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ABSTRACT

1. Spatio-temporal distribution and anthropogenic mortality factors were investigated in loggerhead turtles
(Caretta caretta) found stranded or floating in the waters around Italy. A total of 5938 records for the period
1980–2008 were analysed concerning loggerhead turtles measuring from 3.8 to 97 cm curved carapace length
(mean: 48.3 cm).
2. Results highlighted the following conservation issues: (i) in the study area, anthropogenic mortality is higher

than natural mortality; (ii) interaction with fisheries is by far the most important anthropogenic mortality factor;
(iii) longlines are an important mortality factor in the southern areas; (iv) trawlers are the cause of high numbers
of dead strandings in the north Adriatic; (v) entanglement in ghost-gear or in other anthropogenic debris affects
high numbers of turtles; and (vi) boat strikes are an important source of mortality in most areas but mostly in the
warm seasons.
3. Results also indicate that: (vii) the north Adriatic is the area with the highest turtle density; and (viii) the

south Adriatic and to a lesser extent the surrounding areas of the north Adriatic and the Ionian, are important
developmental areas for loggerhead turtles in the first years of life.
4. Italy is in the centre of the Mediterranean Sea and borders major foraging areas for the loggerhead turtles in

the region, and these results confirm previous concerns about the level of anthropogenic mortality in Italian waters.
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INTRODUCTION

The loggerhead sea turtle (Caretta caretta) is listed as
Endangered in the IUCN Red List of Threatened Species

(www.redlist.org), since it is affected by many human

activities, from direct exploitation to climate change

(Lutcavage et al., 1997; Hawkes et al., 2009) and one of the
most serious threats to sea turtles and other marine mega-
fauna is incidental capture in fishing gear (Lewison et al.,

2004a,b; Lewison and Crowder, 2007; Soykan et al., 2008).
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The loggerhead turtle is the most common sea turtle species in
the Mediterranean Sea (Margaritoulis et al., 2003). In this
region, several anthropogenic threats have been identified or

suspected, such as direct exploitation, habitat degradation,
bycatch, boat strikes, pollution (Margaritoulis et al., 2003) and
climate change (Mazaris et al., 2008). While degradation of

nesting sites and associated consequences are relatively easy to
assess (Geldiay et al., 1982), the impact of human activities at
sea is more difficult to understand. At present, incidental

captures by fishing gear and associated mortality are
estimated at 150 000 and 50 000 per year, respectively, in the
Mediterranean and in some areas many turtles are deliberately
killed for consumption or because they are seen as competitors

for fish (Casale, 2008). Fishing is believed to represent a
serious threat to turtles, as it is also for the other large
vertebrates of conservation concern such as sharks (Ferretti

et al., 2008), cetaceans (Bearzi, 2002), and monk seals
(Karamanlidis et al., 2008).

Estimating the number of turtles affected by threats such as

boat strikes (Bentivegna and Paglialonga, 1998; Kopsida et al.,
2002) is more difficult, while the effects of other potential
threats like pollution (Storelli et al., 1998) are still unclear.

However, although assessing all these numbers could inform
on the relative importance of different threats, knowledge of
population demography, which unfortunately is still lacking, is
needed in order to understand the impact on the population.

A different and complementary approach is represented by
studying the causes of illness and mortality in unhealthy or
dead turtles. Many turtles are found dead, injured or ill on the

beach or floating at sea, especially near important foraging
areas. They are commonly defined as ‘stranded’ and they are
recorded and rescued by ‘stranding networks’, although this

includes animals floating at sea. However, in this study these
two categories (stranded and floating) are treated separately.

These turtles represent an opportunity for research (Shaver

and Teas, 1999). For instance, the number of stranded turtles
was used as an index of the level of turtle by-catch in the area,
assumed to be the cause of the strandings (Caillouet et al., 1996;
Epperly et al., 1996; Bugoni et al., 2001; Lewison et al., 2003;

Peckham et al., 2008; Tomás et al., 2008), as an index of other
mortality factors (Chaloupka et al., 2008), and to identify
distribution patterns (Witt et al., 2007). Loggerhead turtles do

not come ashore normally, except the adult females for nesting,
unless they are dead, seriously wounded or ill, as a consequence
of natural or anthropogenic factors. Thus, the proportion of

stranded turtles affected by anthropogenic factors can provide a
useful indication of the relative importance of each factor and
also of the relative importance of the overall anthropogenic
mortality in comparison with natural mortality.

In the Mediterranean Sea, stranding networks for turtles
have been organized in some countries and to date information
is available from Greece and Spain (Kopsida et al., 2002;

Tomás et al., 2008).
Italy has 7458km of coast, is in the centre of the

Mediterranean and borders some of the most important

foraging areas for sea turtles, i.e. the Adriatic Sea, the Ionian
Sea, and the Strait of Sicily (Margaritoulis et al., 2003; Casale
et al., 2007b). In these areas, high numbers of turtles are

captured by trawlers (Vallini et al., 2003; Casale et al., 2004b,
2007a) and longliners (Deflorio et al., 2005; Casale et al., 2007a),
and as whole, the Italian fishery is probably responsible for
more than 20000 captures per year (Casale, 2008).

The collection of data on sea turtles stranded or floating
along Italian coasts began in 1980 within the framework of
a wider research and conservation project (Argano, 1992) and

since then the procedures have improved and the coverage
expanded thanks to several independent teams that set up
specific stranding networks (Vallini, 2000; Affronte and

Scaravelli, 2001; Russo et al., 2003). Monitoring turtles
stranded or floating near the coast is often linked to the
activity of sea turtle rescue centres. Data are usually collected

for each turtle, including evidence of interaction with fishing
gear or of other anthropogenic factors. As a whole these
records represent a precious source of information, although
they are often incomplete regarding all possible causes of

illness, and particular attention is needed when analysing data
collected by various projects and methodologies, in different
years and areas.

For the first time, a comprehensive analysis of records of
sea turtles found stranded or floating in Italy, collected by
most of the existing Italian stranding networks, is presented

with the aim of providing information on (i) the types of
mortality factors affecting loggerhead turtles in the waters
around Italy, (ii) the relative importance of these mortality

factors, and (iii) the level of anthropogenic mortality on the
Mediterranean loggerhead turtle population in some of the
most important foraging areas of the basin.

MATERIALS AND METHODS

Records of sea turtles found on the coast (‘stranded’) or
gathered at sea (‘floating’; not found in fishing gear) were
collected from the databases of six projects and from published

lists of records. These records were the result of finding turtles
by citizens, tourists or public authorities and reported by them
to the stranding networks. Duplicates were eliminated by

comparing the information (e.g. place, conditions, size, etc.)
from records with the same date and area. The resulting dataset
included 5983 sea turtle records from the following sources:

databases of University of Rome ‘La Sapienza’ (1980–2000;
n5 747), Fondazione Cetacea (1993–2008; n5 1187), WWF
Italy (2001–2008; n5 939), ARCHE (1999–2008; n5 370), Sea
Turtle Regional Rescue Centre of Comiso (2000–2008; n5 586),

and Provincia di Brindisi (2002–2008; n5 218), and published
lists of records (1998–2002; n5 1936)(Centro Studi Cetacei,
2000, 2002a,b, 2004a,b).

The above source databases and lists varied with regard to
the types of information included and their completeness, and
the published records did not specify the type of finding (e.g.

stranded, floating) and included also a small but unknown
number of captures (in fishing gear).

The most common reason for intervention in the field was

the care of live animals, often through hospitalization in a
rescue centre, and as a consequence a higher level of
information was usually available for live turtles. Records
were standardized according to the following fields: species,

type of finding, date of finding, place of finding, size (as curved
carapace length notch to tip; CCLn-t; (Bolten, 1999)), status
(dead or alive), evidence of capture by types of fishing

gear, evidence of boat strike, evidence of entanglement in
anthropogenic material (ropes, lines, plastic bags, etc.), and
presence of tar. However, the level of occurrence of evidence of

fishing, boat strike, entanglement and tar should be regarded
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as underestimations, as they were all probably underreported.
Moreover, not all coastal tracts were monitored with the same
effort, therefore comparisons among coastal tracts should be

regarded just as a rough indication.
The Italian coast was divided according to administrative

regions and seas. Large sea areas were arbitrarily divided into

north and south parts (Figure 1).
The size class p30 cm CCL was used in order to provide

information on turtle distribution in their first years of life,

since turtles of this size are probably less than four years old
(Casale et al., 2009). The size class 470 cm CCL was used in
order to provide information on distribution of adult turtles,
since this is the range of nesting females and of males with

secondary sexual characteristics in the Mediterranean
(Margaritoulis et al., 2003; Casale et al., 2005).

RESULTS

Only 0.8% of the 5983 records were identified as species other

than loggerhead turtles (Caretta caretta): 18 green turtles
(Chelonia mydas) and 27 leatherback turtles (Dermochelys
coriacea). Taking into account the low occurrence of these

species and that leatherback turtles cannot easily be confused
with loggerhead turtles, all the other 5938 records, including a
minority where the species was not identified, were considered
as loggerhead turtles, and only these records were the subject

of the following analyses.
Of these loggerhead turtles, 2375 were found as stranded (of

which 77.1% were dead), 1494 were floating at sea (of which

12.8% were dead), while the type of finding of the other 2069
was not specified.

The spatial distribution of the stranding records and

density (turtle km�1) is shown in Table 1. Turtles ranged

from 3.8 to 97 cm CCL (mean: 48.3; SD: 15.9; n5 4080). No
relationship was observed between size and year. Different

sizes were observed among the seven marine areas (Table 2)
(Kruskal–Wallis test, df5 6, H5 201.98, Po0.001, n5 4080),
with smaller turtles in the south Adriatic and Ionian, and

larger turtles in the west Sardinia, the south Tyrrhenian and
the north Adriatic. No temporal trend or clear seasonal
patterns of size were observed.

Dead turtles (mean: 52.5 cm CCL) were larger than
live ones (45.3 cm CCL) (Mann–Whitney U test; Po0.0001;
n5 4080) and the same significant difference was observed

in all finding categories (stranded, floating or unknown
modality). This difference was particularly evident in
stranded turtles (52.2 cm and 38.1 cm CCL in dead and alive
turtles, respectively; n5 1481) and the biggest difference was

observed in the north Adriatic: 55.3 cm and 30.3 cm CCL,
respectively (n5 695).

Two tracts of coast were regularly monitored for a

relatively long period of time: Brindisi (Puglia) and Emilia
Romagna (with three sub-tracts). The sub-tracts of Emilia-
Romagna show fluctuations and apparent trends in strandings

when they are considered separately but not when they are
considered together (Figure 2).

Records were distributed differently among year quarters,

with higher numbers in summer (July–September) and spring
(April–June) (Figure 3). Although in general summer was the
period with the highest numbers, the distribution of turtles was
different among the finding categories (stranded, floating or

Figure 1. Study area, with the 200m isobath. Continuous lines
divide marine areas: north Tyrrhenian (NT), south Tyrrhenian (ST),
west Sardinia (WS), Sicily Channel (SC), Ionian, south Adriatic (SA),
north Adriatic (NA). Dashed lines show the coastal boundaries of
administrative regions in Italy: Liguria (Li), Toscana (To), Lazio (La),
Campania (Ca), Calabria (Cb), Basilicata (Ba), Puglia (Pu), Molise
(Mo), Abruzzo (Ab), Marche (Ma), Emilia-Romagna (Em), Veneto

(Ve), Friuli-Venezia Giulia (Fr), Sicilia (Si), Sardegna (Sa).

Table 1. Distribution and density of stranding records (n5 1361)
along the coasts, per Italian administrative region and marine
area corresponding to coastal tracts (in counter clockwise order) (see
Figure 1). Sardegna (n5 14) is not included. Coast length data
(from GNRAC (2006) and other sources) should be regarded as
approximate. Since monitoring was not continuous in space and time
(see text), turtle densities should be regarded with caution

Marine area Region Stranding
records (n)

km Turtles
km�1

North
Tyrrhenian

Liguria 15 350 0.04
Toscana 22 442 0.05
Total 37 792 0.05

South
Tyrrhenian

Lazio 14 290 0.05
Campania 19 480 0.04
Calabria 77 375 0.21
Sicilia 76 597 0.13
Total 186 2742 0.11

Sicily Channel Sicilia 175 593 0.30

Ionian Sicilia 65 273 0.24
Calabria 116 405 0.29
Basilicata 41 40 1.03
Puglia 77 248 0.31
Total 299 966 0.31

South Adriatic Puglia 363 576 0.63
Molise 9 36 0.25
Abruzzo 10 125 0.08
Total 382 737 0.52

North Adriatic Marche 201 172 1.17
Emilia-Romagna 1016 130 7.82
Veneto 11 140 0.08
Friuli-Venezia
Giulia

54 111 0.49

Total 1282 553 2.32
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not specified) (Figure 3) (chi-square test; w2 5 258.4; df5 6;

Po0.0001; n5 5938). Since the three finding categories appear
to be not homogeneous, only stranded turtles were considered
in the following comparisons among areas.

The seasonal distribution of the stranded turtles was different

among the areas (Figure 4). In each of the three large areas
around Italy (north/south Adriatic; north/south Tyrrhenian;
Ionian/Sicily Channel) many records in summer and few in

winter were observed in the northern parts (respectively: north
Adriatic; north Tyrrhenian; Ionian) while such a strong
difference between summer and winter was not observed in the

southern parts (respectively: south Adriatic, south Tyrrhenian,
Sicily Channel). In the south Adriatic the distribution was very
different, with most records in winter. In the north Adriatic, the

higher number of stranded turtles in spring-summer-autumn
than in winter was mostly due to dead turtles, which in spring-
summer-autumn were 95.2% of the stranded turtles (n5 1192)
vs 55.1% in winter (n5 89) (Figure 5).

In total, 670 of 5938 records reported evidence of a previous
capture in fishing gear. The proportion of turtles with evidence
of capture was higher in floating turtles (28.9%; n5 1494) than
in stranded ones (6.3%; n5 2375), while in records where

finding type was not specified this proportion was 4.3%
(n5 2069). In both types of finding (floating and stranded) the
proportion of turtles with evidence of capture was higher in

live turtles, with a maximum in live floating turtles (32%;
n5 1281). This is probably due to the greater attention given
to live turtles in need of care, so that more information is

recorded for these individuals. Most of the records with
evidence of previous capture by fishing gear were from the
period 2000–2008, probably as a result of the greater attention
to by-catch problems in recent times. The proportion of turtles

with evidence of capture in floating turtles found in the period
2000–2008 was 35% (n5 1121), and 40.0% if only live turtles
are considered (n5 948). The geographical distribution of

Table 2. Size statistics (cm CCL) per marine area (in counter-clockwise order) of all turtles and of a subsample of those with evidence of capture
by longlines

Longline

Mean SD Min Max p30 cm 470 cm n Mean n

North Tyrrhenian 47.6 11.8 25 82.5 7.4% 13.7% 175
South Tyrrhenian 51.8 13.1 8.4 90 5.1% 27.8% 825 50.8 137
West Sardinia 52.2 14.5 21 82 6.8% 30.5% 59 45.0 2
Sicily Channel 47.0 13.8 3.8 86.5 10.4% 17.5% 587 47.7 138
Ionian 44.7 14.1 4.7 97 14.3% 13.4% 823 43.5 119
South Adriatic 42.8 18.3 6.04 95 29.2% 18.4% 527 42.6 42
North Adriatic 51.5 17.9 5.5 95 14.9% 33.1% 1084 49.3 17
Total 48.3 15.9 3.8 97 13.6% 23.0% 4080 47.1 455
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turtles with evidence of fishery interaction found alive in the
period 2000–2008 is shown in Table 3 and is considered more
representative of the real situation because of the greater

attention given to live turtles in general and to the by-catch
issue in that period, as explained above. While data are scarce
on captures by drift/set nets, turtles with evidence of capture

by longline were found mainly in the south Tyrrhenian,
Ionian, Sicily Channel and south Adriatic. The mean size of
these turtles was 47.2 cm CCL (n5 468) (Table 2).

Turtles found alive in the period 2000–2008 and entangled
by anthropogenic material (including material that cannot be
ascribed with certainty to working or abandoned fishing gear,

i.e. debris) were 4.6% and 6.6% of the total turtles floating and
stranded respectively, with the greatest numbers in the south
Tyrrhenian, Ionian and Sicily Channel (Table 3).

Lesions of the carapace were reported in 6.4% of records of

turtles floating or stranded (n5 3869) and in 3.9% of records
the lesions could be specifically ascribed to collision with
boats. In the warm seasons (spring and summer) the

proportion was twice (7.7%) that in the cold seasons (3.8%).
The Adriatic and Tyrrhenian (north and south) were the areas
with the highest occurrence, with a particularly high

proportion in the north Tyrrhenian (Table 4). No differences
were observed among years or types of finding (floating and
stranded).

A small proportion (1.1%) of records of floating or
stranded turtles (n5 3869) reported tar and most were from
the south Adriatic, Ionian and Tyrrhenian (Table 4) but this
proportion increases to 2.3% if only live turtles are considered

(n5 1811). However, about half of these records were from
a single year (1990).

Evidence of intentional injuries from harpoons, knives,

and of ropes tied around legs or neck was reported in 0.6% of
records of turtles floating or stranded (n5 3869).

DISCUSSION

Anthropogenic mortality

Results from this study and from other countries (Kopsida
et al., 2002; Panagopoulos et al., 2003; Kaska et al., 2004;
Tomás et al., 2008) provide strong evidence that fishing-

induced mortality is by far the most important threat for sea
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Figure 5. Proportion of dead turtles to total stranded, per marine area and season (n5 2355).

Table 3. Floating and stranding records per marine area (in counter-clockwise order) of live turtles found in the period 2000–2008 with evidence of
capture by longlines, drift/set nets or entanglement

Floating Stranded

Longline Net Entangled Total Longline Net Entangled Total

North Tyrrhenian 0.0% 0.0% 0.0% 11 0
South Tyrrhenian 53.5% 0.0% 8.0% 241 39.5% 0.0% 26.1% 38
Sicily Channel 31.0% 0.0% 5.8% 397 16.0% 0.0% 6.3% 75
Ionian 53.1% 0.0% 1.0% 211 25.0% 0.0% 12.1% 44
South Adriatic 25.8% 6.5% 0.0% 31 25.7% 5.7% 0.0% 70
North Adriatic 8.8% 0.0% 0.0% 57 2.5% 1.3% 2.6% 80
Total 39.8% 0.2% 4.6% 948 18.9% 1.6% 6.6% 307

Table 4. Floating and stranding records per marine area (in counter-
clockwise order) of turtles with injuries clearly or possibly due to boat
strike and of turtles with tar

Boat strikes All possible boat strikes Tar n

North Tyrrhenian 10.8% 14.0% 2.2% 93
South Tyrrhenian 5.1% 7.2% 1.1% 529
West Sardinia 0.0% 0.0% 0.0% 11
Sicily Channel 0.7% 2.2% 0.6% 696
Ionian 1.9% 5.0% 2.3% 620
South Adriatic 4.3% 7.5% 3.6% 467
North Adriatic 5.2% 7.8% 0.1% 1453
Total 3.9% 6.4% 1.1% 3869
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turtles in the Mediterranean, as previously suspected on the
basis of by-catch data (Margaritoulis et al., 2003; Casale,
2008).

Fishery interaction is not easy to assess; only some fishing
gear leave any evidence on the body either in the form of part
of the gear (e.g. hooks, lines, and nets) or specific injuries,

which cannot always be identified with certainty. If hooks have
been ingested then evidence can only be detected with a
radiograph, but in cases where only lines are retained in the

digestive tract their presence can be assessed only through
necropsy (if the animal dies) or by chance, during surgery
undertaken for other reasons. However, radiographs and
necropsies were not common in the present records, due to

lack of facilities, cost and time constraints. Hence, even in live
turtles found floating, which tend to receive additional
attention, reported evidence of fishery interaction, although

already high (40%), is likely to be underestimated. Moreover,
some of the turtles found entangled in anthropogenic material
(4.6%) might be the result of a capture in fishing gear,

although this could not be ascertained.
Interaction with longlines was the most common evidence

reported, and present data on turtle size are consistent with

studies on turtle by-catch in the same areas. The mean size of
turtles found in the Ionian with evidence of capture by
longlines (43.5 cm CCL) is similar to the mean size of turtles
captured during onboard surveys in the same area (43.8 cm

CCL) (Deflorio et al., 2005) and for the Sicily Channel
mean sizes are, respectively, 47.7 cm and 45.9 cm CCL (Casale
et al., 2007a).

The high incidence of turtles with evidence of capture
by longline in specific areas confirms previous estimates
of incidental catches by pelagic longlines in the Ionian

(0.128–0.446 turtles per 1000 hooks) (Deflorio et al., 2005)
and Sicily Channel (0.873 turtles per 1000 hooks) (Casale et al.,
2007a). Moreover, results indicate that the impact of longlines

on turtles frequenting the Ionian is particularly high, in terms
of proportion of turtles caught.

However, stranding and by-catch data provide different
and complementary information.

A high catch rate can be assumed to indicate a high
occurrence of turtles in a specific area in comparison to other
areas with lower catch rates. Differently, a high proportion of

stranded turtles with evidence of capture by longline can be
assumed to indicate that in that area a high proportion of
turtles are captured by longlines in comparison with other

areas with lower proportion of longline capture among
stranded turtles. For instance, in the south Tyrrhenian the
low catch rates (Guglielmi et al., 2000) and the low stranded
turtle density indicate that this area is frequented by fewer

turtles than other areas like the Ionian. However, the high
proportion of stranded turtles with evidence of capture by
longlines suggests that a high proportion of turtles frequenting

this area are caught.
Bottom trawlers are also known to capture high numbers

of turtles in Italy (Casale et al., 2004b, 2007a). However,

mortality rates depend on variable factors (e.g. tow duration;
Sasso and Epperly, 2006) that can result in mortality differing
greatly among fisheries and even between trips of the same

vessel. Mortality is caused by drowning as a result of
prolonged, forced apnea and leaves no external evidence on
carcasses stranding ashore. For this reason, mortality induced
by trawling is difficult to assess from direct evidence and is

usually inferred from large numbers of turtle strandings with
no external injuries (Caillouet et al., 1996). The present results
suggest a high level of mortality from trawls in the north

Adriatic. First, this is the area with the highest number of
stranding records, with a density an order of magnitude higher
than the other areas. Second, this is the area with the highest

proportion of dead turtles. Although after a forced apnea a
turtle may need to breathe for many hours at a higher
frequency than normal in order to recover (Lutz and Dumbar-

Cooper, 1987), forced apnea has either one of two outcomes –
the turtle either dies or survives and recovers well, and it is not
expected to strand ashore alive in any case. Third, the mean
size of turtles found stranded dead in the north Adriatic

(55.3 cm CCL) is very similar to the mean size of turtles
captured by bottom trawlers in the same area (54.2 cm CCL)
(Casale et al., 2004b) and different from the mean size of

turtles stranded alive (30.3 cm CCL). Fourth, the mean annual
number of dead turtles stranded in the north Adriatic area in
the period 2000–2008 is 107 turtles yr�1. Taking into account

that only a small proportion of turtles dying at sea strand on
the coast and are recorded, this figure is of a compatible order
of magnitude with an estimation of turtle captured in the north

Adriatic by bottom trawlers (4273 turtles yr�1) and of morta-
lity rate (9.4–43.8%) (Casale et al., 2004b), i.e. 402–1872
deaths yr�1. This is not dissimilar to dead stranded turtles
found in North Carolina (USA), which represent 7–13% of the

estimated trawling-induced mortalities (Epperly et al., 1996).
It is notable that the north Adriatic is one of the two areas

with a high trawling effort by Italian bottom trawlers and

where high numbers of captures are estimated, but it is the
only one close to Italian coasts and where significant
strandings caused by this fishing gear can be expected. The

other one is the continental shelf off Tunisia (Casale et al.,
2007a), too far from the Sicilian coast to observe associated
strandings.

After fishing, the next most common cause of mortality was
collisions with boats. The impact with the keel or propeller
causes fractures or cuts on the carapace, head or limbs. These
injuries are very obvious and easily recorded for floating

turtles and stranded ones. The similarity in numbers of dead
and live records of boat strikes suggests that these cases are
unlikely to be due to post-mortem strikes. The large difference

in the number of cases between the cold (winter and autumn)
and warm seasons (spring and summer) is consistent with the
higher boat traffic in spring and summer. The importance of

this mortality factor was previously reported from the Gulf of
Naples, south Tyrrhenian, where boat strikes were responsible
for 28% of live turtles admitted to a rescue centre (Bentivegna
and Paglialonga, 1998). Boat strikes are recognized as a cause

of mortality for several species not only in the Mediterranean
(Panigada et al., 2008) but also in other areas such as the
north-west Atlantic (Lutcavage et al., 1997; Boulon, 2000).

The present results suggest that, in addition to the south
Tyrrhenian Sea, boat traffic occurring in the north Tyrrhenian
and in the Adriatic may be an important source of mortality

as well.
Although it is difficult to assess whether entanglement

in certain types of anthropogenic debris (lines, nets) is the

consequence of capture in fishing gear or of floating discarded
fishing gear, entanglement in floating material (including
plastic bags and other lines) appears to be a problem in the
waters around Italy.
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Oil pollution can also affect sea turtles in several ways
(Lutcavage et al., 1997), most obviously when they become
covered by tar, thus seriously impairing a turtle’s movement

and health. However, it appears to be a minor problem in the
Mediterranean if compared with by-catch, boat strikes and
entanglement. In the present study, the overall incidence was

low (1.1%) and many cases observed were concentrated in
specific years and areas, suggesting specific oil pollution events,
with an even lower incidence in the period 2000–2008 (0.3%).

Finally, there is also evidence of intentional injuries from
harpoons, knives, and of ropes tied around legs or neck.
Intentional killing remains a conservation issue in the
Mediterranean (Casale, 2008) mostly associated with meat

consumption, but in some cases turtles are killed because they
are seen as competitors for fish, as in Greece where 23% of
stranded turtles (Kopsida et al., 2002) and 34% of live turtles

admitted to a rescue centre (Panagopoulos et al., 2003) had
injuries that were caused intentionally. The current study does
not suggest a similar behaviour in Italy, although isolated

cases of turtle killing to retrieve expensive hooks were reported
(Casale and Cannavo, 2003).

Other anthropogenic sources of mortality may occur but

are difficult to assess. For example, anthropogenic debris were
ingested by 48.1% and 75.9% of loggerhead turtles in the
central and western Mediterranean respectively (Tomas et al.,
2002; Casale et al., 2008), and the effect on sea turtle survival is

uncertain. Furthermore, heavy metals (Storelli et al., 1998;
Storelli and Marcotrigiano, 2000b; Russo et al., 2003), trace
elements (Storelli et al., 2005), chlorobiphenyls, HCB, and

organochlorine pesticides (Storelli and Marcotrigiano, 2000a)
have been detected in tissues of dead turtles found stranded
along the Italian coasts. However, the effect of these pollutants

on turtle health and if they can be a cause of stranding is still
unclear.

The present results suggest that anthropogenic factors are

the cause of at least 52% of turtle strandings, plus an uncertain
but considerable proportion of turtles drowned as a
consequence of incidental capture by bottom trawlers, at
least in the north Adriatic. Thus, anthropogenic factors

probably cause two–three times more deaths than from
natural causes. This is compared with anthropogenic impacts
accounting for 50.4% of deaths of those stranded in Spain

(Tomás et al., 2008), 55.4% of those stranded in Turkey
(Kaska et al., 2004), 49% of turtles stranded in Greece
(Kopsida et al., 2002), rising to over 80% in live turtles

admitted to a rescue centre (Panagopoulos et al., 2003).
Although sea turtle strandings along Italian coasts are

probably underreported, on the basis of data available in this
study, it is likely that between 500 and 1000 injured or dead

turtles arrive ashore (‘stranded’) or near the coast (‘floating’)
every year, most of which are as a result of anthropogenic
factors.

Spatial and temporal distribution

The higher stranded turtle density observed in the north
Adriatic than in other coastal tracts suggests that particularly
high numbers of turtles frequent the north Adriatic. This is the

widest shallow water area around Italy, and there are several
indications that it is an important foraging area for loggerhead
turtles. It is frequented by adults from Greek rookeries

(Lazar et al., 2004; Vallini et al., 2006) and by small and

large juveniles (Casale et al., 2004b). High turtle density was
also suggested on the basis of the high occurrence of epibionts
(Casale et al., 2004a).

The different proportions of small turtles (p30 cm CCL)
indicate that the south Adriatic and to a lesser extent the two
closest areas to the south Adriatic (i.e. the north Adriatic and

the Ionian) represent important developmental areas for
loggerhead turtles in the first 4 years of life (Casale et al.,
2009). Genetic studies estimated a high contribution in this

area from Greece (Carreras et al., 2006) and the rookeries of
north-western Greece (Zakynthos island and Kyparissia bay)
are among the major Mediterranean nesting sites and those
closest to the south Adriatic (Margaritoulis et al., 2003).

Hence, the south Adriatic and to a lesser extent the north
Adriatic and the Ionian are probably the principal
developmental area for juveniles from these Greek rookeries,

and a better understanding of the anthropogenic threats
affecting this life stage in the area is important when planning
the wider conservation measures for the turtle populations of

those rookeries.
In Italy and other countries, the increasing concern about

conservation issues and specifically about sea turtles, has

brought increasing attention on turtles found by chance by
people and public officers. Initially the interest was solely to
rescue live animals or to remove dead ones from public
beaches, but recently more attention has been given to the

scientific value of such events and as a result more records and
data have been collected. As a consequence, it is difficult to
obtain real trends from stranding data series, except where and

when monitoring was constant. Results from the best
monitored coastal tracts included in this study, Emilia-
Romagna and Brindisi (Puglia), suggest that trends in

stranding data should be investigated only on long tracts of
coast (4100 km), because misleading fluctuations may be
observed between years on smaller coastal tracts, as the result

of interannual variability in currents for example at small
scales (Hart et al., 2006). Taking this into consideration,
no clear trend of stranding events can be inferred from
available data.

The increase of stranded turtles in summer in the northern
parts of the three marine areas surrounding Italy may be
explained by turtles migrating to southern areas in winter due

to decreased temperatures in northern areas, or anthropogenic
factors inducing stranding increase in summer.

Biases in ‘stranding’ data

The different seasonal distribution of records classified as
strandings (turtles found on the shore) or floating (turtles
found at sea) suggests that the distribution of floating turtles is

biased by a higher human presence at sea during spring and
summer, i.e. greater chances to encounter these turtles, while
turtles stranded on the shore are reported more consistently
throughout the year. In general, records about live turtles

include more information (e.g. about type of injuries and
fishery interaction) and this reflects the main interest of
organizations and individual persons involved in turtle

monitoring – rescuing turtles through veterinary treatment
(in Italy many veterinary centres have been set up specifically
for sea turtles). This results in a bias that should be taken

into consideration. For example, less information would be
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available for stranding records, most of which (77.1%)
concern dead animals.

The above biases, which are a general problem of stranding

networks, means that the two categories of stranded and
floating turtles cannot be considered as belonging to a
homogeneous group and should not be analysed together

but should be considered separately. This highlights the
importance of recording the correct classification of the
type of finding, an aspect often neglected (Shaver and Teas,

1999; Centro Studi Cetacei, 2000, 2002a,b, 2004a,b; Tomás
et al., 2008).

However, it is becoming more and more evident how
stranding records, once analysed with due caution for such

intrinsic biases, represent a valuable source of information
on both mortality factors and spatio-temporal distribution
of sea turtles.
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italiana Scienze Naturali, Museo civico Storia naturale
Milano 145: 393–424.

Chaloupka M, Work TM, Balazs GH, Murakawa SKK,
Morris R. 2008. Cause-specific temporal and spatial trends
in green sea turtle strandings in the Hawaiian Archipelago
(1982–2003). Marine Biology 154: 887–898.

P. CASALE ET AL.618

Copyright r 2010 John Wiley & Sons, Ltd. Aquatic Conserv: Mar. Freshw. Ecosyst. 20: 611–620 (2010)



Deflorio M, Aprea A, Corriero A, Santamaria N,
De Metrio G. 2005. Incidental captures of sea turtles by
swordfish and albacore longlines in the Ionian sea. Fisheries
Science 71: 1010–1018.

Epperly SP, Braun J, Chester AJ, Cross FA, Merriner JV,
Tester PA, Churchill JH. 1996. Beach strandings as an
indicator of at-sea mortality of sea turtles. Bulletin of Marine
Science 59: 289–297.

Ferretti F, Myers RA, Serena F, Lotze HK. 2008. Loss of large
predatory sharks from the Mediterranean Sea. Conservation
Biology 22: 952–964.

Geldiay R, Koray T, Balik S. 1982. Status of sea turtle
populations (Caretta c. caretta and Chelonia m. mydas) in
the northern Mediterranean Sea, Turkey. In Biology and
Conservation of Sea Turtles, Bjorndal KA (ed.). Smithsonian
Institution Press; 425–434.

GNRAC. 2006. Lo stato dei litorali italiani. Gruppo Nazionale
per la Ricerca sull’Ambiente Costiero (GNRAC). Studi
costieri 10.

Guglielmi P, Di Natale A, Pelusi P. 2000. Effetti della pesca
col palangaro derivante sui grandi pelagici e sulle specie
accessorie nel Mediterraneo centrale. Rapporto al Ministero
per le Politiche Agricole e Forestali, Roma.

Hart KM, Mooreside P, Crowder LB. 2006. Interpreting the
spatio-temporal patterns of sea turtle strandings: Going with
the flow. Biological Conservation 129: 283–290.

Hawkes LA, Broderick AC, Godfrey MH, Godley BJ. 2009.
Climate change and marine turtles. Endangered Species
Research 7: 137–154.

Karamanlidis AA, Androukaki E, Adamantopoulou S,
Chatzispyrou A, Johnson WM, Kotomatas S,
Papadopoulos A, Paravas V, Paximadis G, Pires R et al.
2008. Assessing accidental entanglement as a threat to the
Mediterranean monk seal Monachus monachus. Endangered
Species Research 5: 205–213.

Kaska Y, Celik A, Bag H, Aureggi M, Ozel K, Elci A,
Kaska A, Elca L. 2004. Heavy metal monitoring in stranded
sea turtles along the Mediterranean coast of Turkey.
Fresenius Environmental Bulletin 13: 769–776.

Kopsida H, Margaritoulis D, Dimopoulos D. 2002. What
marine turtle strandings can tell us. Proceedings of the
Twentieth Annual Symposium on Sea Turtle Biology and
Conservation. NOAA Technical Memorandum NMFS-
SEFSC-477; 207–209.

Lazar B, Margaritoulis D, Tvrtkovic N. 2004. Tag recoveries
of the loggerhead sea turtle Caretta caretta in the eastern
Adriatic Sea: implications for conservation. Journal of the
Marine Biological Association of the United Kingdom 84:
475–480.

Lewison RL, Crowder LB. 2007. Putting longline bycatch
of sea turtles into perspective. Conservation Biology 21:
79–86.

Lewison RL, Crowder LB, Shaver DJ. 2003. The impact of
turtle excluder devices and fisheries closures on loggerhead
and Kemp’s ridley strandings in the western Gulf of Mexico.
Conservation Biology 17: 1089–1097.

Lewison RL, Crowder LB, Read AJ, Freeman SA. 2004a.
Understanding impacts of fisheries bycatch on marine
megafauna. Trends in Ecology and Evolution 19: 598–604.

Lewison RL, Freeman SA, Crowder LB. 2004b. Quantifying
the effects of fisheries on threatened species: the impact of
pelagic longlines on loggerhead and leatherback sea turtles.
Ecology Letters 7: 221–231.

Lutcavage ME, Plotkin P, Witherington BE, Lutz PL. 1997.
Human impacts on sea turtle survival. In The Biology of Sea
Turtles, Lutz PL, Musick JA (eds). CRC Press Inc.: Boca
Raton, FL; 387–409.

Lutz PL, Dumbar-Cooper A. 1987. Variations in the blood
chemistry of the loggerhead sea turtle, Caretta caretta.
Fishery Bulletin 85: 37–44.

Margaritoulis D, Argano R, Baran I, Bentivegna F,
Bradai MN, Caminas JA, Casale P, De Metrio G,
Demetropoulos A, Gerosa G et al. 2003. Loggerhead
turtles in the Mediterranean Sea: present knowledge and
conservation perspectives. In Biology and Conservation of
Loggerhead Sea Turtles, Bolten AB, Witherington B (eds).
Smithsonian Institution Press; 175–198.

Mazaris AD, Kallimanis AS, Sgardelis SP, Pantis JD. 2008.
Do long-term changes in sea surface temperature at the
breeding areas affect the breeding dates and reproduction
performance of Mediterranean loggerhead turtles?
Implications for climate change. Journal of Experimental
Marine Biology and Ecology 367: 219–226.

Panagopoulos D, Sofouli E, Teneketzis K, Margaritoulis D.
2003. Stranding data as an indicator of fisheries induced
mortality of sea turtles in Greece. In Proceedings of the First
Mediterranean Conference on Marine Turtles. Barcelona
Convention—Bern Convention—Bonn Convention (CMS):
Nicosia, Cyprus; 202–206.

Panigada S, Pavan G, Borg JA, Galil BS, Vallini C. 2008.
Biodiversity impacts of ship movement, noise, grounding
and anchoring. In Maritime Traffic Effects on Biodiversity in
the Mediterranean Sea: Review of Impacts, Priority Areas and
Mitigation Measures, Abdulla A, Linden O (eds). IUCN
Centre for Mediterranean Cooperation: Malaga; 9–56.

Peckham SH, Maldonado-Diaz D, Koch V, Mancini A,
Gaos A, Tinker MT, Nichols WJ. 2008. High mortality of
loggerhead turtles due to bycatch, human consumption and
strandings at Baja California Sur, Mexico, 2003 to 2007.
Endangered Species Research 5: 171–183.

Russo G, Di Bella C, Loria GR, Insacco G, Palazzo P,
Violani C, Zava B. 2003. Notes on the influence of human
activities on sea chelonians in Sicilian waters. Journal of
Mountain Ecology 7: 37–41.

Sasso CR, Epperly SP. 2006. Seasonal sea turtle mortality
risk from forced submergence in bottom trawls. Fisheries
Research 81: 86–88.

Shaver DJ, Teas WG. 1999. Stranding and salvage net-
works. In Research and Management Techniques for the
Conservation of Sea Turtles, Eckert KL, Bjorndal KA,
Abreu-Grobois FA, Donnelly M (eds). IUCN/SSC Marine
Turtle Specialist Group; 152–155.

Soykan CU, Moore JE, Zydelis R, Crowder LB, Safina C,
Lewison RL. 2008. Why study bycatch? An introduction to
the Theme Section on fisheries bycatch. Endangered Species
Research 5: 91–102.

Storelli MM, Marcotrigiano GO. 2000a. Chlorobiphenyls,
HCB, and organochlorine pesticides in some tissues of
Caretta caretta (Linnaeus) specimens beached along the
Adriatic Sea, Italy. Bulletin of Environmental Contamination
and Toxicology 64: 481–488.

Storelli MM, Marcotrigiano GO. 2000b. Total organic and
inorganic arsenic from marine turtles (Caretta caretta) beached
along the Italian coast (South Adriatic Sea). Bulletin of
Environmental Contamination and Toxicology 65: 732–739.

Storelli MM, Ceci E, Marcotrigiano GO. 1998. Distribution of
heavy metal residues in some tissues of Caretta caretta
(Linnaeus) specimen beached along the Adriatic Sea (Italy).
Bulletin of Environmental Contamination and Toxicology 60:
546–552.

Storelli MM, Storelli A, D’Addabbo R, Marano C, Bruno R,
Marcotrigiano GO. 2005. Trace elements in loggerhead turtles
(Caretta caretta) from the eastern Mediterranean Sea: overview
and evaluation. Environmental Pollution 135: 163–170.

SEA TURTLE STRANDINGS IN ITALY 619

Copyright r 2010 John Wiley & Sons, Ltd. Aquatic Conserv: Mar. Freshw. Ecosyst. 20: 611–620 (2010)



Tomas J, Guitart R, Mateo R, Raga JA. 2002. Marine debris
ingestion in loggerhead sea turtles, Caretta caretta from the
Western Mediterranean. Marine Pollution Bulletin 44:
211–216.

Tomás J, Gozalbes P, Raga JA, Godley BJ. 2008. Bycatch of
loggerhead sea turtles: insights from 14 years of stranding
data. Endangered Species Research 5: 167–169.

Vallini C. 2000. Spiaggiamenti di Tartaruga comune, Caretta
caretta (L., 1758) sulle spiagge dei Lidi ferraresi (Mare
Adriatico settentrionale). Anni 1996–1997. Atti Società
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