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Abstract

Risk screening tools to identify species with a high or low risk of invasiveness are being
increasingly used for effective management purposes. Whilst non-native freshwater fish
species have been studied more widely, there is little effort for implementing the risk-
screening tools for Lessepsian or invasive marine fish species in the Mediterranean. The
aim of the present study was therefore to assess the invasiveness risk of Pterois miles in
the eastern Mediterranean using the recently-developed Aquatic Species Invasiveness
Screening Kit (AS-ISK). Calculated Basic Risk Assessment (BRA= 45.5) and Climate
Change Assessment (CCA= 57.5) scores indicated a high risk of invasiveness of P. miles
for the Mediterranean. The factors increasing overall AS-ISK scores were; high climate
match, tolerance of a wide range of environmental conditions, flexibility in utilising food
resources, high fecundity, small size at maturity, high reproductive effort and high
invasiveness potential elsewhere while factors decreasing scores were; no hybridization
with native fish, no parental care, and no data about parasite transmission. This
information is expected to allow managers and agencies that are responsible for risk
assessment and management of P. miles to perform a better decision-making.
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Introduction

Pterois miles (Bennett, 1828) naturally occurs in the Indian Ocean from South
Africa to the Red Sea and Persian Gulf, and east to Sumatra (Froese and Pauly
2016). P. miles is currently considered amongst the most successful marine
invaders in the history of aquatic invasions (Bariche et al. 2013). In the
Mediterranean Sea, a single specimen of P. miles was recorded from the
Levantine coast in 1991 (Golani and Sonin 1992). In 2012, two P. miles
individuals were captured separately off the village of Al Minie (34°29'26.15"N;
35°54'47.73"E) in the northern part of Lebanon (Bariche et al. 2013). Soon
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after, additional sightings were reported along the coasts of Cyprus (Iglésias and
Frotté 2015; Oray et al. 2015; Kletou et al. 2016), Turkey (Turan et al. 2014;
Turan and Oztiirk 2015) and Rhodes (Crocetta et al. 2015) between 2014 and
2015. These records were reported indicating a westerly migration of the species
towards the Aegean Sea. To confirm this, a specimen of P. miles has recently
been recorded from the southern Aegean Sea (off Datca) (Bilge et al. 2016).
Previously, it has been suggested two introduction ways for P. miles: (i) entered
through the Suez Canal, like other hundreds of marine organisms (Zenetos et al.
2012), and (ii) released from captivity (Golani et al. 2002). Considering that P.
miles is a common fish in the Red Sea and the proximity of the Suez Canal to
the recent sightings, the Suez Canal seems to be the most likely pathway for the
introduction of the species into the Mediterranean Sea (Bariche et al. 2013). The
recent findings of P. miles may be an indication of a new wave of arrivals of the
species in the Levant, raising justifiable concerns of a possible onset of a new
invasion in the Mediterranean Sea (Bariche et al. 2013).

Risk screening practices are part of risk assessment systems and used to
estimate a potential invader colonizing into a new environment (Daehler et al.
2004). Risk screenings are based on a synthesis of information about the
biological, ecological and developmental characteristics of a target organism
and the bio-geographical region in which it is found or may be found (Pheloung
et al. 1999). The characteristic features of the risk screening methods include
question-answer format information scans, use of simple computer programs,
high reliability estimates, and flexibility in usage for many different taxonomic
groups (Pheloung et al. 1999; Daehler et al. 2004). Risk scanning tools have a
wide range of use and application strategies. These systems can be particularly
useful in distinguishing between a number of potential invasive and non-
invasive alien species with a fast and efficient way (Baker et al. 2007). In
addition, risk screening tools can also be very useful in recognizing
shortcomings in the quality and reliability of data in the literature (Copp et al.
2009), which plays an important role in determining management and research
priorities. Even in some countries, risk scans are used when the importation
status of some non-native species has been decided (Pheloung et al. 1999).
More commonly, risk scans make initial assessments of the species studied and
then decide whether to conduct further risk analysis and management actions
(Kolar and Lodge 2002; Daehler et al. 2004; Baker et al. 2007; Gordon et al.
2008). The first application of species-risk analysis was on potentially invasive
freshwater fish (Copp et al. 2005) and is known by the abbreviation FISK (Fish
Invasiveness Scoring Kit). This tool has been replaced by a generic decision-
support tool for screening all plants and animals in marine, brackish and fresh
waters: The Aquatic Species Invasiveness Screening Kit (AS-ISK: Copp et al.,
2016) that has been developed to incorporate the ‘minimum requirements’ (Roy
et al. 2014) for the assessment of species with regard to the recent EU
Regulation on the prevention and management of the introduction and spread of
invasive alien species (European Commission 2014). AS-ISK and FISK v2 have
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been used successfully for the screening of non-native and translocated fish
species in the freshwater systems (e.g. Almeida et al. 2013; Copp 2013;
Simonovi¢ et al. 2013; Vilizzi and Copp 2013; Tarkan et al. 2014; 2017).
However, only one attempt (Uyan et al. 2016) has been made for marine
Lessepsian fish species, Nemipterus randalli, in the Mediterranean Basin. It is
expected that the native/endemic fish fauna of the seas can be affected to a
different extent by the introduction of non-native fish species. Clearly, there is a
need to assess risks posed by non-native fishes at local scales.

The aim of the present study was therefore to assess the invasive potential of
Lessepsian Pterois miles in the eastern Mediterranean Sea (EMS) using a tool
recently developed, AS-ISK, and to evaluate the applicability of AS-ISK to a
large risk assessment (RA) area for a single fish species. Notably, the outcomes
of the present study are expected to assist local environmental managers and
stakeholders in the implementation of suitable policies for the prevention and
management of potential, existing and future undesired translocations of
Lessepsian/invasive fishes in the Mediterranean Sea.

Materials and Methods

Before starting the risk screening, through literature reviews were carried out to
obtain all available information on biogeographical and historical traits (AS-1SK
Section 1) and biological and ecological characteristics (AS-ISK Section 2) of
P. miles, together yielding Basic Risk Assessment (BRA) score. Peer-viewed
publications were priority sources in retrieving this information, with Internet
databases, dissertations and, occasionally, reports used whenever necessary to
fill in gaps in the peer-reviewed literature. For Climate Change Assessment
(CCA) section (AS-ISK Section 3), Demir et al. (2008) and Poursanidis (2015)
that provided several likely future scenarios for the Mediterranean region were
used. Notably, most scenarios in these paper predicted 0.5 and 1°C increase of
air temperature in near future (i.e. next fifty years). Likely future change in
water temperature was calculated from this prediction based on the relationship
between water temperature (Tw) and air temperature (T.) as per Erickson and
Stefan (1996): Tuw= 3.47+0.898T..

Using AS-ISK v1 (available at https://www.cefas.co.uk/nns/tools/), the eastern
Mediterranean Sea was identified as the risk assessment (RA) area. Assessment
was carried out by the first author of the study, who is knowledgeable in the
Lessepsian/invasive marine fish fauna in the eastern Mediterranean. As each
response in AS-ISK for a given species is allocated a confidence category (1=
low; 2=medium; 3=high; 4=very high), a confidence factor (CF) was computed
as:
S(CQ)/(4x55)(i=1,...,55)

where CQ; is the certainty for question i, 4 is the maximum achievable value for
certainty (i.e. ‘very certain’) and 55 is the total number of questions comprising
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the AS-ISK tool. The CF therefore ranges from a minimum of 0.25 (i.e. all 55
questions with certainty score equal to 1) to a maximum of 1 (i.e. all 55
questions with certainty score equal to 4).

Results

Overall, the results of the assessment indicated that P. miles under study have a
high chance to survive and establish in the eastern Mediterranean. Considering
the high Basic Risk Assessment (BRA) score 45.5, P. miles should have a high
risk at different levels for almost all ecoregions of the Mediterranean. Climate
Change Assessments (CCA) revealed score of 57.5 meaning maximum score
(12) on top of BRA score of 45.5. This suggests that risks of entry, dispersal and
establishment, impact on biodiversity, ecosystem structure and socio-economic
factors of P. miles in the eastern Mediterranean under predicted future climatic
conditions are highly likely (Table 1).

Table 1. AS-1SK (v1) scoring output for Pterois miles in the eastern Mediterranean

Statistics Scores
BRA Score 455
CCA Sco're' 575

Score partition

A. Biogeography/Historical 19.5
1. Domestication/Cultivation 4.0
2. Climate, distribution and introduction risk 2.0
3. Invasive elsewhere 135

B. Biology/Ecology 26.0
4. Undesirable (or persistence) traits 9.0
5. Resource exploitation 7.0
6. Reproduction 3.0
7. Dispersal mechanisms 4.0
8. Tolerance attributes 3.0

C. Climate change 12.0
9. Climate change 12.0

Confidence factor 0.65

The factors increasing overall AS-ISK scores were; high climate match,
tolerance of a wide range of environmental conditions, flexibility in utilising
food resources, high fecundity, small size at maturity, high reproductive effort
and high invasiveness potential elsewhere whereas factors decreasing scores
were; no hybridization with native fish, no parental care, and no data about
parasite transmission (Table 2). Finally, the assessor confidence in responses to
questions was relatively high, with 60% of the responses ranging from ‘high’ to
‘very high’ confidence and with the most uncertain answers being related to
questions regarding undesirable traits, resource exploitation and dispersal
mechanism.
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Discussion

We have faced a rapid invasion of P. miles in the Mediterranean, from a single
specimen in 1991 to several sightings between 2014 and 2016 (for further
information see Bilge et al. 2016). This increase is similar to the pattern of
invasion recorded in some other areas (e.g. Albins and Hixon 2013). P. miles
first appeared in the eastern Mediterranean at about the same time that they were
first reported off Florida where it spread rapidly and colonised almost all warm
parts of the east coast of United States, the Gulf of Mexico and the entire
Caribbean Sea (Schofield et al. 2016) whereas more than two decades passed
for a second sighting to occur in the Mediterranean Sea. For P. miles in the
western Atlantic, Morris (2009) reported that females mature at approximately
175 mm total length or 1 year of age and release approximately 25000 eggs per
spawning event. Based on the presence of hydrated oocytes, mature females
appeared capable of spawning every 3.6-4.1 days throughout the year, although
the proportion of females with ovaries in spawning condition was higher in
summer (June-August). The combination of its high spawning frequency (year
round, ~every 4 d) and protracted pelagic larval phase (~26 d, Ahrenholz and
Morris 2010), coupled with release in a region with multiple oceanographic
currents has resulted in the rapid dispersal of lionfishes into the western Atlantic
Ocean (Fogg et al. 2013). Quantitative analyses of reproductive characteristics
for P. miles in the Mediterranean will enhance our understanding of how
reproduction supports the spread and establishment of this invader.

In 2008, P. miles were observed in the waters surrounding Little Cayman Island,
and they were considered established there by 2009 (Schofield 2010). At this
location, they have reached densities of up to 650 fish ha' (Frazer et al. 2012),
which is far greater than the 26.3 fish ha* recorded in the native range (Kulbicki
et al. 2012). Judging from the recent increase in P. miles in the eastern
Mediterranean Sea, its few natural predators, the dispersal capabilities of their
planktonic larvae and its ability to adapt to a range of habitats, we suspect that a
rapid expansion throughout the Mediterranean Sea may soon be followed by
significant impacts on local ecosystems and fisheries. In accordance with this,
the high risk ranking of P. miles found in BRA in AS-ISK seems appropriate
due to its potential for establishment, with the potential for associated adverse
impacts. Additionally, given predicted climate change scenarios for the
Mediterranean, potential translocation and establishment success of this species
are expected to exacerbate according to climate change assessment (CCA) in
AS-ISK. Indeed, in both its native and introduced ranges, P. miles thrives in
warm waters, so the predicted increases in water temperature of the
Mediterranean resulted in positive responses to all of questions on how future
climatic conditions are likely to affect the invasiveness of P. miles in the risk
assessment area (Table 1). It is known that the number of introduced Lessepsian
fish species is correlated significantly and positively with the Mediterranean
water temperature (r= 0.77, p< 0.05; Ben Rais Lasram et al. 2010).
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Controversially, lionfishes (Pterois spp.) can potentially spread and survive in a
large part of the Mediterranean Sea because they have shown extensive
dispersal capabilities and can survive to a minimum temperature of 10°C
(Kimball et al. 2004).

These risks may be compensated by local mitigation factors such as predation.
However, dramatic invasive success of P. miles results from a combination of
factors such as early maturation and reproduction, anti-predatory venomous
defences and ecological versatility, coupled with native prey and the overfishing
of native predators (Coté et al. 2013). Furthermore, CO, emissions warming the
Mediterranean Sea and the construction of a deeper and wider Suez Canal are
expected to increase invasion rates (Galil et al. 2015).

The possibility of P. miles invasion in the Mediterranean Sea and the potential
ecological and socio-economic impacts that may follow have been largely
neglected by the regional scientific community, managers and other
stakeholders. This information is expected to allow managers and agencies that
are responsible for risk assessment and management of Lessepsian/invasive
species to perform a better decision-making. In the case of P. miles, the results
derived from AS-ISK suggests a more detailed (i.e. full) risk assessment is
necessary (cf. NAPRA: Baker et al. 2007). Specifically, lower confidence
factors observed in AS-ISK assessments on undesirable traits, resource
exploitation and dispersal mechanism of the species call for the need for more
detailed studies on these subjects.

Although risk identification tools such as FISK and its updated version AS-ISK
have been largely used for freshwater fishes so far (Copp et al. 2009; Simonovié¢
et al. 2013; Lawson et al. 2013; Almedia et al. 2013; Tarkan et al. 2014), AS-
ISK can be used for all relevant aquatic non-native organisms including in the
marine environment as proved in the present study. Given increasing concern
regarding Lessepsian fishes in the Mediterranean, this risk identification tool
may be useful for identifying which non-native and translocated species in the
Mediterranean are likely to become invasive. Using this tool is strongly
recommended for multiple assessments of species that are likely to be invasive
(e.g. Almeida et al. 2013). Besides, single assessor assessment should be
avoided for more reliable results (e.g. Tarkan et al. 2014). Finally, this tool can
be applicable also for small risk assessment areas such as separate ecoregions in
the Mediterranean as previously done for river or lake basins (i.e. Glamuzina et
al. 2017; Tarkan et al. 2017).
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Pterois miles’in istila potansiyelinin sucul tirlerde
istilacihik tarama araci ile degerlendirilmesi

0Oz

Etkin yOnetim igin, bir tiiriin istilacilik riskinin diisiik ya da yiiksek oldugunu belirlemede
risk tarama araglarinin kullanim gittikge artmaktadir. Her ne kadar yerli-olmayan tatlisu
balik tiirleri ¢ok genis olarak c¢aligilmigsa da, Akdeniz’de risk tarama araglarmin
Lesepsiyen veya istilact deniz baligi tiirleri ig¢in kullanimi bulunmamaktadir. Bu
baglamda, bu ¢aligmanin amaci dogu Akdeniz’deki Pterois miles’in istilacilik riskini son
zamanlarda geligtirilmis olan Sucul Tiirlerde Istilacilik Tarama Araci (ST-ITA)
kullanilarak degerlendirmektir. Hesaplanan Temel Risk Degerlendirme (TRD= 45.5) ile
iklim Degisim Degerlendirme (IDD= 57.5) puanlar1 Akdeniz igin oldukga yiiksek bir
istilacilik riskini igaret etmistir. Genel olarak ST-ITA puanlarini arttiran etkenler yiiksek
iklim benzerligi, c¢evre sartlarina olan yiiksek tolerans, besin kaynaklarinin
kullanimindaki esneklik, yiiksek fekondite, kii¢iik boyda olgunluk, yiiksek iireme ¢abast
ve herhangi bir yerdeki yiiksek istilacilik potansiyeli iken, puanlari azaltan etkenler yerli
tiirler ile melezleme olmamasi, ailesel ilginin bulunmamasi ve parazit tasinimi ile ilgili
veriye rastlanmamasi olarak bulunmustur. Bu bilginin, Lesepsiyen/istilac1 tiirlerin risk
degerlendirme ve yonetiminde sorumlu olan yoneticiler ile ajanslara daha iyi bir karar
vermede yardime1 olmasi beklenmektedir.

Anahtar kelimeler: ST-ITA, Lesepsiyen baliklar, biyolojik istilalar, Akdeniz
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	Materials and Methods
	On November 10, 2014, the Black Sea Conventional Inspection provided us a fish specimen caught using fishing rod in the Kobuleti aquatic area, 300 m from the shore at an approximate depth of 8 m (Figure 1). The surface temperature of the water was 17....
	Results
	The collected specimens were identified as steenbras Lithognathus mormyrus (Linnaeus, 1758). For species identification the identification keys to marine fishes by Bauchot and Hureau (1986) and Fischer et al. (1987) were used. This species, up to the ...
	Figure 1. Catch locations of Lithognathus mormyrus in the Georgian coastal zone and the south-western coast of the Crimean Peninsula
	Discussion
	L. mormyrus reaches standard length of 55 cm, usually up to 25 cm (Vasil’eva 2007). The main diet consists of mollusks, sea worms and crustaceans. Protandric hermaphrodite, maturation takes place at the age of two years when length reaches about 14 cm...
	L. mormyrus is widespread and regularly encountered in the Mediterranean Sea, in the eastern Atlantic Ocean from the Bay of Biscay to the Cape of Good Hope, in the south-west portion of the Indian Ocean to the south of Mozambique, and in the Red Sea (...
	Figure 2. Lithognathus mormyrus caught in the coastal zone of Georgia.
	(Photo A. Guchmanidze).
	One specimen of L. mormyrus caught in the coastal zone of the south-western part of Crimea near Ay-ya Cape had the total length (TL) 219.8 mm, standard length (SL) 185 mm (to the end of the scale covering); body mass (W) 138.3 g, age, determined by th...
	During the study, in the coastal zone of the south-western Crimea, two more specimens of L. mormyrus were caught: on November 23, 2015 near Ay-ya Cape (TL 172.5 cm, SL 138.5 cm, W 65.4 g), and on April 13, 2016 in  Kazachya Bay (TL 218.5 cm, SL 172.8 ...
	According to the local fishermen, this type of fish was also found in other locations on the Georgian Black Sea coast. The areas around Gonio and the Green Cape (Mtsvane Kontskhi) were specifically indicated, although we have not confirmed this inform...
	It should be noted that all specimens caught in the Georgian and Crimean shores
	were mature individuals. It should be underlined as well that the data found in FishBase (2015) presenting wide distribution of this species in the Black and Azov Seas are not realistic. Singular findings have been registered in the Black Sea as given...
	Figure 3. Lithognathus mormyrus caught near the Crimean peninsula south-western coast (Photo E.Karpova)
	Finding of two specimens of this species, very rare in the Black Sea, near the Georgian and Crimean shores with quite small time interval made it possible to compare changes in diversity and occurrence of the Sparidae family representatives in these r...
	Annular seabream Diplodus annularis (Linneus, 1758) is the most abundant and usual species in the coastal zone of Georgia and Crimea and along all the Black Sea shores (Svetovidov 1964). This species inhabits different biotopes and can be found in the...
	Sharpsnout seabream Diplodus putazzo (Cetti, 1784) is distributed near rocky shores of Crimea, Caucasus, Turkey, Bulgaria and Romania (Vasil’eva 2007). It is considered that this species is not very numerous everywhere. Near Georgian shore it is somet...
	Salema Sarpa salpa (Linneus, 1758) up to the second half of the 1990’s was known by singular findings near the shores of Bulgaria, Romania, Turkey (Svetovidov 1964; Bilecenoglu et al. 2002). Near Georgia one specimen was caught in 1930 in Batumi Bay (...
	Gilthead seabream, Sparus aurata Linneus, 1758, like salema, was a very rare species and singular specimens had been spotted near the shores of Bulgaria, Romania, Turkey. One specimen was caught near the Caucasian coast in Sukhumi Bay in the 1930’s (S...
	Bogue Boops boops (Linneus, 1758) is seen quite rarely along all the shores of the Black Sea, including Georgia and Crimea (Svetovidov 1964; Bilecenoglu et al. 2002; our data). Near the Crimean shores it is seen practically every year. The last findin...
	Besides the species of Sparidae family mentioned above, in June 2014 in the coastal zone of the south-western Crimea (Cape Fiolent region) an underwater hunter caught a big specimen of common dentex Dentex dentex (Linneus, 1758) (Boltachev and Karpova...
	Conclusions
	In the last two decades in the coastal zones of Georgia and Crimea an increase in species diversity of Sparidae family representatives (6-7 species) was observed. It was also observed that such new species for this regions, like gilthead seabream and ...
	Bauchot, M.L., Hureau, J.C. (1986) Sparidae. In: Fishes of the North-Eastern Atlantic and the Mediterranean (eds. E. Whitehead, P.J.P., Bauchot, M.L., Hureau, J.C., Nielsen, J., Tortonese). UNESCO, Paris, pp. 883-907.
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	Boltachev, A.R., Karpova, E.P. (2012) Marine Fishes of Crimean Peninsula. Simferopol: Biznes-Inform, 224 pp. (in Russian).
	Boltachev, A.R., Karpova, E.P. (2014a) Faunistic revision of alien fish species in the Black Sea. Russian Journal of Biological Invasions 5(4): 225-240.
	Boltachev, A.R., Karpova, E.P. (2014b) The first finding of the common dentex Dentex dentex (Linnaeus, 1758) (Osteichthyes, Sparidae) near the Black Sea Coast of Crimea. Marine Ecological Journal 13(3): 12. (in Russian).
	Boltachev, A.R., Karpova, E.P., Danilyuk, O.N. (2009) Findings of new and rare fish species in the coastal zone of the Crimea (the Black Sea). Journal of Ichthyolgy 49(4): 277-291.
	Boltachev, A.R. Karpova, E.P., Kirin, M.P. (2013) The first finding of the sand steenbras Lithognathus mormyrus (Linnaeus, 1758) (Osteichthyes, Sparidae) in the Black Sea coastal zone of Crimea. Marine Ecological Journal 12(4): 96. (in Russian).
	Boltachev, A.R., Yurakhno, V.M. (2002) New evidence of ongoing mediterranization of the Black Sea ichthyofauna. Jornal of Ichthyology 42(9): 713-719.
	FishBase (2015) (www.fishbase.org) (Accessed 18.01.2015).
	Fischer, W., Bauchot, M.L., Schneider, M. (1987) Fiches FAO d'identification des espèces pour les besoins de la pêche. (Révision 1). Méditerranée et mer Noire. Zone de Pêche 37. Volume II. Vertebres. FAO, CEE, Organisation des Natiions Unies pour l'al...
	Marine Species Identification Portal 2015. www.species-identification.org (Accessed 18.01.2015).
	Stanciu, M., Ilie, G. (1980) Lithognatus mormyrus, a new species of Sparidae at the Romanian littoral. Pontus Euxinus, Studii si cercetari CSMN Constanta, 1: 107-110. (in Romanian).
	Svetovidov, A.N. (1964) Fishes of the Black Sea. Moscow, Nauk, 552 pp. (in Russian).
	Vasil’eva, E.D. (2007) Fish of the Black Sea. Key to Marine, Brackish Water, Euryhaline, and Migratory Species with Color Illustrations, Collected by S.V. Bogorodsky. VNIRO, Moscow. 238 pp. (in Russian).
	Diaz, J.H. (2014) Skin and soft tissue infections following marine injuries and exposures in travellers. J Travel Med. 21(3): 207-213.
	Diaz, J.H. (2015) Marine Scorpaenidae Envenomation in Travelers: Epidemiology, Management, and Prevention. J Travel Med. 22(4): 251-258.
	Diaz, J.H., Lopez, F.A. (2015) Skin, soft tissue and systemic bacterial infections following aquatic injuries and exposures. Am J Med Sci. 349(3): 269-275.
	Garyfallou, G.T., Madden, J.F. (1996) Lionfish envenomation. Ann Emerg Med. 28(4): 456-457.
	Resiere, D., Cerland, L., De Haro, L., Valentino, R., Criquet-Hayot, A., Chabartier, C., Kaidomar, S., Brouste, Y., Mégarbane, B., Mehdaoui, H. (2016) Envenomation by the invasive Pterois volitans species (lionfish) in the French West Indies--a two-ye...



