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Sea turtles are long-lived wide-ranging animals undertaking long-distance breeding migrations
showing fidelity to both foraging and breeding sites. This fidelity has led to population structuring
with regional management units defined for globally distributed species. Loggerhead sea turtles
(Caretta caretta) have established such a management unit in the Mediterranean, with the greatest
number of turtles breeding in Greece. Kyparissia Bay, Greece, has been identified as the location
with largest nesting aggregation of loggerhead turtles in the Mediterranean. Determining where this
aggregation of turtle migrates to outside the breeding season is important for its continued
conservation. Long-distance flipper tag recaptures have identified certain high use areas for these
turtles but lack route data and certainty that recaptured turtles are resident in the area of capture.
Satellite tracking has been used to validate such tag return data and generate insights into turtle
migrations patterns and their relationship with phenological and fecundity metrics. Here we
recorded turtles’ curved carapace lengths as a metric for general body size and deployed Argos
satellite transmitters on 11 adult loggerhead sea turtles (8 females, 3 males) during their breeding
period in Kyparissia Bay, to examine the implications of their selected migratory routes and
foraging strategies. Average carapace length (£SD) was 82.0 cm (£4.6 cm) for the 8 female turtles
and 86.0 cm (5.5 cm) for the 3 males. Turtles were tracked for an average of 326.9 days. End
points for the tracked turtles were grouped into four distinct regions The Aegean Sea was the end
point for 3 turtles, and the Adriatic Sea was the end point for another 3 turtles with one turtle
spending an extended period in the northern Ionian. The northern Ionian Sea was the end point for a
further 3 turtles and the Tunisian plateau was the end point for final 2 turtles. Six turtles migrated to

restricted area foraging sites, 1 turtle remained nomadic for the entirety of its tracking duration, 2
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turtles were semi-nomadic incorporating both restricted area foraging and large-scale movements
during their tracking period, and the tracks of the final 2 turtles ceased before their behaviour type
could be determined, but sedentary behaviour type was inferred. Notably the one turtle that
remained nomadic was 6 cm shorter than the next shortest turtles, suggesting carry-over effects of
the nomadic life-history. The turtles generally moved to locations that had been identified by flipper
tag recaptures, however the tracking identified routes taken to get there, which were often highly
convoluted. These foraging sites, also identified through other tracking studies of loggerhead turtles
nesting elsewhere in Greece and from Cyprus, were often sites of high fishing activity and cause for
concern for turtles present there. Given that up to around 2,000 turtles may nest in Kyparissia Bay
during a single summer, we conclude that a larger number of turtles, over multiple years, should be
tracked to obtain a more robust assessment of post-breeding migrations, foraging strategy adoption
and their carry-over effects, which can then be used to better inform conservation and management

actions.
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BACKGROUND

Sea turtles long lived slow to mature creatures inhabiting wide expanses of marine habitats
over their lifetime (Musick and Limpus 1997). As adults they perform regular breeding migrations
from foraging sites to breeding sites showing strong fidelity over successive reproductive periods
(Broderick et al. 2007; Schofield et al. 2010; Shimada et al. 2019). These foraging sites host mixed
stocks of turtles, which means that individuals from different rookeries congregate in the same
foraging areas (Bowen and Karl 2007). Through these characteristics of natal homing (the
propensity for sea turtles to return to breed on beaches they were themselves hatched) and site
fidelity (where sea turtles nest in the same vicinity for each breeding season) global sea turtle
metapopulations can be divided into regional management units (RMUs, Wallace et al. 2023) each
with their own conservation status and needs (Wallace et al. 2025). Larger turtles from the onset of
sexual maturity are considered to have higher reproductive value than smaller, younger turtles

(Wallace et al. 2008). Consequently, determining the whereabouts of these biologically important
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adult turtles means targeted conservation and management measures can be set, which are likely to
have disproportionate conservation benefit on threatened populations.

Flipper tagging capture-mark-recapture programmes on nesting beaches have existed for
decades and are a somewhat effective way of determining the distribution of turtles away from their
breeding sites (e.g., Mortimer and Carr 1987; Limpus et al. 1992; Margaritoulis et al. 2007).
However, tag returns only give point locations of turtle observations and single observations and do
not give indication if a turtle is resident at the capture site or migrating through. They also depend
on the turtles being observed and may therefore show bias in observation distributions. However, at
least in the Mediterranean, distribution of nesting turtles tracked using satellite tags has been shown
to support long-distance tag recapture data (Zbinden et al. 2008; Baldi et al. 2023).

Since the 1990s, satellite telemetry of sea turtles has become increasingly common (Godley
et al. 2008; Hays et al. 2016) and complements tag return data through identifying migration routes
and foraging locations of turtles after nesting (e.g., Schofield et al. 2013a; Pilcher et al. 2014;
Whittock et al. 2016). Tracking durations for individuals are such that sometimes even two-year
remigrations back to the original nesting areas can be followed (e.g., Rees et al. 2010; Schofield et
al. 2010; Mingozzi et al 2016), providing remarkable insights into individual turtles’ spatial
movements, albeit at low sample sizes.

Attempts have been made to upscale tracking results to more population level sample sizes
using differential stable isotope signatures of turtle tissues (generally for Carbon and Nitrogen) to
define broadscale spatially explicit foraging locations. The benefit of stable isotope analyses (SIA)
being the cost per individual to gather the relevant data is far less than for telemetry. This technique
has proven moderately effective for certain turtle species in certain global locations (e.g., Bradshaw
et al. 2017; Ceriani et al. 2012) but not always so (Coffee et al. 2020).

Two species of sea turtle nest in the Mediterranean, the loggerhead turtle (Caretta caretta)
and the green turtle (Chelonia mydas) and have both established their own endemic RMUs (Wallace
et al. 2023). The loggerhead is the most numerous species and most commonly nests in Greece,
Turkey, Cyprus and Libya (Casale et al. 2018). In Greece, the two most important nesting areas are
Laganas Bay, Zakynthos Island and Kyparissia Bay, on the west coast of the Peloponnese (Casale et
al. 2018). Flipper tag recaptures from both nesting areas revealed the most common foraging areas
for turtles nesting at these locations are the Adriatic Sea and the Tunisian Shelf (Margaritoulis et al.
2007) and satellite tracking over 70 turtles from the Laganas Bay nesting site confirmed these
findings for both adult female and male turtles (Zbinden et al. 2008; Schofield et al. 2013a).

Kyparissia Bay, which has recently overtaken Laganas Bay to host annually the most
loggerhead nests in the Mediterranean region (Margaritoulis et al. 2025), has relatively less
information published on migrations of the turtles breeding there. In addition to the reported flipper
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tag returns of Margaritoulis et al. (2007), Haywood et al. (2021) provide generalised foraging
locations for 20 nesting females tracked after nesting there. The authors attempted to use SIA to
determine similar scale foraging locations for a further 80 sampled turtles, however lack of
isotopically distinct foraging regions for the population meant that untracked females could not be
assigned to putative foraging grounds (Haywood et al. 2021).

In this study we aimed to identify migratory routes and foraging strategies for both adult
male and female loggerhead turtles breeding in Kyparissia Bay. We also sought to determine other
biologically relevant observations based on the behaviours of the tracked individuals with the goal
of highlighting the conservation implications of their selected behaviours in the context of

heterogenous regional fishing pressure.

MATERIALS AND METHODS

Transmitters

We used Wildlife Computers’ (Wildlife Computers, Redmond, WA, USA) SPOT-375
Argos-linked satellite tags (https://www.argos-system.org/) to track female loggerhead turtles and
Wildlife Computers” SPLASH10-385 to track male loggerheads on their post-breeding migrations.
The tags were programmed with a 15 s transmission repetition rate, with no duty cycling but
transmissions were limited to 250 day!. The Argos system provides locations classified to have

different levels of accuracy, depending on the number of transmissions received during the satellite

pass, and other factors (CLS 2016).

Turtles

We deployed satellite tags on 3 nesting turtles in 2021, 5 nesting females in 2022 and 3
breeding males in 2023. Nesting turtles were located at random on the southern core nesting area of
the Kyparissia Bay nesting site (Margaritoulis et al. 2025). Full transmitter deployment methods
have been previously described (Rees et al. 2023), in short, turtles were moved into a large plastic
container after they had finished laying a clutch of eggs and completed the covering stage of their
nesting behaviour. The carapace was cleaned and transmitter attached with epoxy and fibreglass
sheets using the Wildlife Computers attachment kit (or equivalent) following the company’s

methods (wildlifecomputers.com).
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Male turtles were captured at sea using the turtle rodeo technique (Ehrhart and Ogren 1999)
in Kyparissia harbour, a location previously identified as hosting high densities of turtles during the
breeding period (Rees et al. 2023 2025). To ensure these turtles were adult males in breeding
condition we randomly targeted males that were mounted upon- or attempting to mount other
turtles. Captured turtles were taken ashore and retained in a plastic container and we attached
transmitters to them using the same methods as for nesting females.

We recorded the turtles’ curved carapace lengths, notch to tip (CCL; see Bolten 1999) and
the male turtles’ tail lengths measured from the inner part of the notch between the supracaudal
scutes to the tip of the outstretched tail. Both types of measurement were recorded to the nearest 0.5
cm. After measuring and transmitter attachment the turtles were released at the location they were

obtained, generally within two hours of capture.

Data processing and presentation

Argos location data were automatically downloaded and archived in the Wildlife
Computers’ data portal (my.wildlifecomputers.com) for the lifespan of the tags. The data were pre-
cleaned prior to state space modelling. Irrespective of Argos location class, we removed all extreme
visual outliers (hundreds of km from the main data cluster) and for records with duplicate time
stamps we removed the worse quality locations. We also removed all but the last location when the
turtle was resident in the breeding area, as previously determined in Rees et al. (2025). We then
performed state space modelling (SSM) on the pre-cleaned data in R (R Core Team 2024) using the
package aniMotum (Jonsen et al. 2023). In aniMotum we set vmax (maximum travel speed) to 1.39
m s (5 km h!) and selected the “rw” (random walk) model with a 12-hr time step.

To produce the final dataset, we removed all grossly outlying locations produced by the
SSM together with multiple consecutive interpolated locations that were produced by the SSM
when there was a gap greater than 7 days in the original Argos location data for any individual.

Mapping and post-SSM spatial data processing were undertaken in the Free and Open
Source QGIS v3.40.4 (www.qgis.org). All summary statistics are presented as mean + standard

deviation.

Classification of movements and behaviours

Turtle behaviour was classified as migrating/remigrating, foraging or mixed behaviour
based on sustained speed of travel and track tortuosity. Foraging periods were defined by slow rates
of travel (< 1 km h™") with multidirectional movement. Migration/Remigration periods were defined
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by faster travel (> 1 km h!) with directed movement (i.e., sections of track with low tortuosity) and
mixed behaviour periods were defined by slow rates of travel (< 1 km h!) combined with directed
movements and generally occurred in offshore locations. Short periods (< 3 d) of any one behaviour
type during a protracted period of another behaviour type (e.g., faster travel speeds in a period of
mixed behaviour movement) were incorporated in the main behaviour type. Periods of foraging of 7
d or less during initial migrations were considered stopovers (see Cerritelli et al. 2022) and were not
interpreted as the end of post-breeding migration.

If a turtle migrated to a spatially restricted identifiable foraging location it was classified as
sedentary. If a turtle undertook long-term movements without establishing a clear restricted
foraging location it was classified as Nomadic. Turtles that exhibited both behaviours were

classified as semi-nomadic.

Analysis of the influence of foraging area and behaviour on turtle body size

To gain insight into the influence of foraging area (Adriatic, Aegean, Ionian/northern Libyan
Sea and Tunisian shelf; see results) and foraging strategy (sedentary, semi-nomadic, nomadic) on
body size we compared the mean CCL for each variable. Statistical comparisons were not

undertaken due to small sample size.

Determining threat levels from fisheries

To examine the relative potential impact of fisheries on the turtles over their tracked range
we obtained twelve months of contemporaneous fishing effort data from the Global Fishing Watch
(GFW) web portal (Global Fishing Watch 2025). GFW fisheries effort data were determined from
AIS (automatic identification system) data for vessels 15 m or longer with apparent fishing effort
and gear type used identified by a neural network model (Kroodsma et al. 2018). Data were
downloaded, in 0.1° cells, for the period September 2022 to August 2023; this date range covered a

large period of tracking for the adult females and complete tracking of two of the three adult males.

RESULTS
The turtles

Average CCL was 83.1 cm (+ 4.9, range 73.5-91.5 cm) for all 11 turtles, 82.0 cm (+ 4.6,
range 73.5-89.5 cm) for the 8 female turtles and 86.0 cm (£5.5, range 80.5-91.5 cm) for the 3
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males (Table 1). Male turtle tail lengths were on average 22.8 cm (+ 2.9, range 19.5-25.0 cm, n =
3). We received location data from all 11 turtles tracked between 2021 and 2023. The turtles were
tracked for an average of 326.9 d. Females tended to be tracked for longer than males; 351.6

232.9 d (range 69—716 d) and 261.0 £ 248.5 d (range 98547 d), respectively (Table 2).

Table 1. Body size (and tail length of the tracked adult males), migratory speed, and foraging
region and strategy for the 11 loggerhead sea turtles tracked after breeding in Kyparissia Bay. CCL
= curved carapace length (notch to tip). TL = tail length (from innermost part of the notch between
the supracaudal scutes and the tip of the extended tail)

Turtle Sex iﬂ; TL (cm) S?;f:;a(gke;nrrﬁﬁrjt;%l) Foraging region Foraging strategy category

A F 82.0 - 2.0£0.7 Aegean Sedentary

B F o 735 . 13206 lonian/northern Nomadic

Libyan

C F 80.0 - 1.6 +0.4 Adriatic Semi-nomadic
D F 85.5 - 2.4+0.6 Tunisian shelf Sedentary?®
E F 89.5 - 2.2 0.6 Ionian Sedentary®
F F 81.0 - 2.0+0.8 Ionian Sedentary
G F 83.0 - 1.8 £0.6 Adriatic Sedentary
H F 81.5 - 1.8 £0.6 Tunisian shelf Sedentary

I M 91.5 24.0 1.2 £0.6 Aegean Sedentary
K M 86.0 25.0 1.6 £0.5 Aegean Sedentary

J M 80.5 19.5 1.3+0.5 Ionian / Adriatic Semi-nomadic

*Track stopped the day after the turtle arrived at the Libyan coast. ®Gap of 194 d in tracking data after turtle reached its
foraging area, with locations resuming in the same location afterwards.

Table 2. Summary data of the post-breeding tracking durations of the 11 loggerhead turtles tracked
from Kyparissia Bay breeding area

Breedin Arrival at Migration Trackin
Turtle Deploy Date Depart Date duratior% foraging area dugration End date duratior%

A 29/06/2021 21/07/2021 22 11/08/2021 21 02/01/2023 552
B 03/07/2021 23/07/2021 20 02/08/20212 10 19/06/2023 716
C 04/07/2021 17/07/2021 13 10/08/2021 24 31/01/2022 211
D 09/06/2022 30/07/2022 51 17/08/2022 18 17/08/2022 69
E 12/06/2022 21/07/2022 39 29/07/2022 8 15/02/2023 248
F 12/06/2022 25/07/2022 43 02/08/2022 8 16/10/2023 491
G 13/06/2022 19/07/2022 36 17/08/2022 29 09/09/2022 88
H 13/06/2022 28/07/2022 45 19/08/2022 22 25/08/2023 438
1 02/05/2023 03/05/2023 1 14/06/2023 42 08/08/2023 98
K 03/05/2023 06/05/2023 3 23/05/2023 17 18/09/2023 138
J 03/05/2023 28/05/2023 25 01/06/2023° 4 31/10/2024 547

Turtle behaviour switched from migration to mixed® or foraging® for a period of 9 days or longer.

Duration and Speed of behaviours, migrations and movements

Females departed the breeding area on average 33.6 days after tagging (£ 13.6, range 13-51
d, n = 8). Males departed 9.7 days after tagging (+ 13.3, range 1-25 d, n = 3). Average migration
duration lasted 17.5 d (£ 8.0, range 829 d, n = 8) for female turtles and 21.0 d (+ 19.3, range 4-42
days, n = 3) for males, which included stopovers of 4 and 7 d for two turtles (Table 2). Average
mean migration speed for all turtles was 1.7 km h™'. Average mean speed for females was 1.9 km h™!
(£ 0.3, range 1.3-24km h'!, n=8) and 1.3 km h'! (+ 0.2, range 1.2—-1.6 km h'!, n = 3) for males
(Table 1).
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Destinations and groupings

End points of the tracked turtles can be grouped into four distinct regions (Fig. 1, Table 1).
The Aegean Sea was the end point for 3 turtles (/f(4),2m (L K); Fig. 1a), the Adriatic Sea was the
end point for 3 turtles (2/(C,G), Im(J); Fig. 1b) with one turtle spending an extended period in the
Ionian Sea (J). The Ionian Sea was the end point for a further 3 turtles (3f(B,E,F); Fig. 1c,d) and the
Tunisian shelf was the end point for the final 2 turtles (2/(D,H); Fig. 1e).
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Fig. 1. Post-breeding migrations, movements and end points for the 11 loggerhead turtles tracked
from Kyparissia Bay. (a) Aegean Sea, (b) Adriatic Sea, (c) lonian Sea (sedentary turtles), (d) lonian
Sea/ northern Libyan Sea (nomadic turtles), and (e) Tunisian Shelf. The nomadic portion of the
track ending in the Adriatic panel (b) is shown in panel (d). Grey line = 200 m isobath. Bathymetry
representation is derived from GEBCO data (https://www.gebco.net/). Yellow star is the tagging
site. Coloured circles are end points of each track.

Foraging strategy (sedentary or nomadic)
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The turtles were also grouped by foraging strategy (Table 1). Six of the turtles were
classified as sedentary, having established restricted area foraging sites in the Aegean
(1f(A),2m(1,K), Adriatic (1f(G)), lonian (/f(F)), and Tunisian shelf (/f(H)). One turtle remained
nomadic in the lonian/northern Libyan Sea region (/f(B)). Two turtles were semi-nomadic, with 1
(/m(J)) initially being nomadic until settling in the Adriatic, and the other (/f{C)) establishing a
long-term coastal foraging site in the Adriatic before moving away and behaving nomadically in the
same region for its final 20 days of tracking. The remaining two turtles were most likely also
sedentary, as their tracks ended in shallow coastal waters, but the track stopped the day after
reaching the Libyan coast for one (/f(D)) and the other track (/f{E)) contained a gap of almost 200

d before the final 7 d of tracking placed the turtle in the same restricted area of coast.

Influence of foraging strategy or region on body size

From the four identified foraging regions, on average the largest turtles were present in the
Aegean (mean CCL = 86.5 cm, n = 3) followed by the Tunisian shelf (mean CCL = 83.5 cm, n = 2),
and then the Adriatic and Ionian/northern Libyan Sea regions (mean CCL = 81.5cm, n =2 and
mean CCL = 81.3 cm, n = 3, respectively). One turtle was excluded from this assessment as it
extensively used both the Adriatic and lonian regions and could not be assigned to just one of them.

Based on foraging strategy, the largest turtles selected sedentary behaviour (mean CCL =
85.0 cm, n = 8), next largest were the semi-nomadic turtles (mean CCL = 80.3 cm, n = 2) and the
only fully nomadic turtle was smallest (CCL = 73.5 cm, n = 1), at over 6 cm smaller than the next

smallest turtle.

Fisheries threats

Fishing activity levels in the central Mediterranean, as derived from AIS data by GFW,
showed several distinct large-scale hotspots (Fig. 2). Based on apparent fishery activity approaching
or exceeding 3,000 hr within the sampled year, we can see that most of the neritic Adriatic Sea and
much of the waters between Sicily and Tunisia/Libya were extensive areas of high levels of fishing
activity. Other relevant areas included the coastal regions of the northern Ionian Sea and

Thermaikos Gulf in the NW of the Aegean Sea (Fig. 2).
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Fig. 2. Potential threat posed by fisheries to the loggerhead turtles tracked from Kyparissia Bay.
Left panel: Tracks of the 11 adult loggerhead turtles equipped with Argos satellite transmitters in
Kyparissia Bay, Greece. Right panel: Fishing effort in the same location in 0.1° cells, between
September 2022 and August 2023. Fishing effort, determined from AIS data, downloaded from
Global Fishing Watch (globalfishingwatch.com). Areas with 3,000 or more fishing hours are
depicted in the same colour. Areas of high intensity fishing are evident in (A) neritic part of the
Adriatic Sea, (B) between Sicily and Tunisia/Libya, (C) coastal regions of the Ionian Sea, and (D)
Thermaikos Gulf in the NW of the Aegean Sea, which coincide with the turtle tracks.

3,000

DISCUSSION

Travel and speed in context

As expected, the overall migration speed demonstrated by the study turtles (1.7 km h'), was
within the range published for other migrating adult loggerhead turtles in the Mediterranean
(Godley et al. 2002; Schofield et al. 2010; Cerritelli et al. 2022). Their travels included ‘stop overs’
as found with turtles migrating from other Greek and Turkish nesting areas (Dujon et al. 2017;
Cerritelli et al. 2022). However, the three male turtles average travel speed (1.3 km h™') was lower
than other tracked turtles (females), even on their slower coastal migratory pathways, which
averaged at 1.6 km h'! (Godley et al. 2002; Cerritelli et al. 2022). It could be that adult male
loggerheads migrate more slowly than adult females, but more turtles need to be tracked to confirm
this difference is not simply an artefact of small sample size. Imprecision in travel speeds may
result from the use of SSM generated locations at 12 hourly intervals, rather than raw tracking data
over variable time spans to determine speed. This would especially impact periods where turtles

were undertaking more than one of the assigned behavioural categories in a 12-hr window.
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However, we consider the selected method sufficiently robust to provide biologically meaningful

results.

Destinations compared to previous findings

The majority of the study turtles migrated to the northern Ionian and Adriatic Seas (Fig. 1,
Table 1), which are the highest use adult locations previously identified from tag returns
(Margaritoulis et al. 2007) and tracking of Laganas Bay turtles (Zbinden et al. 2011, Schofield et al.
2013a). The Tunisian shelf is underrepresented in this study (» = 2) compared to the previous works
focussing on Laganas Bay turtles (Margaritoulis et al 2007, Schofield et al 2013a) that found that
region to hold the second largest number of turtles. The final turtles in this study migrated to the
Aegean Sea with one more turtle heading there than the Tunisian shelf (n = 3). These results better
align with the tag return data of Margaritoulis et al. (2007), which includes Kyparissia Bay tagged
turtles, than the tracking results of Laganas Bay turtles (Schofield et al 2013a). Nesting females
from Kyparissia have also been reported to migrate into the Western Mediterranean (Backof 2013;
Haywood et al. 2021) but none from the current study did so. Separation of tag return data, such as
presented by Margaritoulis et al. (2007), per nesting site and increasing the sample size of tracked
turtles from Kyparissia Bay can support or refute any differences in the proportions of turtles
migrating to the different regions and potentially provide additional evidence for the different
conservation status between the two nesting aggregations (Margaritoulis et al. 2025).

There are potentially up to 2,000 nesting turtles in a single year in Kyparissia Bay—based
on clutch frequency of ~3.5 (Rees et al. 2023) and 8,019 nests in the updated core nesting area in
2024 (Margaritoulis et al. 2025). In addition, there will be a large cohort of breeding males present
in the area. Consequently, the number of turtles tracked here (n = 11) needs to be increased
dramatically to provide more conclusive population-level results. Furthermore, tracking turtles from
additional seasons may reveal any interannual variation in migratory destinations and overcome
limitations of the potentially biased tag return data and the limited temporal spread of the current
tracking study.

Increasing the sample of turtles tracked to identify foraging areas and strategies may be
achieved through a combination of ways. Emerging alternative technologies, such as transmitters
using the Iridium satellite system (Cerritelli et al. 2022; Lamont et al. 2024) or the cellular phone
GSM network (Rees et al. 2023), which may result in lower costs per tracked individual, may help
stretch funding to track larger numbers of turtles. Furthermore, compilation of all existing tracking

data into a single meta-analysis (e.g., Ferreira et al. 2021) would strengthen findings in terms of
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relative abundance of turtles in the foraging areas and give indication of the diversity of turtles from
different breeding populations that utilise these areas.

SIA using carbon, nitrogen and sulphur isotopes present in turtle epidermis tissue, whilst
cheaper per individual than typical satellite tracking, has proven to be largely ineffective at
differentiating many Mediterranean loggerhead foraging areas (Haywood et al. 2020 2021).
However, the use of other isotopes such as oxygen, in commensal barnacles present on the turtles’
carapaces may reveal insights into their spatial origins (Pearson et al. 2019) and should be explored

further within the Mediterranean.

Behaviour and the established sedentary foraging paradigm

Three of the study turtles (B,C,J; 27%) did not follow the classic paradigm that post-
breeding loggerhead turtles migrate to specific neritic areas and establish spatially distinct foraging
sites (see Schofield et al. 2010, 2013a and Mingozzi et al. 2016 for examples) but instead exhibited
prolonged periods of nomadic behaviour in both neritic and oceanic waters. The most extreme
example of this behaviour pattern was shown by turtle B (Fig. 1d). It moved from near to eastern
Sicily, to the southern mainland Italian coast and back to Kyparissia Bay and then once more to the
western lonian, without breeding, for ~700 days. Although apparently rare, this type of behaviour
has been reported before from Kyparissia, with adult female turtles remaining nomadic in the
western Mediterranean (Haywood et al. 2021). Additionally, a single adult female from 17 (6%)
tracked after nesting in southwestern Tiirkiye undertook wandering movements and established two
large-scale foraging areas in the western Ionian and Adriatic Seas (Cerritelli et al. 2022). Two
turtles from 37 (5%) tracked from Cyprus also remained nomadic; one also inhabiting the northern
Ionian sea and the other spending time over the Tunisian Plateau before covering hundreds of
kilometres moving around in oceanic waters of the southern Western Mediterranean (Haywood et
al. 2020). These low frequency occurrences of nomadism contrast with a study of sub-adult and
adult loggerheads obtained in the Tyrrhenian Sea where 6 of 8§ turtles (75%) undertook long-
distance circuitous movements in the oceanic environment (Luschi et al. 2017). From the above
findings, either a size-based ontogenetic change in behaviour or a temporally evolved behaviour

where the nomadic life-history pattern is becoming more prevalent may be inferred.

Area / behaviour influence on body size

13
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The fully nomadic turtle in this study was by far the smallest turtle tracked, and the semi
nomadic turtles the next smallest. This suggests a notable carryover effect of a nomadic foraging
strategy, possibly in combination with the selected foraging region, as has been shown for
loggerhead turtles in the northwest Atlantic (Ceriani et al 2015). For foraging strategy and location
to influence body size, a turtle would need to show consistent behaviour over successive years.
Though we have only one period for the turtle in this study, other studies show that turtles show
fidelity to foraging areas and resulting foraging strategy (Broderick et al. 2007; Schofield et al.
2010; Rees and Margaritoulis 2024) and a persistent long-term nomadic foraging strategy can be
assumed for the turtle.

Previous studies on nesting Mediterranean loggerheads have revealed a north-south
dichotomy in turtle size, with northern turtles being larger (Zbinden et al. 2011; Cardona et al.
2014; Patel et al. 2015; Haywood et al. 2020) and laying larger clutches (Zbinden et al. 2011;
Cardona et al. 2014; Patel et al. 2015). These effects were attributed to better quality benthic forage
in the north. Those results contrast with our findings that suggest foraging strategy plays a more
important role in body size than foraging location. No reference to a relationship between size and
foraging strategy of the nesting females was made in any of the previous Mediterranean studies.
Both Zbinden et al. (2011) and Patel et al. (2015) present tracks of turtles that only established
restricted benthic foraging areas and lacked any nomadic individuals. The nomadic turtles from
Haywood et al. (2020) were of similar small size to other tracked individuals, thus our finding of a
small nomadic foraging in the Ionian/northern Libyan Sea is a novel result and worthy of further
investigation through tracking other small conspecifics from the area.

Interpretation of the influence of foraging area and strategy on body size may be confounded
by the inclusion of both male and female turtles in the analysis, with male turtles in this study being
on average larger than their female conspecifics. However, another study in the Mediterranean
revealed no sexually dimorphic body size differences (Schofield et al. 2013a), hence the influence
of foraging strategy is likely to be the primary driver in differential body size.

Other studies with loggerheads breeding at Cape Verde and Japan have shown that adults
turtles residing in oceanic conditions were smaller than their conspecifics feeding in neritic habitats
(Hatase et al. 2002, Hawkes et al. 2006), which is reflected in the results of this study. Furthermore,
at least for the Cape Verdean turtles, the oceanic residents also remained nomadic for the duration
of their tracking, which again is a behaviour presented by the turtles that were either semi-nomadic
or nomadic in this study. We would suggest that long-term presentation of a foraging strategy
(nomadic vs sedentary) is a result of foraging habitat (benthic or midwater) selection and results in

measurable differences in body size between the two categories of animals.
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Threat impacts

The factors driving the different turtle behaviour result in individuals being exposed to
varying levels of anthropogenic threats. The most insidious marine threat to sea turtles is bycatch in
fisheries (Wallace et al. 2025) with the most recent estimate indicating over 120,000 turtles per year
end up as bycatch per year in the most important fishery types across the Mediterranean (Lucchetti
2021). Fishing intensity is not uniform across the Mediterranean, with, for example, certain large-
scale areas such as the Adriatic Sea, parts of the shelf seas between Sicily and Tunisia and sections
of the Aegean Sea experiencing widescale intensive fishing (Fig. 2). These are three of the regions
identified here as preferred foraging grounds for loggerhead turtles nesting in Kyparissia and results
in the turtles experiencing high fisheries pressure whilst away from their breeding grounds. The
smaller nomadic turtle would consequently be least affected by bottom gears but would be affected
by other fishing taking place in more offshore oceanic waters.

It should be noted that fishing activity distribution maps derived solely from AIS data (such
as shown in Fig. 2) are prone to underreporting vessel presence in certain locations where there are
no AIS receivers or when AIS transmitters are muted. In the Mediterranean this occurs most
frequently in the south leading to the underreporting of fishing activity, for example, in Tunisian
waters (Fig. 2). However, through inclusion of SAR (synthetic aperture radar) data a high presence
of fishing vessels is shown in Tunisian coastal waters and shelf sea (Marsaglia et al. 2024; Fig. 3),
indicating the entire region poses high risk to turtles foraging there.

Each life history and behavioural variation for loggerheads comes with its own raft of
ecological trade-offs that can impact fecundity and survivorship. Conservation measures to reduce
bycatch and improve the outcome for bycaught turtles continue to be priority actions away from
nesting areas. The greater our knowledge of migratory routes and foraging hotspots, as determined

through tracking studies such as this one, the more targeted and impactful such measures may be.

15



Zoological Studies 64:61 (2025)

Hr .
hi i France
&L
tegfll)

Morocco

- tgbanc

et
Algeria o ... -;I% I';'_ Israel
ir " 'Palestine

: S
SAR detections | 30 60 100

Fig. 3. “SAR fishing vessel presence from Global Fishing Watch SAR data from 2017 to 2021
aggregated by number of fishing vessel detections in 0.1 decimal degrees cells. The light blue
shaded area represents the areas with depths greater than 1,000 m”. Reproduced from Marsaglia et
al. (2024) under Creative Commons Attribution License 4.0.

CONCLUSIONS

Although there are alternative ways of determining high-use areas by sea turtles, such as
combining analysis of aerial and boat transect data with environmental data (DiMatteo et al. 2022,
2024), satellite telemetry remains the best method. The benefits include determining routes of
individual turtle migrations, identifying the origins of turtles in a location where the turtles cannot
be accessed to read flipper tags, and revealing nesting-site specific hotspots.

Limited tracking of breeding turtles in this study has confirmed foraging sites that have
previously been indicated from flipper tag returns. However, given that SIA is not currently able to
distinguish specific foraging regions for Mediterranean loggerheads (Zbinden et al. 2011, Haywood
et al. 2020, Haywood et al. 2021) a larger sample of tracked turtles is needed to support population
level inferences on foraging hotspot distribution.

Likewise, additional tracking combined with tracked-turtle individual nesting histories
should be used to further elucidate the interplay of foraging strategy and location with body size and
fecundity as suggested in other studies (Zbinden et al. 2011, Cardona et al. 2014, Patel et al. 2015).

Despite the limited sample size, present data support previous findings as to the distribution

of adult loggerhead turtles away from the breeding areas. This strengthens the need for adoption of
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suitable bycatch reduction measures, such as gear or fishing method modifications or spatial and

temporal closures, which will improve the conservation status of turtles in the respective areas.
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