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Transboundary conservation of migratory marine species is frequently constrained by fragmented and locally
isolated biodiversity data, limiting the detection of large-scale ecological change. In the Mediterranean Sea, one
of the world's most politically complex and environmentally pressured basins, decades of sea turtle nesting
observations have remained dispersed across countries and organizations, preventing a holistic assessment of
population trends. Here, we integrate over sixty years of nesting records for Caretta caretta and Chelonia mydas
into the first standardized, basin-wide database for the Mediterranean (MedSTN), harmonizing 2290 validated
records spanning 1960-2023. By integrating this database into Generalized Additive Models (GAMs), we reveal
coherent regional patterns invisible in local assessments. Our results show a fundamental structural disparity in
population dynamics: while the Eastern Mediterranean remains the primary reproductive stronghold with stable
nesting core areas, for both species, we detect a significant northward range expansion for C. caretta in the
Western Mediterranean. This emerging nesting trend is characterized by an exponential increase in unique
nesting sites following a distinct temporal breakpoint circa 2010, suggesting a potential northward range
expansion that is consistent with climate-mediated thermal suitability and may be influenced by trans-oceanic
immigration. Conversely, C. mydas nesting remains almost entirely confined to its Eastern strongholds, exhib-
iting long-term latitudinal stasis despite localized increases. By transforming a fragmented legacy into a policy-
relevant evidence base, MedSTN demonstrates how basin-scale data integration can uncover regional ecological
signals and support proactive conservation prioritization. Our framework provides a replicable model for uni-
fying long-term datasets to guide the transboundary management of wide-ranging species under accelerating
global change.

studies, resulting in fragmented and spatially biased datasets
(Lindenmayer et al., 2022). Consequently, the formulation, evaluation,

1. Introduction

Efficient biodiversity conservation requires a thorough understand-
ing of the biogeographical and ecological processes operating across
multiple spatial and temporal scales. Conservation outcomes emerge
from the intricate interactions among ecological dynamics, anthropo-
genic pressures, and management interventions, which function simul-
taneously at local, regional, and global levels (Bennett et al., 2009). Yet,
tackling large-scale challenges, such as global biodiversity loss or the
management of species across entire oceanic basins, is frequently
impeded by the dominance in the literature of short-term, site-specific
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and implementation of conservation strategies that extend beyond po-
litical and administrative boundaries remain severely constrained
(Bertzky and Stoll-Kleemann, 2009; Stephenson et al., 2015).

This issue is particularly evident when dealing with migratory spe-
cies. In fact, these species move across vast spatial extents and different
ecological contexts, exposing them to multiple threats along their routes
and making their conservation heavily dependent on integrated, multi-
scale data (Fujioka et al., 2014; Mattsson et al., 2020). Sea turtles are a
clear example: in the Mediterranean Sea, the loggerhead turtle (Caretta
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caretta) and the green turtle (Chelonia mydas) combine long-distance
migrations (in the order of hundreds to thousands of kilometres) with
complex, multi-stage life cycles, exposing them to pressures across
multiple jurisdictions and making population assessments particularly
sensitive to data gaps (Fuentes et al., 2023; Wallace et al., 2023). Both
species are of high conservation and management interest (Caretta
caretta, Mediterranean subpopulation, IUCN: Least Concern, Casale,
2015; Chelonia mydas, Mediterranean subpopulation, IUCN: Near
Threatened, Broderick et al., 2024) and have been continuously moni-
tored for decades. A few recent initiatives have synthesized these efforts
into regional status assessments (Groombridge, 1990; Casale and
Margaritoulis, 2010; Casale et al., 2018; Casale et al., 2020) providing
evidence-based support to Red List evaluations (Casale, 2015; Broderick
et al., 2024). However, most information is dispersed across different
organizations, projects, and countries, and there is a lack of a systematic
monitoring scheme, with data collected through methodologies that,
while often standardized at the local level, remain non-standardized
across the country and often cover only a limited temporal window.
This heterogeneity limits the possibility of establishing a reliable con-
servation baseline, reduces the ability to detect long-term trends, ob-
scures the drivers of population change, and undermines the
effectiveness of transboundary conservation measures (Hamann et al.,
2010; Wallace et al., 2010; Girard et al., 2022).

While data fragmentation is not unique to sea turtle research, stra-
tegies to foster long-term, integrated, and multidisciplinary collabora-
tions, particularly for highly migratory species, often rely on open data
sharing (Urbano et al., 2021; Grémillet et al., 2022). Publishing primary
data in standardized, open-access repositories is essential to overcome
the limitations of localized, short-term studies (Soranno et al., 2015;
Roche et al., 2022). Therefore, we here introduce the Mediterranean Sea
Turtle Nesting database (MedSTN), a centralized platform that stan-
dardizes and integrates historical and contemporary nesting records for
sea turtles across the Mediterranean basin. By consolidating previously
fragmented and sometimes obscure datasets into an open-access
framework, MedSTN enables robust, basin-wide analyses of spatial
and temporal trends, favours the identification of priority habitats, and
allows for the evaluation of future conservation outcomes. By providing
a centralized, standardized platform, MedSTN represents a critical
pivotal point for Mediterranean sea turtle research, supporting robust
syntheses that transcend political and administrative boundaries and
providing a foundation for sustained science, policy, and management
applications.

2. Material and methods
2.1. Data compilation and data quality control

We assembled a dataset of nesting events for loggerhead and green
turtles across the Mediterranean by integrating information from peer-
reviewed publications, technical reports, and other digital and
archival sources, including grey literature and online databases.
Searches were conducted in Web of Science, Scopus, and Google Scholar
using the following Boolean search string: (“sea turtle” OR “marine
turtle” OR “Caretta caretta” OR “Chelonia mydas” OR “loggerhead” OR
“green turtle”) AND (“nest” OR “nesting”) AND (“Mediterranean”). All
publications retrieved were screened through a backward and forward
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explicitly classified as false crawls (i.e., tentative nesting events even-
tually leading to the female returning to the sea without laying eggs)
were removed to retain only confirmed clutch deposition events (we
herein use the term ‘nest’ for each successful clutch deposition to
maintain consistency with published baseline literature and regional
monitoring assessments). To prevent double counting across over-
lapping sources, data were harmonized by cross-referencing the nesting
year, beach name, and geographic coordinates for each entry. All
geographic coordinates were standardized to WGS84 decimal degrees.
Geographic coordinates were assigned to the centroid of each nesting
beach rather than representing the exact location of individual nests.
Where geographic coordinates were missing from the original source,
site locations were georeferenced by identifying the midpoint of the
sandy shoreline for each beach using Google Earth Pro. For each clutch
deposition event, we extracted and standardized specific data fields,
including country, nesting site (beach name), coordinates, species,
monitoring years, abundance, beach length, monitoring method, and
data source, to ensure a uniform analytical structure. Detailed defini-
tions and descriptions of all fields are provided in the ReadMe.txt file.
For each nesting beach, we calculated a categorical Nest Count Index
(NCI) including the following classes: 0: no nests, 1: 1 nest, 2: 2-10 nests,
3:11-50 nests, 4: 51-100 nests, 5: 101-500 nests, 6: 501-1000 nests, 7:
1000-5000 nests. We included in MedSTN all data available up to and
including 2023. The database, to ensure its long-term relevance, is
designed as a dynamic repository that will be continuously updated and
maintained as new nesting data become available at the following link:
[https://maioranolab.com/medstn/]. The database is publicly acces-
sible and can be consulted and downloaded at the following DOI: [https
://doi.org/10.6084/m9.figshare.32172771].

2.2. Nesting trends in space and time

To investigate the spatio-temporal drivers of nesting activity, we
modelled nesting intensity as a function of year and latitude. We cali-
brated species-specific Generalized Additive Models (GAMs) using the
gam function in the mgcv package for R (Wood, 2017). This approach
was selected for its robustness in handling non-linear ecological re-
lationships and the inherent overdispersion of nesting count data (Zuur
et al., 2009). To overcome the high heterogeneity and data gaps in
historical records, where exact clutch numbers were frequently un-
available, the models were fitted using the discrete Nest Count Index
(NCI) as a proxy for nesting intensity. GAMs were fitted using a Negative
Binomial distribution with a log-link function, treating the ordinal index
values as discrete, bounded integer counts (Zuur et al., 2009). The model
structure integrated smooth functions for the temporal trend and the
latitudinal gradient, alongside a site-specific random effect to account
for local, time-invariant environmental characteristics and to partially
mitigate the confounding effects of site-level differences in historical
monitoring presence. For Caretta caretta, the model included an inter-
action term between Year and Region (Eastern/Western Mediterranean)
to test for divergent population trajectories across the basin. For the
Western Mediterranean, an additional interaction between Year and
Latitude was integrated to statistically validate the observed northward
range expansion. Model selection and smoothness parameters were
optimized using Restricted Maximum Likelihood (REML). For Caretta
caretta, the model formula was structured as follows:

NClIc ~ Region + s(Year, by = Region, k = 5) + s(Latitude, by = Region, k = 5) +s(Site,bs = re’)

citation tracking process (snowballing) to identify additional data
sources. All documents were reviewed to extract nesting information at
the highest possible spatial and temporal resolution. All records

where Region is a parametric factor (Eastern vs. Western Mediterra-
nean), s(Year) and s(Latitude) are thin plate regression splines penalized
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separately for each macro-region with the basis dimension restricted to
k = 5 to prevent overfitting, and s(Site, bs = “re”) specifies a site-specific
random intercept to control for local environmental characteristics and
variability in monitoring effort.

For Chelonia mydas, as nesting is confined to its eastern strongholds,
the model was fitted using an additive structure without regional
interaction terms:

NClcw ~ s(Year, k = 5) + s(Latitude, k = 5) +s(Site,bs = re’)

The goodness-of-fit was evaluated by calculating the percentage of
deviance explained and adjusted R-squared values. Temporal dynamics
were assessed by examining the effective degrees of freedom (edf) of the
s(Year) term, which served to identify whether nesting trends exhibited
linear, non-linear, or fluctuating trajectories over time (Zuur et al.,
2009). Significance of the smooth terms was determined using the
approximate Chi-square tests implemented in mgcv package. Uncer-
tainty around the smooth curves was evaluated using 95% Bayesian
credible intervals (Wood, 2017).

To estimate whether the increase in nesting records corresponds to a
geographical range expansion, we analysed the “First nesting occur-
rence” date for each unique site. The correlation between time and the
establishment of new sites was evaluated using Spearman's Rank Cor-
relation (rho). To objectively identify the temporal breakpoint in the
cumulative emergence of new nesting sites for C. caretta in the Western
Mediterranean, we analysed the instantaneous rate of change (the first
derivative) of the site-accumulation curve. We fitted a cubic smoothing
spline to the cumulative site data over time. The first derivative was then
numerically calculated to identify the precise inflection point where the
nesting dynamics transitioned from a long-term historical baseline of
sporadic records to an accelerated range expansion. The robust temporal
structure of this acceleration was further evaluated using a Spearman's
rank correlation analysis. Finally, we generated spatiotemporal heat-
maps using Kernel Density Estimation (KDE) to visualize the evolution of
‘nesting cores’ across the study period (via the kde2d function in the
MASS package for R).

3. Results

The final dataset includes 1950 validated nesting records for Caretta
caretta and 340 for Chelonia mydas spanning 1960-2023 and

Biological Conservation 322 (2026) 112078

encompasses 16 Mediterranean countries with documented nesting
activity.

3.1. Spatial patterns in monitoring effort and nesting intensity

For C. caretta both nesting intensity and long-term monitoring efforts
are largely restricted to the Eastern Mediterranean. Monitoring pro-
grams spanning more than 20 years are predominantly located at major
rookeries in Greece, Turkey, and Cyprus, complemented by long-
standing datasets in southern Italy, Tunisia and Israel (Fig. 1). Corre-
spondingly, the highest average NCI values (> 500 nests) are almost
exclusively recorded in these regions, reflecting their role as the core
nesting areas for the species (Fig. 2).

For C. mydas the nesting activity is limited to the Eastern Mediter-
ranean basin. Sites with the longest temporal coverage (> 20 years;
Fig. 3) and highest average NCI values (101-500; Fig. 4) are in Turkey
and Cyprus, confirming that the species' reproductive range remains
geographically constrained despite local increases.

3.2. Model performance and basin-specific dynamics

The Generalized Additive Models (GAMs) calibrated for both species
provided a robust fit to the data. The model for Caretta caretta exhibited
high explanatory power, accounting for 80.6% of the total deviance (R?
= 0.842, n = 1950). The analysis revealed a significant structural
divergence in recorded nesting intensity between regions (Western vs
Eastern) (B = —0.37, p < 0.05). Despite the lower intensity currently
observed in the Western Mediterranean compared to the Eastern, the
former is characterized by a rapid, non-linear acceleration in recorded
nesting activity. This dynamic is mirrored by a distinct pattern in Che-
lonia mydas, for which the model exhibited even higher explanatory
power, capturing 87.5% of the variance in documented nesting records
R? = 0.919, n = 340). Unlike the broader distribution of the C. caretta,
C. mydas nesting remains almost entirely confined to the Levantine
basin, with only one nesting event recorded in the Central Mediterra-
nean (Tunisia in 2019) ( Ben [smail et al., 2022). The high significance of
the site-specific random effect (p < 0.001) further confirms that C. mydas
dynamics are driven by stable, localized loyalty to historically estab-
lished rookeries.
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Fig. 1. Monitoring duration for Caretta caretta nesting sites in the Mediterranean Sea.
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Fig. 3. Monitoring duration for Chelonia mydas nesting sites in the Mediterranean Sea.

3.3. Temporal trends in nesting intensity

Temporal nesting dynamics exhibited distinct trajectory differences
both between regions and species. For Caretta caretta, the Eastern
Mediterranean displayed long-term stability with no significant direc-
tional trend (edf = 1.07, p = 0.49) (Fig. 5a). Conversely, the Western
Mediterranean exhibited a significant increasing trend (edf = 1.37,p <
0.05). This divergent trajectory suggests a recent and significant inten-
sification of nesting efforts within the basin. The temporal pattern for
Chelonia mydas mirrors the long-term latitudinal consistency of the
Eastern C. caretta population, exhibiting a weak and statistically non-
significant temporal trend in nesting intensity over the six-decade
study period (edf = 1.00, p = 0.07) (Fig. 5b).

3.4. Spatiotemporal colonization and site occupancy

The spatiotemporal distribution of nesting activity highlights a pro-
found divergence in the range expansion dynamics of the two species
across the Mediterranean basin. For C. caretta, Spearman's rank corre-
lation identified a robust and highly significant positive relationship
between time and the emergence of new nesting sites in the Western
Mediterranean (rho = 0.73, p < 0.001). Analysis of the first derivative of
the cumulative site-accumulation curve mathematically identified a
distinct temporal breakpoint in 2010. This year marks the exact inflec-
tion point where the system transitioned from historical, sporadic
nesting events to a phase of rapid, exponential increase in unique
nesting sites (Fig. 6a). The spatiotemporal heatmaps, visualized through
KDE, provide definitive evidence of a latitudinal shift in the nesting
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Fig. 4. Spatial distribution of the Nest Count Index (NCI) classes for Chelonia mydas nesting sites across the Mediterranean Sea.
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Fig. 5. Temporal trends in nesting intensity for Caretta caretta and Chelonia mydas. The plots illustrate the GAM smooth functions (solid lines) with 95% Bayesian
credible intervals (shaded areas) for: (a) C. caretta in the Western (red) and Eastern (blue) Mediterranean, and (b) C. mydas in the Eastern Mediterranean (green). The
y-axis represents the partial effect of the smooth term on the log-transformed nesting intensity, where a value of zero indicates the mean intensity over the study
period. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

range of C. caretta. Statistical modeling via GAMs (Table S1 in Supple-
mentary material) confirms that while the Eastern Mediterranean core
has remained latitudinally stable over the six-decade study period (p <
0.001), the Western Mediterranean exhibits a dynamic and accelerating
northward shift in recorded nesting activity (p < 0.05). This northward
progression, increasingly occurring above 38°N, is visually confirmed by
the density shift toward the KDE heatmap (Fig. 6b). This latitudinal

extension of documented nesting in the West contrasts sharply with the
spatial stability observed for C. mydas. Spearman's correlation identified
a weak and non-significant relationship between time and the emer-
gence of new sites (tho = 0.186, p = 0.38). Instead of a gradual or
accelerating expansion, the cumulative curve for C. mydas is charac-
terized by a sudden influx of records in the early 1990s (Fig. 6¢). This
abrupt increase reflects a well-documented sampling artifact,
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Fig. 6. Comparative spatiotemporal colonization and nesting intensity dynamics for Caretta caretta and Chelonia mydas. (a) Cumulative number of C. caretta nesting
sites, showing a sharp temporal breakpoint around 2010 followed by exponential growth. (b) Spatiotemporal recorded nesting intensity heatmaps for C. caretta. In
the Western basin (left), a significant northward shift indicates an active range expansion (p < 0.05), whereas the Eastern basin (right) shows a latitudinally stable
distribution core (p < 0.001). (c) Cumulative number of C. mydas nesting sites, exhibiting a prominent step-like increase in the early 1990s, reflecting the historical
onset of systematic regional monitoring programs, followed by a steady, linear accumulation without evidence of recent exponential acceleration. (d) Spatiotemporal
nesting intensity heatmap for C. mydas, showing long-term stasis with nesting activity anchored in the southern Levantine basin.

specifically the formal initiation of systematic, large-scale beach surveys
in Turkey and Cyprus. Following this initial monitoring pulse, the
addition of unique green turtle nesting sites has remained essentially
static and linear, with no signs of recent range extension. Furthermore,
spatiotemporal heatmaps (Fig. 6d) confirm that the ‘heat core’ of
C. mydas remains geographically anchored in the south-eastern Levan-
tine basin, exhibiting a long-term latitudinal stasis.

4. Discussion

Large-scale ecological patterns often remain hidden until local
datasets are brought together through integrated data syntheses (Zipkin
et al., 2021). By harmonizing more than six decades of heterogeneous
nesting records into the first standardized basin-wide platform, MedSTN
enables a comprehensive reassessment of Mediterranean sea turtle dy-
namics. This approach moves beyond local or site-specific narratives,
revealing coherent regional patterns, consistent trends and processes
that emerge across the entire Mediterranean, providing a truly holistic
view of population dynamics.

While the Eastern basin remains the primary reproductive strong-
hold, characterized by long-term population stability for both Caretta
caretta and Chelonia mydas (Kasparek et al., 2001; Canbolat, 2004;
Casale et al., 2020; Margaritoulis et al., 2022), despite recent docu-
mented increases in nesting sites (such as Koroni and Kyparissia Bay in
Greece; Margaritoulis et al., 2023, 2025a), the Western basin has
transformed into a dynamic frontier of rapid range expansion. The most
salient finding of this synthesis is the exponential rapid increase in the
occupancy of documented C. caretta nesting sites following a distinct

temporal breakpoint circa 2010. This phenomenon, characterized by a
significant northward shift exceeding 38°N, is consistent with the hy-
pothesis of an ongoing, climate-driven range expansion. This accelera-
tion aligns chronologically with the crossing of critical thermal
thresholds in the basin documented in recent literature. As summer
temperatures have trended upward, previously unsuitable high-latitude
coastlines are hypothesized to have transitioned into viable recorded
nesting niches (Pisano et al., 2020; Cos et al., 2022). While a warming
Mediterranean progressively opens thermal windows suitable for suc-
cessful nesting at higher latitudes (Carreras et al., 2018; Hochscheid
et al.,, 2022; Mancino et al., 2022; Margaritoulis et al., 2025b), the
provenance of these new remains a compelling question. Recent genetic
evidence from independent studies suggests that this expansion may be
bolstered by an influx of “pioneer” individuals from Atlantic nesting
stocks (Luna-Ortiz et al., 2024). These Atlantic immigrants, entering via
the Strait of Gibraltar, have been proposed to exploit newly available
thermal niches in the Western basin. Consequently, the Western Medi-
terranean is hypothesized to be evolving into a critical biogeographic
intersection where resident Mediterranean lineages and Atlantic geno-
types converge (Luna-Ortiz et al., 2024).

In stark contrast to the C. caretta rapid colonization, C. mydas re-
mains geographically anchored within its eastern strongholds. Despite
localized increases in nest abundance, our GAM framework identifies a
long-term latitudinal stasis, with the “heat core” of nesting activity
remaining strictly confined to the Levantine and Aegean basins. This
lack of a significant directional trend suggests a state of population
equilibrium within its core range, likely governed by more rigid
ecological requirements or stronger philopatric constraints compared to
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C. caretta (Patricio et al., 2018). Such geographic concentration re-
inforces the species' vulnerability to localized anthropogenic threats and
environmental shifts within a restricted reproductive niche (Despoti
et al., 2025). However, this observed stasis may be evolving under the
pressure of global environmental change. While nesting is currently
restricted, climate suitability models predict a significant northward and
westward expansion of potential nesting habitats as the Mediterranean
continues to warm (Mancino et al., 2023). In this context, the green
turtle nest documented in Tunisia in 2019 represents a pivotal biogeo-
graphic record, the westernmost for the species in the Mediterranean
(Ben Ismail et al., 2022). The interpretation of this event benefits from a
multi-disciplinary perspective: while warming may be increasing the
availability of suitable thermal niches, recent genomic evidence reveals
that this specific nest originated from the South Atlantic Regional
Management Unit (RMU) rather than the Eastern Mediterranean stock
(Marin-Capuz et al., 2025). Such findings suggest that the spatial dy-
namics of C. mydas are likely shaped by an interplay between environ-
mental suitability and demographic opportunistic events. In this
scenario, climatic warming may act as an environmental facilitator,
rendering new sites potentially viable for trans-oceanic “pioneers” from
the Atlantic.

By overcoming data fragmentation, we expose a fundamental
structural disparity in population dynamics that necessitates a dual-
track conservation priority. In the Eastern Mediterranean, the basin's
demographic engine, the priority remains the rigorous maintenance of
historical, high-density rookeries for both C. caretta and C. mydas. These
core areas exhibit long-term stability but remain vulnerable to localized
pressures, requiring sustained investment in standardized monitoring to
detect any deviation from their current equilibrium (White, 2019).
Conversely, the emerging nesting range, identified in the Western
Mediterranean, redirects conservation efforts toward an anticipatory
framework. In this context, it is important to note that while spatial
representations of monitoring duration (Fig. 1) inherently emphasize
multidecadal baseline efforts, sites characterized by shorter monitoring
windows (< 5 years) in the Western basin should not be dismissed as
uninformative. Instead, they frequently catch the most recent, active
nesting dynamics within these new sectors, whereas long-term moni-
toring durations remain predominantly anchored within stable histori-
cal strongholds. As climate change and trans-oceanic immigration
reshape reproductive ranges, relying solely on historical hotspots risks
overlooking emerging habitats critical for future population resilience.
The detection of these “pioneer” nesting events underscores that the
Western basin has transitioned from a marginal area to a focal point for
transboundary cooperation (Milman et al., 2020; Urbano et al., 2021;
Fuentes et al., 2023). Harmonizing these disparate records is particu-
larly vital for highly migratory species, as regional signals of change
often remain obscured until data isolation is overcome (Hostetler et al.,
2025; Klaassen et al., 2026). While we acknowledge that several long-
term datasets remain unpublished or only minimally described in grey
literature, MedSTN centralizes existing evidence as the most compre-
hensive and open-access repository available. By establishing this
essential baseline, the platform allows international frameworks to
evaluate population trends across political boundaries, transforming
fragmented records into a coherent narrative. Ultimately, such inte-
grated systems enable managers to anticipate ecological shifts
(Stephenson and Stengel, 2020; Urbano et al., 2021), ensuring that
conservation efforts are as dynamic as the species they seek to protect.

4.1. Methodological considerations and data limitations

When conducting large-scale, multi-decadal macro-ecological syn-
theses, compiling published literature is a standard and powerful
approach to capturing basin-wide dynamics. Within this framework, the
compiled data inherently reflect formalized reporting trends, which are
shaped by historical shifts in regional monitoring efforts and publishing
accessibility across different geopolitical contexts. While localized
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monitoring data in some regions may be contained within national re-
ports or non-English literature, our dataset represents the most
comprehensive, standardized, and validated peer-reviewed repository
currently available for Mediterranean sea turtle nesting. To ensure that
these inevitable spatial and institutional variations in reporting did not
bias our ecological conclusions, our statistical framework was specif-
ically designed to be robust against heterogeneous sampling. By incor-
porating site-specific random effects within the Generalized Additive
Models (GAMs), we effectively accounted for baseline, time-invariant
differences in monitoring presence and local survey infrastructure
among sectors. Crucially, while variations in historical monitoring effort
cannot be directly quantified due to the lack of unpublished zero-effort
data, the observed trends cannot be explained by sampling artifacts
alone. A mere expansion of survey coverage would generate a random
spatial distribution of new records over time. Conversely, our statistical
framework identifies a highly consistent, directional northward shift (p
< 0.05), indicating that the model is capturing a genuine macro-
ecological signal rather than simple fluctuations in reporting intensity.
Consequently, while absolute nest counts are bound to reporting
boundaries, the highly significant non-linear temporal accelerations and
latitudinal shifts identified by our models reflect robust macro-
ecological signals rather than sampling artifacts, providing a reliable
foundation for regional conservation planning. Furthermore, synthe-
sized literature inevitably highlights key spatial gaps in regional survey
coverage. While major nesting strongholds in the north-eastern Medi-
terranean have benefited from sustained, systematic monitoring pro-
grams, significant stretches of potentially suitable nesting habitat, most
notably across parts of the North African coastline (e.g., sectors in Libya)
and remote southern Levantine beaches, remain under-surveyed or
characterized by discontinuous published reporting. Differentiating
whether the lack of records in these data-deficient sectors reflects true
biological absence or undetected sporadic nesting remains a critical
priority. Prioritizing future standardized, transboundary monitoring in
these spatial gaps will be essential to validate prospective habitat suit-
ability under ongoing climate change and guide targeted regional con-
servation interventions.

5. Conclusions

The MedSTN database marks a critical pivot point for Mediterranean
sea turtle research, moving from a patchwork of localized studies toward
a unified, basin-wide conservation narrative. By harmonizing six de-
cades of heterogeneous records, we have demonstrated that data inte-
gration is not merely a technical challenge but a conservation necessity.
Our synthesis reveals a Mediterranean in transition. The stability of core
reproductive areas in the East provides a foundation for the species'
persistence, yet the rapid colonization of the Western basin by Caretta
caretta signals a profound biogeographic shift likely driven by climate-
mediated thermal suitability and trans-oceanic immigration. In
contrast, the geographic confinement of Chelonia mydas highlights a
heightened vulnerability to localized threats, demanding sustained
protection of its restricted niche. For practitioners and policymakers,
these results emphasize that conservation success is scale dependent.
Relying on historical hotspots alone risks overlooking the emerging
habitats essential for future population resilience. To be effective,
transboundary governance must evolve to match the dynamic spatial
scales of the species it protects. Looking forward, the long-term rele-
vance of MedSTN depends on continued investment in open-access data,
standardized monitoring and international collaboration. By bridging
the gap between local observations and regional policy, this framework
provides the robust evidence base required to anticipate ecological
change and secure the future of marine megafauna in a rapidly warming
Mediterranean.
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