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ABSTRACT The earliest reported alien species that entered the Mediterranean after only nine years from
the inauguration of the Suez Canal was “Meleagrina” sp., which was subsequently identified
as the Gulf pearl-oyster, Pinctada radiata (Leach, 1814) (Bivalvia Pteriidae). Thereafter, an
increasing series of records of this species followed. In fact, nowadays it can be considered
a well-established species throughout the Mediterranean basin. Since the Red Sea isthmus
was considered to be the only natural way of migration, nobody has ever doubted about the
name to be assigned to the species, P. radiata, since this was the only Pinctada Röding, 1798
cited in literature for the Mediterranean Sea. Taxonomy of Pinctada is complicated since it
lacks precise constant morphological characteristics to distinguish one species from the oth-
ers. Thus, distribution and specimens location are particularly important since different
species mostly live in different geographical areas. Some researchers also used a molecular
phylogenetic approach, but the results were discordant. This taxonomic conundrum was re-
examined this time applying morphological taxonomy. Increasing vessel traffic and records
of vast amounts of Pinctada specimens with morphologically different shells led us to for-
mulate the hypothesis that a separate Pinctada population of different geographical prove-
nance could be present. Specimens were grouped according to the site of collection in the
Mediterranean basin. Results from these morphological studies confirmed that, according
to us, there were two distinct species, P. radiata and P. fucata (Gould, 1850). Morphological
comments and interpretations on the taxonomical  status of both species together with auto-
ecological notes and a literature review of the molecular phylogenetic studies conducted
will be here presented.
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INTRODUCTION

Just only nine years after the inauguration of the
Suez Canal, Monterosato (1878) reported for the

first time “Meleagrina” sp. for the Mediterranean
Egypt (Alexandria), where it was so abundant that
it was sold in the local fish markets. 

He admitted not to know whether it was a local
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still unknown species or the earliest reported lessep-
sian species, as it was. Subsequently the species
was doubtfully described as new as Meleagrina
savignyi Monterosato, 1884 (Bivalvia Pteriidae),
later identified as Pinctada radiata (Leach, 1814)
(Parenzan, 1961; Bombace, 1967; Paccagnella,
1967; Spada, 1969). 

Since modern times, this latter name has never
been questioned and nobody has ever doubted if
under this name more than one species could be
hidden. 

Taxonomy of the species of Pinctada Röding,
1798 is complicated because of the extreme vari-
ability of species in this genus and seems far to be
clearly defined. In fact P. radiata has been consid-
ered as conspecific with P. fucata (Gould, 1850) (see
Hynd, 1955) and, later on, as mere synonyms (Ran-
son, 1961) (“alternate representation” in WoRMS). 

Some important factors, like wide geographical
distribution and anthropic contribution to hybridiza-
tion, are reported by Temkin (2010) as affecting the
extreme polymorphism of species. 

As a consequence, a molecular phylogenetic ap-
proach was used by some researchers but the results
were still discordant: see for instances Temkin
(2010) and Cunha et al. (2011). 

For this reasons, the former Author stated the lack-
ing to date of precise constant morphological charac-
ters, in particular to discriminate species of the so
called “P. radiata” group, for which three different
clines have been distinguished and taxonomically re-
lated by him to geographical sub-species: P. imbricata
imbricata Röding, 1798 in the western Atlantic areas,
P. imbricata radiata in the eastern Indian Ocean and
the Red Sea areas and P. imbricata fucata in the Indo-
Pacific areas.  

As the modes of introduction of this pearl oyster
in the Mediterranean Sea, more than one have been
described in the literature: intentional introduction
by mariculture; shipping, which is considered to
be the most likely introduction vector of non-in-
digenous species (Zibrowius, 1992) and even by
migrant trips of the sea turtle Caretta caretta (Lin-
naeus, 1758) (Oliverio et al., 1992).

Figure 1. Map of the sampled area: red circles refer to P. radiata findings, yellow circles to 
P. fucata findings. The “?” refers to doubtful provenance. 
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Nowadays throughout the Southern Central and
Eastern Mediterranean P. radiata can be considered
a well-established species.

But the genetic diversity of populations of this
species in the basin seems to exhibit low values, as
reported by Barbieri et al. (2015).

In this last years in Sicily consistent materials
of another morphologically different population of
Pinctada were found along the Eastern coast (Vil-
lari & Scuderi, 2017), from Messina to Siracusa,
in different environmental conditions compared to
the quantitatively less important finding of P. ra-
diata.

As suggested by these latter Authors, the model
of settlement and spreading of this populations in
these localities follows the model of a newly en-
tered alien species. In fact specimens appeared in
massive quantities in these localities where no other
specimen of Pinctada since XIX century was pre-
viously recorded, with the exception of only one
single shell in the harbor of Catania (Di Geronimo,
1971). 

The Northern and the most Southern part of the
island was reached only in a second time, with less
consistent populations, being the harbor of Catania
identified as the location of first settlement, proba-
bly after human mediated transportation. 

Currently the population of Eastern Sicily ben-
efits a good state of health, since large number of
specimens were found just in winter 2018.

In the present paper, the taxonomic conundrum
previously reported was re-examined applying mor-
phological taxonomy to the above mentioned ma-
terials of both the morphs of Pinctada. 

The study of this materials allowed us to dis-
criminate two different groups on account of shell
morphology, anatomy of the external soft parts and
environment. 

The first could be grouped under the so far
known taxon P. radiata, while, according to us, the
second represents a different species which here we
call P. fucata, after comparisons with Indo-Pacific
material. So, the real question is more general and
trespass the Mediterranean limits: are these two
taxa only synonyms of a single very variable
species or they could indeed be considered a differ-
ent species? A resume of the literature data on bio-
molecular studies conducted to solve doubts on the
identity of species of this complex are here fur-
nished together with our new personal observations

on the morphology of both the shell and the soft
body parts. 

Comments and personal interpretations of the
taxonomical status of both these morphs are here
reported as an attempt to give our contribution to
their complicated taxonomy.

MATERIAL AND METHODS 

A total number of 1284 living specimens and
shells of both the morphs were examined from
many different Mediterranean localities, from cen-
tral N-African coasts to the more Eastern places of
the basin (Fig. 1), and grouped according to the col-
lection site in the Mediterranean, studying the vari-
ation inside populations. 

More accurate data are furnished in Table 2 for
each morph debated in the following lines.

The most abundant population is that from the
sandy coast of Catania (E-Sicily), where numerous
alien species of animals and algae are constantly
found during these last years. 

Living specimens were found on a removable
containment boom, which was installed on June 15
2018 and removed on September 18 of the same
year. Some Indo-Pacific specimens of P. fucata,
from Maldives Islands, were studied for morpho-
logical comparisons.

Specimens were measured and the shell mor-
phology was studied: nomenclature of characters
follows Wada & Temkin (2008). 

We utilized as valid characters: the general out-
line, the sculpture and the prevalent colour of
valves, the hinge structure and the shape of liga-
ment and ligament area. 

Living specimens were housed in aquarium and
dissected: specimens of the two morphs were com-
parable in size (Figs. 39, 41). 

Anatomical studies concerned the presence and
shape of the anal funnel and colour of soft parts. 

Table 1 lists the main characters utilized to dis-
tinguish P. radiata and P. fucata used in this study.

ACRONYMS AND ABBREVIATIONS. AGC:
Alfio Germanà Collection, Catania, Italy; AVC: Al-
berto Villari Collection, Messina, Italy; DSC:
Danilo Scuderi Collection, Catania, Italy; PBC:
Paolo Balistreri Collection, Favignana, Trapani,
Italy; PMC: Pasquale Micali Collection, Fano,
Italy; WRC: Walter Renda Collection, Amantea,
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Cosenza, Italy; sh.: empty shell/s; sp.: living col-
lected specimen/s.

RESULTS

Systematics

Classis BIVALVIA  Linnaeus, 1758
Subclassis PTERIOMORPHIA Beurlen, 1944 
Ordo OSTREIDA Férussac, 1822 
Superfamilia PTERIOIDEA Gray, 1847 (1820)
Familia PTERIIDAE Gray, 1847 (1820)

Pinctada Röding, 1798

TYPE SPECIES: Pinctada margaritifera (Linnaeus,
1758). Here follows the description of the main di-
agnostic characters observed for each of the two
taxa treated in the present paper.

Pinctada radiata (Leach, 1814) 
(Figs. 2–7, 17–19, 23, 35, 36, 39, 40)

EXAMINED MATERIAL. A total of 84 sh and 48 sp
from different localities from Italy and Tunis (see
Table 2 for details).

DESCRIPTION. Shell almost rounded in outline,
variable in thickness and inequilateral (Fig. 27),
high up to 75 mm, constituted by almost flat valves,
the left more convex than the right one. 

Outer face reddish with darker radial rows,
sculptured by numerous concentric growth lamellae
which bear, on the lower 1/2 or 1/3 of the valve, a
copious number of pointed and narrow processes
arranged in two orders: one larger alternated to one
or two smaller (Fig. 27). 

In the posterior margin of both the valves the
rows are closer. The smooth inner surface is divided
in a marginal less wide non-nacreous layer, which
recalls the outer surface in colour, separated by a
darker more or less wide band from the nacre one,
which bears a wide adductor muscle scar and a se-
ries of small pallial muscle scars. 

The right valve shows a not very marked
rounded byssal ridge. The hinge bears a well-de-
fined and duplicated posterior tooth and a not very
well defined but thick anterior tooth with two not
deep sockets.

The left valve shows a very marked rounded
byssal ridge and bears a straight and clearly dupli-
cated anterior tooth; posterior tooth not marked. 

Straight hinge line, which become almost
deeply curved near the umbo. Seen from inner side,
the umbo is prominent in the left valve, almost in-
visible in the right one.

Anatomy of soft parts: digestive gland, kidney,
gonad and ctenidium deep orange (Fig. 35); foot
whitish with numerous black spots; ctenidium and
margin of mantle orange with white stains and
black radial bands corresponding to the marginal
tips; anal funnel (Fig. 36) speare-shaped and
graysh. Byssus green with almost thick filaments
(Fig. 40). 

DISTRIBuTION AND BIOLOGY. Quite common in
Eastern basin, from Israel, Crete, Grece to Tunisia,
Eastern and Western Sicily and S-Apulia. Tyrrhen-
ian records should be confirmed with live-collected
specimens.

Calcareous to lava hard substrata, with dense
algal turf, at low depths (-0.5/8 m).

Pinctada fucata (Gould, 1850)
(Figs. 8–26, 20–22, 24, 37, 38, 41–50)

EXAMINED MATERIAL. A total of 761 sh and 392
sp from different localities from Italy, Greece and
Malta (see Table 2 for details). Maldives: Ari
Atoll, Kuda Rah, 96 Km S of Male, beached, 5 sh
(DSC).

DESCRIPTION. Shell almost transverse-oval in
outline, fragile and highly inequilateral (Fig. 26),
high up to 45 mm, with a flat right valve and a left
quite convex one. Colour very variable, from al-
most white specimens with darker stains to yellow,
red, but the most common is green, within its wide
range of variations, from paler to very dark, with
whitish radial rows. 

It is sculptured by concentric almost smooth
growth lamellae, which bear, on the lower 1/3 or 1/4
of the valve, a low number of blunt and large
processes arranged in two orders of 10–12 alternated
rows of bigger and smaller processes (Fig. 26).

In the posterior margin of both the valves the
rows bear bigger processes: those of the 2nd or 3rd
row could form very long and large scales which
stand up over all the others (Figs. 12, 13). 
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Figures 2–7, 17–19, 23. Pinctada radiata. Figs. 2–7: shells in external and internal view, all from Catania. Fig. 2: h: 59 mm. Fig.
3: h: 49 mm. Fig. 4: h: 42 mm. Fig. 5: h: 32 mm. Figs. 6, 7: h: 53 mm. Fig. 23, same data of the specimen in figure 4, drawing of
the internal soft parts. Figs. 17–19, same data of the specimen in figures. 6, 7, detail of the hinge of the left (Fig. 17) and right (Fig.
18) valves and view from umbo (Fig. 19). Figures 8-16, 20–22, 24. Pinctada fucata. Figs. 8–16: shells in external and internal
view, all from Catania. Figs. 8, 10–11: h: 46 mm. Fig. 9: h: 75 mm, corresponding to a possible hybrid specimen. Fig. 12: h: 20
mm. Fig. 13: h: 18 mm. Fig. 14: h: 31 mm. Fig. 15: h: 23 mm. Fig. 16: h: 26 mm. Figs. 20–22, same data of the specimen in figures
10, 11, detail of the hinge of the left (Fig. 20) and right (Fig. 21) valves and view from umbo (Fig. 22). Fig. 24: same data of the
specimen in figure 41, drawing of the internal soft parts. Figs. 25, 26: Maldives Is., Ari atoll, h: 19 mm and h: 10 mm, respectively.
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Figures 27, 28. Sketches of the shell outline respectively of Pinctada radiata and P. fucata (in gray margins of the lower
valve). Figures 29–34. Sketches of the hinge in the left and right valve (in red details of the teeth) and shell outline seen
from umbo of P. radiata (Figs. 29–31) and P. fucata (Figs. 32–34).
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Figures 35, 36, 39, 40: Pinctada radiata. Fig. 35, photograph of the internal soft parts of the specimen in figure 39, h: 42
mm. Fig. 36, detail of the anal funnel. Fig. 40, byssus, same data of figure 35. Figures 37, 38, 41–50: Pinctada fucata. Fig.
37, photograph of the internal soft parts of the specimen in fig. 41, h: 40 mm. Fig. 38, detail of the anal funnel. Fig. 42,
byssus, same data of fig. 37. Figs. 43–50, living specimens attached to various substrata from Catania “Playa”. Fig. 43,
group of specimens attached each other. Fig. 44, specimens on valves of Acanthocardia tuberculata. Fig. 45: specimens on
a valve of Fulvia fragilis and the shell of Neverita josephinae. Fig. 46: specimens on the shell of a small Pinna nobilis. Fig.
47: a specimen on the tube of Sabella spallanzanii. Fig. 48: specimens on a rhizome of Cymodocea nodosa. Fig. 49: a spe-
cimen on Caulerpa taxifolia var. distichophylla. Fig. 50, a specimen on an ascidian of the genus Microcosmus.
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The right valve shows a not very marked
rounded byssal ridge. 

The hinge bears a well-defined and duplicated
posterior tooth and a not very well defined but thick
anterior tooth with two often marked sockets. 

The left valve shows a very marked rounded
byssal ridge and bears straight and not duplicated
anterior tooth; posteriorly an almost deep socket
with two not market teeth is present. 

Straight hinge line, which do not or only slightly
become curved near the umbo. Seen from inner
side, the umbo is prominent in the left valve, almost
invisible in the right one.

Anatomy of soft parts: digestive gland, kidney
and gonad pale orange to green, ctenidium greenish
with white stains (Fig. 37); foot whitish with nu-
merous black spots; margin of mantle deep green
to pale orange, with white stains and black radial
bands corresponding to the marginal tips, anal fun-
nel graysh and speare-shaped (Fig. 38). Byssus
green with almost thick filaments (Fig. 42). 

DISTRIBuTION AND BIOLOGY. Sporadically re-
ported in Eastern basin, in these last few years it is
very abundant in Eastern Sicily and quite common
in other Southern regions in Italy. The Adriatic
record is reported fide the statements of the maricul-
ture operators in Faro lake, Messina and should be
confirmed. Sandy bottoms near estuarine areas, at-
tached with byssus each other (Fig. 43) or on other
shell, like mussels, Cardiidae (Fig. 44), Pinnidae
(Fig. 46) and dead gastropods (Fig. 45), on ascidians
(Fig. 50), on Annelid tubes (Fig. 47), to the stolons
of the sea-grass Cymodocea nodosa (ucria) Asch-
erson, 1870 (Fig. 48) or the algae Caulerpa taxifolia
var. distichophylla (Sonder) Verlaque, Huisman et
Procaccini in Jongma et al., 2013 (Fig. 49), but on
plastic objects too, in low (-1/8 m) depths.

DISCUSSION

After a critical evaluation of the morphological
characters observed in very abundant amount of
specimens of the two different forms of Pinctada,
despite a high variability in both and the genetic
studies of mainly Eastern Mediterranean specimens
(Barbieri et al., 2015), we concluded that two dif-
ferent species are involved

The first, attributable to P. radiata, on account
of a bigger shell in full grown specimens, rounded

in outline (Fig. 25), almost entirely red-brownish
with darker radial strips, sculpture of dense and
pointed process, organized in numerous rows, soft
parts mainly orange (see Table 1). 

The second is here named P. fucata, on account
of comparisons with Indo-Pacific materials (Figs.
23, 24), and is characterized by a smaller shell in
full grown specimens, oval in outline (Fig. 26), al-
most greenish in colour (75–80% of the specimens
observed) with paler radial strips, sculpture essen-
tial, tending to vanish (valves often almost
smooth), process sparse, blunt and wider, organ-
ized in low number of rows, soft parts mainly
greenish. The former species, seen from umbo, is
quite flattened (Fig. 31), while the latter appears
markedly convex.

Besides the morphological differences above
mentioned, P. fucata differs in habitat preferences.
While P. radiata is present, nowadays with dense
populations in Southern regions of East and Cen-
tral Mediterranean, on hard substrata with algal
covering (Cystoseira spp.), P. fucata was instead
found near river’s estuary on other shells, but the
most abundant material is represented by vegetal
residuals of the river cane Phragmites australis
(Cav.) Trin. ex Steud., accumulated by winter
storms. Less commonly it was found on the ascid-
ians of the genus Microcosmus Heller, 1877 (As-
cidiacea Pyuridae).

Considering the complicated taxonomy and the
high polymorphism of the species of Pinctada, all
these morphological differences are, according to
us, enough to consider the two different morphs
here studied as different species. We therefore refer
to the conclusions chapter the full reasons of our
personal interpretation of the taxonomical problem
concerning these two taxa.

Moreover, in E-Sicily P. fucata was sporadically
collected or never recorded before, in the same lo-
cality where thousands of specimens have been
found in very recent times. 

This population shows preferences for more
brackish waters and sandy bottoms, where is more
likely arrived with human mediated transportation,
as its population dynamics seem to suggest.

The current status of the above reported popu-
lations of P. fucata in E-Sicily seems to attest their
progressive expansion, after a first period of accli-
mation in the more suitable geographical zones
where they arrived. 



Specimens collected on a removable contain-
ment boom allowed us to evaluate the growth rate
of the species: being the net completely clean at its
first installation, after four months, among fouling,
four specimens were found. 

The medium grown rate of this species in the E-
Sicily is 5.75 mm per month, which leaves us to
believe that its expansion process in the Mediter-
ranean Sea is very fast and facilitated by human ac-
tivities.

CONCLUSIONS

According to differences in morphological char-
acters of the shell and soft parts the two populations
of Sicilian Pinctada are here considered different. 

One, which we call P. radiata, has ever been
recorded in scattered localities along the Sicilian
rocky shores. 

The second species, previously officially never

recorded, appeared here only during the last 5-6
years, showing a population dynamic typical of an
alien species. 

But, if all the specimens constituting the large
population reported as Meleagrina sp. by Mon-
terosato (1878) from Alexandria belong to the same
species figured in Appolloni et al. (2018), this
species was the earliest lessepsian species spreading
in the Mediterranean. 

The disagreement of the present conclusions
with previous molecular studies (Barbieri et al.,
2015) according to us is attributable to the low
number of specimens tested in these latter.

Probably previous records of P. radiata could be
related to P. fucata too, like that of Crocetta et al.
(2009), who found “hundreds specimens” along the
Calabrian shores, among which some at list were P.
fucata (specimens figured in Crocetta et al., 2009
at figures 2O, Q). 

This latter species is present in Aegean Sea, as
could be argued by pictures furnished by  Manousis

Are Pinctada radiata and P.  fucata only synonyms or really different species? The case of some Mediterranean populations 423

Table 1. Comparison of morphological characters in P. radiata and P. fucata.



& Galinou-Mitsoudi (2013: fig. 4B), and is in rapid
spreading in the Mediterranean, with large popula-
tions in certain localities, as could be argued by the
growth rate of the species here attested.

Different species of Pinctada in the world
seem to live in different geographical districts, but
genetic differences between species seem not very
high and molecular studies appeared controver-
sial.

Moreover in geographical zones where the dis-
tribution areas overlap, morphological intermediates
appear, adding confusions both to morphological
and genetic studies. 

Among the large amount of materials studied,
we have found few intermediates between P. radi-
ata and P. fucata as well (Fig. 9). So, how can we
interpret these intermediates? 

On the one hand, intermediates could represent
morphs resulting by mating of different morphs of
one only quite polymorphic species, which often
live in different geographical areas. 

But populations constituted by these morpho-
logically different specimens tend to remain quite
constantly uniform with respect to those of other
geographic regions. 

So, another interpretation is that they represent
different species, which could hybridize themselves
when populations overlap their distributional areas. 

So, these intermediates represent hybrid speci-
mens between two species.

Among bivalve molluscs, Mytylidae comprise
examples of the same problem. 

Genetic studies attested the existence of three
different european species of Mytylus: M. gallo-
provincialis in the Mediterranean Sea and adjacent
areas, M. edulis in North-Western coasts of Europe,
and M. trossulus along Scandinavian coasts
(Koehn, 1991). 

Intermediates between these species occur
along overlapping ridges of geographical distribu-
tion areas (Gardner et al., 1993; Gosling et al.,
2008).
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Table 2. Materials of P. radiata and P. fucata utilized in the present study.



Mytylidae is a family of bivalves phylogeneti-
cally similar to Pteriidae. 

According to us, the case of the Mediterranean
Pinctada hybrids is similar to that of the Mytylus
species. Moreover, populations of different species,
from different geographical areas hybridize them-
selves.
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