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Abstract

The Suez Canal is the main pathway of introduction of alien species into the Mediterranean 
Sea. Its successive enlargements left the entire sea prone to colonization by highly impacting 
invasive alien species, including poisonous and venomous ones. The temporal and spatial 
extent of occurrence in the Mediterranean Sea of nine species (fish, sea-urchin, jellyfish and 
stinging hydroid), the evidence of their impacts on human health in their native range, the 
frequency and severity of human health impacts in their introduced range are described, as 
well as management measures. This chapter aims to acquaint and forewarn the public, stake-
holders and decision makers, and to urge the latter to take the necessary steps to control the 
pathways and vectors of introduction and prepare themselves for these new health 
hazards.

1.1 Introduction

Invasive alien species are considered one of the major threats to global marine ecosystems 
for impacting their structure, function and services. A small number of marine invasive 
alien species engender human health impacts. Intensification of anthropogenic activities, 
coupled with fast-increasing coastal urbanization, drive complex and fundamental changes 
in the relatively small, landlocked Mediterranean Sea, including increases in alien species. 
Some of these alien venomous and poisonous species have drawn the attention of scientists, 
managers, the media and the public for their conspicuous human health impacts. The main 
alien venomous (V) and poisonous (P) species are listed, their regions of origin and intro-
duction pathways, the temporal and spatial extent of their occurrence in the Mediterranean 
Sea, the evidence of their impacts on human health in their native range, the frequency and 
severity of human health impacts in their introduced range are described, as well as manage-
ment measures.

Human health hazards of invasive alien species are expected to worsen, benefitting 
from climate change and the greatly enlarged Suez Canal – the main pathway of invasive 
alien species introduction into the Mediterranean Sea (Galil et al., 2018, 2017). In conjunc-
tion, these will enable the spread of thermophilic alien species to yet uncolonized regions, 
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and admit entrance to additional species from the Indian Ocean and the Red Sea. The chap-
ter aims to acquaint and forewarn the public, stakeholders and decision makers, and to urge 
the latter to take the necessary steps to control the pathways and vectors of introduction.

Actinopterygii Klein, 1885 
Plotosidae Bleeker, 1858 

Plotosus lineatus (Thunberg, 1787) V

The striped eel catfish Plotosus lineatus is widely distributed in the tropical Indo-west Pacific 
Ocean, including the Red Sea and the Suez Canal (Goren and Dor, 1994). It is found in 
marine, brackish and even freshwaters. Juveniles form closely packed ball-shaped schools in 
shallow waters, whereas adults are solitary or occur in small groups and shelter under over-
hangs in daytime. In 2002 it was recorded off the coast of Israel (Golani, 2002). Its popula-
tion increased greatly within a couple of years, occurring on sandy and muddy bottoms to 
depths of 80 m, as well as rocky ridges. Recently it has been recorded off the Sinai Coast, 
Egypt (Temraz and Ben Souissi, 2013), Syria (Ali et al., 2015) and Iskenderun Bay, Turkey 
(Doğdu et al., 2016). Along the southern Levant it forms a sizeable portion of the shallow 
shelf trawl discards.

Halstead (1988) considered P. lineatus one of the most dangerous venomous fishes 
known, causing fatal envenomations. Toyoshima (1918) described its neurotoxic and hae-
motoxic properties (as P. anguillaris). Venom glands are associated with the serrate spines on 
the dorsal and pectoral fins and skin secretions contain proteinaceous toxins: at least one 
haemolysin, two lethal factors and two oedema-forming factors (Shiomi et al., 1986, 1988). 
Once the spine penetrates the victim’s skin, the thin sheath surrounding the venom gland 
cells is torn, releasing venom into the wound. Catfish venom is rarely fatal. Injury causes 
immediate throbbing pain, followed by cyanosis, numbness and swelling. Erythema, muscle 
fasciculations, severe lymphadenopathy and fever are also common. Tissue necrosis and 
gangrene are rare, but are more likely when a large amount of venom is delivered. Secondary 
bacterial infections may occur if the wound is unattended. The hand is the most common 
site of wounds and result from handling the fish after it has been caught.

A survey of injuries from marine organisms conducted among Israeli professional fish-
ermen in 2003–2004 showed that 10% of fish-related injuries in Israel were caused by 
P.   lineatus (Gweta et al., 2008). Considering that in those years its population was much 
smaller than at present, the proportion of injuries it causes is rather high. Most injuries were 
incurred when sorting trawl hauls.

Scorpaenidae Risso, 1827 
Pterois miles (Bennett, 1803) V

The lionfish Pterois miles (Fig. 1.1) is widely distributed in the tropical Indo-west Pacific 
Ocean, including the Red Sea. The Indo-Pacific lionfish was introduced into the western 
Atlantic in 1985 (Schofield, 2009). In 1991 a single specimen was recorded off the coast of 
Israel (Golani and Sonin, 1992). Recent records in Lebanon, Turkey, Cyprus, Greece, and as 
far west as Tunisia and Sicily, Italy, follow a major enlargement of the Suez Canal in 2010 
(Bariche et al., 2013; Turan et al., 2014; Turan and Ozturk, 2015; Oray et al., 2015; Iglésias 
and Frotté, 2015; Crocetta et al., 2015; Kletou et al., 2016; Dailianis et al., 2016; Azzurro 
et al., 2017). A couple of years ago this expansion of records across the Levant would have 
been inconceivable. A study combining remote sensing and computer modelling (Johnston 
and Purkis, 2014) had assured that this was unlikely to occur and argued that connectivity 
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among potential lionfish habitats in the Mediterranean was low and unfavourable to wide 
dispersion of its larvae. Alas, the lionfish was unaware of this and the authors of this study 
have been proved spectacularly wrong.

The venom apparatus consists of 13 dorsal spines, 3 anal spines, 2 pelvic grooved spines 
and their venom glands (Halstead, 1988). Envenomation produces intense pain and swell-
ing, which may continue for several hours, depending on the amount of venom. A first-hand 
account of a P. miles sting inflicted by a juvenile specimen 10-cm long (Steinitz, 1959, as 
P. volitans) relates in precise detail the intense pain (‘just short of driving oneself completely 
mad’) and swelling that lasted 3 h.

No lionfish injuries have been reported from the Mediterranean Sea so far. However, 
their presence along coastlines popular with tourists is a marine health hazard.

Siganidae Richardson, 1837 
Siganus luridus (Rüppell, 1829) V 

Siganus rivulatus Forsskål & Niebuhr, 1775 V

The two species of rabbitfish, Siganus rivulatus and S. luridus, originate in the western Indian 
Ocean, where they inhabit rocky, coral reefs and algal-covered sandy bottoms. They entered 
the Mediterranean through the Suez Canal and were first recorded off the coast of Israel in 

Fig. 1.1. Pterois miles (Bennett, 1803). (O. Klein.)
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1924 and 1955, respectively (Steinitz, 1927; Ben-Tuvia, 1964). The species are found as far 
west as France and Tunisia (Ktari-Chakroun and Bahloul, 1971; Ktari and Ktari, 1974; 
 Daniel et  al., 2009). The schooling, herbivorous fishes form thriving populations in the 
Levant Sea, where ‘millions of young abound over rocky outcropping’ (George and 
 Athanassiou, 1967).

The venom apparatus consists of 13 dorsal spines, 7 anal spines, 4 pelvic grooved spines 
and their venom glands which rupture and release their contents on penetration (Halstead, 
1988). Care must be taken during fishing and cleaning, as rabbitfishes will use their venom-
ous spines in defence. Their venom is not life-threatening to adult humans, but causes severe 
pain. The stings may cause pain and swelling lasting several hours.

Herzberg (1973) related two cases of poisoning following ingestion of S. luridus fished 
in Haifa Bay, Israel. The symptoms, which persisted for 24 h, comprised ‘burning pain in the 
throat, followed by tingling and numbness of the muscles, some sensation reminding of 
electrical shock’. Similarly, Raikhlin-Eisenkraft and Bentur (2002) examined several patients 
who complained that after a dinner of rabbitfish caught in Haifa Bay, they suffered tremors, 
muscle cramps, nightmares, hallucinations, agitation, anxiety and nausea of varying sever-
ity. These symptoms lasted between 12 and 30 h and resolved completely. In all cases the 
intoxication occurred in the summer months.

Synanceiidae Swainson, 1839 
Synanceia verrucosa Bloch and Schneider, 1801 V

The reef stonefish Synanceia verrucosa is widely distributed in the tropical Indo-west Pacific 
Ocean, including the Red Sea (Froese and Pauly, 2016). A solitary species, it occurs in shal-
low waters on rubble bottoms near rocky ridges or coral reefs. It was first recorded in the 
Mediterranean Sea in 2010 off the coast of Israel (Edelist et al., 2011) and in quick succes-
sion in the Gulf of Iskenderun, Turkey (Bilecenoğlu, 2012) and Tyr, Lebanon (Crocetta et al., 
2015).

The reef stonefish is considered to be one of the most dangerous venomous marine fish 
– its stings may be fatal. Their venom apparatus consists of 13 dorsal spines, 3 anal spines 
and 2 pelvic spines. Venom is released from paired venom glands placed in lateral grooves at 
the base of each spine. The lethal fraction is a potent hypotensive agent which has myotoxic 
and neurotoxic activity. Envenomation results in excruciating pain to the point of losing 
consciousness and gross oedema, which may involve the entire extremity and regional 
lymph nodes, peaking around 60 to 90 min and lasting up to 12 h if untreated. Hypotension 
appears to be the primary cause of death. Systemic effects may include pallor, diaphoresis, 
nausea, muscle weakness, dyspnoea, headaches and delirium (Lee et al., 2004). Late compli-
cations include cutaneous abscesses, necrosis associated with painful oedema and lymphan-
gitis necessitating surgery (Louis-Francois et al., 2003).

A first-hand account of S. verrucosa envenomation by the ichthyologist J.L.B. Smith 
(1951) describes in lucid, grim detail the succession of symptoms. Seconds after receiving a 
stab to the thumb from a specimen 12-cm long, the hand swelled and intense pain shot up 
the arm to the neck, spasms reaching to the neck, head and shoulder. An injection of Novo-
cain did little to sooth the searing agony. Immersion in hot water diminished the pain after 
treatment by a hastily summoned native healer (‘witch doctor’) and a morphine injection 
failed. The hand and forearm remained swollen and intensely painful to the touch and large 
yellow blisters released a serous fluid for 6 days. On the sixth day inflammation and pain 
increased alarmingly and necessitated an injection of 1,000,000 units of penicillin. Similar 
symptoms arose a week later and subsided after another penicillin injection. After 14 days 
the hand and thumb were still swollen, painful and unusable. After 80 days the hand was 
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still weak and the thumb slightly swollen and painful. His scientific interest was heightened 
by the experience and Smith (1957) related several fatalities resulting from S. verrucosa 
envenomations in the Seychelles and Mozambique.

No stonefish injuries have been reported in the Mediterranean Sea. The camouflage and 
habits of stonefish make them difficult for the unwary to detect and avoid: many reported 
victims are tourists (Louis-Francois et al., 2003; Lee et al., 2004; Lion, 2004; Prentice et al., 
2008; Ngo et al., 2009; Diaz, 2015). If their numbers increase, their presence along coast-
lines popular with tourists will be a marine health hazard.

Tetraodontidae Bonaparte, 1831 
Lagocephalus sceleratus (Gmelin 1789) P

The silverstripe blaasop, Lagocephalus sceleratus (Fig. 1.2), a type of pufferfish, is widely dis-
tributed in the tropical Indo-west Pacific Ocean, including the Red Sea (Goren and Dor, 
1994). In 2003 a single specimen, considered to have been introduced through the Suez 
Canal, was collected along the south-western coast of Turkey (Akyol et al., 2005). Soon after, 
its Levantine populations increased greatly and spread across the Mediterranean Sea to 
Spain (Katsanevakis et  al., 2014) and Algeria (Kara et  al., 2015), and into the Black Sea 
(Boltachev et  al., 2014). In the Mediterranean Sea, L. sceleratus has been recorded from 
waters as shallow as 3 m (Bilecenoğlu et al., 2006) to 80 m (Halim and Rizkalla, 2011). The 
largest adult specimens recorded in the Mediterranean measure 83 cm in length.

Tetradotoxin (TTX), a potent neurotoxin that inhibits voltage-gated sodium channels, 
is produced by bacteria present in gonads, gastrointestinal tract, liver, muscle and skin of 
pufferfish. It is one of the most potent, non-protein poisons known. Symptoms include peri-
oral paraesthesia (numbness or tingling of lips, tongue, around the mouth), nausea and 
vomiting, dizziness, headache, abdominal pain and progressive muscular paralysis, eventu-
ally causing death due to respiratory paralysis. Coma has been reported in severe cases of 
TTX poisoning and in the final stages before death. TTX poisoning caused by ingestion of 
the fish is not uncommon in East Africa and South-east Asia (Chopra, 1967; Kan et al., 1987; 

Fig. 1.2. Lagocephalus sceleratus (Gmelin 1789). (O. Klein.)
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Kanchanapongkul, 2001; Ahasan et al., 2004; Chowdhury et al., 2007). A TTX poisoning of 
epidemic proportions occurred in 2008 in Bangladesh after the native inland population 
were exposed to unfamiliar fish marketed locally. Of the 141 patients who had consumed 
these fish, 17 died from respiratory arrest (Islam et al., 2011).

Following incidents of pufferfish poisonings in Egypt, mainly in the Suez Gulf, 45 speci-
mens of L. sceleratus (34.5–65 cm in length) were collected in the Gulf of Suez and toxins 
were extracted from their gonads, liver, digestive tract, muscles and skin (El-Sayed et al., 
2003, as Pleuranacanthus sceleratus). The toxicity of the gonads was highest, but potentially 
harmful amounts were detected in the musculature as well. A subsequent study involving 
specimens from the Gulf of Suez (18.5–78.5 cm in length) provided evidence that the high-
est gonad toxicity for both sexes was recorded in late spring, before summer spawning 
(Sabrah et al., 2006). Katikou et al. (2009) found that all tissues of a large specimen (length 
66 cm) collected in the Aegean Sea were toxic. The gonads and liver of that specimen con-
tained 17 lethal doses of TTX and consumption of 200 g of its flesh would be fatal.

Following the establishment of L. sceleratus in the Mediterranean Sea, evidence of 
severe TTX poisoning was noted. Between 2005 and 2008, 13 victims of TTX poisoning 
(aged 26–70 years) were hospitalized in Israel (Bentur et al., 2008; Eisenman et al., 2008). 
Onset of toxicity was within 1 h of consuming liver and gonads of L. sceleratus. The main 
clinical manifestations were paraesthesia, muscle weakness, hypertension, tachycardia, dys-
pnoea, ataxia, vomiting and diarrhoea. The two most severely affected victims ingested the 
entire liver of the fish. Other severe cases followed: after consuming the liver and gonads a 
recreational fisher experienced perioral paraesthesia with worsening limb muscle weakness. 
Shortly after admission to the hospital he developed acute respiratory failure with brady-
pnoea, accompanied by bradycardia, which quickly deteriorated to cardiac arrest. Complete 
paralysis with absence of motor responses and lack of pupil reactions necessitated treat-
ment with cholinesterase inhibitors (Kheifets et al., 2012). Similar cases were reported from 
Lebanon: a woman who had eaten the liver suffered proximal limb weakness and dyspnoea 
(Chamandi et al., 2009); a man reported perioral tingling, dysarthria, became quadriparetic, 
developed respiratory and haemodynamic failure and within 3–4  h suffered deep non- 
reactive coma with absence of all brainstem reflexes (Awada et al., 2010). The latter authors 
mention additional cases of poisoning that went unreported. Indeed, many cases are, at 
best, published locally, thus the full extent of the phenomenon is unknown (Ben Souissi 
et al., 2014).

Lagocephalus sceleratus is widespread in the Mediterranean Sea and quite abundant 
along the Levant. Despite official prohibitions it is being sought by recreational fishers and 
occasionally commercially marketed (Nader et al., 2012; Beköz et al., 2013; Ben Souissi et al., 
2014; Farrag et al., 2015, 2016). The Turkish Ministry of Food, Agriculture and Livestock 
issued a ban on the fishery of L. sceleratus in 2012. However, the results of a survey con-
ducted by Beköz et al. (2013) examining awareness among fishermen, fish mongers, restau-
rant staff, medical staff and the public in Antalya, Turkey on the danger of consuming the 
locally abundant L. sceleratus are shocking. Fishermen, though aware that the fish is poison-
ous, admitted selling it to local markets and hotels, providing themselves with a good 
income. Restaurant managers and fish mongers denied selling the pufferfish, though speci-
mens were in fact displayed for sale. Most customers had not heard of the pufferfish, were 
unaware of its lethality and admitted to relying on the sellers’ advice. Of the physicians 
surveyed, 76% were not aware that pufferfish are poisonous and 98% were unfamiliar with 
the symptoms of pufferfish poisoning and believed an antidote to TTX exists. It is clear that 
both native local and tourist consumers are at serious risk given the high level of toxicity of 
L. sceleratus.
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Echinoidea Leske, 1778 
Diadematidae Gray, 1855 

Diadema setosum (Leske, 1778) V

The long-spined urchin Diadema setosum is a native of the tropical Indo-west Pacific Ocean, 
including the Red Sea, and quite common in the northern Gulf of Suez (but see Lessios et al., 
2001). It is commonly observed on coral reefs, rocky ridges and coralligenous formations, 
but also in sand flats and seagrass beds (Coppard and Campbell, 2006). Commonly clustered 
in small groups, it may occasionally form large aggregations, especially in anthropogenically 
altered and eutrophic environments. The first record of D. setosum in the Mediterranean Sea 
was noted off Kaş peninsula, Turkey (Yokes and Galil, 2006). It has since spread along the 
Mediterranean coast of Turkey from Antakya to Gökova Bay at the south-east Aegean Sea 
(Turan et al., 2011; Katsanevakis et al., 2014; B. Yokes, 2016, personal communication) and 
to the adjacent Greek islands of Rhodes and Kastelorizo (Tsiamis et al., 2015; Crocetta et al., 
2015), and southwards to Lebanese coastal waters (Nader and Indary, 2011).

Diadema setosum inflicts painful injuries on unwary swimmers, divers and fishers. The 
brittle spines may inflict deep penetrating wounds and break off easily to become embedded 
in the tissue (Halstead, 1988). Their venom is mild and may cause inflammation, swelling 
and acute pain, which gradually declines after a few hours. There is usually no residual dis-
ability and the injuries rarely come to the attention of physicians. However, in the minority 
of cases they may cause severe, irreversible tissue damage. A scuba diver with multiple pen-
etrations of spines into his left hand experienced pain, discomfort and stiffness. The spines 
were absorbed within a few days, leaving one finger swollen and painful, with markedly 
reduced joint flexion and hand gripping power. The swelling reduced and hand strength was 
recovered within 6 weeks, yet residual joint swelling and range of flexion restriction per-
sisted after 30 months. MRI findings were consistent with chronic, active synovial inflam-
mation with surrounding fibrosis (Liram et al., 2000).

No long-spined sea urchin injuries have been reported from the Mediterranean Sea. If 
their numbers increase, their presence along coastlines popular with tourists will be a health 
concern.

Scyphozoa Goette, 1887 
Rhizostomatidae Cuvier, 1799 

Rhopilema nomadica Galil, 1990 V

The nomadic jellyfish Rhopilema nomadica (Fig. 1.3) is a native of the tropical Indian Ocean, 
known from Mozambique and the Red Sea (Stiasny, 1938 as R. hispidum; Berggren, 1994). 
The first record of R. nomadica in the Mediterranean Sea was noted in the mid-1970s off 
Israel (Galil et al., 1990). The species has since spread throughout the Levant and was recently 
reported from Pantelleria, Sardinia and the Aegadian archipelago off Sicily, Italy, Malta and 
Tunisia (Deidun et al., 2011; Daly Yahia et al., 2013; Crocetta et al., 2015; Balistreri et al., 
2017). In the south-eastern Levant it forms huge swarms, 100 km long, each summer since 
the early 1980s, though small clusters occur throughout the year.

The venom apparatus of R. nomadica consists of nematocyst-laden tentacles. These cell 
organoids comprise a capsule containing a tightly coiled and pleated tubule armed with 
spines and packed with venom. When stimulated, the coiled tubule everts, penetrating the 
epidermis of human skin, and venom is injected from the capsule through the tubule into 
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the victim’s tissues (Halstead, 1988; Rifkin et al., 1996). Three categories of nematocysts 
were identified in R. nomadica (Avian et al., 1995).

In summer 2009 alone, 815 hospitalizations due to R. nomadica envenomations were 
recorded along the south-eastern coast of Turkey (Öztürk and İşinibilir, 2010). The annual 
swarms off the Israeli coast resulted in envenomation victims suffering adverse effects that 
have lasted weeks and even months after the event (Benmeir et al., 1990; Galil et al., 1990; 
Menahem and Shvartzman, 1995; Yoffe and Baruchin, 2004; Sendovski et  al., 2005). 
 Benmeir et al. (1990) report that, in the summer of 1987, 30 patients, mainly children, were 
treated in their emergency ward alone. They describe a case where 2 days after envenom-
ation (mistakenly attributed to Aurelia aura [sic.]) the pains subsided, after 14 days the 
swelling and urticaria had disappeared, but the arm and chest preserved marked discolor-
ation for 3 months. Silfen et al. (2003) report that on the second day following envenom-
ation the victim suffered raised, demarcated, very itchy skin eruptions, which lasted 5 weeks. 
Severe systemic manifestation may occur: a female surfer who had suffered five envenom-
ations over the previous 3 weeks was stung in the arm. Within minutes she experienced 
shortness of breath, severe peri-orbital swelling and facial oedema, and marked erythema 
with papulovesicular eruptions and itching on her arm. Her anaphylactic reaction was 
aborted by timely intervention (Friedel et al., 2016; Glatstein et al., 2017).

Fig. 1.3. Rhopilema nomadica Galil, 1990. (S. Rothman.)
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The countries affected by the nomadic jellyfish swarming are major tourist destinations 
in the Mediterranean Sea. Jellyfish envenomations pose a threat to the countries’ invest-
ments in marine recreational tourism (Öztürk and İşinibilir, 2010). A socioeconomic survey 
in Israel, carried out in summer 2013, captured the impacts of a swarm of R. nomadica on 
seaside recreation. It was estimated that a swarm reduces the number of seaside visits by 
3–10.5%, with an annual monetary loss of €1.8–6.2 million. An additional 41% of the 
respondents stated that their recreational activities were affected (Ghermandi et al., 2015).

Hydrozoa Owen, 1843 
Aglaopheniidae Marktanner-Turneretscher, 1890 
Macrorhynchia philippina Kirchenpauer, 1872 V

The feathery stinging hydroid Macrorhynchia philippina (Fig. 1.4) is distributed circumglob-
ally in tropical and subtropical regions (Rees and Vervoort, 1987) and is common in the Red 
Sea (Vervoort, 1993). It occurs on rocky reefs and on artificial hard substrates. The species 
has been known in the south-eastern Mediterranean since the 1990s (Bitar and Bitar-Kouli, 
1995; Morri et al., 2009) and has since expanded northwards to the Turkish coast (Çinar 
et al., 2006).

A brush with its feathery nematocyst-laden branches may cause a mild stinging sensa-
tion, but a more extensive contact results in a burning sensation (Vine, 1986). Victims gen-
erally develop pinpoint lesions, blotchy red rash, blisters and raised itchy weals, which may 
last up to 10 days before fading. Systemic effects are rare (Rifkin et al., 1993, as Lytocarpus 
philippinus).

Fig. 1.4. Macrorhynchia philippina Kirchenpauer, 1872. (S. Rothman.)
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An increase in the abundance of M. philippina along the Levant coastline may hurt rec-
reational activities such as swimming and snorkelling (Çinar et al., 2006).

1.2 Discussion and Conclusion

Alien species that are a concern to human health have recently gained notoriety, but broad 
assessments, spanning over a taxonomic or geographic range, have been scarce (Mazza et al., 
2014; Schindler et  al., 2015). Unsurprisingly, the information is even more limited for 
marine alien species (Ojaveer et al., 2015). Among the alien species recorded in the Mediter-
ranean Sea, nine are noted as human health hazards – six fish, one sea urchin, scyphozoan 
jellyfish and hydrozoan. Most have either been post-millennial records (e.g. P. lineatus, 
L. sceleratus, D. setosum, S. verrucosa) or have greatly increased their spread in the last decade 
(e.g. P. miles, R. nomadica). All originate in the Indian Ocean or the Indo-west Pacific Ocean 
and are considered to have entered the Mediterranean through the Suez Canal. Four species 
are confined to the Levant and Tunisia, and even for those recorded further west and north 
(e.g. L. sceleratus, S. luridus, S. rivulatus, R. nomadica, P. miles), the largest populations occur 
in the Levant. With rising temperature, it is likely these thermophilic species will expand 
their range.

Though published records attest to the increasing spread and abundance of marine alien 
species of human health concern, only fragmentary information is available concerning the 
spatial and temporal trends of their impacts. In fact, even for common species with acute 
symptoms such as L. sceleratus and R. nomadica, incidents are poorly documented. Öztürk 
and İşinibilir (2010) reported that in summer 2009 R. nomadica envenomations caused 815 
hospitalizations along the south-eastern coast of Turkey, but no data are available for other 
years and other locations. Half a dozen publications by Israeli physicians deal mostly with 
single cases (see above). A similar pattern emerges from the records of pufferfish poisoning: 
Bentur et al. (2008) reported 13 victims of TTX poisoning hospitalized between 2005 and 
2008 in Israel, but most publications deal with symptoms, and their authors admit in pass-
ing that other cases remained undocumented (Ben Souissi et al., 2014). Erroneous identifi-
cations occur due to miscommunication between physicians and marine scientists (Benmeir 
et al., 1990; Menahem and Shvartzman, 1995). The lack of nation-wide, if not region-wide, 
quantitative data on medically-treated health impacts is worrying, as ignorance of the 
extent and severity of these health hazards and their treatment may lead on one hand to 
medical errors (Beköz et al., 2013) and on the other prejudice risk analyses undertaken by 
management.

The littoral countries are called on to prepare themselves for these new health hazards.
Regulations should be legislated, implemented and strictly enforced to prevent market-

ing and consumption of L. sceleratus, coupled with education and training of medical staff, 
tourism industry personnel, marine recreational industry personnel, as well as the general 
public. This article provides ample examples of risks to native members of the public tempted 
by easily accessible toxic fish species, especially those who depend on subsistence fisheries as 
a source of protein and income. Medical and healthcare staff should be familiarized with 
clinical syndromes and trained in treatment of marine health hazards. Early diagnosis and 
supportive management help ensure recovery. As incidents involving large numbers of 
patients may be expected to become more frequent with changing environmental condi-
tions, improving emergency healthcare systems should be made a public health priority 
(Glatstein et al., 2017).

Public health authorities in littoral countries should be encouraged to initiate and spon-
sor their national marine health hazards database – a clinical database sourced from hospi-
tal registry data and first-aid facilities including injury locations, dates, species identities, 
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symptoms, treatments and outcomes. The information may help healthcare authorities to 
assess and manage trends of marine health hazards, bioinvasion ecologists to link trends in 
alien species presence and abundance to impacts, economists to assess their costs and envi-
ronmental authorities to make accurate and detailed risk assessments.
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