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ABSTRACT: A brief comprehensive account on Lessepsian migration is given in the present 

study. Earlier publications reported that the dusky spinefoot fish Siganus luridus (Ruppell, 1829) 

and the marbled spinefoot S. rivulatus (Forsskal,1775) were recorded in Libya Mediterranean 

coastal waters for the first time in 1968 and 1970 in order. The present study however, shows that 

they were in Libya since the 1950ties: in Tobrok in 1950, in Darna in 1954 and in Benghazi in 

1960. These findings were based on questionnaires filled by middle age and elderly fishers 

(located in Tobrok, Ein Ghazala, At Timimi, Ras Ettin, Darna, Khalij Bumba, Susah, Benghazi 

fishing sites on eastern Libya), on reports and documents of  “Darna Fishers Trade Union”, 

“Tobrok Fishers Trade Union” and “Office of Marine Resources in Darna” and on consultations 

with members of these institutions. Estimates of monthly catch from the two Siganids per fisher 

per fishing site shortly after they established themselves in the eastern coast ranged between 2 to 

60 kg (average = 17.25 kg) with S. luridus been more abundant than S. rivulatus. Both fishes are 

residents of shallow coastal water, 1 – 8 meters deep (average = 4.25 meters).  Average total 

length of the initial population the two Siganids was 23.44 cm. Questionnairing fishers, in 

particularly elderly ones, is a powerful technique for establishing records of first entry and 

scientists are encouraged to use it. However, this technique is limited by the scarcity in elderly 

fishermen who are inventory of information of the old times but are unfortunately eliminated 

through time. 

 

KEYWORDS: Lessepsian migrants, dusky spinefoot fish, Siganus luridus, marbled spinefoot, 

Siganus rivulatus, eastern Libya, Mediterranean Sea 

 

 

 

INTRODUCTION 

 

Both the Mediterranean Sea and the Red Sea are semi closed basins that are connected to 

adjacent oceans by narrow and shallow gates, the Mediterranean Sea  to the Atlantic ocean 

through the strait of Gibraltar, and the Red Sea to the Indian Ocean through the Gulf of Aden and 
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Bab el Mandeb straits. In addition, the Red has acquired an artificial connection to the 

Mediterranean Sea via the Suez Canal since 1869. The Canal is 193km long, 24m deep and 

205m wide. The 2014-2016 expansion and widening of the Canal doubled its ship passage 

capacity by allowing sailing in both directions. 

 

The Canal provides a limited chance for Red Sea species to migrate to the Mediterranean Sea 

(Lessepsian migrants) and vice versa (anti-Lessepsian migrants). The number of Lessepsian 

migrant exceeds by far the number of anti-Lessepsian migrants (Cevik et al., 2002). According to 

the Mediterranean Action Plan for Invasive Species UNEP-MAP-RAC/SPA, 2005; Bazairi et al., 

2013 and Katsanevakis et al., 2014a,b, the main known pathway/vector of species introduction 

into the Mediterranean Sea is the Suez Canal followed by shipping (ballast water and sediments, 

anchoring and fouling), aquaculture (both marine and brackish species) and trade in live marine 

species (aquarium activities, fishing baits, seafood).  

 

Golani, 2010, stated that frequently, invasive species are discovered after they have already been 

in the new habitat for extended period of time making it difficult to determine how the invasion 

started and when. The two Siganids rabbit fishes, the dusky spinefoot S. luridus (Ruppell, 1829) 

and the marbled spinefoot S. rivulatus (Forsskal, 1775) were recorded in  in Libya for the first 

time in 1968 and 1970 in order (Stirn,1970; Lamboeuf, 2000;  Bazairi et al., 2013). However, 

some elderly Libyan fishers insisted that they have known the two fishes in the eastern coast 

since the beginning of the 1950ties. The objectives of the present study were, therefore, to: 

 

i- Give a comprehensive account on Lessepsian migration in the Mediterranean Sea with 

emphasis on Libya, in particular of the two Siganids: S. luridus and S. rivulatus. 

ii- Investigate date of first appearance of S. luridus and S. rivulatus in the eastern coast of 

Libya using: 

- questioners filled by some fishers of the eastern coast of Libya Mediterranean Sea. 

- reports and documents of  “Darna Fishers Trade Union”, “Tobrok Fishers Trade Union” 

and “Office of Marine Resources in Darna” and on consultations with members of these 

institutions 

 

LITERATURE REVIEW 

 

Problems caused by aliens 

In addition to alterations in ecosystem functioning and biodiversity loss, alien species can also 

cause serious economic (fisheries, tourism and aquaculture) and health impacts. Many of the 

marine alien species exhibit aggressive invasive behavior (Pimentel et al., 2000; Vilà et al., 

2010; Bazairi et al., 2013; Katsanevakis et al., 2014a, b,). However it is generally assumed that 

lessepsian migrants do not seem to influence the abundance of native species (Madl, 2011). This 

particularly warring at today rate of introduction into the Mediterranean Sea of 1 new species 

every 10–14 days (Zenetos, 2010; Zenetos et al., 2012; Galil et al., 2014).  
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Mitigation measures for introducing alien species 

Mitigation measures for introduction of aliens in the Mediterranean Sea were discussed by Galil, 

2007. Although many international laws, conferences, agreements and treaties  (e.g. CBD, 1992, 

Article 8h; IMO; UNCLOS, 1982; Barcelona Convention, 1995; SPA, 1982; UNEP; RAC/SPA) 

have called for or adopted such measures yet progress is slow and rudimentary and an effective 

policy of prevention is hardly enforced (Occhipinti-Ambrogi, 2004), even the appreciation of the 

problem by politicians and the causative sectors is limited.  

 

Indigenous, alien and Lessepsian biota of the Mediterranean Sea 
The biota of the Red Sea is of tropical Indo-Pacific origin, while that of the Mediterranean is 

primarily of Atlanto-Mediterranean species (62%) derived from the adjacent Atlantic 

biogeographic provinces beyond the strait of Gibraltar. Many Mediterranean species are endemic 

(28%) (Shakman, 1969; Fredj et al., 1992) while others are cosmopolitan, Circum-tropical (13%) 

or Indo-Pacific (5%). Boudouresque et al., 2005, reported flora and fauna of the Mediterranean 

Sea as around 12 000 species. Coll et al., 2010, reported 17000. Based on Zenetos et al., 2010, 

2011a, b,, 2012; Bazairi et a.l, 2013, a total of 986 alien species were known in the 

Mediterranean by 2012: 775 in the Eastern basin, 308 in the Western basin, 249 in the Central 

basin and 190 in the Adriatic Sea. About 54% of these species are Lessepsian (Catsanevakis, 

2012). According to Samuel and Frotté, 2015, the number of Mediterranean marine fishes is 

currently about 750 (Golani et al. 2013), almost 90 of them are Lessepsian migrant (Belmaker et 

al., 2013;  Golani et al., 2002), with new species regularly being added to the list (Golani, 2006). 

Generally, the richness of Mediterranean species diversity including fishes decreases from  the 

West to the East (Ketchum,1983; Quignard and Tomasini, 2000). In contrast, there is a clear east 

to west gradient for Lessepsian species richness (Coll et al., 2010). The majority of the farthest 

spread species are early settlers (Oral , 2010). An invasive species (= invasive alien) is an 

introduced species which is ecologically and/or economically harmful (Boudouresque and 

Verlaque, 2002a,b; Occhipinti-Ambrogi and Galil, 2004; Sala et al., 2011; Giakoumi, 2014). On 

average, 10% of introduced species become invasive (Williamson and Fitter, 1996; 

Boudouresque and Verlaque, 2002a). However in certain areas of the eastern Mediterranean 

some alien fishes are commercially exploited (Kallianiotis and Lekkas, 2005; Giakoumi, 2014; 

Tsikliras and Stergiou, 2014). 

 

Factors that limit/facilitate introduction and spread of Lessepsian migrants 
These factors were discussed by Shakman, 1969; Ben-Tuvia, 1972; Golani, 1996; 

Golani, 1998; Kovalev, 2006; Ben Rais et al., 2008; Madl, 2011.  

1- Narrowness and shallowness of the canal 

The Suez canal is not conducive to Lessepsian migration because it is shallow, narrow, very long, 

lack rocky bottom substrates and polluted from maritime activity (Por, 1978; Golani, 1998). 

However, it has been substantially deepened and broadened (Kovalev, 2006) during the 1960s, 

the 1980s and 2014-2016. 
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2- The hypersaline lakes 

Just after completion of the Suez Canal in 1869, Lessepsian migration was blocked by the 

presence of hypersaline lakes (a remnant of the once landlocked evaporated seas that connected 

the Mediterranean to the Red Sea) inside the canal. After the salinity of these lakes equalized 

through years, the barrier is eliminated and species began migrating into the Mediterranean Sea 

(George and Athanassiou, 1967; Kovalev, 2006; Ben Rais et al., 2008; Madl, 2011) via the Suez 

Canal. 

3- Aswan Dam: Decreased salinity at Port Saeed 

Before construction of Aswan dam across the Nile River in 1964, floodwater used to spread as a 

surface layer off the northern entrance of the Canal (off Port Saeed). This low salinity water 

acted as a barrier to lessepsian migrants. After the construction the dam influx from the Nile was 

reduced and the salinity barrier disappeared and Lessepsian migration is facilitated (Galil, 2006; 

Kovalev, 2006; Ben Rais et al., 2008; Madl, 2011). 

4- Prevailing temperature 

Red sea organisms are tropical; the Mediterranean environment is subtropical-temperate and 

therefore is not hospitable to Lessepsian species. However, the global rise in temperatures during 

the present and the last century (IPCC, 2013; Jones et al., 2013; Marras et al., 2015) has led to 

“tropicalization” of the Mediterranean, resulting in the present day high rate of introduction of 

Lessepsian species (Bianchi, 2007; Ben-Tuvia,  1972; Raitsos et al., 2010; Madl, 2011; Hiddink 

et al., 2012; Bazairi et al., 2013; Marras et al., 2015; Libralato et al., 2015).  

5- Salinity 

Salinity is higher in the Red Sea than in the Mediterranean. This made it easier to Lessepsian 

migrants to flourish in the Mediterranean Sea (Ben-Tuvia, 1966; Kovalev, 2006). 

6- Hydrostatic Pressure/currents 

The general northwardly flow of water along the Suez Canal caused by prevailing winds and 

currents and the higher surface level of the Red Sea compared to that of the Mediterranean Sea 

has aided Lessepsian migration and attenuated anti-Lessepsian migration (Hassan et al., 2003; 

Ben Rais et al, 2008; Madl, 2011).  

7- Oligotrophic 

Red Sea fauna are used to living in nutrient poor environments of the Red Sea, and therefore, are 

able to flourish in the relatively nutrient rich oligotrophic waters of the Mediterranean.  

8- Time factor 

Immigration is a continuous process, and over time the probability of suitable species of fishes 

entering the Suez Canal and colonizing the new region increases (Ben-Tuvia, 1972). 

9- unsaturated niche 

The successful colonization of the Mediterranean by Lessepsian Migrants is in some cases 

facilitated by their ability to compete with local species on the same resources and by filling an 

unsaturated niche in their new habitat  (Madl, 2011). 

Potential migrants are “R-strategist” (Madl, 2011). 
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10- The east west gradient 

The east west gradient of invasive species was studied by Golani 1998. Time is a factor in 

westward distribution. At present there is no conclusive explanation why some species continue 

westward and others do not. A cording to Harmelin-Vivien and Harmelin, 1990; Wootton, 1992 

and the combination of temperature regime and thermal tolerance of fish species determines 

distribution. 

 11- The Gulf of Suez, the Suez canal and the south eastern Mediterranean Sea are temporary 

“resting” (acclimation) sites for lessepsian migrants on their way. From the latter site they can 

spread to other parts of the Mediterranean Sea. The Mediterranean Sea also has its own resting 

sites which might someday lead to the Atlantic Ocean. Resting sites do not work well in the 

opposite direction (anti-Lessepsian migration). Much fewer species have crossed the Suez Canal 

from the Mediterranean Sea to the Red Sea. 

 

Alien marine species of Libya 
The list of alien species of Libya Mediterranean was updated by Bazairi et al, 2013 (but see 

Stirn, 1970; Zupanovic and El-Buni, 1982; Al-Hassan and El-Silini, 1999; Lamboeuf, 2000; Ben-

Abdallh et al, 2005): until now 63 marine aliens species have been recorded along the Libyan 

coastline, the majority been of Indo-Pacific origin (53%), followed by Red Sea – Indian Ocean 

species (16%), Red Sea species (14%), Circum-tropical (3%) and less than 5% in the Atlantic 

(Bazairi et al. 2013 ). 

 

The through studies of Lessepsian fish in Libya by Shakman and Kinzelbach (e.g. Shakman, 

1969; Shakman and Kinzelbach, 2007) showed that sixteen Lessepsian fish species, representing 

14 families, were found in Libya versus 107 in Tunisia and 232 in Egypt (Katsanevakis et al., 

2012; UNEP-MAP-RAC/SPA, 2013). The low number in Libya is probably an underestimate 

due to the limited effort of investigation (Shakman, 1969) the percentage of exotic fish species 

relative to native fish species decreases from east to west along the Libyan coast. Approximately 

50% of the Libyan lessepsian migrants were found along the entire  coast, 12.5% in the east and 

central regions, and 37.5% restricted to the eastern coast (Shakman, 1969). This means that there 

is a correlation between early arrival and greater abundance which can be explained (Shakman 

and Kinzelbach, 2007): (a) because the longer a species is in the Mediterranean, the greater the 

opportunity to build up its population, or (b) by the greater research effort, which was much less 

intense in the past (Golani, 2002). More than 37% of the recorded Lessepsian fish species in 

Libya are of commercial value, especially rabbitfish (Shakman, 1969).  

 

S. luridus and S. rivulatus: General description  

S. luridus and S. rivulatus are medium size coastal fishes. Body ellipsoid, oval and compressed.  

Their maximum lengths are about 30cm for the former and 27 cm for the latter but a more 

common length for both is 20 cm (Sommer et al., 1996; Bariche, 2002). The meristic formulae 

are: D, XIV+10; A, VII + 8-9; P, 16-17; V, I+3+I 

and D, XIV+10; A, VII + 8-10; P, 15-17; V, I+3+I in order (Golani, 2006). Both fishes are often 
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found in small schools feeding on benthic algae in shallow water with compacted sand 

substrates. The dorsal and anal fin spines contain venom that is not life-threatening to humans 

but causes severe pain (FishBase, WRMS).  

 

Distribution of S. luridus and S. rivulatus in the Mediterranean Sea and in Libya 
The two Siganids, S. luridus and S. rivulatus are widely distributed in the Indian Ocean and the 

Red Sea, respectively (Bazairi et al., 2013). They were initially found in the Levantine basin, but 

later on they spread to the north and west where they became established in the central 

Mediterranean  and constituted important  fisheries (Stirn, 1970; Ktari and Ktari, 1974; Golani et 

al., 2002; Ben Abdallah et al., 2003; Streftaris and Zenetos, 2006; Shakman et al., 2008). Their 

spread from the east to different parts of the Mediterranean sea was reviewed by Shakman, 1969; 

Ismen et al., 2015. The two fishes were first recorded in Palestine in 1927 (Steinitz, 1927), then 

off the coast of Syria in 1931 (Gruvel, 1931).  S. luridus was recorded in  in Libya in 1968 

(Stirn,1970; Lamboeuf, 2000;  Bazairi et al., 2013), in Tunisia in 1971, but crossed the Strait of 

Sicily only in 2004; it reached the French coast in 2008 (Ktari and Bouhalal, 1971; Ktari and 

Ktari, 1974; Daniel et al., 2009). The most recent record was in the Aegean Sea in 2014 (Ismen 

et al., 2015). The first record of S. rivulatus in Libya was  in 1970 (Stirn, 1970). 

 

In Libya S. luridus seems to be more present in central and western parts of the littoral (Shakman 

and Kinzelbach, 2007c) while S. rivulatus is mostly common in the east. Both fishes are common 

in the artisanal catch of Libya but their abundance decrease towards the west.  They are captured 

by trammel and gill nets (Ben Abdallah et al., 2003; Galil, 2006; Bazairi et al., 2013; Khamis, 

2008). The rapid westward spread of the two Siganids  can be explained (Bariche et al., 2003; 

Castriota and Andaloro, 2005; Bianchi, 2007; Corsini-Foka et. al., 2010; Poloniato et al., 2010 ; 

Por, 2010; Raitsos et al., 2010; Marras et al., 2015): 

 

• The rise in water temperature of the whole Mediterranean  made this  sea more receptive 

to Lessepsian emigrants which are of tropical origin. 

• Introduced Siganids, for example S. luridus, successfully outcompetes its main 

indigenous counterpart herbivores (Bariche et al., 2004)  

• The increased productivity of the Mediterranean as one moves from  east towards west 

favors the westward spread of Lessepsian migrants, especially herbivores. 

• Eco-physiological plasticity: Its spawning season is shortened, probably in relation to the 

varied seawater temperatures that are found in the Mediterranean Sea (Bariche et al., 2003; 

Castriota and Andaloro, 2005). 

 

METHODS 

 

First appearance of S. luridus and S. rivulatus in the artisanal catch from the eastern coast of 

Libya Mediterranean Sea was investigated by two methods: 
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i- By questionnaires filled by 50 fishers  

These fishers were located in the major fish landing sites of the eastern coast of Libya. The study 

area (Figure 1) extends from Burde in the east of Libya coast to Breka in the west, an 

approximately 500km shore line. The landing sites investigated were Tobrok, Ein Ghazala, At 

Timimi, Ras Ettin, Darna, Khalij Bumba, Susah, Benghazi. The questionnaire was filled by six to 

seven fishers present in each of these sites. Most fishers questionnaired were 60 years old and 

above. Names, locations, addresses and cell phone numbers of the chosen fishers were provided 

by “Darna Fishers Trade Union”, “Tobrok Fishers Trade Union” and “Office of Marine 

Resources in Darna”. These institutions also helped in delivering the questionnaires to individual 

fishers and in retrieving them after been filled. The questionnaire contained the following 

questions: 

• What is the name of the area you fish in or used to fish in? 

• When did you first  see S. luridus and S. rivulatus in your catch? 

• What gear is most effective in catching S. luridus and S. rivulatus? 

• At what depth is S. luridus and S. rivulatus are most common?  

• Give average length and weight of S. luridus and S. rivulatus. 

• Rate abundance of S. luridus and S. rivulatus in your catch: (-) rare, (1) present, (2) 

common, (3) abundant. 

The fishers, however, stipulated that we do not mention any of their personal information 

including names and ages in our study. 

 
Figure 1. Map of the shore line of the eastern coast of Libya (the study area) 

 

ii- By investigating reports and records available in old files of  “Office of Marine 

Resources in Darna”, “Darna Fishers Trade Union” and “Tobrok Fishers Trade Union”  for first 

mentioning of S. luridus and S. rivulatus,  and on consultations with members of these 
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institutions. The activities of these three institutions covers all the eastern coast of Libya (the 

study area).  

 

RESULTS 
 

Records of first appearance of S. luridus and S. rivulatus in the artisanal catch of the eastern 

coast of Libya is documented in Tables 1 to 5. Data presented in these tables were compiled by 

integrating data obtained from the questionnaire with that obtained from the “Office of Marine 

Resources in Darna” and the Fishers Trade Unions of Darna and Tobrok. The two Siganids were 

first observed in Libya in Tobrok in 1950, in Darna in 1954 and in Benghazi in 1960 (Table 1). 

These three sites are the most prominent fishing and landing sites of the eastern coast of Libya. 

The two  new comers appeared simultaneously in the catch for the first time. Elderly fishers from 

Tobrok, Darna and Benghazi still recall their painful stings when they attempted to remove them 

from their nets and lines, the main fishing gears in use at that date. Initially they were called 

“Alsamakah um Shoak” meaning in Arabic “the fish with spines” and were not marketed but 

thrown away. However, after their numbers increased in the catch they became acceptable by 

local consumers; S. luridus soon became known locally as “Batata soada” (Arabic for “black 

potatoes”) and S. rivulatus as “Batata baida” (“white potatoes”). 

 

Table 1. Records of first appearance of S. luridus and S. rivulatus in the studied sites. 

Record date 

 

 

Fishing gear 

 

 

Geographic coordinates location 

Longitude oE Latitude oN 

1950 – 1960 Gill net 23º98'76.28 32°10'75.92 Tobrok 

1967-1975 small hooks, Gill 

net 

23º16'58.33   32º12'30.23 Ein Ghazala 

1970 -1980 Hand line, gill net 23º5'28.45   32º20'25.68   At Timimi 

1960 -1980 Gill net 23º6'13.01   32º31'35.08   Ras Ettin 

1954 - 1960 Gill net 22º39'8.21   32º46'3.61    Darna 

0991 small hooks 23° 05' 57.2 32 º 33' 13.5 Khalij Bumba   

0991 Gill net 21º58'2.15 32º54'13.30 Susah   
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1960 - 1965 Gill net 20º2' 30.89             32º5'28.05 Benghazi 

Estimates of monthly catch from the two Siganids per fisher per fishing site (Table 2 and Figure 

2) shortly after they established themselves in the eastern coast ranged between 2 to 60 kg 

(average = 17.25 kg) with S. luridus been more abundant than S. rivulatus (Table 3 and Figure 

3). Both fishes are residents of shallow coastal water (Table 4 and Figure 4), 1 to 8 meters deep 

(average = 4.25 meters).  

 

Table 2. Estimates of monthly catch from S. rivulatus and S. luridus per fisher per site shortly 

after their introduction. 

 

Fishing/Landing site Monthly catch in kg per fisher from 

S. luridus and S. rivulatus  

Average Range 

Tobrok 7.5 5 - 10 

Ein Ghazala 6.5 3 - 10 

At Timimi                   22 4 - 40 

Ras Ettin  7.5 6 - 9 

Darna 32.5 5 - 60 

Khalij Bumba   16.5 3 - 30 

Susah   13.5 2 - 25 

Benghazi                   32 4 - 60 

Grand average catch in kg/month/fisher/site17.25 2 - 60 
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Figure 2. Estimates of monthly catch from S. rivulatus and S. luridus per fisher per site shortly 

after their introduction. 

 

Table 3. Relative abundance of S. luridus and S. rivulatus in the studied sites. (-) rare, (1) 

present, (2) common, (3) abundant 

Fishing/Landing  

site 

Relative abundance 

S. luridus S. rivulatus 

Tobrok 2 1 

Ein Ghazala 2  2 

At Timimi 3 2 

Ras Ettin 3 2 

Darna 2 - 

Khalij Bumba   2 1 

Susah   3 - 

Benghazi 1 2 

Grand average length 3.35 1.25 

 
Figure 3. Relative abundance of S. luridus and S. rivulatus in the studied sites. 
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Table 4. Depth of occurrence of S. luridus and S. rivulatus in the studied sites. 

Fishing/Landing site Depth of 

S. luridus and S. rivulatus in m 

Average  Range 

Tobrok 4 3 - 5 

Ein Ghazala 4 1 - 7 

At Timimi                   4.5 1 - 8    

Ras Ettin  6 4 - 8 

Darna                    2.5   2 - 3     

Khalij Bumba   3 2 - 4 

Susah     4.5  4 - 5    

Benghazi 5.5                 4 - 7 

 
Figure 4. Depth of occurrence of S. luridus and S. rivulatus in the studied sites. 

 

Fishers did not give separate fish lengths for S. luridus and S. rivulatus when first observed in the 

catch but gave a common average estimates for both fishes (Table 5 and Figure 5). Common 

lengths of S. luridus and S. rivulatus ranged between 10 to 40 cm with an average of 23.44 cm. 
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Table 5. Average total lengths of S. luridus and S. rivulatus in the studied sites. The fishers gave a 

common length estimate for both fishes. They were not able to give separate estimates for each 

fish. 
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Figure  5. Average total lengths of S. luridus and S. rivulatus in the studied sites. The fishers gave 

a common length estimate for both fishes.  

 

DISCUSSION 

 

Establishing dates of first introduction of lessepsian migrants into different parts of 

Mediterranean Sea is important for studding biology, ecological relationships and acquired 

genetic variations  of the organisms in their new habitat (Giacomo, 2014). Golani, 2010, stated 

Fishing/Landing site Total lengths of 

S. luridus and S. rivulatus in cm 

 Average Range  

Tobrok 25              15 - 35 

Ein Ghazala 20              10 - 30 

At Timimi 25 15 - 35 

Ras Ettin 25 20 - 30 

Darna    22.5 15 - 30 

Khalij Bumba   25 20 - 30 

Susah   25 15 - 35 

Benghazi 20 10 - 30 

Grand average length                     23.44              10 - 35 
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that frequently, invasive species are discovered after they have already been in the new habitat 

for extended period of time making it difficult to determine how the invasion started and when.  

According to Stirn, 1970; Lamboeuf, 2000;  and Bazairi et al., 2013 S. luridus and S. rivulatus 

were recorded in  in Libya for the first time in 1968 and 1970 in order. However, the present 

study shows that the two Siganids  invaded Libya  at a much earlier date: in Tobrok in 1950 and 

in Darna in 19954. Questionnaire is a powerful technique for establishing date of first entry. 

However, this technique is limited by the scarcity in elder fishermen who are inventory of 

information of the old times but are unfortunately eliminated through time. This may explain the 

much more recent dates of introduction into Ein Ghazala (1967), At Timimi (1970), Ras Ettin 

(1960), Khalij Bumba (1990),  Susah (1970) and Benghazi (1960).  

 

From the present study it appears that the two Siganids can grow into sizable populations and 

contribute to the catch shortly after they introduce themselves into a new site, with S. luridus 

becoming the more abundant one; more than twice abundant than S. rivulatus. This is in 

agreement with Shakman et al., 2008 who mentioned that the two species are abundant in the 

rocky shallow Libyan coasts and contribute significantly to the catch. One reason for the 

prosperity of these two herbivores is the richness of the Libyan coast in seaweeds and sea grass; 

another reason is their ability to compete with local herbivores. 

 

Both Siganids inhabit shallow coastal waters: 1- 8 meters (average = 4.25 meters) where they are 

caught by nets and lines by fishers using boats or wadding.According to the questionnaired 

fishers the total length of the two species at the time they were practicing fishing ranged between 

10 to 35 cm, with an average of 23.44 cm. Thirty five centimeters is more than the length 

recorded presently for the two Siganids in the international literature. Sommer et al., 1996; 

Bariche, 2002, 2005, reported that maximum lengths were 28 cm for S. luridus and 30 cm for S. 

rivulatus from the Mediterranean Sea and the Red Sea but a more common length for both is 20 

cm. 

 

Acknowledgements 

Thanks are expressed 

Acknowledgements 

Thanks are expressed 

Acknowledgements 

Thanks are expressed 

 

 

REFERENCES 

 

Al-Hassan L.A.J., El-Silini O. A., (1999). Check-list of bony fishes collected from the 

Mediterranean coast of Benghazi, Libya. Revista de Biologia Marina y Oceanografia 34: 

291–301. 



International Journal of Fisheries and Aquaculture Research 

Vol.3, No.1, pp.1-20, February 2017 

___Published by European Centre for Research Training and Development UK (www.eajournals.org) 

14 

Print ISSN: ISSN 2397-7507, Online ISSN: ISSN 2397-7760 

 

Bariche, M., (2002). Biologie et écologie de deux espèces lessepsiennes (Siganus 

rivulatus et Siganus luridus, Téléostéens, Siganidae) sur les côtes du Liban. Thèse de 

Doctorat, Université de la Méditerranée (Aix-Marseille II). 223 p 

Bariche, M. (2005). Age and growth of Lessepsian rabbitfish from the eastern Mediterranean. 

Journal of Applied Ichthyology (Impact Factor: 0.87). 04/2005; 21:141-145. 

DOI: 10.1111/j.1439-0426.2004.00619.x 

Bariche M, MH Vivien and J. P. Quignard, (2003). Reproductive cycles and spawning periods of 

two Lessepsian Siganid fishes on the Lebanese coast. Journal of Fish Biology 62: 129-

142. 

Bariche M, Y Letourneur and M. H. Vivien, (2004). Temporal fluctuations and settlement 

patterns of native and Lessepsian herbivorous fishes on the Lebanese coast (eastern 

Mediterranean). Environmental Biology of Fishes 70: 81-90. 

BAZAIRI H., Y. R. SGHAIER, I. BENAMER, H. LANGAR, G. PERGENT, E.M. BOURASS, 

M. VERLAQUE, J. BEN SOUSSI and A. ZENETOS, (2013). Alien marine species of 

Libya: first inventory and new records in El-Kouf National Park (Cyrenaica) and the 

neighboring areas. Medit. Mar. Sci., 14/2, 2013, 451-462 451  

Belmaker J, Parravicini V, Kulbicki M (2013) Ecological traits and environmental affinity 

explain Red Sea fish introduction into the Mediterranean. Glob Change Biol 19: 1373–

1382. 

Ben Abdallah, A. R., Al-Turky A., Fituri, A. A., (2003). Commercially exploited exotic fishes in 

Libya. Bulletin de l’Institut National des Sciences et Technologies de la Mer (Salammbô) 

n°spécial, (8), Actes des 6èmes Journées de l’ATSMer, Tunis (Tunisie) 28-30 Novembre 

2003, 53-55. 

Ben Abdallah, A. R, Al-Turky A., Fituri, A. A., (2005). Exotic fishes along the coast of Libya 

(Arabic with English abstract) Libyan Journal of Marine Science, (10), 48-56. 

Ben Rais Lasram F., J. A. Tomasini, F. Guilhaumon, M. S. Romdhane, T. Do Chi, D. Mouillot, 

(2008). Ecological correlates of dispersal success of Lessepsian fishes. Mar Ecol Prog Ser 

Vol. 363: 273–286, 2008 doi: 10.3354/meps07474. 

Ben-Tuvia A., (1966). Red sea fishes recently found in the Mediterranean. Copeia 2: 254–275. 

Ben-Tuvia, A., (1972). Immigration of fishes through the Suez Canal. 17e Congr. Intern. Zool. 

No.3. Les conséquences biologiques des canaux inter-océans.  

Bianchi, C. N., (2007). Biodiversity issues for the forthcoming tropical Mediterranean Sea. 

Hydrobiologia, 580, 7-21.  

Boudouresque, C.F. and Verlaque, M., (2002a). Biological pollution in the Mediterranean Sea: 

invasive versus introduced macrophytes.  Mar. Poll. Bull., 44: 32-38. 

Boudouresque, C.F. and Verlaque, M. (2002b). Assessing scale and impact of ship-transported 

alien macrophytes in the Mediterranean Sea. In: Alien marine organisms introduced by 

ships in the Mediterranean and Black seas. Briand F. (ed.), CIESM Workshop 

Monographs, 20: 53-61. 

Boudouresque C. F.   , Sandrine Ruitton and Marc Verlaque, (2005).  LARGE-SCALE 

DISTURBANCES, REGIME SHIFT AND RECOVERY IN LITTORAL SYSTEMS 

https://www.researchgate.net/journal/0175-8659_Journal_of_Applied_Ichthyology


International Journal of Fisheries and Aquaculture Research 

Vol.3, No.1, pp.1-20, February 2017 

___Published by European Centre for Research Training and Development UK (www.eajournals.org) 

15 

Print ISSN: ISSN 2397-7507, Online ISSN: ISSN 2397-7760 

 

SUBJECT TO BIOLOGICAL INVASIONS. In Velikova v., Chipev N. eds Unisco-Roste 

BAS / Workshop on regime shifts, 14-16 June, Varna, Bulgaria, 85-101.  

Castriota l. and F. Andaloro, (2005). First record of the lessepsian fish Siganus luridus 

(Osteichthyes: Siganidae) in the Tyrrhenian Sea. Marine Biodiversity Records, page 1 of 

2.#2005 Marine Biological Association of the United 

Kingdomdoi:10.1017/S1755267205001223; Vol. 1; e11; 2008 Published online 

CEVIK C.,TOKLU B., SARIHAN E., (2002) The impact of the Red sea species (Lessepsian) on 

the Mediterranean Sea. In: Bayram Öztürk and Nuri Basusta (eds). Workshop on 

Lessepsian migration, 20-21 July 2002 Gökceada, Turkey, 83-86. 

Coll M, Piroddi C, Steenbeek J, Kaschner K, Ben Rais Lasram F, et al., (2010) The Biodiversity 

of the Mediterranean Sea: Estimates, Patterns, and Threats. PLoS ONE 5(8): 

e11842.doi:10.1371/journal.pone.0011842 

Corsini-Foka M., Pancucci-Papadopoulou M.-A. and Kalogirou S., (2010) Is the Lessepsian 

province in expansion? The Aegean Sea experience. FAO-EastMed Working Document. 

Sub-regional technicalmeeting on the Lessepsian migration and its impact on eastern 

mediterranean fishery. Nicosia, 7–9 December 2010, pp. 50–59. 

Daniel B., Piro S., Charbonnel E., Francour P. and Letourneur Y., (2009) Lessepsian rabbitfish 

Siganus luridus reached the French Mediterranean coasts. Cybium 33, 163–164. 

Fishbase. Retrieved 15 June 2013. 

Forsskål, P., (1775). Descriptiones animalium, avium, amphibiorum, piscium, insectorum, 

vermium; quae in itinere orientali observavit Petrus Forsskål. Post mortem auctoris edidit 

Carsten Niebuhr. Havenai, Mölleri. 

FREDJ G., MEINARDI M.,MENARDI M. (1992) État des Connaissances sur la Faure marine 

Méditerranéenne. Bulletin de l’Institut Océanographique de Monaco, no. Spécial 9: 133-

145. 

GALIL B.S., (2006). The marine caravan – the Suez Canal and the Erythre: an invasion. In: 

Gollasch, B. Galil, A Cohen. Bridging divides: maritime canals as invasion corridors. 

Springer (Monographie Biological, 83.). Part 4: The Suez Canal. pp. 207-300. 

Galil, Bella S. • Ferdinando Boero• Marnie L. Campbell• James T. Carlton• Elizabeth Cook• 

Simonetta Fraschetti• Stephan Gollasch• Chad L. Hewitt• Anders Jelmert• Enrique 

Macpherson• Agnese Marchini• Cynthia McKenzie• Dan Minchin• Anna Occhipinti 

Ambrogi• Henn Ojaveer• Sergej Olenin• Stefano Piraino• Gregory M. Ruiz., (2014). 

‘Double trouble’: the expansion of the Suez Canal and marine bioinvasions in the 

Mediterranean Sea. Biol Invasions DOI 10.1007/s10530-014-0778-y 

George C. J., Athanassiou V., (1967) A two year study of the fishes appearing in the seine fishery 

of St George Bay, Lebanon. Ann Mus Civ Stor Nat Genova 76:237–294 

Giakoumi S., (2014) Distribution patterns of the invasive herbivore Siganus luridus (Ruppell, 

1829) and its relation to native benthic communities in the central Aegean Sea, 

Northeastern Mediterranean. Marine Ecology 35, 96–105. 

Golani D., (1996).The marine ichthyofaunal of the eastern Levant-histiory, inventory and 

characterization. Isr. J.Zool., 42. 15-55. 



International Journal of Fisheries and Aquaculture Research 

Vol.3, No.1, pp.1-20, February 2017 

___Published by European Centre for Research Training and Development UK (www.eajournals.org) 

16 

Print ISSN: ISSN 2397-7507, Online ISSN: ISSN 2397-7760 

 

Golani, D., (1998).  Distribution of Lessepsian migrant fish in the Mediterranean, Italian Journal 

of Zoology, 65:S1, 95-99, DOI: 10.1080/11250009809386801The 

Golani D., (2002). Lessepsian fish migration—Characterization and impact on the Eastern 

Mediterranean. Pp. 1–9.In: Basusta N. (eds.) Workshop on Lessepsian migration, 20–21 

July 2002, Groceada, Turkey. 

Golani D., (2006). The Indian scad (Decapterus russelli),(Osteichthyes: Carangidae), a new Indo-

Pacific fish invader of the eastern Mediterranean. Scientia Marina 70: 603–605. 

Golani D., (2010). Colonization of the Mediterranean by Red Sea fishes via the Suez Canal 

Lessepsian Migration. Pp. 145–188. In: Golani D., Appelbaum-Golani B. (eds.) Fish 

invasions of the Mediterranean Change and renewal. Pensoft, Sofia, Bulgaria. 

Golani D., Orsi-Relini L., Massuti E. and Quignard J. P., (2002) CIESM atlas of exotic species in 

the Mediterranean. In Briand F. (ed.) Fishes, Vol. 1. Monaco: CIESM Publications, 259 

pp. 

Golani D., Bayram Öztürk, Nuri Basusta, (2006). Fishes of the Eastern Mediterranean. Printed 

by: Graphis Matbaa +902126290607 

Golani D, Orsi-Relini L, Massuti E, Quingnard JP, Dulčić J, Azzurro E (2013) CIESM atlas of 

exotic fishes in the Mediterranean. http://www.ciesm.org/atlas/appendix1.html(Accessed 

March 2015) Quignard JP, Tomasini JA (2000) Mediterranean fish biodiversity. Biologia 

Marina Mediterranea 7(3): 1–66  

Gruvel A., (1931) Les Etats De Syrie. Richness Marines et Fluviales. Exploitation Actuelle, 

Avenir. Paris: Societe d’editions Geographiques, Marines et Coloniales, pp. 72–134. 

Harmelin-Vivien M., Harmelin J. G., (1990) -Guide des Poissons dela Méditerranée. Delachaux 

et Niestlé, Lausanne, Switzerland, 144pp.    

Hassan, M., Harmelin-Vivien, M. & Bonhomme, F., (2003). Lessepsian invasion without 

bottleneck: example of two rabbitfish species (Siganus rivulatus and Siganus luridus). 

Journal of the Experimental Marine Biology and Ecology, 291, 219-232. 

Hiddink J. G., Ben Rais Lasram F, Cantrill J, Davies A. J. (2012). Keeping pace with climate 

change: what can we learn from the spread of Lessepsian migrants? Glob Change Biol18: 

2161–2171. 

IPCC, (2013). Climate Change 2013: the Physical Science Basis. Working group 1 contribution 

to the fifth assessment report of the International Panel on Climate Change, International 

Panel on Climate Change, Cambridge, UK and New York, NY, USA. 

Ismen A., A. Ayaz and Z.D. Yildirim, (2015).  Northernmost record of the dusky spinefoot 

Siganus luridus in the Aegean Sea (Turkey coast). Marine Biodiversity Records, page 1 

of 4. Marine Biological Association of the United Kingdom, 2015. 

doi:10.1017/S1755267215000172; Vol. 8; e42; 2015 Published online. 

Jones, M. C., Dye, S. R., Pinnegar, J. K., Warren, R., and Cheung, W. W. L., (2013). Applying 

distribution model projections for an uncertain future: the case of the Pacific oyster in UK 

waters. Aquat. Conserv. Mar. Freshw. Ecosyst. 23, 710–722. doi: 10.1002/aqc.2364. 



International Journal of Fisheries and Aquaculture Research 

Vol.3, No.1, pp.1-20, February 2017 

___Published by European Centre for Research Training and Development UK (www.eajournals.org) 

17 

Print ISSN: ISSN 2397-7507, Online ISSN: ISSN 2397-7760 

 

Kallianiotis, A., and Lekkas, V., (2005). First documented report on the Lessepsian migrant 

Etrumeus teres De Kay, 1842 (Pisces: Clupeidae) in the Greek Seas. J. Biol. Res. 4, 225–

229. 

Katsanevakis, S., Bogucarskis, K., Gatto, F., Vandekerkhove, J., Deriu, I. et al.,  (2012). Building 

the European Alien Species Information Network (EASIN): a novel approach for the 

exploration of distributed alien species data. BioInvasions Records, 1, 235-245. 

Katsanevakis S, Coll M, Piroddi C, Steenbeek J, Ben Rais Lasram F, Zenetos A, Cardoso AC, 

(2014a). Invading the Mediterranean Sea: biodiversity patterns shaped by human 

activities. Frontiers in Marine Science,  

http://dx.doi.org/10.3389/fmars.2014.00032 

Katsanevakis S, Wallentinus I, Zenetos A, Leppäkoski E, Çinar ME, Oztürk B, Grabowski M, 

Golani D, Cardoso AC, (2014b). Impacts of marine invasive alien species on ecosystem 

services and biodiversity: a pan-European review. Aquatic Invasions9(4): 391–423.  

KETCHUM B.H., (1983). Ecosystems of the world 26 Estuaries and Enclosed Seas. Amsterdam, 

Oxford, New York: Elsevier Scientific Publishing Company. 

Khamis, E., (2008). The analysis of the catch trawling net along Ben Gghazi, M. sc, Thesis. 

CoastFac. of. Nat. Res. and Envi, Omar El Mukhtar University PP89. 

KOVALEV, (2006). On the problem of Lessepsian migrations of zooplanktonic organisms. 

Medit. Mar. Sci, 7/2, 2006, 67-71 

Ktari-Chakroun F. and Bouhalal M., (1971). Record of Siganus luridus (Ruppel) in the Gulf of 

Tunisia. Bull. Inst. Natl. Sci. Tech. Oceanogr. Peche Salammbo2, 49–52. 

Ktari F., Ktari M. H., (1974). Precence dans le Golf de Gabes de Siganus luridus (R・pell, 1829) 

et de Siganus rivulatus (Forsskal, 1775) (Poissons, Siganidae) parasit par 

Pseudohaliotrematodides polymorphus. Bulletin de l’Institut national scientifique et 

technique d’Oceanographie et de peche de Salammb 3: 95–98. 

Lamboeuf M., (2000). Artisanal fisheries in Libya – census of fishing vesselsand inventory of 

artisanal fishery metiers. Final Report, FAO- COPEMED-MBRC , 42 pp. 

Libralato, S., Alberto Caccin and Fabio Pranovi. (2015). Modeling species invasions using 

thermal and trophic niche dynamics under climate change. Front. Mar. Sci., 27 May 2015 

| http://dx.doi.org/10.3389/fmars.2015.00029 

Madl P., (2011). Colloquial Meeting of Marine Biology I Headed by: dr. A. Goldschmid. Essay 

about the phenomenon of Lessepsian Migration. 

Marras, S., Andrea Cucco, Fabio Antognarelli, Ernesto Azzurro, Marco Milazzo, Michel Bariche, 

Momme Butenschön, Susan Kay, Massimiliano Di Bitetto, Giovanni Quattrocchi, Matteo 

Sinerchia and Paolo Domenici, (2015). Predicting future thermal habitat suitability of 

competing native and invasive fish species: from metabolic scope to oceanographic 

modelling. Conservation physiology. Volume 3 2015. 

Occhipinti-Ambrogi, A. and Galil, B. S., (2004). A uniform terminology on bioinvasions: a 

chimera or an operative tool? Mar. Poll. Bull., 49: 688-694. 

ORAL, M., (2010). Alien fish species in the Mediterranean – Black Sea Basin. J. Black 

Sea/Mediterranean Environment Vol. 16(1): 87-132 (2010) 

http://dx.doi.org/10.3389/fmars.2014.00032
http://frontiersin.org/people/u/190677
http://frontiersin.org/people/u/224815
http://frontiersin.org/people/u/224815
http://frontiersin.org/people/u/193573
http://frontiersin.org/people/u/193573
http://dx.doi.org/10.3389/fmars.2015.00029


International Journal of Fisheries and Aquaculture Research 

Vol.3, No.1, pp.1-20, February 2017 

___Published by European Centre for Research Training and Development UK (www.eajournals.org) 

18 

Print ISSN: ISSN 2397-7507, Online ISSN: ISSN 2397-7760 

 

Pimentel, D., Lach, L., Zuniga, R., Morrison, D., (2000). Environmental and economic costs of 

non-indigenous species in the United States. BioScience, 50, 53-65. 

Poloniato, D., S, Ciriaco, R. Odorico,J. Dulcic, L. Lipej, (2010). First record of the dusky 

spinefoot Siganus luridus (Ruppel,l 1828) in the Adreatic Sea. ANNALES . Ser. Hist. nat 

. 20 . 2010 . 2. 

Por F. D., (1978). Lessepsian migration - The influx of Red Sea biota into the Mediterranean by 

way of the Suez Canal. Ecological Studies, Vol. 23. Berlin-Heidelberg-New York: 

Springer-Verlag, pp. 88–194. 

Por F. D., (2010). The new Tethyan ichthyofauna of the Mediterranean- historical background 

and prospect. In Golani D. and Appelbaum-Golani B. (eds) Fish invasions of the 

Mediterranean Sea: change and renewal. Sofia-Moscow: Pensoft Publishers, pp. 13–33. 

QUIGNARD J. P.,TOMASINI J. A., (2000). Mediterranean fish biodiversity. Biologia Marina 

Mediterranea 7: 1-66. 

Raitsos D. E., Beaugrand G., Georgopoulos D., Zenetos A.,Pancucci-Papadopoulou A. M., 

Theocharis A. and Papathanassioua E., (2010). Global climate change amplifies the entry 

of tropical species into the Eastern Mediterranean Sea. Limnology and Oceanography 55, 

1478–1484 

Rüppell, W. P. E. S., (1829).  Atlas zu der Reise im nördlichen Afrika. Zoologie; Fische des 

rothen Meeres. (1828-1830). 

Sala, E., Kizilkaya, Z., Yildirim, D., Ballesteros, E., (2011). Alien marine fishes deplete algal 

biomass in the Eastern Mediterranean. PLoS ONE 6 (2), e17356. 

doi:10.1371/journal.pone.0017356. 

Samuel P. Iglésias and Lou Frotté, (2015). Alien marine fishes in Cyprus: update and new 

records. Aquatic Invasions (2015) Volume 10, Issue 4: 425–438 doi: 

http://dx.doi.org/10.3391/ai.2015.10.4.06 

SHAKMAN, (1969). Lessepsian Migrant fish Species of the Coastal Waters of Libya: Status, 

Biology, Ecology. MSC. Thesis. Universitat Rostock. Germany. 

Shakman E. A., (2008). Lessepsian Migrant fish species of the coastal waters of Libya: status, 

biology, ecology. Rostock, Germany: Institut Biowissenschaften Biodiversitatsforschung 

Allgemeine & Spezielle Zoologie, Rostock University, 130 pp. 

Shakman E. A. and R. Kinzelbach, (2007a). Distribution and characterization of Lessepsian 

migrant fish along the coast of Libya. Acta Ichthyologica et Piscatoria 37(1): 7-15. 

Shakman, E., and Kinzelbach, R., (2007b). Commercial fishery and fish species composition in 

coastal waters of Libya. Rostocker Meeresbiologische Beiträge,18, S. 63-78. 

Shakman, E., Winkler, H.M., Oeberst, R., Kinzelbach, R., (2008). Morphometry, age and growth 

of Siganus luridus Rüppell, 1828 and Siganus rivulatus Forsskål, 1775 (Siganidae) in the 

central Mediterranean (Libyan coast). Revista de Biologia Marina & Oceanografia, 43 

(3), 521-529 

Sommer, C., W. Schneider and J.-M. Poutiers, (1996). FAO species identification field guide for 

fishery purposes. The living marine resources of Somalia. FAO, Rome. 376 p. 



International Journal of Fisheries and Aquaculture Research 

Vol.3, No.1, pp.1-20, February 2017 

___Published by European Centre for Research Training and Development UK (www.eajournals.org) 

19 

Print ISSN: ISSN 2397-7507, Online ISSN: ISSN 2397-7760 

 

Steinitz, W., (1927). Beitrage zur Kenntnis der Kustenfauna Palastinas. I. Pubbl. Staz. Zool. 

Napoli 8, 331–353. 

Stelios Catsanevakis, (2013). Invading the Mediterranean Sea: pathways of introduction, 

distribution patterns and impact of alien species. In: MARBIGEN Conference on 

Mediterranean Marine Biodiversity in view of  in view of climate change and invasion by 

alien species. 7-9 October 2013.,  Heraklion, Greece. 

Štirn, J., (1970). Some notes on western trends of Lessepsian migration. In: Journées 

Ichthyologiques, Rome, 30 Nov- 1 Dec., pp. 187-190, CIESM, Monaco.  

Streftaris, N., Zenetos, A., (2006). Alien marine species in the Mediterranean - the 100 ‘worst 

invasives’ and their impact. Mediterranean Marine Science, 7 (1), 87-118. 

Tsikliras, A. C., and Stergiou, K. I., (2014). The mean temperature of the catch increases quickly 

in the Mediterranean Sea. Mar. Ecol. Prog. Ser. 515, 281–284. doi: 10.3354/meps11005 

UNEP-MAP-RAC/SPA, (2005). Action Plan concerning species introductions and invasive 

species in the Mediterranean Sea . RAC/SPA (Ed.), Tunis, 30 pp. 

UNEP- MAP-RAC/SPA - Tunis, (2013). United Nations. Environment 01 /10/3102  - Nations 

Environment Programme / Mediterranean Action Plan (UNEP/MAP). 

Vilà M, Basnou C, Pyšek P, Josefsson M, Genovesi P, Gollasch S, Nentwig W, Olenin S, Roques 

A, Roy D, Hulme PE, (2010). How well do we understand the impacts of alien species on 

ecosystem services? A pan-European, cross-taxa assessment. Frontiers in Ecology and the 

Environment 8(3): 135–144.  

Williamson, M., Fitter, A., (1996). The varying success of invaders. Ecology, 77(6): 1661-1666. 

Wootton R. J., (1992). Fish ecology. Blackie & Son Ltd., Glasgow, 212pp. World Register of 

Marine Species. Retrieved 15 June 2013 

Zenetos A., (2010). Trend in aliens species in the Mediterranean. An answer to Galil, 2009 

«Taking stock: inventory of alien species in the Mediterranean Sea». Biol. Invasions, 

sous presse.  

Zenetos, A., Gofas, S., Verlaque, M., Çinar, M. E., Garcia Raso, J. E. et al., (2010). Alien species 

in the Mediterranean Sea by 2010. A contribution to the application of European Union’s 

Marine Strategy Framework Directive (MSFD). Part I. Spatial distribution. 

Mediterranean Marine Science, 11 (2), 318-493. 

Zenetos, A., Gofas, S., Verlaque, M., Çinar, M.E., Garcia Raso, J. E. et al., (2011a). Errata to the 

review article (Medit. Mar. Sci., 11 (2): 318-493). Alien species in the Mediterranean Sea 

by 2010. A contribution to the application of European Union’s Marine Strategy 

Framework Directive (MSFD). Part I. Spatial distribution. Mediterranean Marine 

Science, 12 (2), 509-514. 

Zenetos A., Katsanevakis S., Poursanidis D., Crocetta F., Damalas D., Apostolopoulos G., Gravili 

C., Vardala-Theodorou E. and Malaquias M., (2011b). Marine alien species in Greek 

Seas: additions and amendments by 2010. Mediterranean Marine Science 12, 95–120. 

Correspondence should be addressed to: A. Ismen Faculty of Marine Science and 

Technology Canakkale Onsekiz Mart University, TR-17100, Turkey. 



International Journal of Fisheries and Aquaculture Research 

Vol.3, No.1, pp.1-20, February 2017 

___Published by European Centre for Research Training and Development UK (www.eajournals.org) 

20 

Print ISSN: ISSN 2397-7507, Online ISSN: ISSN 2397-7760 

 

Zenetos A, Gofas S, Morri C , Rosso A, Violanti D, García Raso JE, Çinar ME, Almogi-Labin A, 

Ates AS, Azzurro E, Ballesteros E, Bianchi C. N., Bilecenoglu M, Gambi MC, 

Giangrande A, Gravili C, Hyams-Kaphzan O, Karachle PK, Katsanevakis S, Lipej L, 

Mastrototaro F, Mineur F, Pancucci-Papadopoulou M. A., Ramos Esplá A, Salas C, San 

Martín G, Sfriso A, Streftaris N, Verlaque M., (2012). Alien species in the Mediterranean 

Sea by 2012. A contribution to the application of European Union’s Marine Strategy 

Framework Directive (MSFD). Part 2. Introduction trends and pathways. Mediterranean 

Marine Science13(2): 328–352, http://dx.doi.org/10.12681/mms.327 

Zupanovic S., El-Buni A. A., (1982). A contribution to demersal fish studies off the Libyan coast. 

Bulletin of Marine Research Centre (Tripoli-Libya) 3: 77–122. 

 

Acknowledgements 
Thanks are expressed to “Darna Fishers Trade Union”, “Tobrok Fishers Trade Union” and 

“Office of Marine Resources in Darna” for helping in filling the questionnaires by fishers, 

availing to us relevant documents and records of their institutions and the productive discussions 

and suggestions they made. 

 

- 

 

http://dx.doi.org/10.12681/mms.327

