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PHYLOGENETIC RELATIONSHIPS AND CONSERVATION IMPLICATIONS 
OF SHARK SPECIES FROM TURKISH WATERS

Cemal TURAN, Mevlüt GÜRLEK, Servet Ahmet DOĞDU, Deniz ERGÜDEN, Ali UYAN & Ayşegül ERGENLER
Iskenderun Technical University, Faculty of Marine Sciences and Technology, Molecular Ecology and Fisheries Genetics Laboratory, 
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Nuri BAŞUSTA
Fırat University, Fisheries Faculty, Elazığ, Türkiye

Alen SOLDO
Department of Marine Studies, University of Split, Split 21000, Croatia

e-mail: soldo@unist.hr

ABSTRACT

Phylogenetic relationships of seven shark species (Squalus blainville, Carcharhinus plumbeus, Galeus me-
lastomus, Scyliorhinus canicula, Isurus oxyrinchus, Mustelus mustelus and Oxynotus centrina) sampled from 
Turkish marine waters were examined using the mtDNA cytochrome b region. There were 293 variable and 
74 conservative nucleotides, 279 of which were parsimony informative over 367 bp sequences of the mtDNA 
Cyt b region. Overall mean genetic diversity was 0.433, with the smallest genetic distance (0.2384) observed 
between M. mustelus and S. canicula, and the largest (1.3040) between G. melastomus and I. oxyrinchus. All 
species were clearly separated in NJ and MP trees, exhibiting high bootstrap values, and the observed genetic 
divergence clearly discriminated among all the shark species examined. Additionally, the study identified low 
genetic diversity and the presence of regional haplotypes, which suggests the need for immediate conservation 
strategies that are tailored specifically to these ecologically important predatory shark species.

Key words: shark species, mtDNA Cyt b, phylogeny, DNA barcoding, Turkey, Mediterranean Sea

RELAZIONI FILOGENETICHE E IMPLICAZIONI PER LA CONSERVAZIONE DELLE SPECIE 
DI SQUALI DELLE ACQUE TURCHE

SINTESI 

Le relazioni filogenetiche di sette specie di squali (Squalus blainville, Carcharhinus plumbeus, Galeus me-
lastomus, Scyliorhinus canicula, Isurus oxyrinchus, Mustelus mustelus e Oxynotus centrina) provenienti dalle 
acque marine turche sono state esaminate utilizzando la regione del citocromo b del mtDNA. C’erano 293 
nucleotidi variabili e 74 conservativi, 279 dei quali erano informativi per parsimonia su 367 bp di sequenze 
della regione del citocromo b del mtDNA. La diversità genetica media complessiva è stata di 0,433, con la 
distanza genetica più piccola (0,2384) osservata tra M. mustelus e S. canicula, e la più grande (1,3040) tra G. 
melastomus e I. oxyrinchus. Tutte le specie sono state chiaramente separate negli alberi NJ e MP, mostrando 
alti valori di bootstrap, e la divergenza genetica osservata discriminava chiaramente tra tutte le specie di squali 
esaminate. Inoltre, lo studio ha identificato una bassa diversità genetica e la presenza di aplotipi regionali, il 
che suggerisce la necessità di strategie di conservazione immediate, specificamente adattate a queste specie di 
squali predatori ecologicamente importanti.

Parole chiave: specie di squalo, mtDNA Cyt b, filogenesi, DNA barcoding, Turchia, Mediterraneo
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INTRODUCTION

Chondrichthyans, particularly the group of sharks, 
are an extraordinarily diverse group of large preda-
tory animals inhabiting the world’s seas. As primary 
predators of many species they play a significant role 
in oceanic ecosystems (Soldo, 2003; Vélez-Zuazo & 
Agnarsson, 2011; Kabasakal, 2021a). However, due 
to their life history characteristics, such as long gener-
ation times and low intrinsic population growth rates, 
these species are especially susceptible to over-ex-
ploitation. In many seas around the world, sharks are 
commercially captured for their meat, fins, gill plates, 
and liver oil, resulting in documented serious declines 
(Davidson et al., 2016). The first global assessment by 
the IUCN (International Union for Conservation of 
Nature), which is widely recognized as the most com-
prehensive and scientifically-based source of informa-
tion on the global status of plant and animal species, 
estimated that one quarter of sharks were in danger 
of extinction, making sharks the most threatened ver-
tebrate lineage after amphibians (Dulvy et al., 2014). 
For the Mediterranean region, the IUCN reported 
vulnerability of chondrichthyans and a general lack 
of data. Over half of the species assessed, specifically 
39 out of 73, were found to be regionally threatened 
(critically endangered, endangered, or vulnerable), 
while 13 species were data deficient (Dulvy et al., 
2016). This makes the Mediterranean the world region 
with the highest level of threat to chondrichthyans. 
Furthermore, in some areas of the Mediterranean, the 
situation is even more serious; a recent assessment 
of the conservation status of chondrichthyan species 
in the Adriatic Sea, for example, has revealed that 
70% are regionally threatened and three species are 
regionally extinct (Soldo & Lipej, 2022). 

As members of chondrichthyans, sharks comprise 
over 500 documented species distributed among 
nine orders: Hexanchiformes, Heterodontiformes, 
Orectolobiformes, Lamniformes, Carcharhiniformes, 
Squaliformes, Echinorhiniformes, Pristiophoriformes, 
and Squatiniformes (Van der Laan et al., 2024). Di-
versity patterns across these shark lineages are highly 
uneven. Over 75% of extant shark diversity is found 
within two lineages, the Carcharhiniformes and the 
Squaliformes. The Squatiniformes, Lamniformes, and 
Orectolobiformes exhibit moderate species diversity: 
~4%, ~3%, and ~12%, respectively. The Echinorhini-
formes, Heterodontiformes, and Pristiophoriformes 
are species poor, accounting for ~3% of the total 
described shark species diversity combined (Sorenson 
et al., 2014).

Scientific data for chondrichthyans related to life 
parameters, particularly for the Mediterranean area, 
are available only for a few common species (Fowler 
et al., 2005). In Turkey, limited research has been con-
ducted on sharks,  with a significant portion focusing 

on distribution and bycatch data only (Yaglıoglu et 
al., 2015; Başusta, 2016; Kabasakal, 2021a; 2021b; 
Gül et al., 2022; Kabasakal et al., 2023). Overall, 37 
species of sharks have been reported so far in Turkish 
marine waters (Kabasakal, 2021a).

Genetic markers are a valuable tool for describing 
species and monitoring genetic diversity levels in an 
exploited species (Turan, 2008). Molecular genetic 
studies utilizing mtDNA have proven advantageous 
in investigating the phylogeography and phylogeny of 
marine fish species (Turan et al., 2009; Avise, 2012; 
Doğdu & Turan, 2021; Yağlıoğlu et al., 2023; Uyan 
et al., 2024). Sequence analysis of mtDNA regions 
is a common tool used for elucidating phylogenetic 
relationships of marine species (Avise et al., 1994; 
Carvalho & Hauser, 1994; Turan et al., 2017). The cy-
tochrome b gene (Cyt b), whose phylogenetic perfor-
mance is comparable to that of COI, has been widely 
used for fish species identification and enhancing our 
understanding of phylogenetic relationships (Farias 
et al., 2001; Dettai & Lecointre, 2005; Sevilla et al., 
2007; Doğdu & Turan, 2016; Karan et al., 2019). 

In this study, we aimed to analyze the phylogenetic 
relationship of seven shark species (Squalus blainville 
(Risso, 1827), Carcharhinus plumbeus (Nardo, 1827), 
Galeus melastomus Rafinesque, 1810, Scyliorhinus 
canicula (Linnaeus,  1758), Isurus oxyrinchus Rafin-
esque, 1810, Mustelus mustelus (Linnaeus, 1758), 
and Oxynotus centrina (Linnaeus, 1758)) from Turkish 
waters by sequencing the Cyt b region.

MATERIAL AND METHODS

Seven shark species, comprising Squalus blainville 
(5 specimens), Carcharhinus plumbeus (2 specimens), 
Scyliorhinus canicula (5 specimens), Galeus melasto-
mus (3 specimens), Isurus oxyrinchus (2 specimens), 
Mustelus mustelus (5 specimens), and Oxynotus cen-
trina (3 specimens), were collected from Iskenderun 
Bay, in the northeastern Mediterranean. Tissue samples 
were collected in Eppendorf tubes from the specimens 
caught by fishermen and transported to the laboratory 
in bags with crushed ice. All tissue samples were then 
stored in 98% ethanol at –20 °C until analysis. 

Total genomic DNA was extracted from muscle 
samples using a slightly modified phenol-chloroform 
procedure (Sambrook et al., 1989). The total DNA was 
visualized by agarose gel electrophoresis (1.5%) and 
quantified by spectrophotometric assay. Polymerase 
chain reaction (PCR) amplification was performed 
with the following universal mtDNA Cyt b primers 
(Kocher et al., 1989):

Cyt b- Forward 5’- AAA CTG CAG CCC CTC AGA 
ATG ATA TTT GTC CTC -3'

Cyt b- Reserved 5’- CGA ACG TTG ATA TGA AAA 
ACC ATC GTT- 3'
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The PCRs were conducted in a total volume of 50 µl 
with 0.4 uM of each primer, 0.2 mM of dNTP, and 1.25 
U of Taq DNA polymerase in a PCR buffer containing 
20 mM of Tris–HCl (pH 8.0), 1.5 mM of MgCl2, 15 
mM of KCl, and 1–2 μl of template DNA. The pre-de-
naturation step at 95°C for 1 min was followed by 5 
cycles of denaturation at 94°C for 30 s, 50 °C for 30 s, 
and 72 °C for 45 s. This was repeated for 30 cycles, 
with a final extension step at 72 °C for 7 min. The 
PCR products were visualized using electrophoresis 
on a 1.5% agarose gel. The DNA sequencing was per-

formed to determine the order of the nucleotides in the 
mtDNA Cyt b region. The chain termination method 
by Sanger et al. (1977) was applied with Bigdye Cycle 
Sequencing Kit V3.1 and ABI 3130 XL genetic analyz-
er. The initial alignments of partial Cyt b sequences 
were carried out using the Mega X program (Kumar 
et al., 2018), and the final alignment was completed 
manually with BioEdit (Hall, 1999). Haplotype diver-
sity, genetic diversity (Nei, 1987), and mean number 
of pairwise differences (Tajima, 1983) were calculated 
using the Arlequin program (Schneider et al., 2000). 

Tab. 1: The number of haplotype and its distribution among the species.
Tab. 1: Oznaka in prisotnost haplotipa in njegova razširjenost med vrstami.

Haplotype S. blainville C. plumbeus S. canicula I. oxyrinchus M. mustelus G. melastomus O. centrina

Hap_1 1 - - - - - -

Hap_2 1 - - - - - -

Hap_3 1 - - - - - -

Hap_4 1 - - - - - -

Hap_5 1 - - - - - -

Hap_6 - 1 - - - - -

Hap_7 - 1 - - - - -

Hap_8 - - 1 - - - -

Hap_9 - - 1 - - - -

Hap_10 - - 1 - - - -

Hap_11 - - 1 - - - -

Hap_12 - - 1 - - - -

Hap_13 - - - 1 - - -

Hap_14 - - - 1 - - -

Hap_15 - - - - 1 - -

Hap_16 - - - - 1 - -

Hap_17 - - - - 1 - -

Hap_18 - - - - 1 - -

Hap_19 - - - - 1 - -

Hap_20 - - - - - 1 -

Hap_21 - - - - - 1 -

Hap_22 - - - - - 1 -

Hap_23 - - - - - - 1

Hap_24 - - - - - - 1

Hap_25 - - - - - - 1

Total 5 2 5 2 5 3 3
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We also created a haplotype network for shark species. 
Haplotypes were obtained with the DnaSP 6 program 
(Rozas, 2017). The minimum spanning tree (Excoffier 
& Smouse, 1996) of haplotypes was produced with the 
FigTree (v1.4.3) program.

The molecular phylogenetic tree was constructed 
using Mega X (Kumar et al. 2018), employing neighbor 
joining (NJ) (Nei & Kumar, 2000) as the distance-based 
method and cladistics as the maximum parsimony (MP) 
criterion. The reliability of the inferred phylogenies 
was evaluated using the bootstrap method (Felsenstein, 
1985) with 1000 replicates.

RESULTS

There were 293 variable and 74 conservative nucle-
otides, 279 of which were parsimony informative over 
367 bp sequences of the mtDNA Cyt b gene region. The 
average nucleotide composition was 28.1% A, 31.3% 
T, 24.9% G, and 15.7% C. Twenty-five haplotypes were 
found, all of them unique, resulting in a haplotype diver-
sity of 1.00 (Tab. 1). The minimum spanning tree revealed 
the relationships among the haplotypes (Fig. 1), with an-
cestral haplotypes 1, 2, and 4 only found in S. blainville. 

The Tamura 3-parameter method was selected as 
the best method for analyzing intra- and interspecific 
variations (BIC score: 6923.7398). The mean genetic 
diversity across all species was found to be 0.43367. 
The matrix of pairwise genetic distances within 
species is presented in Table 2. The smallest genetic 
distance was observed between M. mustelus and S. 
canicula (0.2384), the largest between G. melasto-
mus and I. oxyrinchus (1.3040). The lowest genetic 
diversity within species (0.024) was detected in O. 
centrina.

In the neighbor-joining phylogenetic tree, two main 
phylogenetic nodes were detected, with I. oxyrinchus 
separately branched as one main node. In the second 
main node, four sub-branches were identified, with 
each sub-branch comprising one species with a high 
bootstrap value (Fig. 2).

The maximum parsimony tree showed a different 
topology, with two main phylogenetic nodes detected. 
In the first node, G. melastomus was branched sepa-
rately, whereas in the second node, four sub-branches 
were generated: O. centrina was closely grouped with 
S. blainville, while C. plumbeus was closely grouped 
with I. oxyrinchus (Fig. 3).

Fig. 1: A minimum spanning tree illustrating the relationships among the haplotypes.
Sl. 1: Minimalno vpeto drevo, ki kaže na odnose med haplotipi.
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DISCUSSION

The study investigated the phylogenetic relationships 
of the seven shark species distributed in Turkish marine 
waters. All the species resulted separated in the NJ and 
MP trees with high bootstrap values. No shared haplo-
types were detected between species, with the identified 
haplotypes distinct for each examined shark species.

The number of examined species was low due to 
the endangerement of shark species in the studied area. 
However, despite the small number, the results show a 
clear discrimination of each species. O. centrina had 
the lowest genetic diversity (0.024), which may call into 
question its conservation status (VU) as assessed by the 
IUCN. The genetic diversity of G. melastomus (0.0871) 
was the highest among the examined species. Castilho et 
al. (2007) studied the morphological and mitochondrial 
DNA divergence of G. melastomus and Galeus atlanticus 
(Vaillant, 1888) in the Iberian Peninsula, Portugal, using 
the mtDNA ND2 gene. Haplotype diversity and genetic 
diversity of G. melastomus were found to be 0.911 and 
0.1, respectively, and seven haplotypes were observed. 
Their results for this species were similar to the findings 
presented herein. The genetic diversity of M. mustelus 
was also found to be low. Pereyra et al. (2010) studied 
the population genetic structure of Mustelus Schmitt 
Springer, 1939, in Río de la Plata, southwest Atlantic 
Ocean, using mitochondrial cytochrome b gene region. 
The genetic and haplotype diversity resulted to be 
0.226 and 0.0015, respectively. Much lower genetic 
diversity was observed on the Atlantic coast, which may 
suggest a more conserved status of the species in the 
Mediterranean. Kousteni et al. (2015) studied the pop-
ulation genetic structure of the small-spotted catshark, 
S. canicula, in the Mediterranean using the mtDNA COI 
gene region. The investigation revealed high haplotype 
diversity (0.808) and low genetic diversity (0.0032). The 

detected genetic diversity of S. canicula in the present 
study was found to be low (0.0357), but still much 
higher than that established by Kousteni et al. (2015). 
Coastal and demersal chondrichthyans, such as S. ca-
nicula, are expected to exhibit genetic differentiation in 
complex geomorphology like the Mediterranean Basin 
due to their limited dispersal ability (Kousteni et al., 
2015). Furthermore, Kousteni et al. (2015) suggested 
that strong genetic subdivision in both mitochondrial 
and nuclear microsatellite DNA data between the 
western and eastern Mediterranean is indicative of the 
geographic isolation of the two basins, with the deep 
sea acting as a significant barrier to dispersal. Kousteni 
et al. (2015) sampled from the Aegean and Egyptian 
coasts, while the present study is the first to sample from 
the northeastern Mediterranean for this species and has 
indicated that more conserved populations may exist in 
this area. 

The genetic diversity of C. plumbeus in the present 
study was observed to be low (0.0278). Geraghty 
et al. (2014) investigated the genetic structure of 
the dusky shark, Carcharhinus obscurus (Lesueur, 
1818), and the sandbar shark, C. plumbeus, in the 
Indo-Australian region using the mtDNA ND4 region. 
They found haplotype diversity and genetic diversity 
to be 0.2814 and 0.0009, respectively. The genetic 
diversity detected herein was relatively higher than 
that established by Geraghty et al. (2014), which may 
indicate a more conserved status for sandbar sharks in 
the Mediterranean Sea. 

The level of genetic and haplotype diversity of other 
shark species from the Atlantic and Pacific Oceans was 
also low compared to that observed in the Mediterra-
nean Sea. Murray et al. (2008) studied the relationships 
of sleeper sharks Somniosus microcephalus (Bloch 
& Schneider, 1801), Somniosus pacificus Bigelow & 
Schroeder, 1944, and Somniosus antarcticus Whitley, 

Tab. 2: Pairwise genetic distances between species and diversity within species (transversal diagonal) given in bold.
Tab. 2: Parne genetske razdalje med vrstami in  genetska variabilnost med vrstami (transverzalna diagonala) je 
podana v krepkem tisku. 

Species 1 2 3 4 5 6 7

Squalus blainville (1) 0.0324

Carcharhinus plumbeus (2) 0.3683 0.0278

Scyliorhinus canicula (3) 0.3290 0.4343 0.0357

Isurus oxyrinchus (4) 1.1958 1.2574 1.3715 0.0686

Mustelus mustelus (5) 0.3003 0.3854 0.2384 1.1601 0.0555

Galeus melastomus (6) 0.3255 0.4020 0.3077 1.3040 0.3294 0.0871

Oxynotus centrina (7) 0.2569 0.4530 0.3530 1.2713 0.3269 0.3854 0.024
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1939, using the mtDNA Cyt b region. They observed a 
haplotype diversity of 0.7937 for S. pacificus, 0.6667 
for S. antarcticus, and 0.7750 for S. microcephalus. 
Li et al. (2017) studied the genetic differentiation of 
Prionace glauca (Linnaeus, 1758) in the central Pacific 
Ocean, and found the haplotype diversity and genetic 
diversity to be 0.768 and 0.0011, respectively.

Although S. blainville had ancestral haplotypes, 
the highest genetic differentiation in this study was 
observed in I. oxyrinchus. This may be related to the 
species’ low genetic diversity, which could be caused 
by anthropogenic factors such as fishing pressure and 
distraction of fishing grounds since limited spawning 
grounds of this species are known (Costa et al. 2002). 

In phylogenetic analysis, all the species of the seven 
genera resulted aggregated into clusters in the NJ and 
MP trees, with high bootstrap values. The discrimina-
tion success of the present study can be associated 

with the detected low levels of sequence differentiation 
within species and higher levels between species, as 
also reported by studies by Holmes et al. (2009) and 
Barbuto et al. (2010). The discrimination performance 
of the Cyt b gene is reasonable and applicable in future 
barcoding studies, especially in comparison to the 
performance of the COI gene, which has been widely 
used for identifying fish species and resolving fish phy-
logenies (Chen et al., 2003; Dettai & Lecointre 2005; 
Sevilla et al., 2007; Seyhan & Turan, 2016).

This study indicates that O. centrina, C. plumbeus, S. 
blainville, and S. canicula, which have low genetic diver-
sity, are under threat. These results are only partially in 
accordance with the status of the mentioned species in 
the Mediterranean, as O. centrina is indeed assessed as 
critically endangered, and C. plumbeus as endangered. 
On the other hand, S. canicula is categorized as least 
concern and S. blainville as data deficient (Dulvy et al., 

Fig. 2: A neighbor-joining phylogenetic tree based on Cyt b sequences. Dipturus batis (Linnaeus, 1758) was used 
as an outgroup. Bootstrap values are indicated on the nodes. Fish illustrations from Froese & Pauly (2023).
Sl. 2: Filogenetsko drevo združevanja sosedov, ki temelji na sekvencah Cyt b. Kot stranska skupina je bila 
uporabljena vrsta Dipturus batis (Linnaeus, 1758). Vrednosti bootstrap so navedene na vozliščih. Ilustracije rib 
so povzete po Froese in Pauly (2023). 
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2016). These two species belong to a group of demersal 
chondrichthyans that are highly impacted by various 
fishing gears, especially bottom trawls (Soldo & Lipej, 
2022). Soldo & Lipej (2022) warned that even if these 
species are protected by various legislation, this does not 
prevent them from being caught. This is especially true 
for those inhabiting inshore areas where fishing effort is 
highest and a broad range of various unselective bottom 
fishing gear is used in both small-scale and large-scale 
fisheries. Soldo & Lipej (2022) therefore proposed that 
the ultimate conservation priority should be to identi-
fy and map the critical habitats of these species and, 
subsequently, implement in these relatively small areas 
such management measures that will only allow the use 
of highly selective bottom fishing gear. This approach is 
aimed at avoiding strong conflicts with the interests of 
fisheries, which can prevent any conservation measure. 

An overview of IUCN extinction risk assessments 
shows that most of the Mediterranean populations 
of elasmobranches are at a higher risk of extinction 
than their counterparts elsewhere (Dulvy et al., 2016; 
Vella & Vella, 2023). Due to the infrequency of shark 
encounters in the Mediterranean Sea, conducting 
detailed studies on these species poses a challenge. 
Consequently, there are still knowledge gaps that 
need to be addressed in order to better understand 
and safeguard these species. There is an increasing 
need to improve the data on sharks to more accu-
rately assess their status in the region. This study has 
identified low genetic diversity and the presence of 
regional haplotypes, highlighting the importance of 
developing immediate conservation strategies that are 
specifically tailored to these ecologically significant 
predatory species.

Fig. 3. A maximum parsimony phylogenetic tree based on Cyt b sequences. Dipturus batis was used as an 
outgroup. Bootstrap values are indicated on the nodes. Fish illustrations from Froese & Pauly (2023).
Sl. 3: Filogenetsko drevo z največjo parsimonijo (varčnost), ki temelji na sekvencah Cyt b. Za stransko skupino 
so uporabili vrsto Dipturus batis. Vrednosti bootstrap so navedene na vozliščih. Ilustracije rib so povzete po 
Froese in Pauly (2023). 
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FILOGENETSKI ODNOSI IN POSLEDICE OHRANJANJA VRST MORSKIH PSOV 
V TURŠKIH VODAH
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POVZETEK

Avtorji so raziskovali filogenetske odnose pri sedmih vrstah morskih psov (Squalus blainville, Carcharhinus 
plumbeus, Galeus melastomus, Scyliorhinus canicula, Isurus oxyrinchus, Mustelus mustelus in Oxynotus 
centrina) iz turških voda z uporabo mtDNA citohrom b regija. Bilo je 293 variabilnih in 74 konzerva-
tivnih nukleotidov, od katerih jih je bilo 279 varčnih informativnih v 367 bp sekvencah regije mtDNA cyt 
b. Skupna genetska diverziteta je bila 0,433, z najmanjšo ugotovljeno genetsko razdaljo (0,2384) med 
vrstama M. mustelus in S. canicula, in največjo (1,3040) md vrstama G. melastomus in I. oxyrinchus. Vse 
vrste so se dobro razlikovale na nivoju NJ in MP dreves, ki so pokazale visoke zagonske vrednosti, opažena 
genetska divergence pa je jasno razlikovala med vsemi raziskanimi vrstami morskih psov. Poleg tega je 
raziskava odkrila nizko genetsko variabilnost in prisotnost regionalnih haplotipov, kar kaže na potrebo po 
takojšnjih strategijah ohranjanja, ki so posebej prilagojene tem ekološko pomembnim plenilcem.  

Ključne besede: vrste morskih psov, mtDNA Cyt b, filogenija, DNA barcoding, Turčija, Sredozemsko morje



ANNALES · Ser. hist. nat. · 34 · 2024 · 1

35

Cemal TURAN et al.: PHYLOGENETIC RELATIONSHIPS AND CONSERVATION IMPLICATIONS OF SHARK SPECIES FROM TURKISH WATERS, 27–36

REFERENCES

Avise, J.C. (2012): Molecular markers, natural history 
and evolution. Springer Science Business Media, 511 pp.

Avise, J.C., W.S. Nelson, & C.G. Sibley (1994): DNA 
sequence support for a close phylogenetic relationship 
between some storks and New World vultures. PNAS USA, 
91(11), 5173-5177.

Barbuto, M., A. Galimberti, E. Ferri, M. Labra, R. 
Malandra, P. Galli, M. Casiraghi (2010): DNA barcoding 
reveals fraudulent substitutions in shark seafood products: 
The Italian case of “palombo” (Mustelus spp.). Int. Food 
Res., 43(1), 376-381.

Başusta, N. (2016): Length-weight relationship of 
sandbar shark Carcharhinus plumbeus (Nardo, 1827) in 
Iskenderun Bay (north-eastern Mediterranean Sea. Rapp. 
Comm. int. Mer Médit, 41, 318.

Carvalho, G.R. & L. Hauser (1994): Molecular genetics 
and the stock concept in fisheries. Rev. Fish Biol. Fish., 
4(3), 326-350.

Castilho, R., M. Freitas, G. Silva, J. Fernandez–Carval-
ho & R. Coelho (2007): Morphological and mitochondrial 
DNA divergence validates blackmouth, Galeus melasto-
mus, and Atlantic sawtail catsharks, Galeus atlanticus, as 
separate species. J. Fish Biol., 70, 346-358.

Chen, W. J., C. Bonillo & G. Lecointre (2003): 
Repeatability of clades as a criterion of reliability: a 
case study for molecular phylogeny of Acanthomorpha 
(Teleostei) with larger number of taxa. Mol. Phylogenet. 
Evol., 26(2), 262-288.

Costa, F.E.S., F.M. S. Braga, C.A. Arfelli, & A.F. Amorim 
(2002): Aspects of the reproductive biology of the shortfin 
mako, Isurus oxyrinchus (Elasmobranchii Lamnidae), in the 
southeastern region of Brazil. Braz. J. Biol., 62, 239-248.

Davidson, L.N., M.A. Krawchuk & N.K. Dulvy (2016): 
Why have global shark and ray landings declined: improved 
management or overfishing? Fish. Fish., 17, 438-458. 

Dettai, A. & G. Lecointre (2005): Further support for 
the clades obtained by multiple molecular phylogenies in 
the acanthomorph bush. C. R. Biol., 328 (7), 674-689.

Doğdu, S.A. & C. Turan (2016): Environmental DNA 
for detection of endangered grouper species (Epinephelus 
spp.). NE Sciences, 1(3), 42-48.

Doğdu, S.A. & C. Turan (2021): Authentication and 
Traceability of Pufferfish  Species Using DNA Sequencing. 
Pak. J. Mar. Sci., 30(1), 1-11.

Dulvy, N.K., S.L. Fowler, J.A. Musick, R.D. Cavanagh, 
P.M. Kyne, L.R. Harrison, J.K. Carlson, L.N. Davidson, S.V. 
Fordham, M.P. Francis, C.M. Pollock, C.A. Simpfendorfer, 
G.H. Burgess, K.E. Carpenter, L.J. Compagno, D.A. Ebert, 
C. Gibson, M.R. Heupel, S.R. Livingstone, J.C. Sanciang-
co, J.D. Stevens, S. Valenti & W.T. White (2014): Extinction 
risk and conservation of the world’s sharks and rays. eLife, 
3, e00590. https://doi.org/10.7554/eLife.00590. 

Dulvy, N.K., D.J. Allen, G.M. Ralph & R.H.L. Walls (2016): 
The Conservation Status of Sharks, Rays and Chimaeras in the 
Mediterranean Sea; IUCN: Malaga, Spain, 14 pp.

Excoffier, L. & P.E. Smouse (1994): Using allele fre-
quencies and geographic subdivision to reconstruct gene 
trees within a species: molecular variance parsimony. 
Genetics, 136(1), 343-359.

Farias, I.P., G. Ortí, I. Sampaio, H. Schneider& A. 
Meyer (2001): The cytochrome b gene as a phylogenetic 
marker: the limits of resolution for analyzing relationships 
among cichlid fishes. J. Mol. Evol., 53(2), 89-103.

Felsenstein, J. (1985): Confidence limits on phylogenies: 
an approach using the bootstrap. Evolution, 39(4), 783-791.

Fowler, S.L., R.D. Cavanagh, M. Camhi, G.H. Burgess, 
G.M. Cailliet, S.V. Fordham, C.A. Simpfendorfer & J.A. 
Musick (2005): Sharks, rays and chimaeras: the status of 
the Chondrichthyan fishes: status survey. IUCN/SSC Shark 
Specialist Group. IUCN, Gland, Switzerland and Cam-
bridge, UK, 461 pp.

Froese, R. & D. Pauly (2023): FishBase: world Wide 
Web electronic publication version.

Geraghty, P.T., J.E. Williamson, W.G. Macbeth, D.C. 
Blower, J.A. Morgan, G. Johnson & M.R. Gillings (2014): 
Genetic structure and diversity of two highly vulnerable 
carcharhinids in Australian waters. Endanger. Species Res., 
24(1), 45-60.

Gül, G., M.B. Yokeş & N. Demirel (2022): The occurrence 
and feeding of a critically endangered shark species, Oxynotus 
centrina in the Sea of Marmara. J. Fish Biol., 101(3), 728-735.

Hall, T.A. (1999): BioEdit: a user-friendly biological 
sequence alignment editor and analysis program for Win-
dows 95/98/NT. Nucleic Acids Symp. Ser., 41(41), 95-98.

Holmes, B.H., D. Steinke & R.D. Ward (2009): Identi-
fication of shark and ray fins using DNA barcoding. Fish. 
Res., 95 (2-3), 280-288.

Kabasakal, H. (2021a): A review of shark biodiversity 
in Turkish waters: Updated inventory, new arrivals, ques-
tionable species, and conservation issues. Annales, Ser. 
Hist. Nat., 31(2), 181-194.

Kabasakal, H. (2021b): Chapters from the life story 
of common angel shark, Squatina squatina, from Turkish 
waters: a historical, ethnoichthyological and contemporary 
approach to a little-known shark species. J. Black Sea/
Medit., 27(3), 317-341.

Kabasakal, H., U. Uzer, O. Gönülal, O. Akyüz & F.S. 
Karakulak (2023): Morphometric Analyses of the Angular 
Roughshark, Oxynotus centrina (Oxynotidae), with Bio-
logical Notes on Specimens from the Sea of Marmara. J. 
Ichthyol., 63(6), 1025-1036.

Karan, S., A. Uyan, S.A. Doğdu, M. Gürlek, D. Ergüden & 
C. Turan (2019): Genetic confirmation of Red cornetfish, Fis-
tularia petimba (Syngnathiformes: Fistularidae) occurrence 
in Turkish marine waters. J. Fish Taxonomy, 4(3), 125-129.

Kocher, T.D., W.K. Thomas, A. Meyer, S.V. Edwards, 
S. Pääbo, F.X. Villablanca & A.C. Wilson (1989): Dy-
namics of mitochondrial DNA evolution in animals: 
amplification and sequencing with conserved primers. 
Proc. Natl. Acad. Sci. U.S.A, 86(16), 6196-6200.



ANNALES · Ser. hist. nat. · 34 · 2024 · 1

36

Cemal TURAN et al.: PHYLOGENETIC RELATIONSHIPS AND CONSERVATION IMPLICATIONS OF SHARK SPECIES FROM TURKISH WATERS, 27–36

Kousteni, V., P. Kasapidis, G. Kotoulas & P. Megalo-
fonou (2015): Strong population genetic structure and 
contrasting demographic histories for the small-spotted 
catshark (Scyliorhinus canicula) in the Mediterranean Sea. 
Heredity, 114(3), 333-343.

Kumar, S., G. Stecher, M. Li, C. Knyaz & K. Tamura 
(2018): MEGA X: molecular evolutionary genetics anal-
ysis across computing platforms. Mol. Biol. Evol., 35(6), 
1547.

Li, W., X. Dai, J. Zhu, S. Tian, S. He & F. Wu (2017): 
Genetic differentiation in blue shark, Prionace glauca, from 
the central Pacific Ocean, as inferred by mitochondrial 
cytochrome b region. Mitochondrial DNA A DNA Mapp. 
Seq. Anal., 28(4), 575-578.

Murray, B.W., J.Y. Wang, S.C. Yang, J.D. Stevens, A. 
Fisk & J. Svavarsson (2008): Mitochondrial cytochrome b 
variation in sleeper sharks (Squaliformes: Somniosidae). 
Mar. Biol., 153(6), 1015-1022.

Nei, M. (1987): Molecular Evolutionary Genetics. 
Columbia University Press, New York. 512 pp.

Nei, M. & S. Kumar (2000): Molecular evolution and 
phylogenetics. Oxford University Press. 333 pp.

Pereyra, S., G. García, P. Miller, S. Oviedo & A. 
Domingo (2010): Low genetic diversity and population 
structure of the narrownose shark (Mustelus schmitti). Fish. 
Res., 106(3), 468-473.

Rozas, J., A. Ferrer-Mata, J.C. Sánchez-DelBarrio, 
S. Guirao-Rico, P. Librado, S.E. Ramos-Onsins & A. Sán-
chez-Gracia (2017): DnaSP 6: DNA sequence polymor-
phism analysis of large data sets. Mol. Biol. Evol., 34(12), 
3299-3302.

Sambrook, J., E.F. Fritsch & T. Maniatis (1989): Mo-
lecular Cloning: A Laboratory Manual Cold Spring. Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, NY. 
1659 pp.

Sanger, F., S. Nicklen & A.R. Coulson (1977): DNA 
sequencing with chain-terminating inhibitors. Proc. Natl. 
Acad. Sci. U.S.A., 74(12), 5463-5467.

Schneider, S., D. Roessli & L. Excoffier (2000): Arle-
quin: a software for population genetics data analysis. User 
Manual Ver, 2, 2496-2497.

Sevilla, R.G., A. Diez, M. Norén, O. Mouchel, M. 
Jérôme, V. Verrez–Bagnis & J.M. Bautista (2007): Primers 
and polymerase chain reaction conditions for DNA bar-
coding teleost fish based on the mitochondrial cytochrome 
b and nuclear rhodopsin genes. Mol. Ecol. Notes, 7(5), 
730-734.

Seyhan, D. & C. Turan (2016): DNA barcoding of 
Scombrid species in the Turkish marine waters. J. Black 
Sea/Medit., 22, 35-45.

Soldo, A. (2003): Status of sharks in the Mediterranean. 
Annales, Ser. Hist. Nat., 13(2), 191-200.

Soldo, A. & L. Lipej (2022): An Annotated Checklist 
and the Conservation Status of Chondrichthyans in the 
Adriatic. Fishes, 7, 245. 

Sorenson, L., F. Santini & M.E. Alfaro (2014): The effect 
of habitat on modern shark diversification. J. Evol. Biol., 
27(8), 1536-1548. 

Tajima, F. (1983): Evolutionary relationship of DNA se-
quences in finite populations. Genetics, 105(2), 437-460.

Turan, C. (2008): Molecular Systematic Analyses of 
Mediterranean Skates (Rajiformes). Turk. J. Zool., 32(4), 
437-442. 

Turan, C., I. Gunduz, M. Gurlek, D. Yaglioglu & D. 
Erguden (2009): Systematics of Scorpaeniformes species 
in the Mediterranean Sea inferred from mitochondrial 
16S rDNA sequence and morphological data. Folia Biol. 
Krakow, 57(3-4), 219-226.

Turan, C., M. Gürlek, D. Ergüden, A. Uyan, S. Karan 
& S. Doğdu (2017): Assessing DNA Barcodes for Identi-
fication of Pufferfish Species (Tetraodontidae) in Turkish 
Marine Waters. NESciences, 2(3), 48-59.

Uyan, A., C. Turan, S. Doğdu, M. Gürlek, D. Yağlıoğlu 
& B. Sönmez (2024): Genetic and Some Bio-Ecological 
Characteristics of Lessepsian Lizardfish Saurida lessep-
sianus from the Northeastern Mediterranean Sea. Tethys 
Environmental Sciences, 1(1), 1-16. 

Van der Laan, R., R. Fricke & W.N. Eschmeyer (Eds.) 
(2022): Eschmeyer’s Catalogue of Fishes: Classification. 
2022. Available online: http://www.calacademy.org/
scientists/catalog-of-fishes-classification/ (accessed on 21 
March 2024).

Vella, N. & A. Vella (2023): Phylogeographic analyses 
of the Shortfin mako, Isurus oxyrinchus Rafinesque, 1810 
(Chondrichthyes: Lamniformes) from the Central Mediter-
ranean Sea, a critically endangered species in the region. 
Fishes, 8(10), 520.

Vélez-Zuazo, X. & I. Agnarsson (2011): Shark tales: 
a molecular species-level phylogeny of sharks (Selachi-
morpha, Chondrichthyes). Mol. Phylogenet. Evol., 58(2), 
207-217.

Yaglioğlu, D., T. Deniz, M. Gurlek, D. Erguden & C. 
Turan (2015): Elasmobranch bycatch in a bottom trawl 
fishery in the Iskenderun Bay, northeastern Mediterranean. 
Cah. Biol. Mar., 56(3), 237-243.

Yağlioğlu, D., S.A. Doğdu & C. Turan (2023): First 
morphological and genetic record and confirmation of 
Korean Rockfish Sebastes schlegelii Hilgendorf, 1880 in 
the Black Sea Coast of Türkiye. NESciences, 8(3), 140-
150. 


