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Abstract

Sea turtles can be genetically differentiated for their nesting beaches or regions because they show natal homing
behaviour. This may be a single beach or as a management unit of several beaches. Mediterranean coast of Tirkiye has
many small pocket beaches and other inaccessible remote sandy beaches. In this study, we investigated the genetic
structure of a newly identified loggerhead turtle (Caretta caretta) nesting site, Yakacik beach in the border of Antalya
and Mersin provinces. The CC-A2.1 and CC-A3.1 haplotypes were defined within the 16 samples collected from the nests
during the 2020 and 2021 nesting seasons. One sample per nest were collected as we are interested in mtDNA inherited
only from mothers. The beach is identified in the Eastern Tiirkiye Management Unit for the presence of these haplotypes.
There are 23 nesting beaches along the Mediterranean coast of Tiirkiye and these beaches are very important nesting
sites for the loggerhead and the green turtles (Chelonia mydas) in the Mediterranean. In this study, we analysed the
genetic structure of a newly identified nesting beach and the importance of genetic diversity for Mediterranean Sea
turtles was emphasized.
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iRIBAS DENiIZ KAPLUMBAGASI iCIN YENI BELIRLENEN YUVALAMA
KUMSALININ HAPLOTIP ANALIZLERI: YAKACIK KUMSALI, TURKIYE

Ozet

Deniz kaplumbagalari, dogumlari kumsala tekrar yuva yapmak icin dénme davraniglarindan dolay1 kumsallarina veya
bolgelerine gore genetik olarak farklilik gostermektedirler. Bu farklilik, tek bir kumsal veya kumsallardan olusmus bir
yonetim birimi olabilir. Tiirkiye'nin Akdeniz kiyilarinda ¢ok sayida kiiciik kumsallar ve erisilemeyen uzak kumsallar
bulunmaktadir. Bu ¢alismada, Antalya ve Mersin il sinirindaki yeni bir yuvalama kumsali olan Yakacik kumsalinda
yuvalayan Caretta caretta tiri kaplumbagalarin genetik yapisi arastirilmistir. 2020 ve 2021 yuvalama sezonunda
yuvalardan toplanan 16 6rnekte CC-A2.1 ve CC-A3.1 olmak iizere iki haplotip tespit edilmistir. Annelerden kalitim
yoluyla gecen mtDNA arastirildigl icin her yuvadan sadece bir adet 6rnek toplanmistir. Bu haplotiplerin varligi
sonucunda, yakacik kumsalinin Dogu Tiirkiye Yénetim Birimi'nde yer aldig1 tespit edilmistir. Tiirkiye, iribas deniz
kaplumbagalar: (Caretta caretta) ve yesil deniz kaplumbagalarinin (Chelonia mydas) Akdeniz'deki en 6nemli yuvalama
alanlarindan birine sahip olup, yakin zamanda belirlenen kumsallarla birlikte toplamda 23 yuvalama kumsali olmustur.
Bu arastirmada, yeni belirlenen yuvalama kumsallarinin genetik o6zelliklerinin belirlenmesi ve Akdeniz deniz
kaplumbagalari icin genetik cesitliligin de arastirilmasinin da énemine deginilmistir.

Anahtar Kelimeler: Akdeniz, Caretta caretta, Haplotip, mtDNA, Yuvalama kumsali
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colonized in the Mediterranean [1]. The loggerhead sea
turtle, which is known as a charismatic species due to its
characteristics such as being well known by the public
and assuming a facilitating role in the dissemination of

1. Introduction
The Loggerhead sea turtles are widely distributed in the
world. Two species of sea turtles, the loggerhead turtle
(Caretta caretta) and green turtle (Chelonia mydas),
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wildlife conservation activities, is most common sea
turtle species in the Mediterranean and categorized as
“Vulnerable” (VU) globally [2], while the Mediterranean
subpopulation is categorized as the “Least Concern” (LC)
as itis conservation dependent. Although the loggerhead
turtle's conservation status has been downgraded and
the population is considered to be in good condition, it is
not possible to say clearly whether this is really the result
of population growth or other environmental reasons.
For this reason, it is underlined as a conservation
dependent species in the species assessment. It is known
that ecosystems undergo transformation towards a state
that is no longer suitable for some living organisms [3].
Assuming that ecosystems altered by anthropogenic
impact will not recover any time soon, these organisms
need to rapidly adapt to new environmental conditions
or move to new suitable habitats to avoid extinction, and
so some species are shifting their distribution by
establishing new populations [4]. On the other hand, it
has been reported that organisms with limited
adaptability may be more vulnerable and more prone to
extinction [5].

Sea turtles are known to show philopatry behaviour,
defined as returning to natal beaches for reproduction
[6] and their tendency to establish new populations is
therefore thought to be limited [7, 8]. Nevertheless, a
limited number of studies in the Mediterranean have
shown that the distribution of sea turtle nesting areas
may change [9, 10]. Phylopatry limits the potential of
organisms to establish new populations, while it
strengthens the ability of organisms that are able to do so
to persist in suitable habitats and achieve population
growth [11]. Itis known that our knowledge of sea turtles
is far from complete [12], and also that new nesting sites
can always be found [13-15]. Although it is not easy to
determine the origin of a new nesting population, genetic
studies can be used to determine to which of the
previously identified populations it belongs[16-18].
Mitochondrial DNA (mtDNA) transferred from mother to
the hatchlings and the control region is usually used for
genetically different haplotypes [16,19-21].
Mitochondrial DNA has been widely used for the last 30
years as a marker showing the demographic and
evolutionary history of both populations and species
[16,18,22,23]. In the Mediterranean, the nesting
populations are well known and identified as seven
independent Management Units (MUs) (Calibria,
Western Greece, Crete, Dalyan-Dalaman, Western
Turkey, Eastern Mediterranean and Libya-Tunisia) [24].
Genetic differences seen between beaches generally
focus on mtDNA, that is, maternal gene transfers, but
there may be only gene transfers via fathers when males
are also shifting from one beach to another [8, 16,17, 25].
The beaches of Tiirkiye and other beaches in the
Mediterranean have been the subject of genetic analyses
[17, 18, 26-28]. Kaska [20] carried out the first
sequencing study in Tiirkiye with short mtDNA control
region. Yilmaz et al. [17] collected samples from all the
known nesting beaches and described both previously
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identified and new haplotypes on Turkish beaches. It has
been shown that by increasing the sample sizes, there is
a possibility of the identification of new haplotypes and
the connectivity among the nesting beaches better
understood [26]. There were 17 nesting beaches
previously identified and evaluated [29-32] but later
Ciral, Yumurtalik-Sugézii, Alata, Davultepe, ODTU-
Karahasanli and Yakacik beaches were identified as
nesting sites [14, 33-37]. In this paper we describe the
genetic structure of a newly identified beach by using
examples of samples collected on Yakacik beach located
at the border of Mersin and Antalya provinces.

2. Materials and methods

2.1.Sample collection

Dead hatchlings’ tissues, found in the nest, were collected
during the sporadic checks on the beaches that potential
nesting activities that also discovered during the nesting
season. Tissues stored in Eppendorf tubes with 95%
ethanol during the hatching seasons of 2020 and 2021.
The location of Yakacik beach together with other known
nesting sites in Tiirkiye were given in Figure 1.

| N TURKIYE

MEDITERRANEAN SEA

Figure 1. The nesting beaches in Tirkiye and the

location of Yakacik beach.

2.2. DNA Isolation and Amplification

Tissue samples were cut into small pieces (~0.010 mg).
DNA isolation was carried out by the salt method [26].
The amount of the isolated DNA sample was measured
with the Qubit Flex Fluorometer and isolated DNA was
stored at-20°C.

The DNA fragment (~800 bp) of the mitochondrial DNA
control region was amplified with LCM15382 and H950,
commonly used primers for loggerhead sea turtles,
primers. For the mtDNA region analysis primers used:
Forward LCM15382 (5'-GCTT AACCCTAAGCATTGG-3")
and Reverse H950 (5'-GTCTCGG ATTTAGGGGTTT-3")
[38, 39]. We performed DNA amplification by applying
appropriate PCR solutions and procedures. PCRs can be
conducted with ReadyMix™ Taq Sigma (2X), primer (final
concentration at 0.5 pM), pure water and DNA [26].

PCR products obtained after the amplification step were
visualized by electrophoresis using 1XTBE (Tris-borate-
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EDTA) buffer and ABM SafeView dye. The visualized PCR
products were examined under UV light.

2.3. Sequencing and Alignment

Amplification samples were sent to Genartek (Istanbul,
Tiirkiye) for DNA purification and Sanger sequencing.
The sequences were aligned by using the BioEdit version
7.2.5 [40] and compared with haplotypes found in the
Archie Carr Center for Sea Turtle Research database
(ACCSTR; http://accstr.uf.edu/fles/cclongmtdn a.pdf)
and the sequence comparison tool, GenBank BLAST
(http://ncbi.nlm.nih.gov/Blast.cgi). Haplotype diversity
(Hd), nucleotide diversity (1), number of haplotypes (k)
and number of polymorphic sites in DnaSP version
5.10.01 were used in order to obtained MtDNA control
region polymorphism data [41]. Mixed stock analysis
(MSA) was performed to estimate the proportion of
individuals from different recruits. Mixed stock analysis
was performed in BAYES software using the Markov
Chain Monte Carlo (MCMC) method [42].

3. Results

The beach surveys were carried out in 1st of September
in 2020 and 13rd of September in 2021 and one dead
embryo/hatchlings per nest were taken from the
excavated nests. The haplotype network of 16 samples
collected from Yakacik beach shows that two haplotype
(CC-A2.1(n=15) CC-A3.1 (n=1)) network is given in
Figure 2. The mixed stock analyses and contribution of
other loggerhead population to Yakacik beach is given in
Figure 3. As it can be seen from this figure, main
contribution to Yakacik beach estimated from Bayesian
statistics is from western Greece (WGR) and Libya
(Misrata).

The nucleotide diversity (m) were calculated as
0.00230061 for 815 nucleotides in 16 samples. Tajima’s
D statistics (D) were also calculated as 10.3699 by using
DnaSP.v. 5.10.01. Tajima's D is a statistic used to compare
an observed nucleotide diversity against the expected
diversity under the assumption that all polymorphisms
are selectively neutral and constant population size.
Tajima's D is similar to chi-square and described as the
ratio between an observed and expected haplotypes
under the constant population with selectivity is neutral.
This is commonly used for genetic diversity. Mixed stock
analysis for Yakacik samples, although located within the
Turkey east Mediterranean population, might be related
to Libya and Tunisian population (16%), Italy (9%) and
western Greece (43 %) and Crete (7%) (Table 1),
showing this beach is mainly contributed from south and
western Mediterranean populations, only a total of 26%
from all Turkish beaches and 4% from Cyprus.
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Figure 2. The haplotype distances of two haplotypes
found among the samples from Yakacik beach, Antalya
Tiirkiye.
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Figure 3. The contribution of loggerhead populations to
Yakacik beach.
CAL: Calibria, CRT: Crete, CYP:Cyprus, DLY: Dalyan, DAL:
Dalaman, ISR: Israel, LEB: Lebanon, MIS: Misurata,
SIR:Sirte, TKE: Eastern Turkiye, TKM:Middle Tiirkiye,
TKW: Western Tiirkiye, WGR: Western Greece
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Table 1. Bayesian estimates for Mediterranean stocks.
LIBYTUN: Libya and Tunisia, EMED: Eastern
Mediterranean (including Central and Eastern Tiirkiye,
Cyprus, Israel and Lebanon), TKW: Western Tiirkiye,
DLYDAL: Dalyan-Dalaman-Tiirkiye, CRT: Crete-Greece,
WGRC: Western Greece, CAL: Calabria-Italy.

Stock Mean SD 2.5% MEDIAN 97.5%

MIS 0.1515 0.2851 0.0000 0.0002 0.9491
SIR 0.0107 0.0432 0.0000 0.0000 0.1145
ISR 0.0080 0.0633 0.0000 0.0000 0.0420
LEB 0.0054 0.0468 0.0000 0.0000 0.0324
CYP 0.0477 0.1490 0.0000 0.0001 0.6136
TKE 0.0722 0.1965 0.0000 0.0006 0.8259
TKM 0.0910 0.2163 0.0000 0.0002 0.8861
TKW  0.0749 0.1945 0.0000 0.0001 0.8177
DAL 0.0133 0.0854 0.0000 0.0000 0.1305
DLY 0.0268 0.1187 0.0000 0.0000 0.4167
CRT 0.0654 0.1775 0.0000 0.0000 0.7218
WGR 0.4306 0.3750 0.0001 0.3487 0.9961
CAL 0.0028 0.0380 0.0000 0.0000 0.0001

4. Discussion

In our study, the mtDNA control region haplotypes found
at of Yakacik, a newly identified nesting beach, were
investigated and it was found that CC-A2.1 and CC-A3.1
haplotypes, which are common in the Turkish
population, were also observed on this beach. The CC-
A2.1 haplotype has been reported from all nesting
beaches in Tiirkiye, whereas the CC-A3.1 haplotype has
been previously reported from western beaches in
Tiirkiye (TKW) and a few specimens with this haplotype
were found in central (TKM) and eastern Tiirkiye (TKE)
populations [17, 26]. The findings of this study are
consistent with the general genetic structure of the
loggerhead turtles in Tiirkiye. The CC-A3.1 haplotype on
the nesting beaches (19.8 % in the entire Mediterranean)
were reported by Kaska et al [26] as 50% in Dalyan-
Dalaman management Unit, 26,8% in the western
Tiirkiye, while they found this haplotype on a small
number of TKE (8,1%) nesting beaches. Yakacik beach is
located right between the units defined as TKM and TKE.
Although the presence of a single sample belonging to CC-
A3.1 is not sufficient to make a definite judgement, we
can assume that Yakacik beach may be close to the
beaches of the TKE unit but mainly contributed from
south and western Mediterranean populations.

The loyalty of female sea turtles to their nesting sites can
be resolved by maternally inherited mtDNA control
region due to its high rate of evolution [43, 44].
Differences in mtDNA haplotype frequencies among
nesting populations have been used as genetic markers
to associate feeding associations with the nesting
associations from which they originated.

Previous genetic studies indicate that nesting
populations in the Mediterranean began to become
isolated from the Atlantic in the late Pleistocene and
early Holocene (~10 thousand years ago) [6, 44]. It is
suggested that the low genetic diversity observed in the
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mtDNA d-loop region is due to the colonization of the
Mediterranean by the migration of a few individuals from
the Atlantic Populations about 12 thousand years ago [6].
Therefore, the Mediterranean population is considered
as an independent unit and consists of 7 different genetic
structures [24]. Geographically, in terms of mtDNA,
Dalyan, Dalaman, West (Fethiye, Patara, Kale, Kumluca
and Cirali), Central (Tekirova, Belek, Kizilot and
Gazipasa) and East (Anamur, S. Delta, Alata, Kazanl,
Akyatan, Agyatan and Samandag) to make up to 5 groups
were previously described by Yilmaz et al. [17]. Later
these were classified only as western and eastern
Tirkiye. The Mediterranean population is a population
whose value is increasing due to the genetic isolation of
the Mediterranean population from the Atlantic
population and the decrease in genetic diversity due to
genetic drift and inbreeding effects [16]. Laurent et al.
[45] stated that the mtDNA haplotype frequencies of C.
caretta nesting populations in Tiirkiye were significantly
different.

The frequencies of haplotypes CC-A2.1 and CC-A3.1 are
high in Turkish nesting beaches but the CC-A3.1
haplotype is found only in the Eastern Mediterranean
nesting beaches. The CC-A2.1 and CC-A3.1 haplotypes
were defined as the ancestral haplotype [16, 17, 45]. A
haplotype parsimony network analysis of published
mtDNA control region haplotypes of Atlantic and
Mediterranean C. caretta populations were analysed and
the haplotypes detected in the Mediterranean and
Tirkiye's nesting beaches originated from the CC-A2
haplotype [16, 17, 45]. The Mediterranean coast of
Tiirkiye is the place with the highest genetic diversity for
Caretta caretta after Calabria [17]. The Turkish
population differs from the Mediterranean populations
in terms of CC-A3 haplotype and its frequency of
haplotypes derived from this CC-A3.1, CC-A3.2 and CC-
A3-3. Therefore, nesting beaches that contribute CC-A3
haplotype to the Turkish population are the beaches that
should be protected [17]. Yakacik is a newly defined
nesting beach. Barbanti et al. [46], has shown that
females concentrate nesting activity in specific areas and
exhibit a high degree of nest site fidelity within and
between nesting seasons. However, some research has
shown that long-distance nesting appears to be more
common than previously thought [47, 48]. It is known
that there are wintering and foraging areas in the eastern
Mediterranean coast of Tiirkiye [49]. Yakacik beach was
not reported during the detailed studies conducted by
Baran and Kasparek [29] on the Turkish coasts suggests
that this beach was not visited at that time, there was no
nesting at that time, or no significant nesting was
detected. Nevertheless, this beach is now reported to be
an important nesting site and the nesting size seems to
be very important [37]. It is still an open question
whether the population breeding on this new beach the
result of the expansion of a small population is already
breeding on the beach, or whether it is the result of the
expansion of populations on different beaches. To
determine the origin of this new population, studies with
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new markers and larger sample sizes are needed. The
mtDNA control region sequences can be used for the
identification of the haplotypes and if there are any
differences among the beaches. The full genome can also
be analysed as it is becoming more informative in recent
times in identifying the individuals [50]. We presented
here the haplotypes and their frequencies with the
limited sample size for a new nesting site that never
being sampled before. There may be more nesting
occurring outside of the beaches already identified for
loggerhead sea turtles in Tiirkiye. The sporadic and new
nesting sites should be monitored and genetically
analysed to determine whether they came from other
coasts within the Mediterranean or entered the
Mediterranean from other populations.

5. References

Casale, P, Broderick, A.C, Camifias, J.A., Cardona, L.,
Carreras, C., Demetropoulos, AFuller, W], Godley, BJ.,
Hochscheid, S., Kaska, Y. Lazar, B. Margaritoulis, D.,
Panagopoulou, A, Rees, AF, Tomas, ]. and Turkozan, O.
"REVIEW: Mediterranean sea turtles: current knowledge
and priorities for conservation and research"”, Endangered
Species Research, 36, 229-267,2018.

Casale, P. and Tucker, A.D., "Caretta caretta. In: The IUCN
Red List of Threatened Species, 2015.

Henson SA, Beaulieu C, Ilyina T, John ]G, Long M, Séférian
R. Tjiputra, ]J. and _Sarmiento, JL. "Rapid emergence of
climate change in environmental drivers of marine
ecosystems", Nature Communications, 8(1), 14682, 2017.
Pecl, G.T., Araujo, M.B, Bell, ].D., Blanchard, ],
Bonebrake, T.C., Clark, T.D. et al. "Biodiversity
redistribution under climate change: Impacts on
ecosystems and human well-being", Science, 80. 355,
eaai9214, 2017.

Kelly, MW, Sanford, E. and Grosberg, RK., "Limited
potential for adaptation to climate change in a
broadly distributed marine crustacean",
Proceedings. Biological sciences / The Royal Society,
279, 349-356, 2012.

Bowen, B.W., Avise, ].C,, Rihardson, ].I., Meylan, A.B.,
Margaritoulls, D. and Hopkins-Murpy, S.R.
"Population structure of loggerhead turtles (Caretta
caretta) in the northwestern Atlantic Ocean and
Mediterranean Sea", Conservation Biology, 7, 834-
844, 1993.

Nishizawa, H., Abe, 0., Okuyama, J., Kobayash, M. and
Arai, N. "Population genetic structure and
implications for natal philopatry of nesting green
turtles Chelonia mydas in the Yaeyama Islands. Jpn",
Endangered Species Research. 14, 141-148, 2011.
Clusa, M., Carreras, C., Cardona, L., Demetropoulos,
A., Margaritoulis, D., Rees, A Hamza, A, Khalil, M,
Levy, Y., Tiirkozan, O., Aguilar, A. and Pascual, M,,
"Philopatry in loggerhead turtles (Caretta caretta):
beyond the gender paradigm", Biology,
Environmental Science Marine Ecology Progress
Series, 588, 201-213, 2017.

163

[9] Carreras, C., Pascual, M, Tomas, ], Marco, A,
Hochscheid, S., Castillo J],Gozalbes, P,Parga, M,
Piovano, S. and (Cardona, L. "Sporadic nesting
reveals long distance colonisation in the philopatric
loggerhead sea turtle (Caretta caretta) ", Scientific
Reports, 8, 1435, 2018.

Hochscheid, S. Maffucci, F., Abella, E. Bradai,
M.N., Camedda, A., Carreras, C., et al. "Nesting range
expansion of loggerhead turtles in the
Mediterranean: Phenology, spatial distribution, and
conservation implications"”, Global Ecology and
Conservation. 38: €02194,2022.

LePage, C. and Cury, P, "How spatial
heterogeneity influences population dynamics:
Simulations in SeaLab", Adaptive Behavior, 4, 255-
281, 1996.

Casale, P. and Ceriani, SA. "Sea turtle
populations are overestimated worldwide from
remigration intervals: correction for bias",
Endangered Species Research. 41,141-151, 2020

Ben Hassine, ]. and Escoriza, D., "Caretta caretta
in Tunisia: natural history and report of a new
regular nesting area", Herpetological Review. 44,
557-561, 2013.

Canbolat, A. F., Atatung¢, K, Candan, O. and
Barcak, D., "A new green turtle (Chelonia mydas)
nesting site in the Mediterranean: Sugdzii beaches,
Adana (Turkey)", In The Second Mediterranean
Conference on Sea Turtles, 4 (7), 2005.

Metcalfe, K., Agamboué, P.D., Augowet, E,
Boussamba, F., Cardiec, F, Fay, ].M,, et al. Going the
extra mile: ground-based monitoring of olive ridley
turtles reveals Gabon hosts the largest rookery in the
Atlantic", Biological Conservation, 190, 14-22, 2015.

Carreras, C., Pascual, M., Cardona, L., Aguilar, A,
Margaritoulis, D., Rees, A, Turkozan, O., Levy, Y.,
Gasith, A., Aureggi, M. and Khalil, M., "The genetic
structure of the loggerhead sea turtle (Caretta
caretta) in the Mediterranean as revealed by nuclear
and mitochondrial DNA and its conservation
implications", Conservation Genetic, 8, 761-775,
2007.

Yilmaz C, Turkozan O. and Bardakci F., "Genetic
structure of loggerhead turtle (Caretta caretta)
populations in Turkey", Biochemical Systematics
and Ecology, 39,266-276, 2011.

Kaska, Y., "Genetic structure of Mediterranean
sea turtle populations”, Turkish Journal of Zoology.
24:191-197, 2000.

Carreras, C., Rees, A, Broderick, A.C., Godley, B.].,
Margaritoulis, D., "Mitochondrial DNA markers of
loggerhead marine turtles (Caretta caretta)
(Testudines: Cheloniidae) nesting at Kyparissia Bay,
Greece, confirm the western Greece unit and regional
structuring”, Scientia Marina, 78, 115-124, 2014.

Bowen B.W., Bass A.L. Soares L., Toonen RJ].,
"Conservation implications of complex population
structure: lessons from the loggerhead turtle

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]


https://pubmed.ncbi.nlm.nih.gov/?term=Tjiputra+J&cauthor_id=28267144
https://pubmed.ncbi.nlm.nih.gov/?term=Sarmiento+JL&cauthor_id=28267144
https://www.semanticscholar.org/author/D.-Margaritoulis/4780905
https://www.semanticscholar.org/author/A.-Rees/7783019
https://www.semanticscholar.org/author/Abdulmaula-Hamza/145713605
https://www.semanticscholar.org/author/Mona-Khalil/153393200
https://www.semanticscholar.org/author/Y.-Levy/32745046
https://www.semanticscholar.org/author/Og%CC%8Cuz-T%C3%BCrkozan/3563825
https://www.semanticscholar.org/author/A.-Aguilar/145615106
https://www.semanticscholar.org/author/M.-Pascual/144573018
https://www.nature.com/articles/s41598-018-19887-w#auth-Patricia-Gozalbes-Aff3
https://www.nature.com/articles/s41598-018-19887-w#auth-Mariluz-Parga-Aff7-Aff8
https://www.nature.com/articles/s41598-018-19887-w#auth-Susanna-Piovano-Aff9-Aff10
https://www.nature.com/articles/s41598-018-19887-w#auth-Luis-Cardona-Aff11
https://www.sciencedirect.com/journal/biochemical-systematics-and-ecology
https://www.sciencedirect.com/journal/biochemical-systematics-and-ecology

Arzu Kaska, Dogan Sozbilen
Haplotype Analyses of Newly Identified Nesting Beach for Loggerhead Sea Turtle: Yakacik Beach, Tiirkiye

(Caretta caretta) ",

2402, 2005.
Chomchat, P., Klinsawat, W., Sirinarumitr, K,

Inthong, N., Sirinarumitr, T., "Genetic structure and

diversity of green turtle (Chelonia mydas) in the Gulf

of Thailand" , Veterinary World ,17, 37-49, 2024.
Bowen, B.W., Abreu-Grobois, F.A. Balazs, G.H.,

Kamezaki, N., Limpus, C.L., and Fer], R. ], "Trans-

Pacific migrations of the loggerhead sea turtle

demonstrated with mitochondrial DNA markers",

Proceedings of the National Academy of Sciences

USA. 92, 3731-3734, 1995.

Bowen, B.W,, Karl, S.A., "Population genetics and
phylogeography of sea turtles”, Molecular Ecology,
16, 4886-4907, 2007.

Shamblin, B.M., Bolten, A.B., Abreu-Grobois, F.A.,
Bjorndal, K.A., Cardona, L, et al. "Geographic Patterns
of Genetic Variation in a Broadly Distributed Marine
Vertebrate: New Insights into Loggerhead Turtle
Stock Structure from Expanded Mitochondrial DNA
Sequences", PLoS ONE, 9(1), 2014

Schroth, W., Streit, B. and Schierwater, B,
"Evolutionary handicap for turtles", Nature, 384,
521-522,1996.

Kaska, A., Kog, G., Sozbilen, D. Salih, D, Glidan, A.
et al. "Increased sample size provides novel insights
into population structure of Mediterranean
loggerhead sea turtles", Conservation Genetic
Resources, 15, 67-75,2023.

Loisier, A., Savelli, M.P.,, Arnal, V. Claro, F.,
Gambaiani, D., Sénégas, ]JB., Cesarini, C., Sacchi, |,
Miaud, C. Montgelard, C. "Genetic composition,
origin and conservation ofloggerhead sea turtles
(Caretta caretta) frequenting the French
Mediterranean coasts" Marine Biology, 168:52,2021.

Vella, A., Vella, N. "Conservation Genetics of the
Loggerhead Sea Turtle, Caretta caretta, from the
Central Mediterranean: An Insight into the Species’
Reproductive Behaviour in Maltese Waters"Animals,
14(1), 137, 2024.

Baran, I. and Kasparek, M., "Marine Turtles in
Turkey: Status Survey and Recommendations for
Conservation and Management"”, World Wide Fund
for Nature, Heidelberg, 1998.

Canbolat, A.F.,, "A review of sea turtle nesting
activity along the Mediterranean coast of Turkey",
Biological Conservation,116, 81-91, 2004.

[31] Casale, P. and Margaritoulis, D., "Sea turtles in
the Mediterranean Distribution, threats and
conservation priorities. IUCN/SSC Marine Turtle
Specialist Group, Gland, Switzerland, 2010.

Molecular Ecology, 14, 2389-

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[32] Tiurkozan, 0., Kaska, Y., Turkey: Eds. Casale, P.
and Margaritoulis, D. "Sea turtles in the
Mediterranean: Distribution, threats and

conservation priorities. Gland. Switzerland, IUCN,
294, 2010.

Sénmez, B., Elginoz, E., llgaz, M. and Altinkaya, H.,
"Nesting activity of loggerheadturtles (2013-2020)
and 20 years abundance trend (2001-2020) on Cirali

[33]

164

Beach", Turkey.Regional Studies in Marine Science,
44,2021.

Ergene, S., Aymak, C. and Ugar, A. H. "Nesting
activity of the marine turtles (Chelonia mydas and
Caretta caretta) during 2005 in Alata, Mersin-
Turkey. In Book of Abstracts. 26th Annual
Symposium on Sea Turtle", Biology and
Conservation, Island of Crete, Greece. p. 293, 2005.

Ergene, S., Ergene, M., Ucar, A. H., Aymak, C. and
Kacar, Y. "Identification of a new nesting beach in
Mersin, Turkey: Nesting activity of green and
loggerhead sea turtles over 6 nesting seasons (2009-
2014) at Davultepe Beach", Marine Turtle Newsletter,
149, 6-9, 2016.

Kideys, A.E. and Ozkan, K., ODTU/Kocahasanl
Kumsali Raporu. Unpublished report, 2019.

Sozbilen, D. "A potential nesting site for
loggerhead turtles (Caretta caretta): Yakacik beach
Tirkiye", Commagene Journal of Biology, 2024.

Loisier, A., Savelli, M-P., Arnal, V., Delphine, G.,
Senegas, ].B., Cesarini, C., Sacchi, ], Miaud, C. and
Mondgelard, C., "Genetic composition, origin and
conservation of loggerhead sea turtles (Caretta
caretta) frequenting the French Mediterranean
coasts", Marine Biology, 168, 52, 2021.

Abreu-Grobois, FA, Horrocks, ], Formia, A,
Leroux, R.A. Velez-Zuazo, X., Dutton, P., Soarez, L.,
Meylan, P. and Browne D.C., "New mtDNA D-loop
primers which work for a variety of marine turtle
species may increase the resolution of mixed stock
analysis. In: Frick, M., Panagopoulou, A., Rees, A.F.
and Williams, K. Book of Abstracts. Twenty Sixth
Annual Symposium on Sea Turtle Biology and
Conservation”, International Sea Turtle Society,
Athens, Greece. 376 pp, 2006.

Hall, T.A, "BioEdit: a user-friendly biological
sequence alignment editor and analysis program for
Windows 95/98/NT", Nuclear Acids Symposium
Series 41:95-98, 1999.

Librado P., Rozas ]. and DnaSP v5: a software for
comprehensive analysis of DNA polymorphism
data", Bioinformatics 25,1451-1452, 2009.

Pella, J. and Masuda, M.,"Bayesian methods for
analysis of stock mixtures from genetic characters”,
Fish. Bull. 99, 151-167, 2001.

Avise, ].C., Bowen, B.W.,, Bermingham, E., Meylan,
A.B.and Lamb, T., "Mitochondrial DNA evolution at a
turtle’s pace: evidence for low genetic variability and
reduced microevolutionary rate in the Testudines"”,
Molecular Biology and Evolution, 9, 457-473, 1992.

Encalada, S.E., Bjorndal, K.A., Bolten, A.B., Zurita,
J.C., Schroeder, B., Possardt, E., Sears, C]. and Bowen,
BW., "Population structure of loggerhead turtle
(Caretta caretta) nestingcolonies in the Atlantic and
Mediterranean as inferred from mitochondrial DNA
control region sequences", Marine Biology, 130,
567-575,1998.

Laurent, L., Casale, P., Bradai, M.N., Godley, B.].,,
Broderick, G.G, Schroth, W., Schierwater, B., Levy,

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]



Arzu Kaska, Dogan Sozbilen
Haplotype Analyses of Newly Identified Nesting Beach for Loggerhead Sea Turtle: Yakacik Beach, Tiirkiye

AM, Freggi, D. and Abd El-Mawla, E.M., "Molecular
resolution of marine turtle stock composition in
fishery bycatch: a case study in the Mediterranean”,
Molecular Ecology 7, 1529-1542, 1998.

Barbanti, A., Blumenthal, J.M., Broderick, A.C.
Godley, B.J., Prad-Varela A, Turmo M., Pascual, M.
and Carreas, C., "The architecture of assisted
colonisation in sea turtles: building new populations
in a biodiversity crisis", Nature Communications, 13:
1580, 2022.

Shamblin, B.M., Dodd, M.G., Griffin, D.B., Pate,
S.M,, Godfrey, M.H., Coyne, M.S, Williams, K.L.; Pfaller,
JL,Ondic, B.L.; Andrews, K.M., Boettcher, R. and Nairn,
C.J., "Improved female abundance and reproductive
parameter estimates through subpopulation-scale
genetic capture-recapture of loggerhead turtles”,
Marine Biology, 164, 1-14, 2017.

[46]

[47]

165

[48] Snape, R.T.E., Broderic, A,, Cicek, B.A., Fuller, W.].,
Glen, F., Stokes, K. and Godley, B.J., "Shelf life: neritic
habitat use of a turtle population highly threatened
by fisheries", Diversity and Distributions, 22; 797-
807, 2016.

Turkozan, 0., Yilmaz, C., Ugar, A.H., Carreras, C.,
Ergene, S., Aymak, C. and Karama, S. "Local
differentiation in the origin of stranded loggerhead
turtles, Caretta caretta, within an eastern Turkey
foraging area", Ocean & Coastal Management., 153,
70-75,2018.

Tolve, L, Lannucci, A,- Garofalo, L, -Ninni, A, -
Dondona, AC, Ceciarini, I, Cocumelli, C, et al
“Whole mitochondrial genome sequencing provides
new insights into the phylogeography of loggerhead
turtles (Caretta caretta) in the Mediterranean Sea.
Marine Biology, 171:19, 2024.

[49]

(50]



