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Abstract Sea turtle tagging carried out in Italy in the
period 1981–2006 resulted in 125 re-encounters of logger-
head turtles (Caretta caretta) after a mean of 2.5 years,
from diVerent marine areas in the Mediterranean. At Wrst
Wnding, turtles ranged 25–83 cm of curved carapace length.
Data were analyzed according to size, area, habitat type,
season, in order to provide indication of movement pat-
terns. When integrated with other information, results indi-
cate that: (1) a part of turtles in the oceanic stage show a
nomad behavior with movements among diVerent oceanic
areas; (2) another part show Wdelity to an oceanic area; (3)
turtles in the neritic stage show Wdelity to neritic areas, and
once settled to one area, change to other neritic areas is
unlikely; (4) nomad oceanic turtles are signiWcantly larger
than sedentary ones, and also larger than turtles found in
neritic areas; it is hypothesized that these could be Atlantic
turtles that eventually leave the Mediterranean; (5) ecologi-
cal transition from oceanic to neritic habitats occurs at a
wide range of sizes, and some turtles may have a very brief
oceanic stage; (6) turtles in the oceanic stage are more

likely to recruit to neritic areas close to their oceanic areas
than to distant ones; (7) part of turtles from some Mediter-
ranean nesting beaches might frequent a relatively limited
area range, including both oceanic and neritic areas; (8) in
most of the Mediterranean, latitudinal seasonal migrations
are unlikely. A general model of movement patterns of log-
gerhead turtles in the Mediterranean is proposed.

Introduction

Most sea turtle species move great distances and analyzing
these movement is of interest for a variety of reasons. It may
show key areas for conservation (Margaritoulis et al. 2003);
give clues on habitat use (Eckert 2006); reveal the mecha-
nisms underlying navigation (Luschi et al. 2001); help under-
standing potential eVects of climate change (McMahon and
Hays 2006). Loggerhead sea turtles (Caretta caretta)
undergo two ecological stages, frequenting diVerent habitats
and covering vast areas during their life. First they prey upon
epipelagic animals in the oceanic zone (Bjorndal 1997; Bol-
ten 2003) and in this stage they can disperse through a wide
area, crossing entire oceans like the Atlantic and the PaciWc,
where their distribution is aVected by oceanographic features
like gyre systems and oceanic fronts (Musick and Limpus
1997; Polovina et al. 2000), so that their dispersal can be
broadly inferred from oceanographic particle tracking mod-
els and buoy trajectories (Hays and Marsh 1997). In some
cases, they may remain in a certain area, like the one around
the Azores (Bolten 2003). Then, as larger juveniles, they
recruit to neritic habitats where they mainly prey upon ben-
thic animals (Bjorndal 1997). There are indications from
diVerent populations that these neritic juveniles show Wdelity
to speciWc areas (Musick and Limpus 1997; Avens and Loh-
man 2000; Limpus 1994). The adults show Wdelity to their
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neritic feeding grounds too (Papi et al. 1997; Schroeder et al.
2003), which are probably the same ones to which they
recruited as juveniles (Limpus and Limpus 2001; Limpus
1994). Adults also show strong Wdelity to the nesting areas,
which are the same where they were born (natal homing)
(Bowen et al. 1993).

However, there can be a great variability in this general
pattern; for instance the oceanic stage can have diVerent
duration depending on the population or habitat characteris-
tics (Bolten 2003) and in some areas, like the north-western
Atlantic, there is evidence of seasonal migrations (Musick
and Limpus 1997).

The Mediterranean basin is rather small if compared
with oceans, but it hosts oceanic and neritic habitats for the
Mediterranean loggerhead turtle populations and at least
oceanic habitats for individuals from the Atlantic too (see
Margaritoulis et al. 2003, for a review). Given the very low
genetic contribution to Mediterranean populations (Laurent
et al. 1998; Carreras et al. 2006a), these Atlantic specimens
probably return to the Atlantic to breed. This suggests a
complex situation of movements due to several factors such
as dispersal, ecological transition, seasonal migration, hom-
ing, and reproductive migration.

Identifying these patterns of movements of turtles at sea
is fundamental for reconstructing how these animals use the
Mediterranean basin. This is not only important for a better
understanding of sea turtle ecology, but also for a desirable
conservation management of marine areas.

Although in recent times satellite tracking technology
improved greatly and is providing more and more informa-
tion on habitat use and migratory pathways, it still has two
limits that prevent to obtain clear movement patterns, such as
area Wdelity and ecological transition. One limit is the time a
transmitter can remain attached to the carapace, especially in
young and fast-growing turtles. For instance, in a sample of
42 green and loggerhead turtles the average duration was
117 days (Hays et al. 2003), although individual cases of
long tracking are possible (e.g., in the Mediterranean 420–
450 days; Bentivegna 2002; Cardona et al. 2005). The other
one is the limited number of turtles that can be tracked, due
to the high cost of the transmitters. Another way to follow
individual turtles is the classic Capture-Mark-Recapture
approach (CMR) with Xipper tags, used since the 1950s
(Hendrickson 1958). However, also in this case it diYcult to
obtain the necessary sample size useful to give indications
about patterns, for the low rates of re-encounter. Moreover,
tagging programs have been traditionally carried out on adult
females tagged while nesting, while fewer have tagged juve-
niles, that require a more logistically diYcult sampling at sea,
and even less have studied juveniles in the oceanic stage.
Another important factor is the chance to receive tag returns
from distant areas, which depends on several variables such
as human presence, language, attitude, etc.

The Wrst tagging program on turtles at sea in the Mediter-
ranean was launched in Italy in 1981, and was particularly
focused on the oceanic stage. This program provided Wrst
insights on juvenile movements and trophic areas (Argano
et al. 1992), to be compared with the results of a tagging pro-
gram on adult females nesting in Greece (Margaritoulis
1988; Margaritoulis et al. 2003). Italy is particularly suitable
for CMR studies because it is a large peninsula protruding in
the center of the Mediterranean and so it borders diVerent
marine areas and habitats. This alone enhances greatly both
tagging opportunities and chances of tag returns.

This study aims to improve the present knowledge of
loggerhead turtle distribution in the Mediterranean, through
the identiWcation of movement patterns, thanks to a large
data set of tag returns of juveniles found at sea.

Materials and methods

To identify long-term movement patterns in sea turtles is a
very diYcult task, because although Xipper tags can last for
long, they can only provide information about two
moments: release and re-encounter. For this reason, the
approach used in this study was to set arbitrary classes of
conditions (e.g., habitats; Wdelity/non-Wdelity) and to assign
each individual turtle record to the most probable of the
possible classes. As a consequence, it was assumed that the
majority, but not necessarily the total, of turtles included in
a certain class were really in the condition described by that
class. So, possible patterns were investigated by a statistical
comparison among classes, in spite of the intrinsic uncer-
tainty at the individual level.

The Mediterranean was divided in the following areas
(Fig. 1): North (NT) and South Tyrrhenian (ST), Central
Mediterranean (CM), North (NI) and South Ionian (SI),
North (NA) and South Adriatic (SA), West (WM), and East
Mediterranean (EM). The year was divided into two sea-
sons: warm (April–September) and Cold (October–March).
Because of lack of information on date of Wnding in tag
returns, it was not possible to assign nine turtles to a season.

Loggerhead turtles can swim faster than 20 km/h (e.g.,
Renaud and Carpenter 1994) and an average speed higher
than 70 km/day (2.9 km/h) for a period of 11 days was
observed (Meylan et al. 1983), while 1 km/h can be consid-
ered as a conservative cruise speed (e.g., in the Mediterra-
nean: Bentivegna 2002; Cardona et al. 2005; Godley et al.
2003a). So, in order to investigate possible movement pat-
terns, and particularly to recognize area Wdelity versus
change of area, only turtles re-encountered more than
30 days after release were considered, assuming that this is
enough time for a non-sedentary turtle to move to an area
diVerent of that of release (Fig. 1). In other words, if after
30 days a turtle was found in the same area, the turtle was
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considered more likely to have Wdelity to the area than the
opposite. The aim of this study is to recognize diVerent
movement patterns on the Mediterranean scale: movement
versus apparent lack of movement (even though within the
capability of the turtle). Therefore, the term “Wdelity”
should be considered in association with the areas deWned
in Fig. 1, and not as Wdelity to very small marine spots, that
could even be the case but was not the target of this study.

A total of 125 loggerhead turtles tagged and released from
diVerent sites, basically around Italy, and eventually re-
encountered after more then 30 days in Italy and other Medi-
terranean countries in the period 1981–2006 were considered.

Most of these turtles were tagged by three Italian sea turtle
tagging programs (University of Roma 1 “La Sapienza”;
WWF Italy; ARCHE’), including 34 records already reported
by Argano et al. (1992). Four additional records were
included from literature (Gramentz 1991; Tomas et al. 2001).

Turtles were originally captured by Wshing gears, found
stranded, gathered while Xoating at sea, or found while nest-
ing. The exact spot in the sea that these turtles frequented
was unknown, and the nesting beach, stranding beach, or
port where turtles were found or reported, was considered the
place on land which was closest to their marine area.

Curved carapace length notch-to-tip (CCLn-t; Bolten
1999) was measured at release while just in some cases it
was measured at re-encounter too, because who found them
was often not part of a research program (e.g., Wshermen,
tourist, etc.).

Turtles were tagged on the front Xippers with monel or
inconel tags, styles 49 or 681 (National Band and Tag,
Newport, KY, USA), stamped with an alphanumeric code
and a return address.

It is assumed that turtles may frequent a speciWc area for
the following reasons: favorable habitat characteristics (tro-
phic or abiotic), migratory pathway, just visit by chance,
reproduction. Since the aim of this study is to detect patterns
of possible Wdelity versus possible change of area, the
approach used was to conservatively consider any alternative
explanation as more likely than Wdelity or change. Particular

attention was given to the confounding eVect of reproduc-
tion. Specimens in the adult size range and found close to a
nesting area were considered potentially in reproduction (cat-
egory R or RM, see below). Greece, Libya, and the Central
Mediterranean (Tunisia and Italy) were considered possible
nesting areas (although some of them host just few nests per
year), while all the other areas were considered as non-nest-
ing areas. Turtles smaller than 70 cm CCLn-t were assumed
to be immature. This is the minimum size recorded for a nest-
ing female in the nearest nesting sites (Greece and Libya),
which are also the most important ones in the Mediterranean
(Margaritoulis et al. 2003). On the average, males mature at a
larger size than 70 cm too (Casale et al. 2005a). When size at
re-encounter was not available, turtles were considered to be
smaller than 70 cm on the basis of the size at release and a
growth rate of 2.1 cm/year (Casale et al. 2007a).

Turtles re-encountered in the same area (Fig. 1) of
release were suspected to show Wdelity, and the possible
patterns, ranked in a conservative order against strong Wdel-
ity, were: R (possible Reproduction), SF (Seasonal Fidelity,
i.e., Wdelity to the area only during the warm or cold sea-
son), YRF (Year-Round Fidelity). Those re-encountered in
a diVerent area were suspected to have changed area perma-
nently, and the possible patterns, ranked in a conservative
order against permanent change of area, were: RM (possi-
ble Reproductive Migration), SM (Seasonal Migration), C
(Change of area). Criteria to assign these patters are
described below and also shown in Table 1.

Turtles considered potentially adult and in a nesting area
were classiWed as R/SF/YRF (i.e., any of these patterns are
possible) if they were re-encountered in the same area, and
as RM/SM/C if in a diVerent area. The other turtles (not
considered potentially adult and not in a nesting area) were
classiWed according to the area and season. Those re-
encountered in the same area were classiWed as SF/YRF
(i.e., the turtle frequents that area at least in a season but
possibly also all year round) if re-encountered in the same
or unknown season and as YRF if in a diVerent season.
Those re-encountered in a diVerent area were classiWed as

Fig. 1 Study areas. NA, SA 
north and south Adriatic, NI, SI 
north and south Ionian, NT, ST 
north and south Tyrrhenian, 
WM, CM, EM western, central 
and eastern Mediterranean
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SM/C (i.e., the turtle at least moved from the Wrst area tem-
porarily as a seasonal migration but possibly even perma-
nently) if re-encountered in a diVerent or unknown season
and as C if in the same season.

Since loggerhead turtles pass through two diVerent eco-
logical stages (oceanic and neritic) and this may determine
their choice of areas/habitats, encounter events were
assigned to oceanic/neritic habitats according to the follow-
ing criteria. A turtle was considered more likely to frequent
an oceanic than a neritic habitat if found either in the oce-
anic zone of the Central Mediterranean, or captured by
drifting longline (which Wsh in oceanic zones), or found in
the following areas where the oceanic zone is predominant:
Tyrrhenian, Ionian, South Adriatic, West Mediterranean.
However, if in these areas the turtle was found on the conti-
nental shelf or it was captured by bottom trawlers that Wsh
on the continental shelf, the turtle was considered to fre-
quent a neritic habitat. A turtle was considered more likely
to frequent a neritic than an oceanic habitat if captured by
bottom trawlers or by bottom longline (both Wshing on the
continental shelf) or if found in the North Adriatic (conti-
nental shelf) and in the continental shelves of the Central
and East Mediterranean. All the other cases (e.g., found
Xoating or stranded in the central Mediterranean which has
both oceanic and neritic zones) were considered as uncertain.

Results

The 125 turtles considered were re-encountered after a
mean of 2.5 years, ranging from 31 days to 14.9 years,

however 89% of them were re-encountered after more than
90 days. At release, they ranged between 25 and 83 cm
CCLn-t (mean 53.9; SD 12.7; n = 114).

All turtles were assigned to a pattern of movement
(n = 125; Table 1). However, it should be borne in mind
that such a classiWcation has an intrinsic degree of uncer-
tainty, so that attention should be focused more on the
emerging general patterns rather than on individual turtles.

Seven turtles were not included in further analysis
because the eVect of reproductive behavior could not be
excluded (R/SF/YRF; RM/SM/C) (Table 1).

Of the remaining 118 turtles, 65 were re-encountered in
the same area of release and showed either a year-round
Wdelity (YRF; n = 22) or at least a seasonal Wdelity (SF/
YRF; n = 43) (Tables 1, 2).

The 53 turtles re-encountered in a diVerent area, showed
either a change of area (C; n = 31) or at least a seasonal
change (SM/C; n = 22) (Table 1; Figs. 2, 3, 4). However, in

Table 1 Criteria, movement patterns, and habitat type at Wrst and second Wnding (see text)

R possible reproduction, SF at least seasonal Wdelity, YRF year-round Wdelity, RM possible reproductive migration, SM possible seasonal migra-
tion, C change of area, O oceanic, N neritic, ? uncertain

Criteria Movement pattern Habitat type Total

O–O O–N O–? N–N N–O N–? ?–O ?–N ?–?

Adult size and possible nesting area

Same area R SF YRF 3 1 4

DiVerent area RM SM C 1 2 3

Not adult size or not nesting area

Same area

Same or unknown season SF YRF 20 3 1 15 1 1 2 43

DiVerent season YRF 8 2 11 1 22

DiVerent area

DiVerent or unknown season SM C 8 8 1 3 1 1 22

Same season C 14 13 3 1 31

Total 125

Fidelity SF + YRF 28 5 1 26 0 1 1 0 3 65

Change SM + C 22 21 4 0 4 1 0 1 0 53

Total 118

Table 2 Areas where Wdelity patterns (see Table 1 and text) were ob-
served

Area SF/YRF YRF TOT

N. Adriatic 10 3 13

S. Adriatic/N Ionian 15 3 18

C. Mediterranean 14 12 26

N Tyrrhenian 1 2 3

S. Tyrrhenian 1 1 2

W. Mediterranean 2 1 3

Total 43 22 65
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most individuals of the latter group the change of area was
unlikely due to seasonal migration for climatic reasons,
because no evident patterns South/Cold–North/Warm was
evident (Fig. 5); so that the SM/C group is likely to repre-
sent a Change of area actually.

Although all combinations of release-re-encounter habi-
tat types (Oceanic and Neritic) were observed (O–O; O–N;
N–O; N–N), they were not equally represented between the
two groups of Fidelity and Change of area, and N–O was
particularly underrepresented (Table 1). Both Fidelity and

Change groups included specimens released and re-encoun-
tered in oceanic habitats (O–O) but the N–N case was
observed in the Fidelity group only, while more turtles of
the Change group showed the O–N or O–? pattern. In other
words, while about the same number of turtles showing
Wdelity were Wrst encountered in an Oceanic (n = 33) and
Neritic habitats (n = 27), most turtles showing a possible
change of area were Wrst encountered in an Oceanic habitat
(n = 47), while just Wve in a Neritic one (Table 1; Fisher
exact test; P < 0.001; n = 112). The O–N pattern has an

Fig. 2 Release (circles) and 
re-encounter places (triangles) 
of turtles moving between 
diVerent oceanic areas (n = 22). 
Grades of shades represent 
bathymetry

Fig. 3 Release (circles) and 
re-encounter places (triangles) 
of turtles moving from an 
oceanic to a neritic area (n = 26), 
including Wve doing so within 
the central Mediterranean

Fig. 4 Release (circles) and 
re-encounter places (triangles) 
of turtles moving between 
diVerent areas, with patterns 
O–?, N–O, N–?, ?–N 
(see Table 1; n = 10)
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important biological meaning because it may represent the
shift between the oceanic and neritic ecological phases of
loggerhead turtles, and the speciWc areas involved are
shown in Fig. 3 and Table 3.

The mean size at Wrst encounter of the Fidelity and
Change groups was 51.4 cm (SD 12.6; range 25–76.5;
n = 60) and 55.1 (SD 11.6; range 27–83; n = 47) respec-
tively, with no signiWcant diVerence (Mann–Whitney U-
test; n = 107). No signiWcant diVerence in size was
observed among O–O, O–N, and N–N groups (Kruskall–
Wallis test; n = 93) (Fig. 6a), while within the O–O group,
turtles showing Fidelity were smaller than those showing
Change (Mann–Whitney U-test; P < 0.05; n = 44) (Fig. 6b).

Discussion

Sea turtle species diVer in diet and as a consequence they
frequent diVerent habitats at diVerent periods of their life.
For instance, the leatherback turtle (Dermochelys coriacea)
moves across pelagig habitats searching for gelatinous zoo-
plankton (Eckert 2006); the green turtle (Chelonia mydas)
is basically herbivorous and its range is limited to coastal
foraging pastures (Godley et al. 2003b). Loggerhead turtles
feed upon a broad variety of animals that they found in a
wide range of habitats, and they pass through two ecologi-
cal phases (Bjorndal 1997; Bolten 2003): Wrst an oceanic,

then a neritic one. Accordingly, three main patterns were
observed in this study: O–O (turtles assumed to be in the
oceanic phase), O–N (turtles assumed to have changed
phase, from Oceanic to Neritic), and N–N (turtles assumed
to be in the neritic phase). Just few turtles showed a N–O
pattern and no one showed a N–N pattern of change of area
(Table 1). This strongly suggests that, in the Mediterranean,
turtles switch to the neritic phase in a certain area and then
use it as foraging ground for the rest of the life, without
moving to other neritic areas. This ecological transition
probably occurs at a wide range of sizes, as suggested by
the lack of any signiWcant diVerence among the O–O, O–N,
and N–N groups and by the small size of specimens proba-
bly in the neritic phase observed in this study (min: 28 cm;
Fig. 6a) as well as in other studies in the North Adriatic
(min: 29.5 cm; n = 61, Casale et al. 2004) and in the Cen-
tral Mediterranean (min: 22 cm; n = 368; Casale et al.
2007b).

Turtles in the oceanic phase (O–O) seem to display two
diVerent behaviors, Wdelity to an area and change of area,
and the two groups diVer in size signiWcantly (Fig. 6b).
Two scenarios are proposed to explain these results. In the
Wrst one, turtles pass through Wve stages in the Mediterra-
nean: (a) a relatively brief post-hatching dispersal from
nesting beaches to oceanic habitats, (b) Wdelity to an oce-
anic area, (c) “nomad stage” visiting diVerent oceanic areas,
(d) settlement to a neritic area, (e) Wdelity to this neritic

Fig. 5 Release (circles) and 
re-encounter places (triangles) 
of turtles released in the cold 
season and re-encountered in the 
warm one (open symbols; n = 5) 
and the opposite (black symbols; 
n = 14)

Table 3 Areas where move-
ment from an oceanic to a neritic 
area was observed

Oceanic habitat Neritic habitat Total

N. Adriatic C. Mediterranean E. Mediterranean W. Mediterranean

S. Adriatic 2 2

N. Ionian 5 5 1 1 12

S. Ionian 1 2 3

C. Mediterranean 1 5 6

S. Tyrrhenian 3 3

Total 9 13 3 1 26
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area. The second scenario hypothesizes two groups of tur-
tles having diVerent behavioral patterns, one with the four
stages (a), (b), (d), and (e), while the other group would be
“nomad” (c).

Three considerations support the second scenario. First,
turtles are assumed, also on the basis of the above results, to
become neritic after the oceanic stage and not the opposite.
For this reason, the large size of “nomad” turtles, with just
few individuals smaller than 50 cm (O–O Change; Fig. 6b)
does not Wt well with the size of turtles showing ecological
transition or Wdelity to neritic areas, which have more indi-
viduals smaller than 50 cm (O–N and N–N; Fig. 6a; Fisher
Exact test; P < 0.05; n = 68). This diVerence is the opposite
of the expected one and does not support a scenario in
which turtles go through a “nomad” stage before settling to
neritic areas.

Second, the Mediterranean is known to be frequented by
at least two distant populations: the Mediterranean and the
Atlantic one, the latter occurring in large numbers at least
in the Western and Central Mediteranean (Laurent et al.
1998; Carreras et al. 2006b). Since genetic Xow from the
Atlantic to the Mediterranean is estimated to be very low
(Carreras et al. 2006a), these Atlantic turtles are supposed
to return to the Atlantic to breed.

Third, Atlantic turtles mature at a larger size (range of
means of nesting females: 98.9–105.1 cm CCL; Dodd Jr
1988) than Mediterranean ones (range of means of nesting
females: 66.5–84.7 cm CCL; Margaritoulis et al. 2003),
and Bjorndal et al. (2000) estimated that most loggerhead

turtles recruit to the demersal habitats in the southeastern
USA between 46 and 64 cm CCL, which is similar to the
range of the “nomad” turtles observed in this study.
Accordingly, the maximum size recorded in the Mediterra-
nean of a specimen with a mtDNA haplotype endemic of
the Atlantic (Laurent et al. 1998) was 65 cm CCL (P.
Casale, unpublished data).

It can be hypothesized that the “nomad” turtles (O–O
Change) are Atlantic ones which continuously move
through diVerent oceanic areas across the Atlantic and the
Mediterranean, and eventually leave the Mediterranean to
reach their Wnal neritic areas in the Atlantic. However,
although it is likely that most Atlantic specimens in the
Mediterranean are in the oceanic stage (Laurent et al. 1998)
it is possible that some of them frequent also neritic areas,
as suggested by few specimens with a haplotype endemic
of the Atlantic and caught by demersal Wshing gear in the
Central Mediterranean (Laurent et al. 1998). This could
explain the pattern N–O, and especially the turtle which
moved from the North Adriatic to the Western Mediterra-
nean (Fig. 4).

DiVerently from Atlantic turtles, under this scenario
Mediterranean turtles would show a general Wdelity pat-
tern in both oceanic and neritic stages. They would show
an early Wdelity to oceanic areas and they would also set-
tle early in neritic areas. The size range of turtles found in
a neritic area (N–N and O–N) (Fig. 6a) suggests that in
some cases the oceanic stage can be very short, while in
others it would be longer. Accordingly, dietary analyses
found benthic prey in small specimens in neritic areas in
the central Mediterranean (Abbate et al. 2007) and in the
north Adriatic (Lazar et al. 2007). This indicates that in
the Mediterranean loggerhead turtles recruit to neritic
areas at a smaller size than in the north-western Atlantic
(Bjorndal et al. 2000), the south-western (Limpus and
Limpus 2003), and the north-eastern PaciWc (SeminoV
et al. 2004).

The observed Wdelity to oceanic areas can in part be
due to diVerent small oceanic zones that can be found in
the Mediterranean in comparison with open oceans. How-
ever, the diVerent patterns observed within the oceanic
stage (O–O Fidelity and O–O Change; Fig. 6b) indicate
that in addition to oceanographic factors, a behavioral
component is involved in determining Wdelity or nomad-
ism. An implication of this model is that large turtles
found in oceanic areas not along reproductive migration
pathways are more likely to be of Atlantic than Mediterra-
nean origin.

Seasonal migrations (north/south) probably due to tem-
perature change are known from the north-western Atlan-
tic (Musick and Limpus 1997), but do not seem to be a
general pattern for all populations (e.g., Limpus and Lim-
pus 2001). No evident north/south seasonal patters are

Fig. 6 Size distribution of turtles released and re-encountered a in
oceanic–oceanic (O–O), oceanic–neritic (O–N), and neritic–neritic
(N–N) areas (n = 93); b in the same (O–O Fidelity) or a diVerent (O–O
Change) oceanic area (n = 44)
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shown by this study, with even counter-intuitive move-
ments observed (Fig. 5): among four Cold-to-Warm move-
ments, three are toward lower latitudes, while among 14
Warm-to-Cold movements, Wve are toward higher lati-
tudes. In the western Mediterranean no clear seasonal pat-
terns were observed by satellite tracking and aerial surveys
(Cardona et al. 2005; Gomez de Segura et al. 2006), sug-
gesting that previous reports based on incidental captures
(Caminas and De La Serna 1995) could be aVected by Wsh-
ing eVort (Gomez de Segura et al. 2006). Although Ben-
tivegna (2002) suggested a seasonal migration pattern for
four satellite-tracked turtles, actually longitudinal move-
ments were more evident than latitudinal ones, the direc-
tion of some movements were counter-intuitive, and it
cannot be excluded that factors other than temperature
aVected the observed movements. Moreover, it is interest-
ing that high numbers of turtles are found in winter in the
north Adriatic (Casale et al. 2004), which is the coldest
area of the Mediterranean. The only evidence of a seasonal
emigration is from a small area in the northernmost part of
the North Adriatic (northern to 45°N), where temperatures
in winter drop below 11–12°C (Lazar et al. 2003). All this
considered, it seems likely that seasonal temperature varia-
tion alone does not determine strong seasonal migrations
in loggerhead turtles in the Mediterranean, with the excep-

tion of the northernmost part of the Adriatic. Accordingly,
Hochscheid et al. (2005, 2007) recently observed that log-
gerhead turtles in the Mediterranean can undergo a state of
dormancy to overcome the cold season, without the need
of migrating to warmer areas.

When integrated with the other information available,
the above results help to understand how loggerhead turtles
use some Mediterranean areas during their two ecological
phases. Although oceanographic features, including main
currents (Fig. 7), may aVect the distribution of turtles, and
especially of small ones, and suggest routes, many other
factors and small-scale oceanographic features are
involved. Thus the proposed model (Fig. 8) concerns the
general movement pattern among areas, rather than speciWc
routes.

Nesting sites are restricted to the eastern basin (Margari-
toulis et al. 2003), but turtles born there spend the Wrst
phase of their life (oceanic) not only in the eastern but also
in the western basin, were they share oceanic habitats with
comparable numbers of specimens of Atlantic origin (Lau-
rent et al. 1998; Carreras et al. 2006b).

The observed Wdelity pattern in the south Adriatic/north
Ionian area, the central Mediterranean and the Tyrrhenian
(Table 2) suggests that these areas are permanent oceanic
habitats where turtles Wnd adequate trophic resources.

Fig. 7 Main surface currents in 
the Mediterranean (modiWed 
from Malanotte-Rizzoli et al. 
1997; Millot and Taupier-Letage 
2004)

Fig. 8 A hypothetical pattern of 
frequented areas and move-
ments. Dashed lines link natal 
sites and oceanic habitats (the 
bold dashed line considers a 
hypothetical oceanic habitat in 
the eastern Mediterranean). 
Continuous lines link oceanic 
and neritic habitats. Lines just 
link diVerent areas and should 
not be necessarily considered as 
speciWc routes
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The south Adriatic/north Ionian area was suggested to be
a particularly important developing oceanic habitat on the
basis of the very small specimens found in this area in com-
parison to other areas (Casale et al. 2005b). In this area,
genetic studies found a high occurrence of turtles from the
Greek nesting sites (Carreras et al. 2006b). In particular,
Zakynthos gives a very important contribution in terms of
nests at the Mediterranean scale (about 1,300 nests/year on
a total of about 5,000 documented in the basin; Margaritou-
lis et al. 2003) and is in the eastern Ionian. So, it is possible
that part of the turtles born in Zakynthos remain in the
south Adriatic/north Ionian area for all their oceanic phase.
This area is also probably frequented by turtles from the
more distant Turkish nesting sites, and to a less extent also
by turtles from the Atlantic (Carreras et al. 2006b; MaVucci
et al. 2006). The Tyrrhenian is probably frequented by tur-
tles from Greece, Atlantic, and Turkey, in order of relative
contribution (Carreras et al. 2006b). Turtles from other
nesting areas not adequately genetically assessed, like
Libya, could frequent these areas as well. The situation in
the oceanic part of the Central Mediterranean is still unclear
due to methodological problems (Carreras et al. 2006b) but
is certainly frequented by both Mediterranean and Atlantic
turtles (Laurent et al. 1998). Another area which appears to
be an important oceanic habitat, on the basis of the high
interaction with drifting longline, is the westernmost part of
the Mediterranean (Caminas et al. 2006), frequented by
Atlantic and Mediterranean turtles (Carreras et al. 2006b).
Other areas representing oceanic habitats for turtles can be
in the eastern basin, but little information is available at
present.

After the oceanic stage, Mediterranean turtles frequent-
ing the oceanic habitats in the south Adriatic/north Ionian
area, the central Mediterranean and the Tyrrhenian eventu-
ally recruit to the North Adriatic and the Central Mediterra-
nean neritic areas, and possibly also to other neritic areas in
the eastern Mediterranean where tag returns could be
underreported. Although sample size is small to be conclu-
sive, results (Table 3; Fig. 3) suggest that turtles undertak-
ing their ecological transition may have more chance to
settle in neritic areas closer to their oceanic areas than in
more distant ones. This could be favored by currents
approaching or entering the neritic areas, as proposed by
Bolten (2003). For instance, from the Tyrrhenian and Cen-
tral Mediterranean oceanic area to the Central Mediterra-
nean neritic area, and from the south Adriatic/north Ionian
oceanic area to the North Adriatic neritic area (Table 3;
Fig. 3). This is further supported by the small size of turtles
captured by bottom trawlers (Casale et al. 2004) and vari-
ous Wshing gear (Lazar and Tvrtkovic 2003) in the neritic
areas of North Adriatic and by bottom trawlers in the neritic
areas of the Central Mediterranean (Casale et al. 2007b)
suggesting an early transition and so a short oceanic phase.

On the basis of present results, once settled in these neri-
tic areas, juvenile turtles would not move to other areas. As
far as adults are concerned, it is interesting that of the
females tagged while nesting in Greece and re-encountered
in other circumstances, only few (2%) were found in the
western basin, while most of them were found in the North
Adriatic, the Central Mediterranean, and the Aegean (Mar-
garitoulis et al. 2003). Although in mark-recapture studies
some areas may be overlooked because of less probability
of reports (lower Wshing eVort, lower human presence on
the beaches, diVerent language, lower education or attitude
in reporting such Wndings, etc.), the higher proportion of re-
encounters from the western basin observed in this study
(20.5%) (Fisher Exact test; P < 0.01; n = 232) suggests that
the small proportion reported by Margaritoulis et al. (2003)
is not due to such a bias but to a real preference by Greek
adult females for the above areas in the eastern basin.

Altogether, these Wndings suggest that almost all turtles
born in Greece, after spending their oceanic phase in the
western (e.g., Tyrrhenian; western Mediterranean) or east-
ern basin (e.g., Adriatic/north Ionian, Central Mediterra-
nean; other), move into neritic habitats in the eastern basin,
like the North Adriatic, the Central Mediterranean, and the
Aegean, where they remain for the rest of their life, except
for reproductive migrations. Moreover, it is even possible
that a part of the Greek population frequents just a limited
area of the Mediterranean: the oceanic habitats in the south
Adriatic/north Ionian, the neritic habitats in the north/cen-
tral Adriatic, the reproductive area in the Ionian (Zakyn-
thos, Greece), and the migration pathway between this
nesting site and the North Adriatic, as also suggested by re-
encounters of adult females (Lazar et al. 2004).

Both genetic and tagging data from other Mediterranean
populations are not adequate at present to reveal their
movement patterns. However, it is possible that the central
Mediterranean neritc area is also frequented by populations
other than the Greek one.

Results indicate that, in the Mediterranean, part of the
turtles in the oceanic phase remain in the same oceanic
area, and that all turtles in the neritic phase remain in the
same neritic area. This area Wdelity could imply an higher
vulnerability for the populations of this threatened species,
because in case of intense disturbance in an area turtles
might not simply shift among neritic areas or even among
oceanic ones. Moreover, diVerent populations might prefer
speciWc areas as oceanic and neritic habitats, being more or
less vulnerable to threats occurring in the areas at diVerent
degrees. Further and detailed genetic studies to assess this
aspect are highly and urgently needed.

Classic CMR studies of sea turtles require tagging large
numbers of animals, suVer from possible bias due to low
reporting rates from some areas, and certainly cannot
provide information on turtle movements and behavior
123



1048 Mar Biol (2007) 152:1039–1049
between the two encounters. Nonetheless, at present time
Xipper tagging is the only way to make an individual turtle
recognizable by almost everyone after many years, espe-
cially in a size class with a high growth rate that prevents
many kinds of attachments to hold for long. The sample
size that is possible to obtain with this method can help pro-
posing models that can then be further evaluated by more
speciWc studies using Wne scale methods such as satellite
tracking or genetic markers. In the Mediterranean, Xipper
tagging could provide important information on turtle dis-
tribution in underrepresented areas, such as the eastern part
of the basin, especially if new approaches of intensive tag-
ging at sea are developed. In this respect, collaboration with
Wshermen has shown to be very helpful and can be realized
in conjunction to awareness campaigns that are fundamen-
tal for conservation.
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