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Abstract. This work reviews the introduced marine fi sh species in the Mediterranean Sea, whose mechanism of 
introduction is potentially linked to aquarium trade. The list includes 19 species, all listed in FishBase as commercially 
exploited species in the aquarium trade. Whilst transport-stowaway (shipping) may be considered as a potential pathway 
for almost all of them, 7 of these also live in the Red Sea, and therefore could have entered unintentionally via the Suez 
Canal. We also here report the fi rst Mediterranean sighting of the emperor red snapper, Lutjanus sebae (Cuvier, 1816), 
on the basis of one specimen sampled in Saronikos Gulf. A research carried out by one of the authors led us to trace its 
entire life in Greece, from the presence in a local pet store to its intentional release in nature and subsequent collection.
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The aquarium trade is responsible for transportation 
of thousands of species around the world. With the 
recent fashion of keeping salt-water aquaria, some of the 
ornamental species may be intentionally released into marine 
waters, where they potentially survive and become Aquatic 
Nuisance Species (ANS) (Krishnakumar et al. 2009, Maceda-
Veiga et al. 2013). Indeed, the aquarium trade has recently 
been recognized as the fourth signifi cant pathway for the 
introduction of fi shes, invertebrates, and plants in European 
seas after shipping, corridors, and aquaculture (Katsanevakis 
et al. 2013a, Essl et al. 2015). Yet, the threat posed to coastal 
ecosystems by the aquarium trade as a mechanism of species 
transfer remains largely unquantifi ed, mostly due to absence 
of concrete evidence (Weigle et al. 2005). 

According to Liveaquaria**, one of the biggest 
websites dealing with aquarium trade, approximately 
415 marine fi shes are traded for salt-water aquaria 
worldwide. In the Mediterranean Sea, by 2012, some 18 
species, including 13 tropical fi shes, were assumed to be 
introduced by aquarium trade release in nature (Zenetos 
et al. 2012). According to new data on these species and 
records of additional taxa from the Mediterranean Sea, the 
number has increased in the last years. We hereby review 
and update the fi sh species suspected as introduced in the 
Mediterranean via aquarium trade by 2016, and document 
the fi rst Mediterranean occurrence of the emperor red 
snapper, Lutjanus sebae (Cuvier, 1816).

The review of fi sh taxa possibly introduced in the 
Mediterranean by aquarium trade (release in nature) is 
based on the Mediterranean HCMR/EEA (Hellenic Centre 
for Marine Research/European Environment Agency) alien 
species database, archived in EASIN (European Alien 
Species Information Network) (Katsanevakis et al. 2013b, 
2015). FishBase (Froese and Pauly 2016), as well as other 
websites, were screened for marine aquarium species. 
Among those encountered by us, Liveaquaria was the one 
with most species listed, including the majority of species 
already reported by other websites of minor importance. 
The updated list of possible aquarium releases in the 
Mediterranean Sea by July 2016 is provided in Table 1. 
Among the species listed in Table 1, some records are based 
on photographs, which makes them less reliable than records 
based on examined specimen(s). It should be noted that  
conservative ichthyologists do not consider photographic 
evidence as a substantiated record of a species. Phylogenetic 
listing follows Betancur-R et al. (2013) and Santini et al. 
(2013). Lower-level taxonomy and nomenclature follows 
the World Register of Marine Species (WoRMS Editorial 
Board 2016). Species list was also enriched by information 
on main native range (amended from FishBase), possible 
pathway/s and pathway certainty. Possible pathways were 
both taken from original publications and re-assessed by 
the authors after researches (see above) on which taxa are 
commercially exploited in private/public aquaria.
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Pathway nomenclature follows the Convention on 
Biological Diversity (Anonymous 2014). The certainty in 
assigning a pathway follows that described in Katsanevakis 
et al. (2013a) and is again more briefl y reported here: 
• There is direct evidence of a pathway/vector; 
• A most likely pathway/vector can be inferred; 
• One or more possible pathways/vectors can be inferred; 
• Unknown: where there is doubt as to any specifi c 

pathway explaining an arrival. 
In December 2010, a Greek fi sherman (Plato 

Sarantidis) caught a strange colourful fi sh in Lagonissi 
(Saronikos Gulf), during a commercial fi shing trawl at a 
depth of ~20 m near a Posidonia oceanica meadow. The 
fi sh, which was transferred to the aquarium of one of the 
authors (GA), did not survive long, as it was injured.  The 
possible presence of this species in the aquarium trade 
shops of the wider Athens area was investigated.

The number of potential aquarium trade transported 
fi sh species in the Mediterranean has increased drastically 
since the latest review Zenetos et al. (2012). In most cases 
aquarium trade appears to be the responsible mechanism 
for the transport of these species. This is due to sporadic 
fi ndings of peculiar and colourful fi sh taxa, far away 
from their native range and from introduction corridors 
(Gibraltar Strait for the tropical Atlantic species and 
the Suez Canal area for Indo-Pacifi c ones). The degree, 
however, of certainty/uncertainty remains high for all 
of them due to lack of concrete evidence, and therefore 
even other pathways may be also responsible for their 
transportation in the Mediterranean. This can be moreover 
argued for both tropical species occurring in the Red 
Sea such as Pomacanthus maculosus (Forsskål, 1775), 
or even for Atlantic species, such as Paranthias furcifer 
(Valenciennes, 1828) and Holacanthus ciliaris (Linnaeus, 
1758) (see Table 1). Some ichthyologists have other 
hypotheses as to their route of invasion.  Yet, out of the 13 
fi sh species previously assigned to this pathway (Zenetos 
et al. 2012), six species namely: Heniochus intermedius 
Steindachner, 1893, Ostracion cubicus Linnaeus, 1758, 
Pterois miles (Bennett, 1828), Lutjanus argentimaculatus 
(Forsskål, 1775), Iniistius pavo (Valenciennes, 1840), 
and Selene dorsalis (Gill, 1863) have been subsequently 
excluded. This is either because of subsequent records in 
the Levantine that provided additional evidences through a 
Lessepsian migration (such is the case for: H. intermedius, 
O. cubicus, P. miles, and L. argentimaculatus: see Tsadok 
et al. 2015, Erguden et al. 2016, Crocetta and Bariche 
in Dailianis et al. 2016, Kletou et al. 2016), or re-
assignment as range expanders (S. dorsalis) or exclusion 
as misidentifi cation (Iniistius pavo being a juvenile of 
the native Xyrichtys novacula (Linnaeus, 1758): see 
questionable status in Corsini et al. 2015). However, 7 
species of the original bulk are still listed as such, and 
these are distinguished in bold print in Table 1. We also 
highlight here that for several taxa of the original bulk, 
as well as for some new entries, aquarium trade has not 
been previously reported as the potential mode of their 
introduction. This may have happened due to lack of 
appropriate researches on this possibility. 

In addition, two further species, Plectorhinchus gaterinus 
(Forsskål, 1775) and Pomacanthus asfur (Forsskål, 1775), 
were recently recorded from the Mediterranean Sea as 
potential aquarium releases. The former was recorded 
from Greece with reservations, as based on a single 
specimen found while emptying and cleaning the stomach 
of a specimen of an European squid, Loligo vulgaris (see 
Corsini-Foka and Sarlis 2016). Pending uncertainties 
regarding the fi nding, we have excluded it from our list. 
On the contrary, the record of Pomacanthus asfur (see 
Deidun and Bonnici in Karachle et al. 2016) was evidently 
based on a misidentifi cation for P. maculosus, which in turn 
was already recorded from Lebanon and Israel (Bariche 
2010, Salameh et al. 2012) and was suspected of being an 
aquarium release.

Among fi shes potentially introduced in the 
Mediterranean as aquarium releases, species belonging to 
Acanthuridae Bonaparte, 1835 and Lutjanidae Gill, 1861 
need a mention. Five acanthurids have been reported 
from the Mediterranean to date. The Atlantic originated—
Acanthurus monroviae Steindachner, 1876—which has 
been reported in the Mediterranean since 1983 (Crespo et 
al. 1987: Spain), has presumably entered the Mediterranean 
Sea unintentionally via Gibraltar. Of the remaining four, 
Acanthurus coeruleus Bloch et Schneider, 1801 was 
initially suspected to be aquarium trade release (Langeneck 
et al. 2012), an assumption later rejected in the light of 
new evidence (Golani et al. 2015). However, the presence 
of sporadic records of the other three species (see Table 1) 
is likely to be related to accidental releases from tropical 
aquaria, including the aquaria possibly set up on mega-
yachts, which are very common in summer in touristic 
areas, like NE Sardinia (Langeneck et al. 2015, Weitzmann 
et al. 2015, Guidetti et al. 2016). Although their quite large 
adult size and their particular feeding habits make the 
rearing in captivity of most Acanthuridae diffi cult, these fi sh 
are fairly common in the aquarium trade, and a diversity of 
species can be found in aquarium shops (Papavlasopoulou 
et al. 2014). With regards to Lutjanidae, three species have 
been reported among aliens in Mediterranean so far, and a 
further taxon is fi rst recorded in this work. With the sole 
exception of Lutjanus argentimaculatus (Forsskål, 1775), 
an Indo-Pacifi c species whose most possible way of transfer 
in the Mediterranean is now here assumed to be the Suez 
Canal in the light of old and recent records from Lebanon 
(Mouneimné 1979, Crocetta and Bariche in Dailianis et al. 
2016), all the other species may have been easily introduced 
in the Mediterranean via aquarium release. It is the case of 
the west Atlantic taxon Lutjanus jocu (Bloch et Schneider, 
1801), only recorded in Mediterranean from the Ligurian 
Sea (Vacchi et al. 2010). If not an aquarium introduced 
species, it may have been a migrant from Gibraltar or 
more likely a species introduced by ships (Vacchi et al. 
2010). The third species, Lutjanus fulvifl amma (Forsskål, 
1775) might also have been introduced via shipping as this 
specimen was collected from a harbour which is regularly 
visited by large commercial ships, or is an aquarium release 
from marine vessels visiting the Grand Harbour (Vella et 
al. 2015b). 



Zenetos et al.258

Other suspects, whose introduction in the Mediterranean 
Sea could be linked to the aquarium trade (Table 1) include 
the queen angelfi sh, Holacanthus ciliaris (Linnaeus, 
1758), and the Atlantic creolefi sh, Paranthias furcifer 
(Valenciennes, 1828), in Croatia (Dulčić and Dragičević 
2012, 2013). These are both aquarium commercial species 
and, although the authors declared that according to 
information obtained from the State Institute for Nature 
Protection there were no requests for these species from 
major importers of aquarium fi shes in Croatia, this does 
not imply that they were not imported in Croatia. It is 
worth mentioning that, however, a further Mediterranean 
record of P. furcifer comes from Lebanon (Crocetta and 
Bariche in Crocetta et al. 2015), but no follow up exists 
from any of the Mediterranean countries between the 
two abovementioned. Therefore, or the species may have 
entered naturally in the Mediterranean Sea, or we may be 
dealing with two different introduction events.

The emperor red snapper, Lutjanus sebae belongs to 
Lutjanidae Gill, 1861 and usually occurs on coral reefs and 
rubble seabeds down to the depth of 100 m, although juveniles 
and young adults occur in shallow inshore reefs, whilst adults 
live deeper. It is a large species (up to 120 cm total length) with 
dorsal profi le of head steeply sloped, body elongate oval and 
moderately compressed, and single dorsal fi n neatly divided 
into two parts with 11 spines plus 15–16 soft rays. Anal fi n 
heavily thorny in the fore part and composed of three spines 
plus 10–11 rays, pectoral fi ns with 17 rays, reaching soft anal 
fi n. Caudal fi n moderately forked. Adults colour pattern pink 
or red. Younger fi shes marked with three distinct and vertical-
oblique darker bands: the fi rst extends from front of dorsal 
fi n through eye and tip of snout, the second crosses mid-body 
region, from mid-dorsal fi n to anal fi n passing just behind the 
pectoral fi n, the third originating at the rear of dorsal fi n and 
extending up to the lower corner of the caudal fi n. Lutjanus 
sebae is considered native to the Indo-West Pacifi c (southern 

Red Sea and East Africa to New Caledonia, north to southern 
Japan, south to Australia) (Froese and Pauly 2016) and 
has never been recorded from the Mediterranean Sea. One 
single specimen of ~12 cm in total length, identifi ed as such 
following Allen (1985), was captured in an area of Saronikos 
Gulf near Athens and the port of Piraeus in December 2010. 
Despite the importance of such a fi nding, the specimen has 
not been preserved, although a photo of the sample was 
taken by one of the authors (GA) (Fig. 1). Considering that 
the Saronikos Gulf is very far from  the Suez Canal entrance 
in Port-Said (Egypt), and that the species is not known from 
further Mediterranean areas, two possible pathways were 
potentially assumed for this fi nding: 
• It might have been transferred via shipping (in ships’ 

sea-chests) from the numerous ships that visit the port 
of Piraeus; 

• It might have been introduced as an aquarium release. 
Within recent years, salt-water aquaria with tropical 

marine species have become a common hobby in Greece. 
After some investigations in several aquarium shops, 
Mr Apostolis Ladopoulos (owner of a shop and very well 
informed on tropical fi sh species) helped us solving the 
matter. He reported us that an aquarium hobbyist bought a 
Lutjanus sebae, which was seemed to be “rapidly” growing 
in his aquarium. As it was also a big predator feeding on the 
other species living in his aquarium, the hobbyist decided 
to release it in Lagonissi (Saronikos Gulf). Although he 
was not sure about the month, it was possibly October 
2009. The hobbyist used to visit by snorkelling the place 
where the L. sebae had been released, and he always found 
the fi sh near a small cave. However, he fi nally lost sight of 
it after some weeks.

Although, we had no 100% scientifi c proof, that we 
were dealing with the same specimen, the release in nature 
surely happened. However, being our specimen found 
more or less in the same area where it was originally 

Fig. 1. Emperor red snapper, Lutjanus sebae, from Saronikos Gulf (~12 cm total length) 
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released, and since we are dealing with the same taxon, we 
are quite confi dent in speculating that the specimen fi shed 
by Mr Plato Sarantidis is the same one that was released 
in the fi eld some time earlier by the hobbyist. Indeed the 
depth at which the fi sh was found is different with respect 
to the one where it was usually observed by the hobbyist. 
As an explanation, it is possible that Lutjanus sebae 
migrated in a deeper place as soon as the winter 2009–
2010 began and the water got colder. As mentioned above, 
the fi sh did not survive long in the captivity of the author’s 
(GA) aquarium, as it was injured. Effects of release 
method on survival in the red emperor have been tested 
experimentally. The results demonstrated the superiority 
of vertical enclosures over small cages for testing short-
term survival (Brown et al. 2010). The interesting fact is 
that the fi sh survived some winter months in Saronikos 
Gulf. From in situ measurements in the area, the mean 
water column temperature during the winter of 2009–
2010 ranged between 15 and 16°C with a mean winter 
temperature of 15.25 °C (Anonymous, unpublished*). 
General remarks. A third of the world’s worst aquatic 
invasive species are aquarium or ornamental species (Padilla 
and Williams 2004). According to Papavlasopoulou et al. 
(2014), based on store labels, Lutjanus sebae is not listed 
among the ornamental marine fi sh in pet stores in Greece. Yet, 
an intensive investigation has revealed that it is available in 
retail pet shops. Mislabelling could be a possible explanation 
for it. In the USA, mislabelling has been documented in 27% 
of cases in marketed aquaria products (shipments were often 
mislabelled to contain marine fi sh when they in fact harboured 
only freshwater fi sh, corals, and/or other wildlife products) 
(Rhyne et al. 2012). Members of the genus Lutjanus are 
exported as ornamental fi sh both in the Indo-Pacifi c (Jayalal 
and Ramachandran 2012) and the Atlantic Ocean (Monteiro-
Neto et al. 2003). Since snappers are opportunistic feeders 
and have an aggressive feeding behaviour (Grandcourt et al. 
2008), they may be a threat to native populations of fi sh, up to 
the point of their total displacement (Friedlander et al. 2002).

In Australia, a country with relatively stringent import 
controls, many of the more than 200 species imported 
have the potential to become invasive. Regulatory 
measures include the use of lists of permitted species, a 
case-by-case risk assessment process for species not on 
these lists, and requirements for health certifi cation and 
quarantining of imported stock (Morrisey et al. 2011). 
In the Mediterranean Sea, with its variety of environments, 
and the exponentially increasing number of potential 
aquarium releases as inferred from the literature, the 
need to quantify the exact number of species belonging 
to all phyla potentially introduced in the fi eld as aquarium 
introduced species, as well as their impact, is imperative.
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