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Molecular data have shown that jellyfishes are more geographically restricted and 

evolutionarily diverged than previously thought. In the present investigation, we examined the 

genetic variation and divergence among some sampling sites of the meroplanktonic barrel 

jellyfish Rhizostoma pulmo over the Mediterranean Sea, using sequences of mtDNA 

cytochrome c oxidase subunit I (COI) gene. Sequence analyses were performed on 68 

specimens collected from 19 sampling sites along the species distribution range over the 

Mediterranean Sea water, specifically from the North Adriatic, Western Mediterranean and 

Tunisian Coast. Of these 68 sequences, 45 (66.2%) were new in specimens collected from 

nine sampling sites along the Tunisian Coast. A total of 24 haplotypes, with relatively high 

levels of haplotype diversity (h = 0.866) and low levels of nucleotide diversity (π = 0.004), 

were obtained. Both of the phylogenetic tree and haplotype network analysis showed presence 

of three distinct phylogenetic lineages, i.e. populations, with separate geographic distribution. 

Occurrence of the three lineages was supported by presence of significant and high genetic 

differentiation between populations (FST = 0.757; P < 0.001). This significant high genetic 

differentiation could be attributed either to evolution of both intrinsic and extrinsic barriers to 

genetic exchange between populations of the three lineages or to local adaptation to variation 

in environmental conditions. 
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Introduction 

Increasing colonization and number of Scyphozoans in the new habitats has actually gained 

the attention of scientists to improve our knowledge about the ecology and life cycle of these 

taxa (Mills 2001). Indeed, the study of their distribution, life history and particularly their 

ecological parameters are of great interest because of the ecological and social impacts of 

their outbreaks (Purcell 2005). In addition, the impact of Scyphozoan mass occurrences on the 

economic and recreational activities has been well documented in several studies and this 

highlights the importance of these phenomena (Dawson and Hamner 2009, Richardson et al. 

2009). 

As far as known, the marine environment, in contrast to the terrestrial environment, has 

no clear geographic barriers and thus it represents a strong challenge for the phylogeography 

of its own taxa. Kuo and Avise (2005) detected phylogeographic breaks and phylogeographic 

patterns in many taxa as an evidence of major barriers to gene flow over the sea. In addition, 

many authors have assumed that organism determinism does not play significant role in 

divergence (Patarnello et al. 2007, Ayre et al. 2009). However, some others indicated that 

dispersal ability is an important determinant of phylogeographic patterns (see Ramšak et al. 

2012 and references therein). As for example, species with planktonic larvae displayed 

phylogeographic structure as a response to contemporary oceanographic conditions, while 

those with restricted dispersion may be more likely to reflect historical processes (Pelc et al. 

2009). In the light of these findings, study of scyphozoan species is also important because 

they have metagenetic life history, with planktonic medusae and benthic phase 

(meroplanktonic species) (Fuentes et al. 2011, Ramšak et al. 2012).  

Interestingly, studies on molecular systematics and phylogeography of jellyfish species 

over the Mediterranean and European Seas have profoundly increased during the last decades 

and mitochondrial cytochrome c oxidase subunit I (COI) gene has been used as a 
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phylogenetic marker for more than two decades (Holland et al. 2004, Dawson 2005c, Ki et al. 

2008, Stopar et al. 2010, Miller et al. 2012, Ramšak et al. 2012, Lee et al. 2013, Glynn et al. 

2015). Generally, phylogeographic studies on scyphozoan species have aimed to investigate 

the genetic differences that characterize organisms inhabiting the boundaries between the 

marine biogeographic regions (Stopar et al. 2010). In fact, the adaptation to the environmental 

conditions prevalent within different biogeographic regions is an important factor in 

maintaining the distribution of taxa (Palumbi 1994, Dawson 2004, 2005b, c). Thus, 

phylogeographic approaches mostly help to understand the spatial distribution of genetic 

lineages within and among closely related species occurring in different environments (Stopar 

et al. 2010, Miller et al. 2012, Ramšak et al. 2012, Lee et al. 2013).  

The barrel jellyfish Rhizostoma pulmo (Macri 1778) has a meroplanktonic life cycle and 

occurs in the Northern and Southern Adriatic, the Ionian, the Black, the Eastern and Western 

Mediterranean Seas (Ramšak and Stopar 2007, Purcell et al. 2012) and in the Mar Menor 

costal lagoon (South-eastern Spain) of the North Western Mediterranean (Mas 1999, Pagés 

2001, Perez-Ruzafa and Aragon 2002, Lilley et al. 2009, Fuentes et al. 2011). In Tunisia, this 

species has a wide distribution along the coastline as well as in some lagoons (Daly-Yahia et 

al. 2003, Touzri et al. 2005, Addad et al. 2008). 

Recently, Lee et al. (2013) and Prieto et al. (2013) confirmed the validity of the 

morphological classification of R. pulmo as a separate species. As it’s known, few 

demographic (Galil 2000, Kogovšek et al. 2010), ecological (Lilley et al. 2009, Gili et al. 

2009) and biological (Fuentes et al. 2011, Purcell et al. 2012, Waryani et al. 2015) studies are 

reported on R. pulmo in the Mediterranean and European Seas. In addition, recent studies 

based on mitochondrial COI gene (Ramšak et al. 2012; Armani et al. 2013) and nuclear (ITS1 

and ITS2) regions (Ramšak et al. 2012) are have been carried on for R. pulmo along the 

Mediterranean Sea. However, these investigations are have been carried out only on 13 
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specimens: eight from North Adriatic, five from South Mediterranean (Tunisian Coast) 

(Ramšak et al. 2012) and ten from Western Mediterranean (Armani et al. 2013). 

Here, phylogenetic analyses of R. pulmo were conducted on more samples collected 

along the Tunisian Coast, using sequences of mtDNA COI gene to: 1) describe in details the 

genetic diversity of R. pulmo in this region and 2) compare the present results with that 

previously published by Ramšak et al. (2012) and Armani et al. (2013) to check whether or 

not there is a recent evidence of genetic differentiation occurred by this species in the three 

biogeographic regions, Tunisian Coast, North Adriatic and Western Mediterranean. 

Material and methods 

Sampling 

A total of 45 specimens of the barrel jellyfish Rhizostoma pulmo (Macri 1778) were collected 

from nine different localities along the Tunisian Coast during local blooms between March 

and September 2013 (Figure 1, Table S1). Medusae specimens were preserved on ice and 

transported to the laboratory where they were morphologically examined and dissected. Then, 

tissue samples (bell margin or gonads) were collected from the umbrella and stored in 96 % 

ethanol for subsequent DNA extraction. 

DNA extraction, amplification and sequencing 

Total genomic DNA was extracted from the ethanol-preserved tissues using a                                              

CTAB-phenol/chloroform based protocol (Dawson et al. 1998, Dawson and Jacobs 2001). 

The DNA amount was then determined with a NanoDrop ND-1000 spectrophotometer 

(NanoDrop Technologies, DE, USA). The purity of DNA was evaluated by the ratio of 

absorbance at 260/280nm. Polymerase chain reaction (PCR) was performed using a PTC-100 

thermal cycler (MJ Research Inc., Watertown, MA, USA).  The original universal invertebrate 

primers LCO1490 (5'-GGTCAACAAATCATAAAGATATTGG-3') and                                                                                                       

Commented [p1]: I suggest many or a wider number of 
instead of more 
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HC02198   (5'-TAAACTTCAGGGTGACCAAAAAATCA-3') (Folmer et al. 1994) were used 

for the amplification of the mtCOI gene. PCRs contained 1 µl of template DNA, 5 µl 10X 

PCR buffer, 0.2 mM each dNTP (GeneAmp dNTP mix with dTTP, Applied Biosystems), 2.5 

mM MgCl2, 0.5 units (U) of Amplitaq (Biogene) and 0.5 µM each primer in a 50 µl volume.  

The PCR were performed under these conditions: 35 cycles at the following parameters: 1 

min at 95°C, 1 min at 40°C, and 1.5 min at 72°C, followed by a final 72°C extension for 10 

min. The amplification product (5 µl) was resolved by electrophoresis on 1.5% agarose gel. 

DNA bands were stained with ethidium bromide in a TBE buffer. The purified products were 

used as template DNA for cycle sequencing reactions performed by Macrogen (Seoul, Korea). 

The obtained sequences were analyzed using Clustal W in BioEdit version 7.0.5.2 (Hall 

1999). Fine adjustments were manually made after visual inspection. The COI gene in protein 

was translated, and no insertions-deletions or stop codons were revealed, using MEGA 

(version 3.1) software (Kumar et al. 2004). All new sequences of R. pulmo collected in this 

study were deposited in GenBank under the accession numbers given in Table S1. 

Phylogenetic analyses 

The 45 Tunisian COI sequences of R. pulmo obtained in this study were combined with all 

available R. pulmo COI sequences from GenBank. In particular, 23 sequences, eight 

sequences were obtained from North Adriatic (Ramšak et al. (2012), ten from Western 

Mediterranean (Armani et al. 2013) and five from Tunisia (Ramšak et al. 2012), were 

included in the analyses (see Table S1). So, our data set consists of a total of 68 sequences, 

which were allocated into three separate biogeographic regions: North Adriatic (NA), 

Western Mediterranean (WM) and Tunisian Coast (T). The sequence of Nemopilema nomurai 

(Kishinouye 1922) (EU373728) and Rhopilema esculentum (Kishinouye 1891) (EU373723) 

were used as outgroups. JMODELTEST version 0.1.1 (Posada 2008) was run to determine the 

Formatted: Font: Italic

Commented [p2]: Suggestion : The nucelotide sequence 
of the Coi gene was translated in the corresponding 
aminoacid sequence  
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most suitable model of DNA evolution to be used for our dataset of sequences using 

hierarchical log-likelihood-ratio tests and the Akaike information criterion. The TIM1+G with 

a gamma distribution shape parameter equal to 0.120 and the proportion of invariables sites 

equal to 0.331 were the best evolutionary model for the dataset. 

Evolutionary relationships among all haplotypes were inferred by constructing 

phylogenetic trees using the median-joining method available in NETWORK version 4.2.0.1 

(Bandelt et al. 1999) and Bayesian Markov chain Monte Carlo (MCMC) phylogenetic 

analyses (BI) included in MRBAYES version 3.1 using the default priors (Huelsenbeck and 

Ronquist 2001, Ronquist and Huelsenbeck 2003). Three heated chains and a single cold chain 

were employed in all MCMC analyses, and runs were initiated with random trees. Two 

independent MCMC runs were conducted with two million generations per run and trees and 

parameters were sampled every 100 generations. Stationary was assessed by examining the 

average standard deviation of split frequencies and the potential scale reduction factor 

(Ronquist et al. 2005). For each run, the first 25% of sampled trees were discarded as burn-in. 

Bayesian posterior probabilities were used to assess branch support of the MCMC tree. 

Genetic diversity and geographic structure 

Genetic diversity expressed by haplotype (h) and nucleotide (π) diversities (Nei 1987), and 

their standard deviations (± SD) (Tajima 1993), were estimated using DnaSP version 4.10.9 

(Rozas et al. 2003). In addition, geographic structure within the three biogeographic regions 

was estimated with the analysis of molecular variance (AMOVA), using ARLEQUIN version 

3.1 (Excoffier et al. 1992) based on the pairwise matrix of distances between haplotypes, 

which were calculated using the appropriate model of evolution. Haplotypic correlation 

measure (FST) was estimated for all possible permutations among samples of the three 

biogeographic regions. Finally, the significance level of each haplotypic correlation was 
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tested by conducting a non-parametric permutation procedure 10,000 times in ARLEQUIN 

version 3.1 (Excoffier et al. 2005). 

Results 

Haplotype variation 

A fragment of 655 base pairs (bp) length of COI was sequenced in 45 new specimens of R. 

pulmo collected from nine localities in Tunisia. Thus, we analyzed 68 sequences (23 

sequences were used from GenBank and 45 were obtained from this study) and we found a 

total of 24 distinct mtDNA haplotypes (ten haplotypes were previously identified and 14 were 

new) with a total of 33 sites, 23 of which were variable and only ten were parsimony 

informative. Of the 24 haplotypes, 16 (66.66%) were specific to the three sampling sites, 15 

(62.5%) were exclusive to the Tunisian Coast samples and five (20.83%) were shared among 

samples from each biogeographic region. Measures of genetic diversity (haplotype diversity 

(h) and nucleotide diversity (π)) were calculated across the three biogeographic regions 

(Table1). The overall values of h and π were 0.866 ± 0.029 and 0.004 ± 0.007, receptively. 

Values of h and π within the samples of the three biogeographic regions were in the range of 

0.644 to 0.857 and 0.001 to 0.003, receptively. Samples of the North Adriatic region showed 

the highest haplotype and nucleotide diversity (h = 0.857± 0.108 and π = 0.003), while the 

lowest values (h = 0.644 and π = 0.001) were observed in those of the Western Mediterranean 

region (Table 1).  

Phylogenetic analyses 

The phylogenetic analyses generated three lineages corresponding to samples of the three 

biogeographic regions. The first cluster included the specimens originated from the North 

Adriatic (NA); the second comprised those of the Western Mediterranean (WM), while the 

third contained those of the Tunisian Coast (T) (Data not shown). This phylogenetic structure 
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was also evidenced by the minimum spanning network, which similarly generated three 

geographic groups of haplotypes corresponding to samples of the three biogeographic regions 

(Fig. 2). 

Genetic diversity and geographic structure 

Genetic structure of R. pulmo samples from the three biogeographic regions was assessed by 

the pairwise FST estimates. Significant high levels of genetic differentiation were found 

between samples of the three biogeographic regions (FST = 0.757; P < 0.001). Those of the 

Western Mediterranean region showed the highest level of differentiation (FST = 0.763; P < 

0.001), while the lowest value was found in those of the North Adriatic region (FST = 0.752; P 

< 0.001). More specifically, the FST values were 0.706 between samples of the Western 

Mediterranean and North Adriatic regions, 0.722 between those of the latter and Tunisia Cost 

samples, and 0.788 between those of the latter and Western Mediterranean samples (P < 

0.001). In addition, AMOVA analysis showed that 75.74% of variation was explained 

between samples of the three biogeographic regions (Table 2). 

Discussion 

In the present investigation, we analyzed 68 specimens of R. pulmo collected from 19 

sampling sites along the North Adriatic (NA), Western Mediterranean (WM) and Tunisian 

Coast (T) waters to analyze the genetic diversity as well as to check whether or not there is 

genetic differentiation occurred by this species in these three biogeographic regions. 

Mitochondrial DNA cytochrome c oxidase subunit I (COI) gene sequences revealed genetic 

structuring or separation into three phylogenetic lineages, i.e., populations, supported by high 

and significant FST value (0.757; P < 0.001). 

As previously known, the periods of warmer and cooler climate occurred during the 

Quaternary have greatly shaped the genetic structure of many extant marine species (Stopar et 
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al. 2010, Yebra et al. 2011). Such episodes of habitat fragmentation are periods in which gene 

flow between two basins is extremely limited in numerous marine species including 

scyphozoan species (Bargelloni et al. 2003, Hellberg, 2009, Dong et al. 2015). These episodes 

might have triggered the sorting of mtDNA lineages into ancestors of likely possible North 

Adriatic, Western Mediterranean and Tunisian biogeographic regions. 

Recently, phylogeographic studies on several scyphozoan jellyfish species such as 

Catostylus mosaicus (Dawson 2005a), Cassiopea spp. (Holland et al. 2004), Aurelia sp.                       

(Ramšak et al. 2012), and R. octopus (Glynn et al. 2015) revealed different phylogegraphic 

patterns with deep genetic divergence between lineages in different geographic areas. In more 

detail, Glynn et al. (2015) investigated the  genetic structure of the scyphozoan jellyfish R. 

octopus in the Irish and Celtic Seas using  mitochondrial cytochrome oxidase I and revealed 

prominent genetic differentiation  (FST = 0.300 ; P < 0.001) among populations of the 

sampling sites. Such intraspecific phylogeographic structuring exhibited by some 

Semaeostomeae species suggested restricted gene flow (Dawson and Jacobs 2001, Schroth et 

al. 2002, Dawson 2003, 2005c, Holland et al. 2004), which could be explained by metagenetic 

life histories including sessile phase (Stopar et al. 2010). Interestingly, two ecological 

adaptations such as temperature of strobilisation and strobilisation frequency are found to be 

the main reasons of genetic differentiation displayed by some scyphozoan jellyfishes (Schroth 

et al. 2002, Stopar et al. 2010). Thus, it is apparent that R. pulmo similar to some other 

scyphozoans belonging to Semaeostomeae and Rhizostomeae which have metagenetic life 

histories, has a geographically distinct genetic structure. Schroth et al. (2002) reported that the 

genetic differentiation in A. aurita vary with temperature and frequency of strobilisation. 

Also, Miller et al. (2012) analyzed the genetic structure of P. noctiluca populations in 

Southern Africa and found that there is a significant differentiation between the Northern and 

Southern Atlantic populations groups. Similarly, Ramšak et al. (2012) reported that A. aurita 

http://www.sciencedirect.com/science/article/pii/S0305197815000654
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have different phylogeographic patterns in the Black, North Atlantic and Adriatic Seas and 

that Aurelia ssp. are divided into several cryptic species with no genetic structure between 

them. Additionally, Ramšak et al. (2012) claimed that Aurelia sp. in North Adriatic is adapted 

to temperate boreal temperatures for strobilation; while in Adriatic Sea it is adapted to 

specific climatic factors such as minimum winter temperature for strobilation, which occurs 

during the cold part of year with major differences form other geographic regions. 

Conversely, Stopar et al. (2010) recorded clear absence of genetic structure between 

populations of P. noctiluca from the Mediterranean Sea and NE Atlantic Ocean and presence 

of high levels of gene flow between these biogeographic regions.  

In the present study, high haplotype diversity (h = 0.866) and low nucleotide diversity (π 

= 0.004) were observed in the COI gene among populations of the three lineages. This 

significant pattern of genetic differentiation (FCT = 0.757; P < 0.001) could be attributed 

either to evolution of both intrinsic (specific natural history including dispersal ability and 

habitat) and extrinsic (ecological, climatic, geological) barriers to genetic exchange between 

populations of the three lineages (Avise 2000, Goodbody-Gringley et al. 2011, Lerp et al. 

2011), or to local adaptation to variation in environmental conditions that causes different 

individuals of the same species to experience distinct forces of natural selection. These forces 

can cause local populations to evolve traits that provide an advantage in the local environment 

regardless of their consequences in other environments (Miller et al. 2012). 

In addition, this high genetic differentiation could arise from the natural discontinuity of 

the habitats occupied, the environmental heterogeneity affecting the biogeographic regions, 

and the genetic drift (Lee et al. 2013). According to literature, several studies showed that 

temperature of stobilation (Purcell et al. 2009), salinity and light (Purcell et al. 2007, 2009), 

food supply (Han and Uye 2010) and oxygen concentration (Ishii et al. 2008) could shape the 



12 

 

genetic differentiation of scyphozoan species such as Aurelia species-complex originating in 

the Mediterranean Sea (Purcell et al. 2015). 

Moreover, the genetic diversity of R. pulmo populations surveyed here was comparable to 

the previous data of this species across the North Adriatic and South Mediterranean Seas (h = 

0.910; π = 0.48) as well as to other scyphozoan taxa such as Aurelia aurita (h = 0.862; π = 

0.015) (Ramšak et al. 2012) and Pelagia noctiluca (h= 0.962, π = 0.011) (Stopar et al. 2010). 

Nevertheless, the present finding of genetic structure is inconsistent with that reported on the 

same species from North Adriatic and Tunisian waters (Ramšak et al. 2012). 

Finally, we can conclude that ecological adaptations, phenotypic, and ecological 

differences may be occurred by divergent selection between populations of of R. pulmo 

collected from the three geographic regions and led to this obvious high genetic 

differentiation (Ramšak et al. 2012). 
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Figure 1: Sites of collection of the specimen of R. pulmo used in this study for the phylogenetic analyses. Geographic coordinates, location 

names and sample sizes are indicated in Table S1. The different symbols correspond to the three clades evidenced by the phylogenetic 

analyses: triangle (North Adriatic: NA), diamonds (Western Mediterranean: WM) and circles (Tunisia: T). For the locations abbreviations: 

(Gulf of Trieste, Slovenia (GT), Venice, Italy  (VE), Calambrone (CA), Castiglioncello (CS), Marina di Vecchiano (MV), Doñana National 

Park (DN), Mar Menor (MM), (BT) Bay of Bizerte, (TU) Tunisia : Southern Mediterranean,  (BT) Bay of Tunis, Bizerte (BZ), Halk El oued 

(HW), Hawaria (HA), Benikhiar (BK), Hergla (HE), Salakta (SA), Sfax (SF), Gabes (GA) and Bibane (BB))
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Figure 2: Median-joining network for COI haplotypes from R. pulmo. Numbers of mutations (greater than one) between haplotypes are 

indicated near branches, circle sizes are proportional to the number of similar haplotypes observed in the data set. See Table S1 for the haplotype 

designations 



22 

 

Table 1: Genetic variability in different R. pulmo geographic groups 

Population Sample 

size 

No of 

haplotypes 

Haplotype 

diversity 

Nucleotide 

diversity 

(π ± SD) 

North Adriatic 8 5 0.857± 0.108 0.00289±0.00048 

 

Western  

Mediterranean 

10 4 0.644± 0.152 0.00132± 0.00041 

Tunisia 50 15 0.767± 0.046 0.00200± 0.00028 
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Table 2: Analysis of molecular variance (AMOVA) for COI sequences of R. pulmo  for North Adriatic/Western Mediterranean/Tunisia 

(*P<0.001) 

 

Structure test Source of 

variation 

df Sum of 

squares  

Variance 

components  

Pourcentage of 

variation 

Fixation index 

North 

Adriatic/Western 

Mediterranean / 

Tunisia 

Among 

populations  

 

2 60.307 

 

2.0467 

 

75.74 

 

FST=0.757* 

 

 Within 

populations 

65 42.605 

 

0.655 

 

24.26 

 

 

 Total 67 102.912 

 

2.702 
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Table S1: Geographical locations, sample abbreviations and haplotypes of Rhizostoma pulmo used in this study 

Reference 
Acession 

GenBank 

Haplotype 

designation 

Sample 

Code 

Geographical 

coordinates 
Locality Groups 

Ramšak et al., (2012) 

GQ999568 H1 RP1403 

45.69444 N,  

13.64166 E 

Gulf of Trieste, 

Slovenia  

North Adriatic 

HQ902114 H1 RP1404 

HQ902115 H2 RP1407 

HQ902116 H1 RP1408 

HQ902122 H5 RP2202 

HQ902120 H3 RP1801 
45.48888 N,  

12.480055 E 
Venice, Italy   GQ999569 H4 RP1802 

HQ902121 H4 RP1804 

Armani et al., (2013) 

HF536559 H9  43.74633 N 

10.38571 E 
Calambrone  

Western 

Mediterranean 

HF536562 H9  

HF536560 H9  
43. 4095 N 

10.51085 E 
Castiglioncello  

HF536561 H9  
43.89849 N 

10.33052 E 
Marina di Vecchiano  

HF930513 H24  
36.94758 N 

-6.4873 W 

Doñana National 

Park  

HF545304 H10  37.67755N 

0.957916 W 

Mar Menor  

HF545305 H10  

HF545306 H9  
37.80924 N 

0.92280 W 
HF545307 H9  

HF545308 H8  

Ramšak et al., (2012) GQ999571 H7 RP1602 
37.28333N 

9.96666  E 

Bay of Bizerte 

 
 

Ramšak et al., (2012) 

 

HQ902117 H6 RP1502 37.28054 N 

 

10.49166 E 

Tunisia: South 

Mediterranean Tunisia HQ902118 H6 RP1503 

HQ902119 H7 RP1605   
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GQ999570 H6 RP1501 36.7-36.88333N 

10.28333-10.6166 E 
Bay of Tunis 

   

  
 

H11 

 

RP1 
 

37.27626 N 

9.87307 E 

 

 

Bizerte  

 

  H12 RP2 

  H12 RP3 

  H12 RP4 

  H12 RP5 

  H12 RP6 

36.8180  N 

10.3050  E 
Halk El oued  

  H12 RP7 

  H12 RP8 

  H12 RP9 

  H12 RP10 

  H13 RP11 

37.05000 N 

11.016666E 
Hawaria  

  H12 RP12 

This study  H12 RP13 

  H12 RP14 

  H11 RP15 

36.46666 N 

10.78333 E 
Benikhiar  

  H12 RP16 

  H11 RP17 

  H14 RP18 

  H12 RP19 

  H6 RP20 

36.03333N 

10.50000E 
Hergla  

  H6 RP21 

  H15 RP22 

  H6 RP23 

  H6 RP24 

35.39471 N 

11.04006 E 
Salakta  

  H6 RP25 

  H16 RP26 

  H6 RP27 
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  H6 RP28 

  H6 RP29 

34.74515 N 

10.76130 E 
Sfax  

  H6 RP30 

  H6 RP31 

  H17 RP32 

  H18 RP33 

33.89326 N 

10.10291 E 
Gabes  

This study  H6 RP34 

  H19 RP35 

  H6 RP36 

  H6 RP37 

  H6 RP38 

  H20 RP39 

33.25197 N 

11.41077 E 
Bibane  

  H6 RP40 

  H21 RP41 

  H6 RP42 

  H22 RP43 

  H6 RP44 

  H23 RP45 

 

 

 

 

 


