odology described by Fernández-Tajes et al. (2007).

Fig. 1 Map showing the approximate location of Ensis siliqua locali-
ties analyzed in Ireland: Strandford Lough (Str), Tyrella (Tyr) and
Skerries (Ske); Spain: Celeiro (Cel), Fisterra (Fis) and Barra de Cangas
(Bar); and Portugal: Aveiro (Ave), Setúbal (Set) and Olhão (Olh)
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Data analysis

Restriction proWles from mtDNA gene were alphabetically
coded, A being the commonest. Each razor clam was
assigned a 6-letter code (that of 16S rRNA digested with
Acs I, Alu I, Cfo I, Dra I, Hae III and Sty I) to describe its
composite haplotype (Table 1). In the RAPD analyses, the
presence or absence of band for each of the 61 RAPD loci
was scored for the samples from Aveiro, Skerries and
Tyrella, for the other E. siliqua localities, the data gathered
in the previous study by Fernández-Tajes et al. (2007) was
used.

Haplotypic data were analyzed using Arlequin version
3.0 (ExcoYer et al. 2005) to estimate frequencies and gene
diversity (Nei 1987) among samples. The percentage of
polymorphic bands (PPB), number of eVective alleles (ne)
and Nei’s (1987) gene diversity (h) were obtained with the
POPGENE software (Yeh et al. 1997) for RAPD data. In
order to test if diVerences in sample size could be responsi-
ble for diVerences in the level of genetic diversity, data was
bootstrapped. Ten thousand replicates, with a size equal to
the minimum number of individuals analyzed for each type
of marker (i.e. 19 or 22), were obtained, and the average
expected heterozygosity was computed.

Haplotypic genetic diVerentiation was estimated with
Arlequin by conventional pairwise FST computed from hap-
lotype frequencies and an exact test of population diVeren-
tiation (Raymond and Rousset 1995). The sequential
Bonferroni correction (Rice 1989) was employed when
multiple tests were performed. For RAPD data Nei’s (1987)

genetic distance, PhiPT (an analogous of FST Wxation
index), a Mantel test and a principal coordinate analysis
(PCA) based on a matrix of Euclidean distances were cal-
culated with GENALEX software (Peakall and Smouse
2006). A discriminant analysis was performed with R soft-
ware (R Development Core Team 2009) on the resultant
factors of RAPD data to assess the reliability with which
individuals could be ascribed to their respective localities.
An analysis of molecular variation (AMOVA) was also
conducted with Arlequin and GENEALEX for haplotypic
and RAPD data, respectively, to partition the total variance
into variance components distributed among individuals,
localities and regions.

The hidden population genetic structure was examined
employing a model-based clustering method implemented
in STRUCTURE 2.3 (Pritchard et al. 2000). In order to
estimate the number of populations, the distribution of the
estimated likelihood of K was examined and the �K sum-
mary statistic of Evanno et al. (2005) was computed. Simi-
larity among runs was calculated according to Rosenberg
et al. (2002) using the R-script Structure-sum (Ehrich et al.
2007) with minor modiWcations. The program was run
under the admixture and non admixture model, considering
correlated and independent allele frequencies and employ-
ing or not sampling locations as prior information to assist
the clustering, for K values between 1 and 9. For each K
value, 10 runs with a 2 £ 104 burnin followed by a 2 £ 104

steps (diVerent runs lengths ranging 104–106 were tested).
Furthermore, since Evanno et al. (2005) showed that this
�K method detects the uppermost level of population structure

Table 1 Relative composite haplotypes frequencies in Ensis siliqua from digestion of part of the 16S rRNA gene in 314 individuals; order of
restriction enzymes: Acs I, Alu I, Cfo I, Dra I, Hae III and Sty I

* Composite haplotypes carried by single individuals. N: sample size. Locality abbreviations according to Fig. 1

Code Haplotype Str Tyr Ske Cel Fis Bar Ave Set Olh

H1 AAAAAA 0.962 0.940 0.887 1.000 0.923

H2 ADAAAA 0.038*

H3 AEAAAA 0.019*

H4 BAAAAA 0.037*

H5 BBAAAA 0.771 1.000 1.000 0.667

H6 BBAAAB 0.125

H7 BBAABB 0.104

H8 CAAAAA 0.020*

H9 CBAAAA 0.296

H10 DAAAAA 0.040 0.057

H11 ECAAAA 0.038

H12 FEABAA 0.077

N 48 22 38 26 50 53 27 24 26

Haplotype diversity 0.387 0.000 0.000 0.077 0.117 0.213 0.484 0.000 0.148
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when several hierarchical levels exist, the analyses were
repeated on each of the groups inferred.

Results

In all individuals, one fragment of 510 bp of the 16S rRNA
was obtained. After digestion, in some individuals (7.96%)
the sum of fragments was higher than the size of the PCR
product and these patterns might be attributed to the pres-
ence of heteroplasmy in E. siliqua. The fact that they were
consistently reproducible allows for their use as genetic
markers (González Ittig and Gardenal 2002).

In the 314 individuals examined, 12 composite haplo-
types were observed, with four of these being present in
only one individual (Table 1). Gene diversity (Nei 1987)
oscillated from zero in the localities with one composite
haplotype to 0.484 in Aveiro (mean = 0.158). No compos-

ite haplotype was shared among all localities, with H1 and
H5 accounting for the majority of individuals (89.81%) and
being present in Wve and four samples. It is remarkable that
the most frequent haplotype in Aveiro (H5) was the same
that in the Irish localities, instead of H1 that was present in
geographically nearer sites.

The 242 sword razor shells scored for 61 RAPD loci
obtained with Wve primers showed a unique phenotype. The
proportion of polymorphic loci observed in these nine col-
lecting sites ranged from 75.41% for Skerries to 98.36% for
Fisterra, Barra, and Strangford Lough. The eVective num-
ber of alleles per locus, the Shannon Index and the Nei’s
gene diversity (Table 2) were 1.365 to 1.625, 0.358 to
0.535 and 0.228 to 0.361, respectively, with Aveiro, Tyrella
and Skerries presenting the lower values.

The mean expected heterozygosity values obtained after
bootstrapping were remarkably similar to those obtained
with the original data (the maximum discrepancy between
values was 0.020 and 0.018 for PCR–RFLPs and RAPDs,
respectively, data not shown), suggesting that diVerences in
sample sizes could not explain diVerences between meth-
ods or localities.

The pairwise FST values and diVerentiation tests com-
puted from haplotype frequencies showed similar results
(Table 3). After sequential Bonferroni correction 23 and 24
values were signiWcant for FST values and diVerentiation
tests, respectively. Based on these results, the Spanish and
Portuguese localities (except Aveiro) formed a homoge-
neous group. On the other hand, the Irish localities showed
signiWcant diVerences, with Strangford Lough diVering
from Skerries, but not from Tyrella. Finally, the pairwise
FST value, but not the diVerentiation test, was signiWcant
between Aveiro and Strangford Lough.

Nei’s genetic distance and PhiPT values for RAPD data
(Table 4) depicted a similar situation to that observed with
mtDNA. The lowest values were observed between Spanish

Table 2 Genetic variation statistics of the localities of Ensis siliqua
examined with 61 RAPD loci

For each site the sample size (N), percentage of polymorphic bands
(PPB) eVective number of alleles (ne), Shannon index (I) and expected
heterozygosity (h) are indicated

Locality abbreviations according to Fig. 1

Locality N PPB (%) ne I h

Str 32 98.361 1.544 0.490 0.324

Tyr 22 85.246 1.449 0.415 0.272

Ske 28 75.410 1.389 0.358 0.235

Cel 24 91.803 1.548 0.479 0.320

Fis 35 98.361 1.625 0.535 0.361

Bar 33 98.361 1.623 0.527 0.356

Ave 19 86.885 1.365 0.358 0.228

Set 26 93.443 1.524 0.463 0.308

Olh 23 96.721 1.521 0.465 0.307

Table 3 Genetic diVerentiation between samples of Ensis siliqua based on PCR–RFLPs of part of the 16S rRNA gene

Pairwise FST values below the diagonal and P-values of the diVerentiation test above the diagonal

NC not calculable. Locality abbreviations according to Fig. 1

* SigniWcant at P < 0.05. ** SigniWcant after sequential Bonferroni Correction. 

Str Ske Tyr Cel Fis Bar Ave Set Olh

Str 0.003** 0.058 0.000** 0.000** 0.000** 0.000** 0.000** 0.000**

Ske 0.137** NC 0.000** 0.000** 0.000** 0.001** 0.000** 0.000**

Tyr 0.103* 0.000 0.000** 0.000** 0.000** 0.004** 0.000** 0.000**

Cel 0.732** 0.969** 0.958** 0.411 0.356 0.000** 1.000 0.476

Fis 0.750** 0.934** 0.920** ¡0.010 0.684 0.000** 1.000 0.227

Bar 0.703** 0.878** 0.855** 0.007 ¡0.004 0.000** 0.729 0.170

Ave 0.108* 0.319** 0.250** 0.716** 0.742** 0.683** 0.000** 0.000**

Set 0.755** 1** 1** ¡0.003 0.004 0.029 0.746** 0.492

Olh 0.706** 0.940** 0.920** 0.001 0.003 0.003 0.682** 0.036
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samples and the highest between Irish sampling sites and
the remaining localities, except Aveiro that showed a lower
genetic distance/PhiPT with Irish populations. The Mantel
test revealed a low but signiWcant correlation (R2 = 0.153,
P < 0.050) between genetic and geographic distances.
When the locality of Aveiro was removed from the analy-
sis, the coeYcient of determination increased its value to
0.381 and was highly signiWcant (P < 0.001).

Genetic similarities among the 242 E. siliqua individuals
for RAPD data were also examined by principal coordinate
analysis (PCA). The Wrst three coordinates explained
67.33% of the total variation and the plot of the Wrst two
factors supported the previous results, revealing two group-
ings, one composed by the localities from the Iberian
Peninsula (except Aveiro) and another containing the Irish
populations together with Aveiro (Fig. 2). Furthermore, this
analysis also pointed to the existence of diVerentiation
between Skerries and the rest of Irish localities. The
discriminant analysis indicated that 57.44 and 98.76% of

individuals could be assigned to their original localities and
the two groups previously described, respectively.

Analysis of molecular variance based on the groups
inferred from previous analyses (i.e. one group composed
by the Iberian samples except Aveiro and other comprising
the rest of localities) revealed that 80.39 and 14.08% of the
total variance could be attributed to among groups diVer-
ences for mtDNA and RAPDs, respectively (Table 5). Any
attempt to form other groupings resulted in a decrease in
the among groups variance.

Results found for RAPDs data using STRUCTURE
under diVerent models were congruent and conWrmed the
clear genetic diVerentiation observed in the previous analy-
sis. On the contrary, the assignments obtained with mtDNA
PCR–RFLPs were roughly symmetric to all populations,
suggesting no population structure, except when sampling
locations were employed as prior information to assist the
clustering. This is not an unexpected result bearing in mind
that only one marker was employed. Therefore, to allow the
comparison between results obtained with both type of
markers the admixture model, recommended as a starting
point for most analyses in the STRUCTURE documenta-
tion, with correlated allele frequencies and using sampling
location as prior information was employed (Fig. 3).
MtDNA PCR–RFLPs and RAPDs showed a high value for
Evanno et al’s (2005) �K at K = 2, the other values being
close to zero (Online Resource 1). Similarly, mtDNA PCR–
RFLPs showed the higher likelihood at this value of K. On
the contrary, for RAPDs, the likelihood continued to
increase after K = 2, but this value seemed to capture the
major structure of the data and runs with higher K produc-
ing less consistent results. The average similarity for K = 2
between runs for each type of marker and between markers
was higher than 0.97 and 0.80, respectively. According to
Rosenberg et al. (2002), these values correspond to large
and moderate similarity coeYcients, respectively. In order
to detect lower level structure, as suggested by Evanno

Fig. 2 Principal coordinate analysis of nine Ensis siliqua localities
based on 61 random ampliWed polymorphic DNA loci. Locality abbre-
viations according to Fig. 1
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Table 4 Pairwise Nei’s genetic distance (below the diagonal) and PhiPT values (above the diagonal) between nine Ensis siliqua localities obtained
with 61 RAPD loci

Locality abbreviations according to Fig. 1

Str Tyr Ske Cel Fis Bar Ave Set Olh

Str 0.142 0.252 0.209 0.184 0.225 0.147 0.241 0.202

Tyr 0.086 0.352 0.327 0.292 0.309 0.246 0.363 0.316

Ske 0.141 0.179 0.360 0.316 0.357 0.295 0.392 0.327

Cel 0.130 0.208 0.226 0.052 0.051 0.331 0.126 0.196

Fis 0.087 0.172 0.182 0.040 0.069 0.291 0.160 0.178

Bar 0.128 0.189 0.227 0.043 0.046 0.319 0.149 0.137

Ave 0.060 0.101 0.131 0.190 0.135 0.169 0.330 0.300

Set 0.114 0.223 0.237 0.068 0.070 0.067 0.161 0.190

Olh 0.103 0.204 0.195 0.117 0.092 0.070 0.152 0.091
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et al. (2005), the analysis was repeated within the groups.
In each analysis, K was set to vary between 1 and the num-
ber of localities in each group. For mtDNA, PCR–RFLPs
data results suggested absence of population structure for
both groups. Runs for K diVerent from one displayed a very
high variance and no individuals were strongly assigned.
For the group composed by the Iberian samples except
Aveiro, the RAPDs results showed for K = 4 the higher
likelihood and the maximum �K. Nevertheless, the absence
of clear break among the likelihoods of the diVerent K
resulted in a very low �K, indicating absence of genetic
diVerentiation. On the other hand, the maximum value for
the estimated likelihood of K was found at K = 4 for the
group comprising the Irish localities and Aveiro. Neverthe-
less, for K values higher than 2, the likelihood showed only
a slight increase and �K displayed a high peak at K = 2,

suggesting the presence of two diVerentiated populations,
separating Skerries from the rest of localities (Online
Resource 1).

Discussion

The analysis of E. siliqua samples with a fragment of the
16S rRNA gene digested with six enzymes and Wve RAPD
primers allowed identifying 12 composite haplotypes and
examining 61 RAPD loci, respectively. Two composite
haplotypes, H1 and H5, accounted for most of the individu-
als and showed a remarkable disjoint distribution. On the
contrary, each individual characterized with the RAPD loci
displayed a unique pattern, which is not unexpected taking
into account the high genetic variation usually detected
using RAPD primers and the number of loci examined. The
high frequency of H1 and H5, together with their presence
in several localities, suggests their older origin and the exis-
tence of gene Xow, past or present, between the localities
sharing one of the haplotypes. In contrast, the other haplo-
types (except H10), were limited to a single locality. This
indicates a more recent origin of these haplotypes and in
case of isolation could result in private haplotypes charac-
teristic of a speciWc locality.

The values of haplotype diversity per locality (0 to
0.484) were similar to those reported for other bivalves for
the 16S rRNA mitochondrial gene (Wilding et al. 1997;
Saavedra and Pena 2004; Fernández-Moreno et al. 2008).
However, haplotype diversity is a rough measure of vari-
ability that is highly dependent on the number or restriction
enzymes employed, the technique chosen and the rate of
mutation of the mitochondrial region used. On the other
hand, the genetic variability observed for the RAPD mark-
ers within samples was higher than that obtained from other

Table 5 AMOVA analysis, based on (a) PCR–RFLPs of part of the 16S rRNA gene and (b) RAPD data for Ensis siliqua

Two groups were considered, one composed by the Iberian localities but Aveiro and other by the remaining samples

(a) mtDNA, FSC = 0.102, FST = 0.824, FCT = 0.804 (b) RAPDs FSC = 0.141, FST = 0.172, FCT = 0.288

Source of variation d f Sum of 
squares

Variance 
components

Percentage 
of variation

P-value

(a)

Among groups 1 61.725 0.398 80.39 <0.001

Among localities within groups 7 2.953 0.010 2.00 <0.001

Within localities 305 26.596 0.087 17.61 0.008

Total 313 91.274 0.495

(b)

Among groups 1 315.555 2.083 14.08 0.001

Among localities within groups 7 480.992 2.182 14.75 0.001

Within localities 233 2453.065 10.528 71.17 0.001

Total 241 3249.612 14.793

Fig. 3 Most likely population structure, obtained with STRUCTURE
under the admixture model, independent frequencies allele frequen-
cies and using sampling locations as prior information (see text for
details)

Str Tyr Ske Fis Cel Bar Ave Set Olh

(b) RAPDs (K = 2)

Str Tyr Ske Fis Cel Bar Ave Set Olh

(a) PCR-RFLPs of 16S rRNA gene (K = 2)

Str Tyr Ske Ave

(c) RAPDs. Group composed by Irish localities and Aveiro (K = 2)
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marine species (e.g. De Wolf et al. 1998; Ma et al. 2000;
Aranishi and Okimoto 2004).

The level of variability observed for each sample was
generally correlated in both types of markers. Nevertheless,
some striking diVerences were detected, such as Aveiro
showing the highest and the lowest values of haplotype and
RAPD diversity, respectively, and Fisterra with an interme-
diate and maximum mitochondrial and RAPD diversity,
respectively. The discrepancy between mtDNA and RAPD
diversity could be the result of the diVerent nature of these
markers. First, RAPDs are less likely to be subjected to
selection than mtDNA, since most of the regions targeted
probably correspond to nonexpressed DNA. Second, the
high mutation rate in RAPDs would result in rapid recovery
of RAPD variation from population bottlenecks. Third, the
mitochondrial genome acts as a single locus, providing a
single estimate, and has an eVective size that is half of
nuclear markers being more sensitive to genetic drift.

The diVerences observed for Fisterra might be related to
historical Xuctuations in the abundance of E. siliqua. This
locality suVered an interruption in extractive activity from
1978 to 1983 (due to low cost-eVectiveness) and an impor-
tant decrease in the production in the last years of the 20th
century (Guerra Díaz and Gabín Sánchez 2008). In the case
of Aveiro, a nonexploited locality, one or more of the fac-
tors stated before could have contributed to the observed
discrepancy.

The existence of genetic diVerentiation among the
samples analyzed in this study is supported by both mito-
chondrial PCR–RFLPs and RAPD markers. The diVerent
analyses suggested absence or low genetic diVerentiation
among Spanish and Portuguese localities (except Ave-
iro), but heterogeneity with the remaining samples.
Therefore, these localities might be acting as a single
interbreeding population with high levels of gene Xow
among them. The Mantel test was signiWcant even when
Aveiro locality was included, although the low coeY-
cients of determination seemed to not support an isola-
tion by distance process, contrasting with the results
observed by Fernández-Tajes et al. (2007), this discrep-
ancy being probably caused by the inclusion of a single
Irish locality in that work.

The comparison among Irish localities usually showed
higher values of diVerentiation and Aveiro was surprisingly
close to those sites. The analyses globally suggested the
existence of homogeneity of the Strangford Lough sample
with Tyrella but not with Skerries. Strangford Lough is a
long, narrow, enclosed sea basin, generally less than 10 m
depth, with a narrow tidal outlet to the Irish Sea in its south-
ern end and with extremely strong currents up to 4 m/s. The
structure of this lough and an estimated water residence
time of 4–28 days (Ferreira et al. 2008) suggest that a
certain larval retention might occur. Therefore, even if

Skerries and Strangford Lough are relatively near (less than
50 km apart), some restriction to gene Xow might exist.

In the case of Aveiro, only the pairwise FST values for
mitochondrial PCR–RFLPs and PhiPT for RAPD data indi-
cated homogeneity with another locality, Strangford
Lough. However, these localities presented a considerable
frequency of locality-speciWc mitochondrial haplotypes,
suggesting that these samples are in fact highly diVerenti-
ated. The lack of similarity between Aveiro and the remaining
samples suggests that this locality may be predominantly
self-recruiting.

Several works have suggested the existence of some
mechanism that might aVect the larval dispersion in Aveiro
(Santos et al. 2004, 2007; Peliz et al. 2007). Santos et al.
(2007) found that the upwelling events could signiWcantly
change the distribution of early larval stages of Sardina pil-
chardus, and Peliz et al. (2007) working with a dispersal
model for larvae crab obtained a good Wt between the
release of Xoats from Aveiro and a large part of the Xoats
retained in the shelf zone near the emission points. In addi-
tion, Shanks and Brink (2005) observed that the larvae of
the congeneric species E. directus were below the thermo-
cline, being swept onshore during upwelling events. In the
Atlantic coast of the Iberian Peninsula, southward winds
during summer generate coastal upwelling, and this period
overlaps with the spawning season of E. siliqua in Portugal
(Gaspar and Monteiro 1998). Therefore, larval retention
might explain the results obtained in the present study,
although species-speciWc studies are needed and consider-
able interannual variation might exist.

To explain the fact that the dominant haplotype is the
same in Ireland and Aveiro, and the low genetic diVerentia-
tion obtained with RAPD markers for these localities, some
hypotheses can be proposed. Although possible, an inde-
pendent origin of the genetic composition is unlikely to
have occurred. Since nucleotide mutations in mtDNA are
usually rare, individuals that share a particular mutation are
generally assumed to descend from a common ancestor
(Hartl and Clark 1989) and it is highly improbable that the
frequencies for the 61 RADP loci reached similar values
merely by random changes.

It is possible that the genetic variability observed in this
study was already present in ancestral populations. The
commonest haplotypes, H1 and H5, might be an antique
polymorphism, one of them being removed (for example
due to genetic drift) or maintained (if the haplotypes had a
selective advantage to particular habitats) in the individuals
that originated the populations analysed in this work. The
origin and distribution of molecular variation of these pop-
ulations is expected to have been shaped by the major cli-
matic changes that occurred during the Pleistocene, and
speciWcally by the last glacial maximum (approximately
20,000 years ago). The subsequent expansion after the glacial
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events would have created opportunities for population
subdivision, and the succession of multiple founder eVects
along the colonizing route from southern Europe could
have lead to loss of haplotypes and changes in the fre-
quency of RAPD loci. But again the RAPD markers, given
their high mutation rate, should have accumulated more
changes in their allelic frequencies.

Finally, the similarity among Aveiro and the Irish locali-
ties may be caused by the migration of individuals, with the
haplotype H5 and the RAPD frequency composition being
originated in one of those regions. The main surface and
intermediate currents over the North Atlantic (see Beaugrand
et al. 2001 and references therein) suggest that the most
probable route of transport of larvae is from the Iberian
Peninsula to the east coast of Ireland. Nevertheless, if a
continuous genetic exchange existed between Aveiro and
Ireland it would probably have also inXuenced the haplo-
typic and RAPD composition of the neighbor localities,
which was not observed in this study. Alternatively, an
anthropogenic intervention, for example through the trans-
port of larvae in the ballast water of ships is a feasible
process. This was how a closely related species of the same
genus, the American jack-knife clam E. directus, was invol-
untary introduced in Europe (Von Cosel et al. 1982). There-
fore, and taking into account that the Aveiro harbor has a
remarkable activity, the anthropogenic transport of larvae
is the most plausible explanation to explain the similarity
between Aveiro and the Irish localities.

The present results obtained employing mitochondrial
and RAPD markers suggest the existence of a strong popu-
lation diVerentiation between Irish and Iberian localities
(except Aveiro) and absence of gene Xow. This corrobo-
rates the growing evidence that signiWcant population struc-
ture may exist in marine species, especially those with low
or null mobility as adults. Therefore, management plans
that take into account the diVerences among localities iden-
tiWed in this work are needed to carry out a rational exploi-
tation of these Wshing resources. The unexpected genetic
composition of the sword razor shell from Aveiro, which
was more similar to the Irish populations than to the other
Iberian localities (but that is probably highly diVerentiated),
indicates that this population may be predominantly self-
recruiting and that the genetic variability and population
diVerentiation in E. siliqua probably has been shaped by
human intervention.
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