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ABSTRACT: Identifying highly frequented areas is a priority for sea turtle conservation, and the
distribution of young individuals in open waters represents a major knowledge gap due to
methodological biases. The drift of hatchlings from 38 loggerhead Caretta caretta and 10 green
Chelonia mydas turtle nesting sites in the Mediterranean was simulated for the first 6 mo of life,
with simulations repeated for 5 different years (2001 through 2005). Results indicate that hatchlings from the Levantine and south-central Mediterranean sites are mainly retained in the same
areas of origin, while those from the Ionian area mainly disperse to the Ionian, Adriatic and southcentral Mediterranean areas. Combining hatchling dispersal with existing empirical information
on juveniles and adults, a general distribution model among nesting sites, and oceanic and neritic
foraging grounds for Mediterranean sea turtles is proposed. The Levantine zone may be particularly key for the conservation of the Mediterranean populations of both species, since it may host
the highest concentration of individuals. Subregional management units identified by dispersal
patterns may facilitate turtle conservation through a relatively small-scale international approach.
In-water studies in specific zones are identified as a research priority for improving current
knowledge and informing conservation plans.
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Sea turtles are wide-ranging animals, and potentially face a large number of threats throughout their
distributional range, which may include multiple
countries (e.g. N ichols et al. 2000, Broderick et al.
2007, Witt et al. 2011, Schofield et al. 2013). The
implementation of conservation measures is, therefore, particularly challenging, and detailed knowledge of the turtles’ distribution, range and habitats is
key to generating effective conservation approaches.
Three sea turtle species occur in the Mediterranean (Casale & Margaritoulis 2010): the leatherback
turtle Dermochelys coriacea, the green turtle Chelo-

nia mydas, and the loggerhead turtle Caretta caretta.
Leatherback turtles enter the Mediterranean in small
numbers from the Atlantic but do not breed in the
basin. The other 2 species have Mediterranean populations recognized as regional management units,
and the green turtle unit in particular is considered at
high risk (Wallace et al. 2011). The main identified
threats at sea to these 2 Mediterranean populations
are incidental catch in fishing gear, collision with
boats, and intentional killing (Casale & Margaritoulis
2010). These threats increase overall mortality (Casale
et al. 2007c, Casale et al. 2010) and, as a whole, represent a high level of threat (Wallace et al. 2011).
Identifying the most frequented areas by these 2 sea
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turtle species could potentially inform conservation
plans for their respective Mediterranean populations
(e.g. Schofield et al. 2013).
The loggerhead turtle is the most abundant sea
turtle species in the Mediterranean, and reproduces
mainly in Greece, Turkey, Cyprus and Libya (Casale
& Margaritoulis 2010). Loggerhead turtles frequent
the entire marine area of the Mediterranean, with
high occurrences reported in the oceanic zones of (1)
the westernmost part of the basin (from the Alboran
Sea to the Balearic Islands), where most individuals
are of Atlantic origin (Carreras et al. 2006), (2) the
Strait of Sicily, and (3) the Ionian Sea. Loggerheads
are also found in high abundance in the neritic zones
in the north Adriatic, off Tunisia-Libya, off Egypt,
and off the southeast coast of Turkey (Casale & Margaritoulis 2010). Green turtles primarily reproduce
on nesting beaches in Turkey, Cyprus and Syria
(Casale & Margaritoulis 2010). They primarily occupy
neritic areas in the easternmost part of the basin,
in addition to foraging areas in Greece and Libya
(Casale & Margaritoulis 2010).
Current knowledge on the distribution of sea turtles in the Mediterranean waters is based on data
from strandings (Tomás et al. 2008, Casale et al. 2010,
Türkozan et al. 2013), incidental catch in fishing gear
(reviewed by Casale 2011), tag returns (Margaritoulis et al. 2003, Casale et al. 2007b, Revelles et al.
2008), satellite tracking (e.g. Bentivegna et al. 2007,
Broderick et al. 2007, Revelles et al. 2007b, Schofield
et al. 2013), genetic markers (e.g. Carreras et al.
2006, Garofalo et al. 2013), and aerial surveys
(Gomez de Segura et al. 2006, Lauriano et al. 2011).
However, most observations relate to the western
and central Mediterranean, while less information is
available for the easternmost part (the Levantine
basin). Moreover, the turtles studied by the above
methods are often adults or large juveniles above
50 cm curved carapace length (CCL); whereas the
distribution of the elusive small turtles < 40 cm CCL,
corresponding approximately to the first 7 yr of life
(Casale et al. 2009b, 2011a,b), represents the main
knowledge gap. This is a common problem worldwide, with the first period of life of sea turtles also
known as ‘lost years’ (Carr & Meylan 1980), because
individuals are small, usually live in open waters and
are generally difficult to observe.
Studying small turtles in the wild is labour-intensive (e.g. Witherington et al. 2012), and thus preliminary insights into the potential distribution patterns
of turtles and locations of high density areas may
promote future studies. Evidence is mounting that
numerical models coupling ocean circulation and

particle tracking are able to reconstruct dispersal
patterns of hatchling sea turtles in the Mediterranean
(Zakynthos island, Greece; Hays et al. 2010) and
elsewhere (e.g. Okuyama et al. 2011, Putman et al.
2012, Shillinger et al. 2012). Hatchling sea turtles
have limited swimming capacity and are often considered to be passive drifters, possibly aggregating in
convergence zones (e.g. Witherington et al. 2012).
Satellite tracking and genetic data indicate that currents may also affect, at least in part, the distribution
of much larger turtles (Carreras et al. 2006, Bentivegna et al. 2007, Revelles et al. 2007b, Lambardi et
al. 2008, Monzón-Argüello et al. 2010). Moreover, it
has been suggested that the distribution of loggerhead hatchlings and small juveniles may determine
the areas frequented by larger individuals in the
Mediterranean (Casale et al. 2007b, Hays et al. 2010).
Hence, although limited to the first months of life,
the dispersal pattern of hatchlings may provide
useful indications about sea turtle distribution, especially in a relatively small basin such as the Mediterranean Sea.
By simulating hatchling drift from loggerhead and
green turtle nesting sites in the Mediterranean, this
study aimed to identify likely developmental areas
for the first months of life of Mediterranean sea turtles hatched in different coastal sectors. This new
information along with the existing distribution data
may help identify developmental areas that are
potentially shared by turtles originating from different nesting sites, thereby representing potential
management units for conservation.

MATERIALS AND METHODS
In the first 6 mo of life, loggerhead and green turtle
hatchlings are assumed to drift passively on the
ocean currents of pelagic waters (e.g. Putman et al.
2012) because they do not attain buoyancy or dive
capabilities until after 1 yr of age (loggerheads: Milsom 1975). Furthermore, loggerhead and green turtles feed upon pelagic prey in the first period of their
life, and then switch to benthic prey and seagrasses
or algae, respectively (Bjorndal 1997). In the Mediterranean, isotopic signatures indicate that the 2 species still have a similar diet at a size of 25 cm CCL
(Cardona et al. 2010), corresponding to an age > 2 yr
(Casale et al. 2009a, Goshe et al. 2010).
In this study, simulations of the dispersal of sea turtle hatchlings in the Mediterranean were performed
using a total of 38 and 10 nesting sites of loggerhead
and green sea turtles, respectively. These included
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Fig. 1. Eastern Mediterranean basin showing the 200 m isobath. Circles indicate major
nesting sites of loggerhead (red), green sea
turtles (green), and both species (blue)
(Casale & Margaritoulis 2010; see Table 1
for numbering). As an optimization of the
dispersal simulation, in certain cases 2 or
more sites have been aggregated. Red triangles indicate minor nesting sites of loggerhead turtles: 33 = Calabria; 34 = Sicilia; 35 =
Linosa; 36 = Lampedusa; 37 = Kuriat; 38 =
Chebba. Country abbreviations: AL = Albania; BA = Bosnia and Herzegovina; EG =
Egypt; GR = Greece; HR = Croatia; IL = Israel; IT = Italy; LB = Lebanon; LY = Libya;
ME = Montenegro; SI = Slovenia; SY = Syria;
TN = Tunisia; TR = Turkey. The eastern
basin was divided into 5 arbitrary zones: Ad
= Adriatic; Ae = Aegean; L = Levantine; I =
Ionian; SCM = south-central Mediterranean

Table 1. Major nesting sites of loggerhead and green sea turtles in the Mediterranean with their average number of nests
per year (Casale & Margaritoulis 2010). As an optimization of
the dispersal simulation, in certain cases 2 or more sites have
been aggregated (as indicated by the symbol ‘+’)

32 and 10 major sites (as defined by Casale & Margaritoulis 2010) of loggerhead and green sea turtles,
respectively, located in 5 countries (Cyprus, Egypt,
Greece, Libya, Syria, Turkey), and 6 minor nesting
sites of loggerhead turtles located in Italy (Calabria,
Sicilia, Lampedusa, Linosa) (Mingozzi et al. 2007)
and Tunisia (Kuriat, Chebba) (Casale & Margaritoulis
2010) (Fig. 1). The latter sites may be of conservation
interest in those countries, and they are the only
nesting sites along the western coast of the eastern
Mediterranean. Furthermore, some of these sites
have been shown to be genetically distinct (Garofalo
et al. 2009). A subset of the 32 major loggerhead sites
and the 10 major green turtle sites were aggregated
to optimize the dispersal simulations, resulting in 27
and 8 release sites of loggerhead and green sea turtles, respectively. Considering also the 6 minor sites
of loggerheads, particles were released from a total
of 33 loggerhead and 8 green turtle areas, all located
in the eastern Mediterranean (Table 1, Fig. 1). Based
on the average speed of loggerhead (1.28 km h−1)
and green turtle hatchlings (1.57 km h−1) during the
first 24 h in the sea (frenzy period) (Wyneken 1997),
the particle release areas were centred ca. 30 km offshore from the nesting site. Release areas were ca. 20 ×
20 km, except in 2 cases where smaller areas were
adopted because of the coastline shape (e.g. gulfs).
The number of nests per year at each site (N )
ranges from a few nests to >1000 nests (Casale &

Country/
group

Site

Caretta caretta
Western
1. Lefkas Island
Greece
2. Kotychi
3. Zakynthos (Laganas Bay)
4. Kyparissia Bay
5. Koroni
6. Lakonikos Bay
Eastern
7. Bay of Chania
Greece
8. Rethymno
9. Bay of Messara
10. Kos Island
Turkey
11. Dalyan
12. Dalaman + Fethiye
13. Patara
14. Kale + Finike-Kumluca
15. Çıralı
16. Belek
17. Kızılot
18. Demirtaş
19. Anamur
20. Göksu Delta
Cyprus
21. Alagadi
22. Morphou Bay
23. Chrysochou Bay
24. Lara-Toxefra
Egypt
25. Areash
Libya
26. Al-Mteafla
27. Al- Ghbeba + Al-thalateen
+ Al-Arbaeen
Chelonia mydas
Turkey
28. Alata + Kazanlı + Akyatan
29. Sugözü
30. Samandağ
Syria
31. Latakia
Cyprus
32. North Karpaz
21. Alagadi
22. Morphou Bay
24. Lara-Toxefra

Avg.
nests yr−1
50
50
1244
685
50
197
94
324
51
60
193.5
222
81
264
59.5
443.5
160
89
410
93.5
123
72
100
140
67
104
339

768.5
213
230
200
104
61
42
46
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Margaritoulis 2010), while the mean number of eggs
per nest ranges from 65 to 130 (Margaritoulis et al.
2003). In the model, we defined the number of particles released at each site (Np) as being proportional
to the number of nests per year (Np = N × 100) to
approximate the order of magnitude and the relative
contribution of hatchlings from the different sites in
the dispersion areas. These numbers do not consider
interannual variability and embryo mortality (Margaritoulis et al. 2003) and are not meant to represent
the exact number of hatchlings, which is not necessary in this kind of simulation (e.g. Hays et al. 2010).
To capture dispersion patterns at minor sites, we
arbitrarily set Np = 1000.
The hatching period in the Mediterranean occurs
between the middle of July and the beginning of
October, with the majority of turtle hatching occurring in August and September (Broderick & Godley
1996, Margaritoulis 2005, Turkozan & Yilmaz 2008).
In the model, passive particles were released following a truncated Gaussian distribution in time, centered on 31 August with a standard deviation of 20 d
and truncated at 1 August and 30 September. Trajectories were simulated using daily horizontal surface
velocities (average at 0 to 3 m depth) extracted from
the Mediterranean ocean forecasting system (Pinardi
et al. 2003, Tonani et al. 2009) at 1/16° resolution and
linearly interpolated to the positions of the particles.
Particle dynamics were governed by a first order
equation of motion integrated forward in time with a
Runge-Kutta second-order scheme, with time step
of 1 h. This particle-tracking algorithm replicates
the dispersion processes of pelagic organisms in the
Mediterranean Sea (Hays et al. 2010, Mariani et al.
2010), with further development to allow for continuous particle release in this study.
All simulations were run until 1 February (transport of 125 to 185 d), i.e. 4 to 6 mo after release. Loggerheads of about 6 mo in age have a CCL of about
10 cm length (Casale et al. 2009a), and it is likely that
passive drift is no longer the only form of movement;
hence particle tracking may be less useful to infer
dispersal at this point. However, other studies carried
out passive drifting simulations for 1 yr or more (e.g.
Putman et al. 2012). In order to provide further
insights on the effect of prolonged dispersal by drifting in loggerheads, and especially on potential distribution of loggerheads in the western Mediterranean,
we extended the simulation of particles from loggerhead nesting sites until 26 July and 31 December
of the next year. Simulations were repeated for 5 separate years (2001 through 2005), to account for the
variability in ocean conditions. The simulated hatch-

ling distributions were then analyzed at 1 December
(same year of release), 1 February, 26 July and 31
December (next year); the latter 2 only for loggerheads, excluding any particles that hit land. Distributions from different years were pooled together and
analyzed in ArcGIS 10.0. The eastern Mediterranean
basin was arbitrarily divided into 5 zones: Adriatic,
Aegean, Levantine, Ionian, and South-central Mediterranean (Fig. 1). The number of particles from each
major release area which occurred in each marine
zone on 1 February was used to calculate (1) the proportions of particles found in a specific marine zone
and originating from different release sites, simulating the different origin of turtles found in a common
foraging zone, and (2) the proportions of particles
from a specific release site that dispersed to different
marine zones, simulating the relative importance of
different foraging zones for a specific nesting site.

RESULTS
A total of 3 745 250 particles were released in the
simulation, and the resulting dispersal patterns for
each of the 41 release areas are shown in the Supplement at www.int-res.com/articles/suppl/m498p263_
supp.pdf: Figs. S1 to S9 (loggerhead turtles), and
Figs. S10 & S11 (green turtles) show dispersal on 1
December; Figs. S12 to S20 (loggerhead turtles) and
Figs. S21 & S22 (green turtles) show dispersal on 1
February. In several cases, particles released at the
major nesting areas had similar dispersal patterns
and were aggregated into 5 groups for loggerhead
turtle nesting areas (Western Greece, Eastern Greece,
Turkey, Cyprus, Libya) and 3 groups for green turtle
nesting areas (Turkey, Cyprus, Syria) (1 Dec, Fig. S23;
1 Feb, Fig. 2).
By 1 December, particles had already reached all
the marine zones where they occurred on 1 February,
and the most evident difference was the further
dispersal to the Levantine marine zone by particles
released in Greece and Libya (Figs. S23 & S24,
Figs. 2 & 3, Table 2). Density distributions (Fig. 3)
highlight 4 major distribution patterns for loggerhead nesting sites: (1) Ionian/Adriatic by particles
from western Greece, (2) Levantine/Ionian by particles from eastern Greece, (3) Levantine by particles
from Turkey and Cyprus, and (4) south-central Mediterranean by particles from Libya. All green turtle
nesting areas (Turkey, Cyprus and Syria) showed
pattern (3) (Levantine). Particle counts (Table 2)
indicate that the Levantine marine zone hosted the
greatest proportion of particles from all green turtle
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Fig. 2. Position on February 1 of particles released in August-September at Mediterranean nesting areas of (a−e) loggerhead
and (f−h) green turtles: (a) western Greece; (b) eastern Greece; (c,f) Turkey; (d,h) Cyprus; (e) Libya; and (g) Syria. Circles
indicate nesting sites as shown in Fig. 1; codes and symbols as in Fig. 1

100.0
100.0
100.0
100.0
57.3
63.6
81.5
63.3
28.1
21.0
6.1
22.5
9.5
10.1
8.9
9.5
5.0
5.2
3.6
4.7
0.1
0.0
0.0
0.1
100.0
100.0
100.0
100.0
76.1
74.4
83.8
77.3
17.0
15.6
5.9
14.9
4.6
7.6
8.3
5.6
0.0
0.0
0.0
0.0
Chelonia mydas nesting areas
Turkey
Syria
Cyprus
Total

2.2
2.4
2.1
2.2

100.0
100.0
100.0
100.0
100.0
100.0
100.0
11.5
49.7
60.6
85.1
73.8
8.9
44.5
0.0
7.2
13.4
3.8
20.5
0.0
6.9
18.7
21.0
14.8
8.0
3.5
89.0
24.1
48.7
19.2
11.0
3.1
2.1
2.1
18.9
21.1
2.9
0.3
0.0
0.0
0.0
5.5

Total
1 February
South-central Aegean Levantine
Adriatic Ionian
Total

100.0
100.0
100.0
100.0
100.0
100.0
100.0
5.9
29.6
55.9
85.8
95.0
0.2
38.0
0.1
12.7
21.3
3.8
3.1
0.0
10.5
9.3
30.7
14.1
8.5
1.2
99.6
23.7
70.2
25.8
8.7
1.9
0.7
0.2
24.0
14.5
1.3
0.1
0.0
0.0
0.0
3.8
Caretta caretta nesting areas
Western Greece
Eastern Greece
Turkey
Cyprus
Egypt
Libya
Total

To infer hatchling dispersal patterns of Mediterranean sea turtles, we expand on previous work that used
a single nesting site (Zakynthos island, Greece; Hays et
al. 2010), by applying particle drift trajectories to 38
loggerhead and 10 green turtle nesting sites in the
Mediterranean. The results indicate that hatchlings
from the Levantine and south-central zones are mainly
retained in the same zone of origin, while those from
the Ionian zone disperse mainly to the Ionian, Adriatic,
and south-central zones. This general dispersal pattern, which is associated with coastal areas, potentially
provides insights into the location of hatchling turtles
from specific known or as yet undiscovered nesting
sites. For instance, new nesting sites have recently
been discovered (Rees et al. 2008) even in highly
developed areas (Mingozzi et al. 2007), and other nesting sites may be discovered in the future, e.g. in Libya
(Casale & Margaritoulis 2010). This information

1 December
South-central Aegean Levantine

The first ‘lost year’ of Mediterranean sea turtles

Adriatic Ionian

DISCUSSION

Marine zone

areas and from loggerhead turtle areas in eastern
Greece, Turkey, Cyprus, and Egypt, while the southcentral and Ionian zones were the most important
zones for nesting areas in Libya and Western Greece,
respectively. At the species level, by 1 February,
particles from loggerhead turtle nesting areas had dispersed throughout the eastern Mediterranean basin,
with high density areas in all the marine zones (Fig. 4)
and the highest proportion of particles occurring in the
Levantine zone (Table 2). N o particles dispersed into
the western Mediterranean, with the only exception
being the minor nesting areas in Tunisia (Fig. S20). By
1 February, particles from green turtle nesting areas
were mainly dispersed in the Levantine and Ionian
zones, and to a lesser extent in the other 3 zones, with
the majority of high density areas (Fig. 4) and the highest proportion of particles (Table 2) occurring in the
Levantine marine zone. The distribution of particles
from loggerhead nesting sites obtained by the extended simulation until 26 July and 31 December of the
next year was not different from the shorter simulations
(Figs. S25 & S26).
Regarding the mixed origin of the pool of particles at
a specific marine zone; for loggerhead turtles, western
Greece was the major contributor to the Adriatic and
Ionian zones, while Turkey was the major contributor
to Aegean and Levantine zones, and Libya to the
south-central zone (Table 3). For green turtle areas,
Turkey was the major contributor to all zones (Table 3).

Table 2. Results of the simulation of the dispersal of drifting particles from loggerhead and green sea turtle nesting areas to marine zones of the eastern Mediterranean
basin. Proportions of particles from a specific nesting area that dispersed to different marine zones, simulating the relative importance of different foraging zones for
turtles hatched at a specific nesting area. Values are given as %
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Fig. 3. Relative density on February 1 of particles released in August-September at Mediterranean nesting areas of (a−e)
loggerhead and (f−h) green turtles: (a) western Greece; (b) eastern Greece; (c,f) Turkey; (d,h) Cyprus; (e) Libya; and (g) Syria.
Circles indicate nesting sites as shown in Fig. 1; codes and symbols as in Fig. 1
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Fig. 4. (a,b) Position and (c,d) relative density in February of particles released in August-September at Mediterranean nesting
areas of (a,c) loggerhead and (b,d) green turtles. Circles indicate nesting sites as shown in Fig. 1; codes and symbols as in Fig. 1

regarding potential hatchling dispersal may be of
interest when drafting conservation plans at regional
or national levels.
Our results indicate that the Levantine zone is a
nursery zone for Mediterranean sea turtles. Indeed,
most green turtle hatchlings and about half of loggerhead hatchlings likely aggregate in the Levantine

zone at least in their first 6 mo of life. The second
important area for loggerhead hatchlings appears to
be the Ionian-south Adriatic. Accordingly, turtles of
the size range (<10 cm), corresponding approximately to the age range considered in this study (< 6 mo;
Casale et al. 2009a), have been found stranded along
the Ionian-south Adriatic coasts of Italy (Casale et

Table 3. Results of the simulation of the dispersal of drifting particles from loggerhead and green sea turtle nesting areas to
marine zones of the eastern Mediterranean basin. Proportions of particles found in a specific marine zone originated from
different nesting areas, simulating the different origin of turtles found in a common foraging zone. Values are given as %

Marine zone

1 December
Adriatic Ionian South-Central Aegean Levantine

1 February
Adriatic Ionian South-Central Aegean Levantine

Caretta caretta nesting areas
Western Greece 95.7
72.9
Eastern Greece
3.5
11.3
Turkey
0.8
14.8
Cyprus
0.0
0.9
Egypt
0.0
0.0
Libya
0.0
0.1
Total
100.0 100.0

9.8
13.7
24.3
3.9
0.1
48.2
100.0

0.1
12.8
82.7
3.9
0.4
0.0
100.0

3.9
8.2
60.0
24.2
3.6
0.1
100.0

92.7
5.3
2.0
0.0
0.0
0.0
100.0

62.6
10.2
23.8
1.9
0.1
1.3
100.0

18.9
8.8
25.2
3.8
0.2
43.0
100.0

0.1
10.5
79.6
6.3
3.5
0.0
100.0

6.3
11.3
56.0
22.2
2.0
2.3
100.0

Chelonia mydas nesting areas
Turkey
88.5
71.1
Syria
11.5
12.4
Cyprus
0.0
16.4
Total
100.0 100.0

58.8
15.3
25.9
100.0

81.3
11.8
6.9
100.0

70.1
10.9
19.0
100.0

83.2
11.2
5.6
100.0

70.4
13.4
16.2
100.0

66.6
13.1
20.3
100.0

82.7
11.5
5.8
100.0

59.9
12.4
27.7
100.0
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al. 2010). Unfortunately, no size data of stranding turtles are available from the Ionian coast of Greece at
present, where stranded hatchling are expected on
the basis of simulated particles hitting land.
Our results also suggest that turtles are not transported by currents into the western basin during
their first 6 mo of life. This is coherent with the low
number (only 1 individual) of stranded turtles <10 cm
CCL — the approximate size of loggerhead turtles at
6 mo of age (Casale et al. 2009a) — reported from the
western side of Italy in contrast to the eastern side
(Casale et al. 2010).

Comparison with empirical data on the distribution
of older life stages
There is a long time gap between the life period
simulated in this study (first 6 mo of life) and when
turtles are commonly observed by empirical means
(> 40 cm CCL). For loggerhead turtles, this period is
several years in duration: on the basis of available
age-size curves for loggerheads in the Mediterranean, turtles > 40 cm CCL are probably older than 7 yr
(Casale et al. 2009b, 2011a,b). Age-size curves of
Mediterranean green turtles are not available; however, curves from the Atlantic indicate a similar age,
i.e. green turtles > 40 cm CCL are probably older
than 8 yr (Goshe et al. 2010).
Limited empirical observations suggest that, at least
in some zones, turtles tend to remain for several
months in the same zone to which they dispersed as
hatchlings. In particular, available reports of high proportions of small loggerheads in the Ionian-south
Adriatic (< 30 cm CCL; Casale et al. 2010) and small
green turtles in the Levantine zone (Turkey; < 30 cm
CCL; Türkozan et al. 2013) are coherent with the
hatchling dispersal simulated by the present study.
Moreover, the present results on loggerhead hatchling
dispersal are quite similar to empirical data on large
juveniles (> 40 cm CCL) and adults for those zones
where data are available. For instance, our results on
hatchling dispersal as well as genetic data (Garofalo
et al. 2013), tagging (Margaritoulis et al. 2003), and
satellite tracking data (Casale et al. 2013, Schofield et
al. 2013) indicate Libya and Greece as major contributors to the south-central zone, and Greece as the
major contributor to the Adriatic zone. These observations also indicate that a number of turtles from
Turkey frequent the Ionian and the Adriatic zones.
Our results suggest a low hatchling dispersal from
the eastern into the western basin of the Mediterranean Sea. On the basis of genetic markers, Carreras et
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al. (2006) proposed that loggerheads originating from
the eastern Mediterranean and entering the western
basin follow the main surface currents and disperse
in the Tyrrhenian Sea along the Italian coast, and
then along the coasts of France and Spain. Recent
genetic data from the Tyrrhenian Sea support this
hypothesis (Maffucci et al. 2013). Four different types
of empirical data indicate a relatively low turtle
occurrence in the Tyrrhenian Sea. First, only 2% of
tag returns (Margaritoulis et al. 2003) and 1.4% of
turtles satellite tracked (Schofield et al. 2013) from
western Greece nesting sites were observed in the
western Mediterranean, suggesting that this area is
frequented by a minority of adults with eastern
Mediterranean origin. Second, a lower stranding turtle density (which, however, may be affected by several factors, including currents) was observed in the
north (0.05 turtles km−1) and south Tyrrhenian Sea
(0.11 turtles km−1), than in the eastern Mediterranean, and specifically in the Sicily Channel (0.30 turtles km−1) and the Ionian Sea (0.31 turtles km−1)
(Casale et al. 2010). Third, the observed turtle catch
rates from longliners targeting swordfish were lower
in the north Tyrrhenian (0.00062 turtles hooks−3)
(Orsi Relini et al. 1999) than in the Sicily Channel
(0.977 turtles hooks−3) (Casale et al. 2007a) and in the
Ionian Sea (0.269 to 2.76 turtles hooks−3) (Deflorio et
al. 2005, Cambiè et al. 2010). Finally, aerial surveys
indicate a lower turtle density during summer in the
north Tyrrhenian (0.046 turtles km−2) (Lauriano et al.
2011) than in the westernmost part of the basin (0.21
turtles km−2) (Gomez de Segura et al. 2006), mainly
frequented by loggerhead turtles from the Atlantic
(Carreras et al. 2006). Moreover, observations of the
surface currents using Lagrangian drifters (Poulain &
Zambianchi 2007) show that a persistent southeastward circulation is present in the Sicily Channel
throughout the year. On this basis, we hypothesize
that hatchling dispersal pattern and the prevalent
eastward surface current at the Sicily Channel may
explain, at least in part, the lower turtle occurrence
observed thus far in the Tyrrhenian Sea. We additionally hypothesize that those loggerheads moving
from the eastern to the western Mediterranean do so
by active swimming. In this respect, the low proportion of small loggerhead turtles (< 30 cm CCL)
stranded along the western side of Italy (Casale et al.
2010) suggests that loggerhead turtles move into the
western basin at a size when they have attained good
swimming skills. A similar pattern was suggested for
the Strait of Gibraltar (Revelles et al. 2007a), another
strait where prevalent surface currents run in one
direction.
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The present hatchling dispersal simulation is also
coherent with the available empirical data on the distribution of green turtles, which are mainly found in
the Levantine zone (Casale & Margaritoulis 2010,
Oruç et al. 2011, Türkozan et al. 2013). Green turtles
are also reported from the Aegean and Ionian (south
Peloponnesus, Greece), while in the south-central
zone juveniles and adults frequent Libyan, and to a
lesser extent Tunisian waters (Broderick et al. 2007,
Casale & Margaritoulis 2010, Turkecan & Yerli 2011).
N aturally, as they grow, green turtles increasingly
feed upon benthic seagrasses and algae until they
become fully herbivorous at a size > 62 cm CCL in the
Mediterranean (Cardona et al. 2010). This may affect
their habitat requirements and may result in a distribution and fidelity to foraging areas different
from loggerhead turtles (e.g. Broderick et al.
2007).
Notwithstanding the significant knowledge gaps
about turtle distribution, especially during the
several years between the early-life period simulated in this study and that observed by empirical studies (see above), the similarity of the
results provided by this and other studies is
intriguing. We hypothesize that the distribution
of hatchlings affects, at least to a certain extent,
the future distribution of juveniles, and in turn of
adults. This would not exclude that some individuals frequent distant areas for a period of their
life and that some individuals even settle there
permanently. Similarly, previous studies in the
Mediterranean hypothesized that hatchling dispersal from Zakynthos island (Greece) determines the adult foraging zones of this population
(Hays et al. 2010), and that large juveniles settle
in neritic zones close to the oceanic zones they
frequented as small juveniles (Casale et al. 2007b).

geographic zone of their natal nesting site, with the
exception of the western Greece nesting area.
Specifically, the Levantine zone is expected to be frequented mainly by turtles originating from the same
region, in particular from Turkey and Cyprus, and
vice-versa. The south-central Mediterranean zone is
expected to be frequented mainly by turtles originating from the same region, in particular Libya, and
vice-versa. In contrast, turtles from the Ionian zone
(Greece) would disperse both in this zone and in
other zones. While the Adriatic zone is expected to be
frequented almost exclusively by turtles from
Greece, the Ionian is expected to be frequented by
turtles originating from most of the rookeries and
zones. If confirmed, such a dispersal pattern would

A model of the dispersal and distribution
of Mediterranean sea turtles
Combining our simulations with existing
empirical information, we propose a general distribution model between nesting sites, and
oceanic and neritic foraging areas for Mediterranean sea turtles (Fig. 5), which extends a previous model (Casale et al. 2007b). The main model
prediction to be tested by future empirical studies (e.g. aerial surveys, by-catch, stranding
surveys, satellite-tracking, capture-mark-recapture, genetic markers) is a high proportion of turtles frequenting a marine area within the same

Fig. 5. Caretta caretta and Chelonia mydas. Model of distribution
pattern for (a) loggerhead and (b) green turtles in the eastern
Mediterranean. Circles indicate nesting sites (see Fig. 1). Solid
arrows indicate main hatchling dispersal and possible oceanic
habitats for small juveniles; dashed arrows indicate main connection between oceanic and neritic habitats where turtles would
eventually settle. Arrows of different colours represent dispersal of
turtles from groups of nesting sites of the same colour; arrows represent connections between areas and are not meant to represent
migratory routes. Only connections between major foraging areas
are shown. Codes and symbols as in Fig. 1

Casale & Mariani: Sea turtle dispersal in the Mediterranean

reduce the need for a pan-Mediterranean conservation approach, and would allow the identification of
subregional management units for conservation, similar to the proposal of Lazar et al. (2004) for the Ionian-Adriatic zone. Under this approach, a management unit would comprise the foraging areas
frequented by most turtles from a specific nesting
area (e.g. Schofield et al. 2013). Relatively few of the
many Mediterranean countries would be responsible
for the conservation of such subregional management units, except the western Greece loggerhead
population (Schofield et al. 2013). Examples might
be: (1) the Libyan unit managed by Libya and
Tunisia, (2) the Levantine unit, managed by Turkey,
Cyprus, Egypt, and Libya, (3) the Greek unit, managed by Greece, Italy, Croatia, Tunisia, and possibly
Albania and Libya. In-water studies with multiple
approaches in the Levantine and south-central zones
are a research priority for verifying this hypothesis
that, if confirmed, may facilitate turtle conservation
in the Mediterranean through a relatively small-scale
international approach.
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