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Abstract 

 

Population structure of Atlantic Bonito Sarda sarda in the Mediterranean Sea and possible 

pathway of migration for spawning and feeding was discussed on the bases of genetic and 

morphological dataset. The effects of topographic and hydrographic factors on the 

connectivity and migration pattern of Atlantic Bonito in Turkish, Bulgarian and Croatian 

marine waters and fishery management implications of putative stocks were correspondingly 

referred. 
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Introduction 

The Atlantic bonito Sarda sarda (Bloch 1973) is a commercially valuable small tuna-

like species, which occurs along the tropical and temperate coasts of the Atlantic Ocean, the 

Mediterranean Sea and the Black Sea and inhabit pelagic waters limited by the continental 
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shelf (Relini et al., 2005; Collette and Nauen, 1983; Turan et al., 2007). According to ICCAT 

2013, the total catch of Atlantic Bonito is 10.019 t in Turkish Seas   in   2011 and Turkey 

takes the first place in Mediterranean with this value (ICCAT, 2013). Atlantic Bonito mainly 

feed on anchovy, sprat, pilchard, horse mackerel, chup mackerel in Turkish marine waters. 

The fishery data of these species since 2002 obtained from DIE (2013) was investigated 

according to years that the catch amount of Atlantic Bonito was increased when anchovy 

stocks was being crushed in the fishing season 2005-2006 that Atlantic Bonito possibly cause 

the decline of anchovy stocks due to anchovy based feeding. 

 
Figure 1. The annual distribution of Atlantic bonito and other feed related species between 

2002-2011 years in Turkish Seas. 

 

Little is known about Atlantic bonito migration patterns. Atlantic bonito migrates for feeding 

and spawning. Three separate spawning grounds are generally accepted to occur for the 

bonito in the Mediterranean Sea. The first and main spawning ground is the Black and 

Marmara Seas in the eastern Mediterranean (Yoshida, 1980; Rey et al., 1984). The area 

between Gibraltar, Balearic Islands and Algeria is the second spawning ground in the western 

Mediterranean (Rey et al., 1984). The third spawning ground is accepted to be in the northern 

Balearic Sea (Sabates & Recasens, 2001). 

 

Marine species usually reveal lower geographical differentiation than terrestrial species, as a 

result of lack of geographical barriers, large population sizes, high fecundity, wide range of 

distribution and long pelagic larval phase (Ward, 2000; Nielsen & Kenchington, 2001). 

Connectivity between populations is generally explained as the degree to which populations 

are considered to be open or close by gene flow and dispersal patterns (Hellberg et al., 2002; 

Palsbøll et al., 2007). Therefore, understanding the degree of connectivity and diversity are 

central issue for conservation, management and recovery of exploited stocks (Carvalho & 

Hauser, 1994; Schick & Lindley, 2007). There have been several population genetic and tag 

re-cupture studies for understanding degree of connectivity between populations of Atlantic 

Bonito in the Mediterranean Sea (Rey et al., 1984; Vinas et al., 2004; Turan et al., 2015). 

Turan et al. (2015) investigated population genetic structure and connectivity of Atlantic 

Bonito using mtDNA sequencing analysis in Turkish, Bulgarian and Croatian marine waters 

in the Adriatic Sea (Figure 2). 
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Figure 2. Sampling locations of S. sarda. The abbreviation of the samples as: BS1, the Black 

Sea Bulgarian Coast (Varna); BS2, the Black Sea Igneada; the Black Sea Duzce (BS3); the 

Black Sea Samsun (BS4); the Black Sea Trabzon (BS5); Istanbul Bosporus (BP); MS, 

Marmara Sea Bandırma; AS, the Aegean Sea Izmir; NMS1, the northeastern Mediterranean 

Sea Antalya Bay; NMS2, the northeastern Mediterranean Sea Iskenderun Bay; ADS, Adriatic 

Sea Croatian Coast. Taken from Turan et al. (2015). 

 

MtDNA analysis revealed that populations of Atlantic Bonito in Turkish coastal waters were 

divided into two genetically different two populations that Sarda sarda in the Black Sea and 

Marmara Sea comprise one genetic unit, and S. sarda in the Aegean and Mediterranean coast 

of Turkey constitute the genetically different second unit. On the other hand, the Adriatic Sea 

population from the Croatian coast was genetically different from the two genetically 

different populations in the Turkish coastal waters. This pattern of differentiation was also 

shown by multi-dimensional scaling analysis of the genetic distance between populations 

(Figure 3). 
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Figure 3. Multi-dimensional scaling plot of pairwise mtDNA D-loop sequencing differences 

between S. sarda populations. Taken from Turan et al. (2015). 

 

Turan (2015) also used microsatellite analysis to investigate population genetic structuring 

and connectivity between the geographically isolated Atlantic Bonito populations from 

Turkish, Bulgarian and Croatian marine waters, and found two genetically different 

population in Turkish coastal waters, first constitute the Black Sea and Marmara Sea 

population and the second comprise the Aegean and Mediterranean Seas populations. This 

pattern of differentiation according to microsatellite data was also shown by multidimensional 

Scaling analysis of the genetic distance between populations (Figure 4). 

 
Figure 4. Multi-dimensional scaling plot of pairwise microsatellite differences between S. 

sarda populations. Taken from Turan (2015). 
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We analysed also morphological characters such as morphometric and meristic o the same 

sample set. The Truss network system was used for morphometric analysis (Figure 5). 

Numbers of unbranched and branched rays in the first and second dorsal, first and second 

anal, pectoral, ventral fins and gill rakers on the upper limb and lower limb of the first gill 

arch, vertebrate numbers were obtained under a binocular microscope for the meristic 

characters.  

 

 
Figure 5. The Truss network system and eleven landmarks on Atlantic bonito for 

morphometric analysis.  

 

Only the Adriatic Sea sample from Croatian coast revealed morphological differences based 

on morphometric characters (Figure 6). Meristic analysis of the Atlantic bonito populations 

did not show any morphological differences between the geographically separated 

populations which were overlapped together in the discriminant space (Figure 7).  

 

 
Figure 6. Discriminant function analysis of morphometric characters of Atlantic Bonito. 

Sample abbreviations are given in Figure 1. 
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Figure 7. Discriminant function analysis of meristic characters of the Atlantic bonito. Sample 

abbreviations are given in Figure 1. 

 

 

On the bases of genetic results described by Nümann (1954), Turan et al. (2015) and Turan 

(2015), the first genetically different unit or stock of Sarda sarda has spawning grounds in the 

Black Sea that migrate to the Marmara Sea for feeding and some parts of which also migrate 

to the Aegean Sea. This adult Atlantic bonito group may also go back to the Marmara and 

Black Sea for spawning during the spring.  The second stock of Atlantic bonito is located in 

the Aegean and Mediterranean part of Turkey (Figure 8).  The possible spawning ground of 

this stock may be Antalya Bay (based on personal communication with fishermen), and this 

stock possibly has different spawning pathways and migrate between Aegean and 

Mediterranean Seas for feeding.  The Adriatic Sea population from the Croatian coast was 

also genetically different from the two genetically different populations in the Turkish coastal 

waters (Figure 8). 

 

The differentiation of the Adriatic Sea population from Turkish populations was also 

indicated by Roberti et al. (1993), Pujolar et al. (2001) and Vinas et al. (2004). Roberti et al. 

(1993) also indicated the high degree of differentiation between Italian and Turkish Sarda 

sarda stocks based on mtDNA Cytochrome b sequencing analysis. Pujolar et al. (2001) found 

a small but significant differentiation between the Aegean Sea and two western samples, 

namely the Ionian Sea and the Ligurian Sea using allozyme electrophoresis and argued that 

the barrier to gene flow between east and west is located in the region that separates the 

Ionian and the Aegean seas.  
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Figure 8. Possible genetically different populations and their extension. Putatively different 

populations are indicated with different colour according to their possible extension. 

 

 

Vinas et al. (2004) investigated mtDNA control region sequences of S. sarda on the Balearic, 

Ligurian, Ionian and Aegean Seas and reported the lack of genetic differentiation between the 

Balearic Sea and the Ionian Sea and found significant differentiation between the Aegean Sea 

population and both Balearic and the Ligurian Sea populations. Vinas et al. (2004) also found 

two mitochondrial control region clades, Clade I (Atlantic) and Clade II (Mediterranean) 

(Figure 9).  

 

 

 
Figure 9. Pie diagrams of distribution of the two mitochondrial control region clades. Clade I 

(Atlantic) and Clade II (Mediterranean). Lines represent the putative gene flow corridor 

among localities with no significant genetic distance. Dotted line represents the putative gene 

flow between the Balearic Sea and Ionian Sea. Taken from Vinas et al. (2004). 
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Topographic and hydrographic factors may contribute the connectivity and migration pattern 

of Atlantic Bonito in Turkish marine waters. The Turkish straits form an “acclimatization 

zone” for transiting species, allowing those from the Mediterranean to adjust to the different 

environmental conditions in the Black Sea, and vice versa (Turan, 2014). Therefore, the 

Turkish Straits System may be a sieve to select or eliminate some genetic traits for the 

migratory species, or prevent migration between the two Seas. The Dardanelle strait system 

seems to be a geographic barrier to limit gen flow between the Black Sea and Aegean Sea 

populations, and cause genetic differentiation of S. sarda populations (Figure 10). Moreover, 

the wide geographic interval between the Adriatic and the other S. sarda populations seems to 

be limiting intermingling and rising the detected genetic differentiation. 

 

 
Figure 10. Possible migration pathway of Atlantic bonito in Turkish and Bulgarian marine 

waters, based on Turan et al. (2015) and Turan (2015). 

 

In conclusion, a degree of reproductive isolation detected by genetic markers, Atlantic bonito 

in the Black and Marmara Sea populations comprise one genetically discontinuous unit, and 

the Aegean and Mediterranean coast of Turkey populations constitute the genetically different 

second unit. Atlantic bonito fishery stocks are reportedly declining with the existing 

heightened fishing pressure (Oray and Karakulak, 1997; Prodanov et al., 1997; Zengin et al., 

1998). Thus, managing the two units separately may be worth considering. Identification of 

management units is very important for the effective management of marine resources. 

Significant genetic differentiations among the stocks were found with different genetic 

markers. The findings indicate that there is a localized population subdivision of Atlantic 

bonito. Management units should be established for populations that exhibit a level of genetic 

divergence that is consistent with demographic independence (Palsbøll et al., 2007). Atlantic 

bonito is currently managed as a single population in Turkish, Bulgarian and Croatian marine 

waters. The studies indicates the formation of a meta population of different stocks with 

limited genetic exchange. Applying the same management approach to these two unconnected 

stocks that is differing their resilience to exploitation may result in overfishing and likely 

collapse of the fishery.   

 



Natural and Engineering Sciences                       64 

 

Acknowledgements  

Thanks to the Scientific & Technological Research Council of Turkey (TUBITAK-111T481) 

for financial support.  

 

References 

Ackerman, R. A. (1996). The nest environment and the embryonic development of sea turtles. 

 P. L. Lutz & J. A. Musick (eds). The Biology of Sea Turtles. CRC Press, Boca Raton, 

 pp. 83-106. 

Carvalho, G. R. & Hauser, L. (1994). Molecular genetics and the stock concept in fisheries. 

Reviews in Fish Biology and Fisheries, 4, 269-271. 

Collette, B. B. & Nauen, C. E. (1983). Scombrids of the words. FAO, Rome (Italy). 

DIE. (2013). The State Institute of Statistics. Fishery Statistics, Ankara, Turkey. 

www.die.gov.tr/konularr/suurunleri.htm. 

Hellberg, M. E., Burton, R. S., Neigel, J. E., Palumbi, S. R. (2002). Genetic assessment of 

connectivity among marine populations. Bulletin of Marine Science, 70(Supplement 1), 

273-290. 

ICCAT. (2013). Report for Biennial Period, 2012-13 PART I (2012) - Vol. 2. Madrid, Spain 

Nielsen, E. E. & Kenchington, E. (2001). A new approach to prioritizing marine fish and 

shellfish populations for conservation. Fish and Fisheries, 2(4), 328-343. 

Nümann, W. (1954). Growth and migration of short-finned tuna (Sarda sarda) in Turkish 

waters. Document Technique, 42, 377-379. 

Oray, I. K. & Karakulak, F. S. (1997). Some remarks on the bluefin tuna (Thunnus thynnus L. 

1758) fishery in Turkish waters in 1993, 1994, 1995. Collective Volume of Scientific 

Papers-International Commission for the Conservation of Atlantic Tunas, 46, 357-362. 

Palsbøll, P. J., Bérubé, M., Allendorf, F. W. (2007). Identification of management units using 

population genetic data. Trend in Ecology and Evolution, 22(1), 11-16.  

Prodanov, K., Mikhaylov, K., Daskalov, G., Maxim, K., Ozdamar, E., Shlyakhov, V., 

Chashchin, A., Arkhipov, A. (1997).  Environmental management of fish resources in the 

Black Sea and their   rational   exploitation. General Fisheries Council for the 

Mediterranean (GFCM) Studies Reviews, 68, 1-178. 

Pujolar, J. M., Roldán, M. I., Pla, C. (2001). Allozyme differentiation of bonito in the 

Mediterranean Sea. Journal of Fish Biology, 59, 169-174. 

Relini, L. O., Garibaldi, F., Cima, C., Palandri, G., Lanteri, L., Relini, M. (2005). Biology of 

Atlantic bonito, Sarda sarda (Bloch, 1793), in the western and central Mediterranean a 

summary concerning a possible stock unit. Collective Volume of Scientific Papers ICCAT, 

58(2), 575-588. 

Rey, J. C., Alot, E., Ramos, A. (1984). Sinopsis biológica del bonito (Sarda sarda) del 

Mediterráneo y Atlántico este. ICCAT Volume of Scientific Papers, 20, 469-502. 

Roberti, M., Yannopoulos, G., De Metrio, G., Ludovico, A., Milella, F., Carone, P., 

Megalofonou, P., Bingel, F., Unluata, U., Cantatore, P., Gadaleta, M. N. (1993). 

Polimorfismo del DNA mitochondriale in stock di palamita, Sarda sarda, del Mar 

Mediterraneo. Biologia Marina Suppl. Notiz. SIBM, 1, 349-353. 

Sabates, A. & Recasens, L. (2001). Seasonal distribution and spawning of small Tunas (Auxis 

rochei and Sarda sarda) in the Northwestern Mediterranean. Scienta Marina, 65 (2), 95-

100. 



Natural and Engineering Sciences                       65 

 

Schick, R. S. & Lindley, S. T. (2007). Directed connectivity among fish populations in a 

riverine network. Journal of Applied Ecology, 44(6), 1116-1126. 

Turan, C. (2015). Microsatellite DNA reveals genetically different populations of Atlantic 

bonito Sarda sarda in the Mediterranean Basin. Biochemical Systematics and Ecology, 63, 

174-182. 

Turan, C., Gurlek, M., Erguden, D., Yaglioglu, D., Uyan, A., Reyhaniye, A.N., Ozbalcilar, B., 

Ozturk, B., Erdogan, Z.A., Ivanova, P., Soldo, A. (2015). Population genetic analysis of 

Atlantic bonito Sarda sarda (Bloch, 1793) using sequence analysis of mtDNA D-loop 

region. Fresenius Environmental Bulletin, 24, 3148-3154. 

Turan, C. (Ed.) (2007). Atlas and Systematics of Marine Bony Fishes of Turkey. 1st edition, 

Nobel Publishing House, Adana, Turkey.   

Turan, C. (2014). Genetic studies on the Black Sea marine biota. In: Turkish Fisheries in the 

Black Sea. Turkish Marine Research Foundation (TUDAV) Publishes, Istanbul, Turkey. 

Vinas, J., Alvarado Bremer, J., Pla, C. (2004). Phylogeography of the Atlantic bonito (Sarda 

sarda) in the northern Mediterranean: the combined effects of historical vicariance, 

population expansion, secondary invasion, and isolation by distance. Molecular 

Phylogenetics and Evolution, 33, 32-42. 

Ward, R. D. (2000). Genetics in fisheries management. Hydrobiologia, 420, 191-201. 

Yoshida, H. O. (1980). Synopsis of biological data on Bonito of the Genus Sarda. FAO 

Fisheries Report, 118, 50. 

Zengin, M., Genc, Y., Duzgunes, E. (1998). Evaluation of data from market samples on the 

commercial fish species in the Black Sea during 1990-1995. In: Proceeding of Fish 

International Symposium on Fisheries and Ecology. 2-4 Sept. 1998, Trabzon, pp. 91-99. 


