Conservation Genetics Resources (2023) 15:67-75
https://doi.org/10.1007/512686-023-01303-9

ORIGINAL RESEARCH q

Check for
updates

Increased sample size provides novel insights into population
structure of Mediterranean loggerhead sea turtles

Arzu Kaska' - Gizem Ko¢??° - Dogan Sézbilen® - Diryaq Salih* - Ashraf Glidan® - Abd Alati Elsowayeb'® -

Almokhtar Saied* - Dimitris Margaritoulis® - Panagiota Theodorou® - ALan Rees’ - Robin Snape® -

Annette Broderick® - Brendan Godley® - Damla Beton’ - Meryem Ozkan’ - Imed Jribi® - Manel Ben Ismail® -

Ahmed Ben Hmida'? - Ali Badreddine'" - Enerit Sacdanaku'? - Vicky Rae'* - Mohamed Said Abdelwarith'* -

Nahla Naguib'*'> . Lobna Ben Nakhla'® - Atef Limam'®. Marwan Abderrahim'® - Julien Sémelin'’ - Yakup Kaska>'®

Received: 4 July 2022 / Accepted: 23 April 2023 / Published online: 13 May 2023
© The Author(s), under exclusive licence to Springer Nature B.V. 2023

Abstract

The loggerhead sea turtle (Caretta caretta), has the widest distribution among sea turtle species in the Mediterranean, requir-
ing regional and international collaborations in addition to local efforts to better inform conservation actions. Molecular tech-
niques are powerful tools for the assessment of population dynamics at large scales, especially in determining the connectivity
among different nesting and foraging sites, and genetic diversity. In this study, a large sample was collected synchronously
in the nesting areas located in the north, south and eastern Mediterranean. Recently confirmed nesting sites from Albania
and other nesting sites represented by lower sample sizes were also included in order to better assess the genetic composition
of the region’s rookeries. Samples from 698 individuals were collected and the longer (815 bp) mtDNA D-loop fragment
of these samples was sequenced. We recorded 15 haplotypes, three of which were novel. In addition, our results show that
some haplotypes considered of Atlantic origin, have a wider dispersal in the Mediterranean than previously thought, albeit
with low levels of representation. Our results contribute to determining the likely origin of haplotypes that were previously
only recorded from foraging sites. They highlight the utility of broad-scale sampling, with increased sample sizes and the
longer mtDNA sequence to determine genetic diversity and connectivity. This study also demonstrates the importance of
continued monitoring for the contribution of Atlantic-origin haplotypes to the Mediterranean population and the effects of
climate change on the resident Mediterranean population, which is expected to expand its geographical range for reproduction.
This work is important for, mixed stock analyses (MSA) that seek to determine the natal regions of stranded or accidentally
caught sea turtles and those purposefully obtained from foraging sites. In doing so biogeographic linkages between areas of
the Mediterranean can be elucidated for conservation purposes.
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Introduction

The loggerhead turtle (Caretta caretta) is the most common
sea turtle species in the Mediterranean Sea (Casale et al.
2018). Nesting occurs mainly in the Eastern Mediterranean
basin, with the highest number of clutches in Greece, Tur-
key, Libya and Cyprus (Casale et al. 2018). Lower nesting
numbers are recorded in Egypt, Israel, Lebanon, Syria and
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Tunisia. Minor nesting also occurs in the western basin in
Italy, Spain and France (Casale et al. 2018).

Globally, sea turtle populations are under many anthropo-
genic pressures. However, as a result of conservation efforts,
the Mediterranean loggerhead population has recovered sub-
stantially. It is currently classified as Least Concern by the
International Union for Conservation of Nature (IUCN) due
to increasing nest numbers at major Mediterranean nesting
sites, but, is considered as Conservation Dependent since
various threats still exist (Casale 2015).

It is worth noting that the loggerhead turtle is a highly
mobile species. Recent studies have shown that the Medi-
terranean loggerhead population exhibits a wide dispersal
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from nesting sites to different foraging sites (Cerritelli
et al. 2022; Haywood et al. 2020; Schofield et al. 2010).
In addition to conservation efforts at local levels, stud-
ies based on international cooperation and the determina-
tion of regional-based conservation measures have been
adopted recently (Kot et al. 2022). Consequently, this
step will provide high benefits for sea turtle conservation
studies.

Sea turtles exhibit a behavior known as philopatry,
defined as a tendency to return to their natal beaches
(Bowen and Karl 2007). Accordingly, this behavior
results, over time, in certain regions forming populations
with genetic structuring. Those populations are defined as
Management Units (Moritz 1994).

The Mediterranean loggerhead turtle population is
identified globally as one of the 10 Regional Management
Units (RMU) based on studies of nesting sites, population
abundances and trends, population genetics, and satellite
telemetry (Wallace et al. 2010). Although the Mediter-
ranean loggerhead turtle population is defined as a single
RMU, there is genetic diversity across the region (Car-
reras et al. 2006, 2014; Yilmaz et al. 2011; Saied et al.
2012; Clusa et al. 2014, 2018; Rees et al. 2017; Tolve
et al. 2018). However, the Mediterranean loggerhead meta-
population is composed of three independent RMUs (1
Mediterranean RMU and 2 Atlantic RMUs) (Casale et al.
2018). Recently, loggerhead sporadic nesting events have
become more frequent in the western Mediterranean, and
Atlantic origin turtles contributed to these nesting events
(Carreras et al. 2018). Therefore, genetic diversity differs
and is evolving at both foraging and nesting sites.

Mixed-stock analysis (MSA) based on mitochondrial
DNA (mtDNA) sequences are used to assess a combination
of haplotype diversity and frequency among different nest-
ing sites and estimate the origins of individuals at foraging
sites (Bowen and Karl 2007). Due to unsampled breeding
sites and incomplete sampling of large, well-known sites,
complete genetic characterization is so far unachieved for
the Mediterranean. Furthermore, mainly when “orphaned
haplotypes” exist (i.e. haplotypes recorded from an indi-
vidual of unknown breeding site), the MSA has lower
power (Tolve et al. 2018). To have a more comprehensive
knowledge on the Mediterranean loggerhead turtle popula-
tion structure, there was a need for simultaneous studies
with an increased number of samples from areas that were
previously represented with few or no samples.

In this context, and with the contribution of research-
ers from seven countries in the Mediterranean, this study
aimed to increase the sample size of rookeries from dif-
ferent countries to contribute to better understanding of
the genetic structure of Caretta caretta and answer the
following questions:

@ Springer

1. Did we attain the maximum knowledge available for the
loggerhead turtle population structure?

2. Do the Atlantic loggerhead turtles contribute to the
breeding population in the eastern Mediterranean?

3. What is the origin of the individuals at new nesting sites
in the Mediterranean?

Materials and methods
Sample collection

Skin biopsies were taken from adult females and tissues
from dead hatchlings and preserved in 70% alcohol until
required for analysis. For hatchling samples, one hatchling
was sampled per nest, from nests made within a 15-day
interval, which is a typical internesting interval for the log-
gerhead turtles, to prevent pseudo-replication.

A total of 698 samples were collected between 2018
and 2019 along the beaches of Cyprus, Greece, Lebanon,
Libya, Tunisia and Turkey. The sites from Libya and Leba-
non had not been previously sampled, while larger sample
sizes were collected from the other, previously investigated
sites. The sample size in Turkey was 374, Libya 134, Greece
104, Tunisia 41, Cyprus 27, and Lebanon eight. A total of
8 Samples from Albania and 2 samples of stranded turtles
from Egypt were included to identify their haplotypes in
the analyses. Six Albanian samples were collected from live
bycatch turtles at Ishmi stavnik, Patok area (Drini Bay). A
further two were collected from dead hatchlings found in the
first officially documented nest in Albania in Divjaka beach
area, in 2018 (Piroli and Haxhiu 2020).

Laboratory analysis

DNA extraction was performed using a standard phe-
nol—chloroform protocol (Kaska et al. 2001) or a Quick-
Gene DNA tissue kit (KURABO). Representatives of each
research team trained for the same protocol for extraction of
DNA and PCR amplification at DEKAMER Lab in Turkey.
An approximately 815 base pair (bp) long fragment of the
non-coding mitochondrial DNA (mtDNA) control region
was amplified by Polymerase Chain Reaction (PCR). The
primer pair used was LCM 15382 (5'-GCTT AACCCTAAG
CATTGG-3") and H950 (5'-GTCTCGG ATTTAGGGGTTT
-3") (Abreu-Grobois et al. 2006). PCR was performed in a
total volume of 30-pL mastermix, 0.5 pM of each primer,
and 2 pL of DNA. Thermal conditions consisted of an ini-
tial denaturation at 95 °C for 3 min (min), followed by 34
cycles of 30 s (s) at 95 °C, 1 min at 55 °C and 30 s at 72 °C,
with a final extension step at 72 °C for 10 min. PCR prod-
ucts were visualised on a 1% agarose gel stained with Safe-
view™ for amplification evaluation. After completing the
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DNA extraction and amplification the products were sent
to Genartek (Istanbul, Turkey) for DNA purification and
Sanger sequencing with both forward and reverse primers.

Data analysis

Obtained sequences were, if needed, edited in Chromas
(v.2.6.6) and aligned in Bioedit (v.7.2.5) (Hall 1999). Hap-
lotype classification was conducted through comparing the
sequences with haplotypes already presented in the Archie
Carr Center for Sea Turtle Research database (ACCSTR;
https://accstr.ufl.edu/wp-content/uploads/sites/98/cclon
gmtdna-2.pdf) and the sequence comparison tool, GenBank
BLAST (http://ncbi.nlm.nih.gov/Blast.cgi). Novel haplo-
types found were submitted to ACCSTR for assigning the
international nomenclature and their sequences were sent
to GenBank. To highlight the relationship between differ-
ent haplotypes identified, haplotype networks based on the
median-joining algorithm were created using the program
POPART version 1.7 (Leigh and Bryant 2015). Polymor-
phism data was obtained by estimating the haplotype diver-
sity (h), nucleotide diversity (x), number of haplotypes (k)
and number of variable sites (p) in DnaSP version 5.10.01
(Librado and Rozas 2009).

Haplotype networks of mtDNA for loggerhead turtles
from different Mediterranean countries were created with
the connecting lines between haplotypes representing sin-
gle mutations (Fig. 1). The software MEGA v. 7 (Kumar
et al. 2016) was used to create a phylogenetic tree (Sup-
plement Fig. 1). The best-fit substitution model (ML) was
chosen on the basis of the lowest Bayesian information cri-
terion (BIC) value which was the Tamura 3-parameter with

Fig. 1 Haplotype network of
mtDNA for loggerhead sea tur-
tles from different management
units. Connecting lines between
haplotypes represent single
mutations. The circle areas of
the haplotypes are proportional
to the sample size carrying the
specific haplotype. New haplo-
types were given in red

CC-A2.16

CC-A3.1

CC-A32.1

Gamma distribution (T92 + G). For the phylogenetic analysis
the neighbour-joining (NJ) method was used including the
selected substitution model. We carried out 1000 bootstrap
replications to obtain valid results for the nodes. Bootstrap
values greater than or equal to 50% were considered statisti-
cally significant (Margush and McMorris 1981). For node
calibration, D-loop sequences from two olive ridleys (Lepi-
dochelys olivacea, GenBank AM258984 and JX454991) and
a Kemp’s ridley sea turtles (Lepidochelys kempii, GenBank
JX454981) were included in the alignment as outgroups.

Results

Among the 698 mtDNA sequences analysed, 14 variable
sites were observed defining 16 haplotypes of which three
were previously undescribed. Previously described haplo-
types found in this study are presented in Table 1. Both,
CC-A2.1 and CC-A3.1 are the most common haplotypes at
different Mediterranean rookeries. The highest number of
haplotypes found were from Libya (9), followed by Greece
(6) and Turkey (5) (Table 2). The haplotype diversity was
highest in the previously established Libyan (together with
Tunisian MU) Management Unit, followed by western Tur-
key and Crete, Greece. The most frequently found haplo-
types were CC-A2.1 (67.0%) and CC-A3.1 (19.8%), both
were present at all nesting sites, followed by CC-A2.9 (6.7%)
most found in Libya and 3.2% with haplotype CC-A26.1,
also originating from Libya. One hatchling and the bycatch
samples from Albania and 2 samples from Egypt were found
of the haplotype of CC-A2.1. The genetic polymorphism

CC-A71.1

CC-A10.4

CC-A29.1

CC-A68.1

CC-A61.2
CC-A31.1
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Table 1 The haplotypes and the sample size (n) of Caretta caretta nests sampled at different Mediterranean rookeries and their rookery of origin

(Clusa et al.2014)

Haplotype n  Source rookeries found in this study

Rookery previously identified

CC-A2.1 468 DLM (7), DLY (83), TKE (46), TKM (35), TKW (81), MIS
(4), SIR (49), CRT (22), KOR (18), KOT (8), LAK (26),

ZAK (19), TUN (39), CYP (26), LEB (5)
CC-A28 5 CRT(®4),LAK (1)

CC-A29 47 SIR (45),MIS (1), TUN (1)

CC-A3.1 138 DLM (36), DLY (55), TKE (6), TKW (30) (128), SIR (4),

CRT (1), TUN (1), CYP (1), LEB(3)

CC-A6.1 2  CRT(1),KOT (1)
CC-A104 1 MIS (1)
CC-A26.1 22 MIS (1), SIR (21)
CC-A29.1 1 TKW ()

CC-31.1 2 CRT (1), KOR (1)
CC-A32.1 CRT (1)
CC-A50.1 1 TKE(1)
CC-A68.1 2  SIR(2)

CC-A71.1 1  SIR(1)

CC-A612 3 SIR(3)
CC-A2.16 2 SIR(2)
CC-A34 2 DLY (2)

Mediterranean: MIS, SIR, ISR, LEB, CYP, ETU, MTU, DLM,
DLY, CRE, WGR, CAL

Atlantic: CEF, SEF, SAL, DRT, QMX, SWF, CWF, NWF,
CPV

Mediterranean: CRE
Atlantic: —

Mediterranean: MIS, SIR, ISR
Atlantic: —

Mediterranean: MIS, SIR, LEB, ETU, WTU, WGR, DLM,
DLY
Atlantic: CEF, SEF, SAL, QMX, SWF, CWF, NWF

Mediterranean: WGR Atlantic: —

Mediterranean: Tuscany , Campania *
Atlantic: CEF

Mediterranean: SIR
Atlantic: —

Mediterranean: ISR
Atlantic: —

Mediterranean: CAL, WGR, Sicily *
Atlantic: —

Mediterranean: WGR
Atlantic: —

Mediterranean: CYP
Mediterranean: SIR
Unknown

Novel haplotype
Novel haplotype
Novel haplotype

Mediterranean rookeries: MIS Misurata, Libya, SIR Sirte, Libya, ISR Israel, LEB Lebanon, CYP Cyprus, ETU Eastern Turkey, MTU Middle
Turkey, WT'U Western Turkey, DLM Dalaman, Turkey, DLY Dalyan, Turkey, CRE and CRT Crete, Greece, WGR Western Greece, KOR Koroni,

Western Greece, KOT Kotychi, Western Greece, CAL Calabria, Italy

Table 2 Genetic polymorphism

Management unit n k p S Hd b1

measures of loggerhead

sea turtles from different WGRC 74 4 3 3 0.0800 0.00007

management units CRT 30 6 4 4 0.4552 0.00053
DLYDLM 184 3 2 2 0.5132 0.00064
TKW 112 3 2 2 0.40838 0.00051
LIBY_TUN 175 9 8 8 0.6362 0.00107
EMED 123 3 2 2 0.1655 0.00020
Total_Med 698 16 14 14 0.5077 0.00078

n number of turtles sampled, k number of haplotypes, p number of polymorphic (segregation) sites, S
Number of variable sites, Hd haplotype diversity, © nucleotide diversity

measures data (Table 2) and frequencies of haplotypes
(Table 3) were given according to Management Units.

One new haplotype detected in Sirte, Libya, differed
by one substitution from CC-A2.9 which is an exclusively
Mediterranean haplotype (Tolve et al. 2018) and common in
the Libyan nesting sites (Splendiani et al. 2017). The novel
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sequence was named CC-A61.2 after the nomenclature rules
published on the Archie Carr Center for Sea Turtle Research
(ACCSTR) website. The second new haplotype also identi-
fied from Sirte differed by one substitution from CC-A2.1,
which is found in both Mediterranean and Atlantic popula-
tions (Shamblin et al. 2014) and was named CC-A2.16. The
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Table 3 Haplotype number

: i Haplotype WGRC CRT DLYDAL TKW LIBYTUN EMED Overall
and frequencies (%) found in
different MU CC-A2.1  71(959%) 22(73.3%) 90 (48.9%) 81 (72.3%) 92(52.6%) 112 (91.1%) 468 (67.0%)
CC-A28 1(14%) 4(133%) 0(0.0%) 0(0.0%)  0(0.0%)  0(0.0%) 5(0.7%)
CC-A29 0(0.0%) 0(0.0%) 0(0.0%)  0(0.0%)  47(26.9%) 0(0.0%) 47 (6.7%)
CC-A3.1 0(0.0%) 1(33%)  92(50.0%) 30(26.8%) 5(2.9%)  10(8.1%) 138 (19.8%)
CC-A6.1 1(14%) 1(33%) 0(0.0%)  0(0.0%)  0(0.0%)  0(0.0%) 2(0.3%)
CC-A104 0(0.0%) 0(0.0%)  0(0.0%)  0(0.0%) 1(0.6%)  0(0.0%) 1(0.1%)
CC-A26.1 0(0.0%) 0(0.0%)  0(0.0%)  0(0.0%)  22(12.6%) 0/(0.0%) 22 (3.2%)
CC-A29.1 0(0.0%) 0(0.0%)  0(0.0%)  1(09%) 0(0.0%)  0(0.0%) 1(0.1%)
CC31.1  1(14%) 1(33%) 0(0.0%) 0(0.0%)  00.0%)  0(0.0%) 2 (0.3%)
CC-A32.1 0(0.0%) 1(3.3%) 0(0.0%) 0(0.0%)  0(0.0%)  0(0.0%) 1(0.1%)
CC-A50.1 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%)  0(0.0%) 1(0.8%) 1(0.1%)
CC-A68.1 0(0.0%) 0(0.0%) 0(0.0%)  0(0.0%)  2(1.1%)  0(0.0%) 2(0.3%)
CC-A71.1 0(0.0%) 0(0.0%) 0(0.0%)  0(0.0%)  1(0.6%)  0(0.0%) 1(0.1%)
CC-A77.1 0(0.0%) 0(0.0%) 0(0.0%)  0(0.0%)  3(1.7%)  0(0.0%) 3 (0.4%)
CC-A2.16 0(0.0%) 0(0.0%)  0(0.0%)  0(00%) 2(1.1%)  0(0.0%) 2(0.3%)
CC-A34 0(0.0%) 00.0% 21.1%)  0(0.0%)  0(0.0%)  0(0.0%) 2 (0.3%)

third previously undiscovered haplotype, named CC-A3.4,
was detected at a Turkish nesting site (Dalyan) and is one
substitution separated from CC-A3.1, which is also found
both in the Mediterranean and the Atlantic (Shamblin et al.
2014). The phylogenetic tree of C. caretta generated with the
NJ method clearly showed the two different mitochondrial
lineages (known as Haplogroup I and Haplogroup II) high-
lighted in Shamblin et al. (2014). The three new haplotypes
(CC-A2.16, CC-A3.4 and CC-A61.2) are representatives of
Haplogroup II. The haplotype network of mtDNA for log-
gerhead turtles from different Mediterranean management
units is shown in Fig. 1, the phylogenetic trees were also
provided (Supplement Fig. 1).

Discussion

Molecular genetic investigation for differentiated popula-
tions has been characterised as a powerful tool for conser-
vation purposes (Moritz 1994; Crandall et al. 2000). How-
ever, length of the sequences, selected markers and sample
size play an important role in differentiating populations
(Garofalo et al. 2009; Monz6n-Argiiello et al. 2010; Clusa
et al. 2013). Using extended mtDNA 815 bp haplotype
sequences, independent management units (MUs) have been
identified within the Mediterrancan RMU (Shamblin et al.
2014), namely: (i) Calabria-Italy (CAL), (ii) western Greece
(WGRC), (iii) Crete-Greece (CRT), (iv) Libya (LIBY), (v)
Dalyan-Dalaman-Turkey (DLYDAL), (vi) western Turkey
(TKW), (vii) eastern Mediterranean (EMED, including mid-
dle and eastern Turkey, Cyprus, Israel, and Lebanon).

To date, the highest diversity with seven haplotypes has
been reported from nesting sites in Turkey (Yilmaz et al.

2011; Carreras et al. 2014; Clusa et al. 2014 and references
therein). It is followed by Libya with five haplotypes (Said
et al. 2012), Greece with four haplotypes (Yilmaz et al.
2011; Carreras et al. 2014), Cyprus (Clusa et al. 2013) and
Lebanon (Yilmaz et al. 2011) with two haplotypes, and
Tunisia with one haplotype (Chaieb et al. 2010). Although
recent sporadic loggerhead turtle nest records were available
from Albania (Piroli and Haxhiu 2020), genetic characteriza-
tion was not available at the time of this study.

The Libyan coastal region and information about it’s
nesting sites are identified as the major knowledge gap in
the Mediterranean (Hamza 2010; Casale et al. 2018). In
addition, Libya is significant as the first site in the Medi-
terranean to be colonised by the loggerhead turtle (Clusa
et al. 2013). The results show that more sampling effort
is needed, especially along the largely unexplored Libyan
coasts as two novel haplotypes were found in this area in
this study. In total nine haplotypes were found. The second
most frequent haplotype found in Misratah and Sirte, Libya
was CC-A2.9 which occurs frequently in Israel and Libyan
rookeries (Saied et al. 2012; Clusa et al. 2014). One speci-
men from a nesting site in Misratah, Libya, was detected
carrying the rare haplotype CC-A10.4. This haplotype has
only been recorded occasionally at Tyrrhenian nesting sites
(Garofalo et al. 2016a; Mafucci et al. 2016). It derives from
the CC-A10 haplotype (380 bp mtDNA sequence) which has
only been observed once in Greece (Laurent et al. 1998). For
CC-A10.4 it was also predicted that this haplotype originated
from both Tyrrhenian rookeries or other Mediterranean colo-
nies (Tolve et al. 2018). The origin of the specimens found in
the Adriatic (Yilmaz et al. 2012; Tolve et al. 2018; Bertuc-
cio et al. 2019) could be Libya. Both haplotypes, CC-A29.1
and CC-A10.4 were only found once in Turkey and Libya,
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respectively which is why the sampling size in these rook-
eries needs to be increased. Another very rare haplotype is
CC-A68.1, which was found only once at the nesting loca-
tion in Sirte, Libya in 2009. During this study two individu-
als were recorded as carrying CC-A68.1 from Sirte, Libya.
Splendiani et al. (2017), who obtained samples from rescued
Caretta found along the Southern Adriatic coast of Italy,
described the haplotype CC-A71.1 for the first time which
is why they were not able to determine it’s origin. However,
by creating a phylogenetic tree it became possible to see the
phylogenetic relationship to CC-A26.1, which is exclusive
to Libya (Shamblin et al. 2014). For this reason, Splendi-
ani et al. (2017) suggested that CC-A71.1 could be from a
Libyan rookery. Our findings supports this, as one sample
from Sirte, Libya carried this haplotype.

The 104 samples analysed from Greece, including the
Management Units of Western Greece and Crete, contained
all known haplotypes in these rookeries. In Western Greece
71 (95.9%) and in Crete 22 (73.3%) of the loggerheads car-
ried the haplotype CC-A2.1. Four individuals from Chania,
Crete carried CC-A2.8 while one individual from Mavro-
vouni, Lakonikos Bay carried this haplotype, which was
known to be endemic to the Cretan rookery. One individ-
ual from Crete carried a haplotype CC-A3.1, another one
CC-A32.1. Haplotype CC-A6.1 was carried by loggerheads
from Kotychi, western Greece and Crete. Both haplotypes,
CC-A6.1 and CC-A32.1 were known to be endemic to
Western Greece. One specimen from Crete and one from
Koroni had haplotype CC-A31.1 originating from Greek and
Calabrian rookeries but also found in sporadic Sicilian nest-
ing sites (Garofalo et al. 2016b).

In this study a total of five haplotypes were detected at
main Turkish nesting sites of which two individuals belong
to the same, new haplotype. The most frequent haplotype
in Turkey, which is also the most common in the Mediter-
ranean, was CC-A2.1 followed by CC-A3.1 also a common
haplotype. The discovery of the CC-A29.1 haplotype at a
nesting beach in Turkey, more precisely in western Turkey
(Ciral1) shows, as has been proposed previously (Tolve et al.
2018), that the origin of this haplotype must not be restricted
to Israel alone, but also in other, poorly sampled or unknown
nesting sites. This finding reinforces the results of MSA
from the Adriatic Sea (Tolve et al. 2018): Western Turkish
rookeries, which despite the fact that they are much more
abundant and closer to the Adriatic Sea, showed a medium
contribution probability to the Adriatic stock. Two samples
from Slovenia (northern Adriatic) carried the haplotype
CC-A29.1. If CC-A29.1 is also to be included as a haplo-
type of Western Turkish origin, the probability would most
likely increase, and the contribution would not be similar or
smaller than the ones of Israeli nesting areas. Another rare
Haplotype is CC-A50.1 which was identified for the first
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time in Cyprus (Clusa et al. 2013) and we are not aware of
this haplotype being recorded in other research. During this
study one specimen from a Turkish rookery (Kazanl) car-
ried the haplotype CC-AS50.1.

Turkey is also a foraging site for loggerhead sea turtles
originating from Cyprus and a review of migratory routes
from 63 adult loggerhead turtles released mainly from
Greece and Cyprus revealed that only a few individuals ori-
ented to Turkish coasts (Luschi and Casale 2014). The track-
ing studies from Northern Cyprus showed that only early
nesters visited other Turkish rookeries (Snape et al. 2016).
An MSA of an eastern Turkish foraging ground performed
by Tiirkozan et al. (2018) showed a local contribution (62%)
of Cyprus to the western subdivision.

For Tunisian rookeries (Kuriat islands), only the short
mtDNA control region fragment (500 bp) had been used
to date, and only CC-A2.1 was found (Chaieb et al. 2010).
Analysis using the short fragment has shown no significant
differences between Libyan and Tunisian rookeries, but
due to several hundred kilometres of separation Shamblin
et al. (2014) suggested that these might be demographi-
cally isolated nesting populations. A distinction, with the
shorter D-loop sequence, between the haplotype CC-A2.9
and the widely distributed haplotype CC-A2.1 is not possible
(Splendiani et al. 2017), and given the fact that CC-A2.9
is common in Libya, it has been proposed that reanalysing
the Tunisian samples using the longer D-loop fragment is
crucial (Shamblin et al. 2014). To date the long sequence
has only been used for MSA (Karaa et al. 2011). This study
showed that most loggerheads from the Tunisian rookery
carry the common haplotype CC-A2.1 (39). One specimen
also carried haplotype CC-A2.9, and another individual
carried CC-A3.1. Based on the detection of the CC-A2.9
haplotype at a Tunisian rookery, classification of Tunisia
and Libya as one Management Unit (MU) is reasonable (see
Shamblin et al. 2014).

In Albania, evidence of the occurrence of nesting was
apparent with infrequent reports of hatchling sightings along
the coastline, but it was not until 2018 that the first official
loggerhead nest was confirmed (Piroli and Haxhiu 2020)
which is why, until now, limited molecular genetic analyses
has been carried out (Yilmaz et al. 2012) but no molecular
genetic analysis has been carried out for the nesting popula-
tion. In this study, one hatchling and the bycatch samples
were included in the analysis to detect different haplotypes
and all eight samples analysed carried the cosmopolitan
haplotype CC-A2.1. We have also included two samples
from Egypt to determine the presence of any additional
(orphaned) haplotypes present in the Mediterranean as sam-
ples were provided by project partners. These two samples
also resulted as the most common haplotype CC-A2.1.
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Eight loggerheads samples were of Lebanese origin. The
haplotypes they carried were consistent with previous find-
ings, CC-A2.1 and CC-A3.1 (Saied et al. 2012; Clusa et al.
2014).

Different polymorphic measurements were observed
across the participating Mediterranean countries. While
these differences may reflect a discrepancy in sample
size for most comparisons, higher values were measured
in Libya than in Turkey, even though fewer loggerhead
sea turtle samples were used there. Furthermore, two new
haplotypes were discovered in Libya, thus our findings
support Saied et al. (2012) claim that Libya has an impor-
tant population carrying a wide range of haplotypes for
loggerhead sea turtle, which is why the protection of this
assemblage is essential in order to conserve diversity in
the Mediterranean stock.

This study has provided new insights into the population
structure of the loggerhead sea turtle in the Mediterranean
Sea. Haplotypes previously thought to be endemic to certain
nesting sites, have been found to be present at other rooker-
ies. Additionally, the assignment of an "orphaned" haplotype
to a nesting area, suggests that MSA should be repeated (e.g.
Adriatic Sea), as these new findings could change the con-
tribution of some rookeries to these stocks.
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