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ARTICLE INFO ABSTRACT

Keywords: Maritime activities affect the migratory routes of marine organisms, including loggerhead turtles
Sea turtle (Caretta caretta). The coastal waters of mainland Portugal lie along these routes, providing
Mix stock

foraging grounds but lacking nesting beaches, making them ideal for studying turtle migration.
This study presents the first assessment of the natal origins of loggerheads in the North-East
Atlantic. We analysed the genetic diversity of 127 stranded loggerhead turtles along the Portu-
guese coast, sequencing the mitochondrial DNA control region (776 bp). Sixteen haplotypes were
identified, including a previously unknown one. Mixed-stock analysis revealed that loggerhead
turtles stranded in Portuguese mainland coastal waters appear to originate predominantly from
the Western Atlantic, with possible contributions from other regions including Cape Verde and
the Eastern Mediterranean, though the latter remains uncertain. The primary sources were
Florida rookeries, particularly Canaveral National Seashore, Melbourne Beach, Juno Beach, and
Ft. Lauderdale. Our findings underscore the role of oceanic circulation patterns in shaping
migration routes, as turtles predominantly followed major currents across the Atlantic. The
predominance of juveniles among stranded individuals in areas with known high fishing pressure
indicates that Portuguese waters may pose significant anthropogenic risks for this life stage. This
study highlights the vulnerability of juvenile loggerheads in Portuguese waters and underscores
the need for conservation strategies, including bycatch mitigation and fisheries management.
Further ecological studies, such as tag tracking, are essential to understanding migratory patterns
and improving conservation efforts in this critical migratory corridor.
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1. Introduction

There are seven marine turtle species worldwide, five of which can be found roaming the Atlantic (Avise and Hamrick, 1995).
Although they have been essential to marine ecosystems for millions of years, six of the seven marine turtle species are currently listed
as either critically endangered, endangered, or vulnerable due to human activities, while the flatback turtle (Natator depressus) remains
data deficient (IUCN, 2015). The major threats to the survival of marine turtles in many parts of the world include diverse fisheries
impacts (collision, accidental capture), direct take, loss of nesting habitats, diseases, and marine pollution (Mast et al., 2005; Nicolau
et al., 2016a, 2016b).

The species exhibits strong natal homing behavior, with adult loggerheads typically returning to the general region of their natal
beaches to nest, a phenomenon believed to be guided by geomagnetic imprinting (Lohmann et al., 2008; Lohmann and Lohmann,
2019). Migration patterns of loggerhead turtles are marked by long-distance movements across ocean basins, with some populations
travelling thousands of kilometres from their natal beaches to reach specific foraging grounds (Foley et al., 2013).

The relevance of the species’ migratory patterns and life cycles promotes the study of their original rookeries and migratory routes,
which became an important element in their conservation. Because loggerhead turtles can migrate thousands of kilometres, using
genetic markers to track their migratory patterns and understand population structures becomes crucial for conservation efforts
(Bolker et al., 2003).

The Atlantic Iberian coast, particularly the Algarve region, located on the Portuguese southern coast, is considered a “high-use
area”, playing a central role in the feeding ecology of juvenile loggerhead turtles (Nicolau et al., 2016a, 2016b). Over a 36-year period
(1978-2013), loggerheads accounted for 57 % of all sea turtle strandings in the region, making them the most frequently observed
species. Stranding density for loggerheads was notably highest along the southern coast, with peaks during spring and summer
(Nicolau et al., 2016a, 2016b). The waters surrounding the Iberian Peninsula are critical to loggerhead turtles due to two factors: (1)
they contain upwelling zones that support epipelagic foraging opportunities for turtles (Cameron et al., 2019), and (2) they constitute a
migratory corridor for the adjacent Mediterranean and the North Atlantic regions, both of which offer suitable habitats and productive
foraging grounds (Bellido Lopez et al., 2018; Carreras et al., 2006). The Portuguese continental waters encompass overlapping
migratory routes from three main source regions of loggerhead populations - the Mediterranean (major nesting areas in Greece,
Turkey, Cyprus, and Israel), the North West Atlantic (major nesting areas in the south-eastern United States and México) and the
North-East Atlantic (major nesting area in Cape Verde) (Wallace et al., 2023). In the past decade, bycatch by artisanal fisheries has
shown to be the leading cause of turtle mortality in the coastal waters of Portugal, especially in demersal long lines and passive gears
(set nets-gill or trammel nets) (Nicolau et al., 2016a, 2016b). The absence of suitable nesting beaches in this area confirms that
loggerheads foraging here originate from distant rookeries in the Mediterranean, the NW Atlantic and Cape Verde. This scenario offers
a valuable opportunity to implement origin-tracing techniques to assess the natal origins of individuals in this foraging area.

Recent advances in satellite telemetry have revealed complex migration routes and site fidelity patterns among Atlantic loggerhead
turtles (Evans et al., 2019; Goodwin et al., 2024). Notably, isotopic analyses corroborate telemetry-based findings, suggesting stable
use of multiple foraging areas (Ceriani et al., 2023). Coupled with climate-driven dispersal models, these insights demonstrate that
loggerhead juveniles are sensitive to shifts in ocean currents, potentially exacerbated by climate change (Patricio et al., 2021;
Maglietta et al., 2024). Habitat suitability models forecast redistribution of loggerhead foraging areas under warming scenarios
(Dellinger et al., 2022; Abalo-Morla et al., 2023). Moreover, integration of active swimming behavior with hydrodynamic models
suggests turtles can partially counter passive drift, modifying predicted dispersal pathways (Quattrocchi et al., 2021). These findings
emphasize the need to incorporate dynamic oceanography and ongoing climate variability when interpreting loggerhead juvenile
dispersal and mixed stock compositions in the North Atlantic.

Differences in the haplotype frequency of the maternally inherited mitochondrial DNA (mtDNA) control region between suffi-
ciently differentiated rookeries (baseline data) can be used to estimate the natal origins of individuals in mixed feeding aggregations
(Clusa et al., 2014; Encalada et al., 1998; Karaa et al., 2016). Mixed stock analysis (MSA) provides a statistical framework to infer the
proportional contributions (not individual assignments) of source populations to such aggregations based on haplotype frequency
distributions. Initially developed for general applications in migratory species and fisheries (Jensen et al., 2016; Leroux et al., 2012), it
yields population-level estimates with associated uncertainty. In loggerhead turtles, MSA based on mtDNA control region sequences
has been widely used to assess stock composition across multiple regions, revealing trans-Atlantic connectivity and foraging ground
use (Bolker et al., 2003; Bolten et al., 1998; Shamblin et al., 2014). Numerous studies have successfully applied this approach to trace
loggerhead population origins in regions of high turtle activity (Engstrom et al., 2002; LaCasella et al., 2013; Loisier et al., 2021;
Rankin-Baransky et al., 2001; Stewart et al., 2019; Tolve et al., 2018; Turkozan et al., 2018). These findings support the hypothesis
loggerheads, upon reaching sufficient maturity, are capable of trans-Atlantic migration, navigating through the Gibraltar Strait to the
North Atlantic (Bellido et al., 2009; Clusa et al., 2014).

This study aims to determine the putative natal origin of stranded loggerhead turtles found along the Portuguese mainland coast.
Understanding the demographic parameters of sea turtle populations, which are critical for assessing their status and trends, may be
affected by individual foraging preference areas. Individuals who regularly visit these areas face heightened risks if these areas are
subject to significant anthropogenic pressure. To investigate, we sequenced 127 samples of stranded loggerhead turtles in the Por-
tuguese coasts for a fragment of the mtDNA control region. Our objectives were to characterize these individuals’ haplotype
composition and determine their natal origins, contributing to knowledge about the populations frequenting the Portuguese coastal
waters.
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2. Materials and Methods

2.1. Sample collection and laboratory procedures

Samples were obtained from an agreement between the Portuguese Marine Animal Tissue Bank (MATB) and the Centre for Marine
Sciences (CCMAR). Over 10 years (2008-2017), 194 loggerhead tissue samples were collected from stranded turtles (Supplementary
Material S1) by the regional stranding networks operating along the Portuguese coast (Fig. 1). For each individual, information on the
date, place of sampling, cause of stranding and tissue condition was recorded. Sex was not determined, but both curved carapace
length (CCL) and straight carapace length (SCL) measurements were collected. To divide turtles into stage classes, we used the SCL
recommendations in the 2009 TEWG report (Turtle Expert Working Group) as a guideline. We divided turtles into two main categories:
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Fig. 1. Maps showing Caretta caretta strandings along the Portuguese coast and the annual distribution of strandings. Inset, displays Portugal’s
location in Europe. Colored bar indicates proportion of individuals recorded in each year. (For interpretation of the references to color in this figure

legend, the reader is referred to the web version of this article.)
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small turtles (< 63 cm), including first years, oceanic juveniles and juveniles that may alternate between oceanic and neritic habitats
and large turtles (> 63) (including larger juveniles alternating between oceanic and neritic habitat, and adult turtles in both habitats).
Skin biopsies were taken from all dead turtles. Tissue samples were preserved in 70 % ethanol at 4 °C.

According to manufacturer instructions, DNA extraction from the muscle tissue was done using the Qiagen DNeasy Blood & Tissue
Kit (QIAGEN GmbH, Hilden, Germany). The ~800 base pairs of the mitochondrial control region (CR) were amplified using primers
LCM-15382 (5' - GCTTAACCCTAAAGCATTGG - 3') and H950g (5' - GTCTCGGATTTAGGGGTTTG - 3') (Abreu-Grobois et al., 2006).
PCRs were conducted on Biometra thermocycler, using the following cycling parameters: 3-min denaturation at 94 °C, followed by
30-s denaturation at 94 °C, 30-s annealing at 50 °C, and 1-min extension at 72 °C for 35 cycles and ending with a final extension at 72
°C for 10 min. PCR volumes of 25 pl included 1 pl of genomic DNA, 0.2 mM (=0.5 pl) dNTPs (Promega, Madison, WI, USA), 1 U
(=0.2 ul) GoTaq polymerase (Promega, Madison, WI, USA), 5 mM de Gotaq Buffer (5x) (=5 pl), 1.5 mM (=1.5 pl) MgCI2 and 10 pmol
(=0.5 pl) of forward and reverse primers. Negative controls were run alongside positive samples to identify contamination from the
extraction step. PCR products were visually verified using 2 % agarose gels with GelGreen®.

Samples were precipitated before sequencing, using 10 pl Sodium acetate 3 M in a volume of 100 pl, containing 20 pl of our PCR
product. After two steps of mixing with Ethanol (100 % on the first step and 70 % on the second) and high-speed centrifugation, we
eluded the dry pellet with miliQ H20. Only forward strands were cycle sequenced using an ABI ® Big Dye Terminator v3.1 or a v3.1 ABI
Prism Terminator Cycle Sequencing Kit and evaluated with Applied Biosystems ® (models 3130 and 3730) automated genetic ana-
lysers (Foster City, CA, USA) at CCMAR.

2.2. Data analysis

Raw sequence chromatographs were edited and aligned in Geneious Prime (Biomatters, New Zealand (https://www.geneious.com)
using MUSCLE version 3.6 (Edgar, 2004) with default values selected and visually verified. Sequences were cropped at a standard
cropping site of 776 bp (Abreu-Grobois et al., 2006). We also trimmed sequences to 380 bp to match the short mtDNA control region
fragment (Norman, 1994). We also compared sequence diversity parameters to values reported for C. caretta in the earlier studies.

Haplotypes were assigned by comparing sequences from the samples to a reference library of long 776-bp haplotypes of published
loggerhead sequences from the Atlantic and Mediterranean, using the standardised nomenclature of the Archie Carr Center for Sea
Turtle Research (https://accstr.ufl.edu/resources/mtdna-sequences/). Haplotype network was constructed using the minimum-
spanning algorithms (Bandelt et al., 1999) in PopART v.1.7 (Leigh and Bryant, 2015).

The standard measures of genetic diversity were computed separately for the primary location sites. We used pegas R-package
(Paradis, 2010) to estimate standard descriptive measures of genetic diversity, including the number of haplotypes and private
haplotypes, haplotype diversity (h) and nucleotide diversity (x) (Saitou and Nei, 1987) and respective standard deviations.

To estimate the contribution of each origin region to the sampled stock, we used a Bayesian many-to-one MSA approach (Pella and
Masuda, 2001), implemented via the mixstock R package (Bolker et al., 2007). For each dataset, we ran as many parallel MCMC chains
as source populations (e.g. dataset 1, three source populations, three chains; dataset 2, six source populations, six chains), primarily to
facilitate convergence diagnostics across different data partitions. While this is not a methodological requirement, it provided practical
transparency in assessing model behavior. Each chain was run for 2,000,000 iterations, with 100,000 of the iterations discarded as
burn-in. Convergence of the MCMC chains was evaluated using the Gelman-Rubin shrink factor, with all parameter estimates
exhibiting values below 1.2, indicating adequate convergence. Simulated mixture data were generated using the simmixstock2
function from the R-based mixstock framework (Bolker et al., 2007), which creates mixture datasets based on user-specified haplotype
frequencies, source sizes, and sampling parameters. Simulations were based on the number of nests reported in published assessments
of loggerhead rookeries. Specifically, nesting abundances for the Western Atlantic and Gulf of Mexico were drawn from Stewart et al.
(2019), while estimates for other Atlantic and Mediterranean rookeries were compiled from Shamblin et al. (2014), which synthesized
nesting data across a broad geographic range to support MSA and stock structure modeling. Two dataset configurations were used to
explore source contributions: Dataset 1 grouped the primary source regions into the Eastern Mediterranean (EMED), Cape Verde
(CAP), and Western Atlantic (WAT), which included all western rookeries—comprising the U.S. east coast, Gulf of Mexico, Mexico,
Bahamas, and Brazil and Dataset 2 subdivided these regions into finer subunits: Eastern US (EUS), the Bahamas (BAH), the Gulf of
Mexico (GME), the Brazilian coast (BRA), the Cape Verde (CAP) and the Eastern Mediterranean which holds all Mediterranean
rookeries (EMED). Dataset 1 served as the primary model, satisfying the key assumption that all significant contributing rookeries are
included while datasets 2 disaggregated the Western to assess finer-scale contributions within that basin.

3. Results
3.1. Sampling information

Of the 194 loggerhead turtles sampled from strandings, 163 individuals (84 %) were found along the Southern coast of Portugal.
Length measurements were recorded for 185 turtles, revealing that 170 were juveniles with CCL ranging from 22.0 to 63 c¢m, while 15

were adults, the largest measuring 83 cm. Annual strandings fluctuated across the study period (2008-2017), peaking in 2011 with 88
recorded turtles and declining to a low of one turtle in 2008 (Fig. 1).
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3.2. Mitochondrial haplotypes

Long fragments of 776 bp were obtained from 127 individuals (9 adults, 114 juveniles, and 4 of unknown age). The overall
nucleotide diversity was 0.022 (+ 0.001), and the haplotype diversity was 0.739 (+ 0.027). We identified 16 different haplotypes
(Fig. 2). The most common haplotype was CC-A1.1 (N = 53), the most prevalent Atlantic haplotype of C. caretta, primarily found along
the Eastern US coast and the Gulf of Mexico. The second most abundant haplotype was CC-A2.1 (N = 34), the most common haplotype
in the Mediterranean Sea. The third haplotype identified was CC-A1.3 (N = 16), predominantly seen in Cape Verde rookeries. Hap-
lotypes CC-A3.1 and CC-A14.1 were found in nine and four individuals, respectively, while the remaining haplotypes were singletons.
One new haplotype detected in one individual differed from CC-Al.1 for one T-to-G transversion at nucleotide site 15,699 of the
published C. caretta mitochondrial genome sequences (ACCN FR694649, KP256531 and NC_016923). The new haplotype was sub-
mitted to the ACCSTR (and named A76) and to GenBank (PV593174). The new haplotype was not considered in the MSA as its
rookeries of origin have yet to be identified.

For the network analysis, 217 sequences previously published by Shamblin et al. (2014) and Splendiani et al. (2017) were added to
our dataset. These sequences represent 57 haplotypes of the long mtDNA control region fragment and include samples from both
Atlantic and Mediterranean nesting rookeries.

The parsimony network we built for the control region with minimum spanning distance (Fig. 2) indicated two main haplogroups
(nomenclature according to Shamblin et al., 2014) that mainly represented geographic groups. Haplogroup IB, clustered around
CC-Al.1, included a majority of Atlantic haplotypes, and haplogroup II, clustered around CC-A2.1, encompassed haplotypes from the
Atlantic Ocean and the Mediterranean Sea. Haplogroups II and IB are separated by 26 substitutions.

3.2.1. Mixed stock analysis

The MSA of the relative contribution of three main regions (Western Atlantic, Cape Verde and Eastern Mediterranean Sea) to the
turtles found in Portuguese waters exhibited a shrink factor equal to 1 (according to the mixstock manual - http://shorturl.at/pBCOQ,
the Gelman-Rubin criterion should be below 1.2 for all parameters for the chain to be judged to have converged properly) and narrow
confidence intervals. While dataset 1 provides the most robust and comprehensive estimate by incorporating all major population
sources grouped into three regions, while the additional dataset 2 disaggregates the Western Atlantic components allowing a finer
resolution of contributions within that region. The analysis showed a substantial difference between the large (p = 0.82, 95 % CI =
0.59-0.93) contribution estimates of Western Atlantic rookeries, Cape Verde rookeries (p = 0.12, 95 % CI = 0.06-0.26) and Eastern
Mediterranean rookeries (p = 0.06, 95 % CI = <0.01-0.25) based on simulated mixtures reflecting source population sizes. The wide
confidence interval for the Eastern Mediterranean, including values near zero, suggests a high degree of uncertainty in the contri-
bution, and it should therefore be interpreted cautiously (Fig. 3A, and Supplementary Material S2). The following analysis, albeit with
very wide confidence intervals, allowed us to pinpoint specific contributions in each major geographic region. According to the MSA
with priors weighted by population abundance within the Western Atlantic, the Gulf of Mexico had the highest contribution (p = 0.69,
95 % CI = <0.01-0.86) (dataset 2, Fig. 3B, and Supplementary Material S2).

4. Discussion

Before interpreting the biological implications of our results, it is important to acknowledge a methodological limitation. As with
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Fig. 2. Haplotype network obtained for the long fragment of the control region for 127 individuals of Caretta caretta. Each sequenced haplotype is
represented by a circle, the size of which is proportional to its overall frequency in the dataset (Supplementary Material S1). Black lines on the
branches indicate the number of mutational changes between two different haplotypes. Haplotype colours correspond to the sampling localities
annotated on the legend. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 3. Estimated proportional contributions of nesting rookeries to the Portuguese foraging aggregation based on mixed stock analysis (MSA) using
four datasets. (A) Dataset 1: grouped contributions from Western Atlantic, Cape Verde, and Eastern Mediterranean rookeries. (B) Dataset 2: dis-
aggregated contributions from major regional subunits. Confidence intervals (95 %) are shown for each estimate. Dataset 1 provides the most
comprehensive model including all major source regions. Notably, the estimated contribution from the Eastern Mediterranean in Dataset 1 includes
a wide confidence interval extending nearly to zero, indicating substantial uncertainty; this contribution should be interpreted with caution.

all mtDNA-based MSA approaches, our estimates reflect population-level probabilities and do not permit the assignment of individual
turtles to specific rookeries, due to the widespread sharing of haplotypes among populations. The present contribution is particularly
valuable since no prior data were available for the Southern Portuguese Coast in the Northeastern Atlantic Ocean, a region lacking
local rookeries and hosting only foraging individuals. Our mixed-stock analysis reveals that loggerhead turtles stranded in Portuguese
mainland coastal waters have diverse geographic origins at least from Western Pacific and Cape Verde. Our mixed-stock analysis
reveals that loggerhead turtles stranded in Portuguese mainland coastal waters have diverse geographic origins. The primary estimated
contribution is from the aggregations of the Western Atlantic Ocean (82 %). While our results suggest that loggerhead turtles stranded
along the Portuguese coast originate predominantly from the Western Atlantic, contributions from Cape Verde (12 %) and potentially
the Eastern Mediterranean (6 %) are also inferred. However, the estimated contribution from the Eastern Mediterranean displays a
wide 95 % confidence interval (nearly including zero), indicating high uncertainty. Therefore, although this region appears in the
posterior distribution, its contribution should be interpreted with caution and cannot be considered conclusive without further sup-
porting evidence.

These samples’ nucleotide () and haplotype diversity (h) is notably high compared to values reported for global management
units. In fact, the nucleotide diversity observed in this study is comparable to values reported in other Atlantic foraging aggregations
based on similar 774-bp mtDNA fragments, such as Clusa et al. (2014), which obtained an h range of 0.095-0.668 and a & range of
0.0001-0.0248. While Encalada et al. (1998) provided foundational data on loggerhead population structure, their diversity estimates
were calculated using shorter 380-bp sequences, which limits direct comparison with our results. Likewise, in the Mexican aggre-
gations, where we observe many of the loggerheads’ haplotypes, our samples’ haplotype diversity (h) is also high (Monzon-Argiiello
etal., 2010). Such results are expected from a mixed stock of many different origins and indicate that we can obtain much information
from genetic analysis on this mtDNA marker. Furthermore, the parsimony network reveals two main groups of haplotypes: those that
exist specifically in the Atlantic Ocean and those that appear in the Mediterranean Sea along with the Atlantic. Notably, we found a
new haplotype that is one mutation away from CC-A1(Fig 2.3), leading us to hypothesise that the individual with this haplotype likely
originates from the Western Atlantic, where CC-A1l is most abundant.

Previous studies have revealed that older loggerheads tend to forage close to their natal grounds, with only a limited number of
individuals known to migrate further away (Pajuelo et al., 2012). In contrast, younger loggerheads are more likely to migrate to distant
foraging grounds (Hatase et al., 2002; Hawkes et al., 2006; Mansfield et al., 2009). These tendencies align with previous observations
where individuals from the Gulf of Mexico and surrounding rookeries follow currents to reach the Azores and Madeira islands (Bolten
et al., 1998). Studies conducted in the Mediterranean suggest similar turtle migration behaviour. In the Adriatic Sea, loggerheads who
frequent the coastal waters are born in Greece, Cyprus and Turkey (Lazar et al., 2004; Splendiani et al., 2017; Tolve et al., 2018)
following the Eastern-Southern Adriatic current (Zavatarelli and Pinardi, 2003). Some of those turtles from Greece and Turkey go west
to the French coast, following Mediterranean currents in search of upwellings rich in prey (Carreras et al., 2006; Loisier et al., 2021).

While the species is characterised by philopatry, the Iberian coast does not contain any nursing rookeries hence all the turtles found
in these waters are most likely foraging. The coastal upwelling provides an abundance of prey for marine migratory species, like turtles.
The loggerhead turtles stranded in Portuguese waters consist mainly of young and subadults between 22 and 83 cm CCL (Nicolau et al.,
2016a, 2016b). The turtles’ size is found to be positively correlated with diet volume and variety (Frick et al., 2009; Hatase et al.,
2002), which relates their arrival to their need for more prey after their oceanic stage is over. Nonetheless, it is not clarified at which
point the turtles change their diet, and it is also speculated that sometimes, their change of prey uptake leads to faster growth (Hatase
et al., 2002). The latter can explain why seven small individuals (<32 cm) are also found in Portugal.
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The observation that many turtles come to the Iberian coast from the western part of the Atlantic aligns with prior expectations for
two main reasons. Firstly, the Florida and Gulf of Mexico management units are some of the largest in the world, counting thousands of
turtles every year (Ceriani et al., 2019). Secondly, besides the contribution in numbers, the dominant currents of the North Atlantic
Drift lead turtles from the American to the European side, facilitating the species dispersal (Monzon-Argiiello et al., 2009). To facilitate
a better understanding of the movement patterns of stranded individuals, we recommend readers consult the detailed visual summary
maps of source rookeries and inferred oceanic routes presented in Cani et al. (2025) in addition to the overview map of the Atlantic
provided herein (Supplementary Material S3). The North Atlantic drift starts to form intensely in the Gulf of Mexico, where most of the
loggerheads we sampled originate (Reverdin et al., 2003). This movement agrees with the hypothesis that turtles tend to use currents
to travel to tread great distances with minimum energy expansion. It is noteworthy that the lack of older adults in our samples can be
because adult females from the Gulf of Mexico do not travel far from their natal sites after giving birth (Girard et al., 2009; Renaud and
Carpenter, 1994). Unfortunately, our samples were missing data on their gender and reproduction phase, thus hindering an accurate
estimation of whether this is the reason older loggerheads (>83 cm) are absent from the strandings.

Sea turtles can also orient themselves and memorise parts of their journeys (Bowen and Karl, 2017; Monzon-Argiiello et al., 2012).
This is demonstrated by the fact that 50 of the turtles found in Portuguese waters share haplotypes with turtles from Cape Verde, which
is located South of the Portuguese waters. The North Atlantic Current splits in two directions: North to waters too cold for the log-
gerhead turtles and South towards Cape Verde (Reverdin et al., 2003). This constitutes another example of these turtles moving
counter-current. The haplotype CC-A17.1, which is uniquely found in the Cape Verde rookeries, along with the CC-A1.3, which
frequently appears in those rookeries, imply that turtle-s indeed travelled northwards. Moreover, Cape Verde is one of the most
important loggerhead turtle rookeries, recently characterised as a stepping stone for the species’ dispersal in the Atlantic
(Baltazar-Soares et al., 2020). The contribution of Cape Verde indicates that the turtles can navigate across or even against currents in
whatever direction they choose, matching their hatchlings’ orientation and travelling behaviour (Avens and Lohmann, 2003; Salmon
and Wyneken, 1987). However, the sample size was insufficient to allow us to draw definite conclusions on how these aggregations can
be affected by activities on the European Atlantic coasts.

Considering these findings, the rookeries most adversely affected by threats in the North-East Atlantic are those located in the Gulf
of Mexico. Loggerhead turtles have to overcome similar challenges on both sides of the Atlantic Ocean, as the leading cause of
stranding in the Gulf of Mexico is also bycatch by fisheries, followed by marine litter digestion and the loss of nesting habitat (Lewison
et al., 2003; Reece et al., 2013). Implementing bycatch reduction measures, such as turtle-excluding devices, has helped conserve
loggerhead turtles on the American continental coast, increasing the population (Lewison et al., 2003).

This study suggests that conservation strategies and regulations should be implemented in areas like the Portuguese coast, which,
while lacking nesting sites, serves as a vital foraging ground for these turtles. In addition, collecting data on gender and reproduction
stage can provide insights into the absence of older loggerheads from Portuguese waters. Nonetheless, evidence of extensive oceanic
migrations remains clear. Satellite tagging will confirm the species’ tendency to follow currents and reveal all the ecosystems they
affect. Data collected from stranded individuals may reveal new haplotypes, like the one discovered in our study, and contribute to the
global database.

In conclusion, studying sea turtle populations underscores that effective management and conservation rely on coordinated global
efforts, especially for highly migratory and widely dispersed species like the loggerhead turtle (Wallace et al., 2011, 2023). Regional
management is the first shield for conservation; however, it becomes ineffective when organisms travel to regions lacking robust
protective measures (Wallace et al., 2023). Ultimately, studies on populations and ecosystems consistently point to their inseparable
connection.
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