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Abstract

The Mediterranean basin is higly affected by the spread of non-native species (alien species). Most
non-native species originate from the Indo-Pacific domain, via the Suez Channel, and a smaller
number are of Atlantic origin and enter the Mediterranean through the Strait of Gibraltar. Many
other NIS reach the Mediterranean through passive transport via ballastwater, the importation of
fish and mollusc species for marine farming facilities, and also due to involuntary and/or voluntary
releases by aquarium hobbists. Thanks to ongoing environmental monitoring and citizen science,
most of these alien species have been recorded over the past 40 years. Molluscs are not exception;
infact, thanks to their aesthetically pleasing shells, they are collected by ordinary peoples as well as
professional researchers. It was precisely thanks to research projects aimed at NIS detection that the
first record of the species Conus ebraeus Linnaeus 1758 was made for the Mediterranean basin. The
first shell of this species was sampled from the coastal seabed of the Vendicari protected natural
area (southeastern Sicily) in the spring of 2023. In the following years, four more specimens of this
species were found in the same area as the first discovery, while two more specimens of C. ebraeus
were found at Portopalo di Capo Passero, in the extreme southeastern part of Sicily, a few kilometers
from Vendicari. To date, a total of seven specimens of C. ebraeus have been collected.

Keywords: Conus ebraeus Linnaeus 1758, Mediterranean Sea; Sicily; Vendicari; citizen science;
environmental monitoring

1. Introduction

Although the Mediterranean Sea represents only 0.82% of the global ocean surface, its waters
host approximately 8% of the world's known marine species; of these, 20-30% are endemic species
(Bianchi and Morri 2000). This enormous biodiversity has been threatened for several decades by
several factors, including rising average water temperatures, the spread of pathogens, and the arrival
and establishment of non-indigenous species (NIS) [1] [2] [3] [4].

The expansion of NIS, which in many cases can become invasive (AIS), represents a very
important factor, so much so that it alone is already managing to determine a shift in Mediterranean
biodiversity toward something that could appear typical of tropical environments rather than
temperate environments, such as those of the Mediterranean Sea [5] [6] [7] [8].

Added to all this is the phenomenon known as "global warming", which represents a critical
issue and an emerging threat both within the Mediterranean basin and globally [9]. Given its semi-
enclosed nature, or at least with a very slow water turnover rate (approximately 100 years), the
Mediterranean is one of the basins most affected by marine warming, with evident negative effects
on its biome [10].

These factors, combined, are leading to a steady loss of native species in favor of non-native
species in the Mediterranean. This decline is most pronounced in the Levantine Basin, where the
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presence of the Suez Canal, combined with changing environmental conditions, is generating a
continuous influx of warm-sea-affine species from the Red Sea or more distant areas of the Pacific
and Indian Oceans [11] [12] [13].

Added to this is the fact that the eastern Mediterranean, historically the warmest, is not the only
area affected by the arrival and invasion of non-native species. Indeed, the phenomenon of
colonization by non-native species is now widely known even for the coldest areas of the
Mediterranean basin, such as its north-western portions (e.g., the Ligurian coastline) [14] [15] [16]. In
this area, recent changes in the biogeographical structure are increasingly evident and are leading to
the presence of species that is, in part, characterized by an unusual presence of a large number of
thermophilic and exotic species [17].

Sicily, thanks to its unique location right at the center of the Mediterranean basin, represents a
natural divide for the three biogeographical sectors (western, central, and eastern) conventionally
identified within the Mediterranean Sea. Consequently, almost all alien species entering the
Mediterranean, through the Suez Canal or the Strait of Gibraltar, sooner or later reach the Sicilian
coast, where they find an ideal habitat for expanding their range. This phenomenon has occurred
with both plant and animal species, as demonstrated by the extensive literature on the subject, and is
now occurring with C. ebraeus, the cone snail discussed in this article.

In this context, Citizen Science plays a vital role, which, as widely reported in the literature [18]
[19], currently plays an extremely significant role in the study of biological invasions [20] [21]. The
importance of Citizen Science has seen an ever-increasing growth thanks to the adoption of IT
platforms through which it is possible to share the information collected among enthusiasts and
researchers from any part of the world [22].

As a result, academic researchers and Citizen Scientists can interact more easily, providing
official science with real-time information on the presence of non-native species in a given
environment. It is precisely thanks to this ever-increasing interaction that organizations such as
iNaturalist [23] [24] have emerged, thanks to which biological invasions have been documented
practically in real time [25].

With regards to the marine environment, the most active group of Citizen Scientists is
undoubtedly that represented by fishermen (both surface and underwater). Indeed, [25] believe that
the contribution provided by this category of "scientists" is by far the most relevant as regards the
systematic groups of fish and molluscs. Moreover, in the Mediterranean environment it has been
certified that the most active group of Citizen Scientists is that of fishermen, after which come the
naturalists [26] [27]. Suffice it to say that in the seas of Greece, as many as 31 alien molluscs were
reported for the first time thanks to the contribution of amateur fishermen and divers [28].

There are over 700 species of cone snails worldwide, boasting an evolutionary history spanning
approximately 50 million years, which has allowed them to evolve alongside many marine
ecosystems ([29] [30].

Cone snails constitute a highly diverse group, sought after by collectors for the beauty of their
shell ornamentation. They are characterized by a typically conical shell and a toxoglossal radula
containing modified teeth that act like small harpoons, used by the animal to inject venom into prey,
a feature unique to this group [31]. Indeed, over the course of their evolutionary history, cone snails
have developed unique predation strategies, especially at the expense of other mollusc species. To do
this, cone snails have developed a wide range of venoms called conotoxins, which they use to
paralyze and/or kill their prey.

Cone snails are widespread in warm tropical and subtropical seas, especially in the western
Indo-Pacific region, which contains the greatest diversity of species in this systematic group,
accounting for over 60% of the known species [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43].

Due to their high collector appeal, the IUCN raised the alarm in 2011 by declaring 630 cone snail
species as susceptible to anthropogenic pressure [44] [45]. Despite this, many cone snail species are
currently used as a food source and for the production of medicinal products [44], while the beauty
of their shells fuels a thriving and rapidly expanding market among collectors [41].
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To date, only 33 species of prosobranch mollusks have a trans-Pacific distribution, that is, they
are present in both the eastern and western Pacific [46], and all have planktotrophic larvae. This
characteristic has led to the hypothesis that the eastern Pacific populations are ephemeral populations
that can only exist because of continuous recruitment from populations in the western Pacific [47] [46]
[48]. According to this hypothesis, the prevalent distribution of cone snail species in the eastern
Pacific is a process initiated by western Pacific populations that subsequently expanded their range
[49].

In particular, among the cone snails, only three species of the genus Conus have a trans-Pacific
distribution: C. chaldaeus (Roding, 1798), C. ebraeus, and C. tessulatus Born, 1778 (Emerson, 1991).
These species are widely distributed along the eastern coasts of Africa to the eastern coasts of the
central Pacific and are also present along the coasts of eastern Pacific islands such as Clipperton Atoll,
Cocos Island, the Galapagos, the Revillagigedo Islands, and the coasts of many Central American
islands [46] [50].

In particular, the larvae of C. ebraeus have a life cycle that includes a pelagic phase lasting about
a month (>25-27 days) [51]; it is likely this characteristic that has allowed the species to disperse over
greater distances and wider areas.

2. Materials and Methods

The Vendicari Protected Area is located along the southeastern coast of Sicily, in the central
biogeographical sector of the Mediterranean Sea. The seabed of this area, like that of the entire Sicilian
coast south of Syracuse, is characterized by calcareous rocks that slope gently into the sea, forming a
vast plateau with sandy and muddy deposits and numerous rocky outcrops that sink offshore,
forming the abyssal plains of the Ionian Sea [52] [53].

For over 15 years, the authors of this paper have coordinated and conducted monitoring
activities in this protected area to survey and quantify the potential presence of non-native species
along these coasts. Thanks to these activities, numerous alien species have been identified; some of
them have even been recorded for the first time in Italian marine waters, such as the fish species
Pterois miles, which was recorded by the authors of this paper in the waters of Vendicari as early as
2016 [54].

The first discovery of a C. ebraeus shell was made in spring 2023 during periodic monitoring
activities for the census of alien species along the coastal marine environment of the Vendicari
Protected Area. The shell lay in the sand, mixed with other shells, in front of the entrance to an
octopus burrow at a depth of approximately 5 meters at the coordinates N 36.791903° - E 15.101848°.

In 2024 year, four more C. ebraeus shells were found in areas adjacent to the original discovery,
always in the immediate vicinity or even at the entrances of octopus burrows. In the summer of 2024,
three shells were found in an area just north of the original discovery, at the coordinates: N 36.819117°
- E 15.108314°; N 36.819974° - E 15.107718°; N 36.820389° - E 15.107915°. During monitoring activities
in 2025, other 3 C. ebraeus shell were discovered at coordinates N 36.790080° - E 15.102741° and at the
southeastern coast of Sicily, ca.6 km SW of the Portopalo di Capo Passero village (Contrada
Guardiana) a few kilometers from Vendicari, in the coordinates N 36.651330° - E 15.075769° and N
36.651172° - E 15.075211°. These latest specimens of cone snail shells were also found in front of
octopus burrows at depths between 2.5 and 3 meters (Figure 1).
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Figure 1. Map of sampling site in Vendicari protected area and Capo Passero (southeastern Sicily).
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All collected specimens were measured and the dimensions are reported in Table 1. The shells
found are large enough to be attributed to adults; in fact, they measure between 32,2 and 19,1 mm in
maximum length and between 18,3 and 11,5 mm in maximum width.

The C. ebraeus shells found in the Vendicari protected area are preserved in the collection of the
CNR/ISAFOM branch in Catania (Figure 2).

Figure 2. View of the 7 cone snails sampled: 1a to 7a) dorsal view; 1b to 7b) view from the opening side.
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Table 1. Synoptic table of Conus ebraeus shells found in the coastal waters of the Vendicari protected area and

Capo Passero (southeastern Sicily).

Sample Year Lenght (mm) Width (mm) Depth (mt) Coordinates
791903°

1 2023 32,2 18,3 5,0 1]\51 f ;1 31 32;’0

2 2024 24,5 16,0 2,5 1]\;1356?;89;112

3 2024 28,0 185 2,0 1}\; f 533317;

4 2024 19,1 11,5 4,0 IE f 56f gg;’f ;,

5 2025 25,0 16,0 3,0 1}\; fg; gggff

6 2025 23,5 14,6 2,5 1]\; f 5635;5’23

7 2025 23,0 14,1 3,0 1]\;;% 56355121;/ 12

3. Results and Discussions

During monitoring campaigns conducted over the past three years along the Vendicari coastline,
some C. ebraeus shells were found, but no live individuals. Therefore, the species identification was
based solely on morphological analysis of the shells found. Nevertheless, it was possible to
definitively identify the species thanks to the distinctive features of C. ebraeus shells, which feature
distinctive ornamentation and patterns that make them unique among cone snails worldwide.

An in-depth bibliographic research and consultation of specific online databases also allowed us
to reconstruct the geographic distribution of the species C. ebraeus. This species is widespread
throughout the circumtropical belt of the global ocean, with a higher density of records in the western
Indo-Pacific region.

Bibliographic research and consultation of the major systematic databases also highlighted that
this species has never been reported from the Mediterranean basin, although the GBIF portal,
consulted on 31.03.2026, indicates the presence of C. ebraeus in the northernmost part of the Gulf of
Aqaba, in the Red Sea, and along the eastern coasts of the Levantine Mediterranean basin
(https://www .gbif.org/occurrence/search?country=IL&taxon_key=5728138&advanced=1). = Neither
bibliographic references nor the names of the authors are provided for these reports, but only the
name of the institution where the specimen is kept, the name of the person who determined it and
the coordinates of where it was supposedly found are reported (Figure 3) [55] [56].
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Figure 3. (A) Map of the global distribution of the species Conus ebraeus Linnaeus 1758 as reported in the BioGIS
portal (consulted on 17 March 2026) with (B) a detail on the area of the northern Red Sea and the Levantine basin

of the Mediterranean where there would be an unconfirmed presence of Conus ebraeus.

The iNaturaist portal reports some reports made by citizen scientists, including some for the
species Conus taeniatus (Cones (Genus Conus) in XWX3+3Q2, Hurghada 1, Al-Bahr al-Ahmar 1960530,
Egypt on August 30, 2025 at 08:05 AM by Chris - iNaturalist) and numerous reports for the species
Conus tessulatus (for example https://www.inaturalist.org/observations/34537080). All these reports
were made both near Hurghada and Safaga, in the Egyptian Red Sea, and in the Gulf of Aqaba, also
in the Red Sea, near Dahab and Aqaba.

Consulting the iNaturalist portal, we also found a record of Conus sp. from the seabottoms of
Hurghada, in the Red Sea; careful observation of the image attached to the report led us to suppose
that the observed and photographed specimen could be a chromatic variant of C. ebraues (Conus
taeniatus in Masbat, ¢l o sia dailas oo SIS cuils audEgypte il Gennaio 6, 2026 alle 08:24 PM da Marleen
Schouten. divesite light house (rechterkant) - iNaturalist). If so, this record could represent a sort of

connecting link between the records of C. ebraeus in the Indian Ocean and the presence of C. ebraeus
in the Mediterranean.

Our belief is also supported by the analysis of the diffusion pattern of the species C. ebraeus, as
reported by [56] and schematized by the same Authors in fig. 1 of their paper.

Based on the literature, it can be hypothesized that the species C. ebraeus, thanks also to the long
planktonic phase of its larva, was able to travel up the coasts of the Red Sea until reaching the
northernmost reaches of this sea and then exploit the thrust of the currents entering the
Mediterranean Sea to access and spread within this basin. It should also be noted that the larva of C.
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ebraeus is also capable of feeding, which would allow it to travel long distances at the mercy of the
currents and gives this species a truly high potential for dispersal [56].

The shells of C. ebraeus sampled at Vendicari and in Portopalo di Capo Passero village (Contrada
Guardiana) show the typical coloration described by [58]: "Shell white, sometimes rose-tinted, with three
or four revolving bands composed of irreqular longitudinal dark chocolate or nearly black markings; these
markings also adorn the slightly coronated spire; aperture white with clouded bands corresponding to the
exterior markings; surface more or less striate throughout, but striae more prominent toward the dark-stained
base."

Furthermore, all the shells are robust, thick, and heavy for their size, and have low, eroded spires.
The periostracum is yellowish-olive in color, fairly smooth, and translucent, understandably given
the conditions of the find.

The fact that all the specimens were found near octopus burrows suggests that the molluscs were
preyed upon by these octopods, which subsequently used the shells to decorate their burrows.

During the monitoring activities, no live specimens of C. ebraeus were found, but in our opinion,
this could be due both to the predatory habits and the camouflage ability of this species, which make
it practically invisible during daylight hours, when monitoring related to research activities
conducted in the Vendicari protected area is carried out.

The high level of camouflage that C. ebraeus achieves in the underwater environments of
Vendicari may be a consequence of the fact that the species differentiated and evolved in
environments very different from those of the Mediterranean. This ability is even greater when
compared to the specific characteristics of the Vendicari seabed, consisting of rocky substrates of
calcareous and carbonate origin (therefore light in color) as well as the algal cover, which is
approximately 70% represented by erect Heterokontophyta species with arborescent and/or laminar
growths ranging in color from light to dark brown, and by hair-like substratum species of the same
coloration.

It follows that since the dominant color of the seabed is light and/or dark brown, it is quite easy
for the shells of C. ebraeus to disappear from view, as they are colored in the same shades as the seabed.

We therefore believe and hope that monitoring activities in the Vendicari protected area can
continue in the years to come in order to fill the current gap relating to the lack of findings of live
specimens of C. ebraeus.
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