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INTRODUCTION

Loggerhead sea turtles Caretta caretta are a carniv-
orous species that prey on a great variety of animal
taxa and can be considered the most generalist
among sea turtles (Bjorndal 1997, 2003). They fre-
quent different habitats and travel over vast areas
during their lifetime. Juveniles prey upon epipelagic
animals in the oceanic zone, and often frequent Sar-
gassum beds (Bjorndal 1997, Bolten 2003), and they
can disperse over a wide area, crossing entire oceans
such as the Atlantic and the Pacific (Bowen et al.
1995, Bolten et al. 1998). Larger juveniles mainly prey
upon benthic animals in neritic areas (Bjorndal 1997).
It is thought that this ontogenetic habitat shift does

not happen abruptly, but occurs via a transitional
stage (Bolten 2003).

Understanding the ecology at species or population
level is fundamental for the conservation of logger-
head turtles (listed as Endangered in the IUCN Red
List of Threatened Species; www.redlist.org), because
it affects individual as well as population growth
(Bjorndal 2003). Moreover, different trophic resources
may be affected by different anthropogenic activities,
and these may represent threats additional to those
currently considered (e.g. fishing) (Bjorndal 1997).

The Mediterranean Sea is small when compared
with oceans, but it features both neritic and oceanic
areas frequented by loggerhead turtles, which are the
most common and widespread sea turtle species in the
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Mediterranean basin (Margaritoulis et al. 2003). In
particular, the area between Sicily (Italy) and Africa
is considered among the most important areas for
loggerheads and this is where pelagic longliners and
bottom trawlers capture high numbers of turtles
(Casale et al. 2007a).

Diet data from different neritic areas of the basin
show markedly different compositions of benthic taxa,
an indication of opportunistic feeding (Laurent & Les-
cure 1994, Godley et al. 1997, Tomas et al. 2001, Ben-
tivegna et al. 2003, Lazar et al. in press). However, the
ecology of loggerhead turtles in the basin is still poorly
known. Laurent et al. (1998) hypothesized a transitional
stage between the strictly oceanic and neritic stages, in
which loggerhead turtles would feed mainly on pelagic
prey but also on benthic prey, but this has not yet been
adequately investigated through diet analyses. This is
not a simple task, since loggerhead turtles in the neritic
stage are known to feed throughthe whole water col-
umn (Bolten 2003), so that finding pelagic and benthic
prey in the same sample (e.g. Tomas et al. 2001) is not
proof of a transitional stage.

Small loggerhead turtles (minimum size: 29.5 and
22 cm respectively; Casale et al. 2004a, 2007a), have
been caught by bottom trawlers in 2 of the few wide
continental shelves of the Mediterranean basin, the
north Adriatic and the central Mediterranean Sea, and
an early recruitment to the north Adriatic neritic area
was hypothesized (Casale et al. 2005a, Lazar et al. in
press). On the other hand, loggerhead turtles caught
by pelagic longliners have been assumed to be in the
oceanic stage, in contrast to the assumption that those
caught by bottom trawlers are in the neritic stage, and
this has important implications for the interpretation of
data and patterns in the Mediterranean Sea (e.g. Lau-
rent et al. 1998, Margaritoulis et al. 2003). Unfortu-
nately, the feeding ecology of loggerhead turtles
caught by pelagic longliners in the Mediterranean Sea
has not yet been investigated.

By means of dietary analyses of loggerhead turtles
caught by bottom trawlers and by pelagic longliners in
this unique area  (a limited oceanic zone and a wide
continental shelf), this study aims to provide insights
into the loggerhead turtle foraging strategy, oceanic
habitat stage, and the shift to a neritic habitat through
a possible transitional stage, in the wider context of the
species’ ecological flexibility.

MATERIALS AND METHODS

In the period 2001 to 2005, mostly in summer, 95 log-
gerhead turtles Caretta caretta caught by bottom
trawlers (n = 39),  drifting longliners (n = 31), or found
floating at sea or in other circumstances (n = 25), were

brought to the WWF’s Turtle Rescue Centre in Lampe-
dusa Island, Italy (Fig. 1), and kept under observation
for variable periods of time. No exact information on
the place of capture is available, however longliners
typically fish in open waters off the continental
shelves, while trawlers fish in shallow waters on the
shelves, so that loggerhead turtles caught by these 2
gears are assumed to have been either in the oceanic
or neritic zones, respectively. Of the 95 loggerhead tur-
tles considered, 36 were either found dead, or died
later of various (mostly anthropogenic) causes. The
curved carapace length (CCL) of all turtles was
measured notch-to-tip (CCLn-t, Bolten 1999).

Live turtles were kept in separate tanks and checked
4 times per day. If present, feces samples were col-
lected using a net of 0.4 mm mesh. Dead turtles were
preserved frozen (–20°C) and then defrosted before
necropsy. The whole digestive tract was opened, and
any material found inside was collected. In total,
samples from 79 loggerhead turtles were collected: 33
gut content samples from dead turtles and 47 fecal
samples from live turtles (1 turtle provided both feces
and gut contents). The other 16 turtles did not defecate
(n = 14) or had empty digestive tracts (n = 2). These
turtles were included in the analysis because it could
not be excluded that they had fed upon highly
digestible pelagic prey, leaving no residuals.
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Fig. 1. Study area. The arrow indicates Lampedusa Island
(Italy). Dashed lines show the approximate areas of fishing for 

trawlers (south) and longliners (north)
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Samples were either preserved frozen, then de-
frosted and put in formaldehyde 10%, or put directly in
formaldehyde. Samples were rinsed with water and fil-
tered through a net of 0.4 mm mesh. Where samples
contained abundant material <1 mm (separated by fil-
tering with 1 mm mesh sieve), a randomly selected
subsample of this material was examined. Samples
were preserved in 75% ethanol and then identified to
the lowest taxonomic level possible by eye, stereo-
microscope (40×), or microscope (1000×). Samples not
identifiable were labeled as ‘not identified’. In this
way, for each turtle, a set of samples including only one
category each (a specific taxon or anthropogenic
debris or natural material) were obtained. Fish and
squid were excluded from further analyses because
their occurrence might in part have been an artifact,
since both could have been longline bait, and fish was
the food supplied at the rescue center.

Samples were briefly placed on a 0.4 mm mesh sieve
to drain excess water and then weighed to 0.1 g accu-
racy using a balance wet weight (wet wt). They were
then dried in an oven at 60°C for 48 h and weighed
again to determine dry weight (dry wt). Samples
<0.1 g were considered as ‘traces’.

Species were considered to be new food items if not
previously reported in the literature (Mortimer 1982,
Dodd 1988, Burke et al. 1990, Laurent & Lescure 1994,
Plotkin 1996, Bjorndal 1997, Godley et al. 1997, Frick
et al. 2001, Limpus et al. 2001, Tomas et al. 2001, Lazar
et al. 2002, Witherington 2002, Bentivegna et al. 2003,
Bugoni et al. 2003, Seney et al. 2003, Parker et al.
2005). Whenever possible, taxa were classified as ben-
thic or pelagic. Anthropogenic debris (e.g. plastic) and
natural material not belonging to marine organisms
(e.g. wood) were classified as ‘floating’ or ‘sinking’
through buoyancy tests in water.

Taxonomic diversity in the samples was analysed at
3 different levels: 2 levels corresponding to formal tax-
onomic categories (class and species), including the
samples discriminated at the respective level, and 1
level including all taxa identified independently of
their taxonomic level and considered as Operational
Taxonomic Units, OTUs. The frequency of occurrence
(Hyslop 1980) of classes, species and OTUs was calcu-
lated. Herrera’s (1976) trophic diversity index was cal-
culated for all these 3 categories as: D = –Σ ln pi where
pi is the frequency of occurrence of the ith trophic item.

RESULTS

Loggerhead turtles caught by bottom trawlers were
on average 59 cm CCLn-t (SD: 9, range: 41 to 80.3 cm,
n = 39) and larger than those caught by pelagic long-
liners (44.9 cm; SD: 11.9, range: 25 to 76.2 cm, n = 31)

(Mann-Whitney U-test; p < 0.001, n = 70), while those
found in other circumstances were 51.4 cm (SD: 13.3,
range: 24 to 79 cm, n = 25). Since it is thought that
Mediterranean loggerhead turtles mature when larger
than 70 cm CCLn-t (Margaritoulis et al. 2003, Casale et
al. 2005b), most of our turtles were probably juveniles.

Animals and plants from 12 Phyla and 20 Classes
were found among the ingested marine organisms.
Three samples could only be identified to the phylum
level, while 144 were identified to at least the class
level, 91 of which were further identified to species
level (see Appendix 1, available in MEPS Supple-
mentary Material at www.int-res.com/articles/suppl/
m372p265_app.pdf). Of these, 63 species have not
been previously reported among loggerhead turtle
food items.

Occurrence of identified prey species in turtles
ranged from 1.3 to 29.1% of all turtles sampled
(Appendix 1). Among the animal classes, Malacos-
traca, Gastropoda, Echinoidea and Osteichthyes (the
latter excluded from further analysis because possibly
an artifact; see ‘Materials and methods’) were found in
more than 50% of the turtles (Table 1). However, these
classes were particularly abundant among turtles cap-
tured by only one of the 2 fishing methods (for all 4
classes: Fisher’s exact test; p < 0.01, n = 62): the first 3
classes were found in 80% or more of the turtles cap-
tured by trawlers, while the 4th was found in 70% of
the turtles captured by longliners.

Number of prey classes, species, and OTUs varied
among individual turtles (Table 2). Turtles caught by
trawl had ingested more classes (Mann-Whitney U-
test; p < 0.001, n = 58), species (Mann-Whitney U-test;
p < 0.001, n = 46), and OTUs (Mann-Whitney U-Test;
p < 0.001, n = 58) than those caught by longliners.
Diversity of classes and OTUs was higher in turtles
caught by trawlers than by longliners (Table 2).

Number of classes, species, and OTUs were highly
correlated with turtle size (For all 3 groups: Spearman
correlation test; p < 0.001, n = 71, 60, and 73, respec-
tively). Within longline and trawl groups, no correla-
tion of number of classes with size was detected
(Spearman correlation test; n = 23 and 35, respec-
tively), while correlation was found for the number of
species and OTUs in the trawl group (for species and
OTUs: Spearman correlation test; p < 0.05, n = 35), but
not in the longline group (for species and OTUs: Spear-
man correlation test; n = 11 and 23, respectively).

Natural organic material other than marine organ-
isms included bird feathers and wood. Anthropogenic
debris was present in 48.1% of turtles (Table 1) and
included mainly plastic (nylon, fishing line, bags,
labels, bands, bottle stopper, tubes, plastic for packing)
and also tar, pieces of net, paint, polystyrene, plasters
and a hook.
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The mean wet wt of ingested material in the 79 log-
gerhead turtles was 110.8 g (range: 0.7 to 693.5 g) and
mean dry wt was 46.6 g (range: 0.2 to 354.1 g). Echi-
noidea, Gastropoda and Malacostraca were the most
abundant classes in weight, each accounting for more
than 10% of total wet wt and dry wt (Table 3).

Benthic taxa were more frequent than pelagic taxa
in all 3 capture categories (longline, trawl, and other;
Table 4). However, benthic taxa were more frequent
among turtles caught by trawlers than by longliners
(Fisher’s exact test; p < 0.01, n = 61), while for pelagic

taxa, the opposite was the case (Fisher’s exact test; p <
0.05, n = 61).

The same pattern was observed for natural mater-
ial not belonging to marine organisms, with sinking
material being more frequent than floating material
in all 3 capture categories, and sinking material
being more frequent among turtles caught by
trawlers than by longliners (Fisher’s exact test; p <
0.05, n = 37), while for floating material the opposite
was the case (Fisher’s exact test; p < 0.05, n = 37)
(Table 4).
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Category Longline Trawl Other Total
Gut Feces Total Gut Feces Total Gut Feces Total Gut Feces Total

Animalia
Porifera
Demospongiae 7.1 7.7 7.4 77.8 23.1 37.1 20.0 12.5 16.7 30.3 17.0 22.8

Cnidaria
Anthozoa 0.0 0.0 0.0 44.4 3.8 14.3 0.0 0.0 0.0 12.1 2.1 6.3
Scyphozoa 0.0 0.0 0.0 0.0 0.0 0.0 10.0 0.0 5.6 3.0 0.0 1.3

Platyhelminthes
Turbellaria 0.0 0.0 0.0 0.0 0.0 0.0 10.0 0.0 5.6 3.0 0.0 1.3

Sipunculida 0.0 0.0 0.0 0.0 3.8 2.9 0.0 0.0 0.0 0.0 2.1 1.3
Mollusca
Bivalvia 7.1 0.0 3.7 66.7 84.6 80.0 0.0 12.5 5.6 21.2 48.9 38.0
Gastropoda 21.4 38.5 29.6 88.9 96.2 94.3 20.0 37.5 27.8 39.4 70.2 58.2
Cephalopoda 7.1 30.8 18.5 22.2 19.2 20.0 20.0 25.0 22.2 21.2 25.5 24.1

Annelida
Polychaeta 0.0 7.7 3.7 33.3 50.0 45.7 0.0 12.5 5.6 9.1 31.9 22.8

Arthropoda
Malacostraca 14.3 46.2 29.6 66.7 96.2 88.6 50.0 50.0 50.0 39.4 74.5 60.8

Tentaculata
Bryozoa 0.0 7.7 3.7 22.2 26.9 25.7 0.0 0.0 0.0 6.1 17.0 12.7

Echinodermata
Echinoidea 21.4 53.8 37.0 66.7 84.6 80.0 0.0 50.0 22.2 27.3 70.2 53.2
Holothuroidea 0.0 0.0 0.0 11.1 0.0 2.9 0.0 0.0 0.0 3.0 0.0 1.3
Ophiuroidea 0.0 0.0 0.0 0.0 3.8 2.9 0.0 0.0 0.0 0.0 2.1 1.3

Chordata
Ascidiacea 7.1 0.0 3.7 22.2 30.8 28.6 10.0 0.0 5.6 12.1 17.0 15.2
Chondrichthyes 7.1 0.0 3.7 0.0 0.0 0.0 0.0 0.0 0.0 3.0 0.0 1.3
Osteichthyes 57.1 84.6 70.4 44.4 26.9 31.4 50.0 75.0 61.1 51.5 51.1 50.6

Plantae 14.3 0.0 7.4 0.0 0.0 0.0 10.0 0.0 5.6 9.1 0.0 3.8
Phycophyta 0.0 30.8 14.8 33.3 73.1 62.9 20.0 62.5 38.9 15.2 59.6 41.8
Rhodophyceae 7.1 30.8 18.5 66.7 92.3 85.7 20.0 50.0 33.3 27.3 68.1 51.9
Phaeophyceae 57.1 23.1 40.7 33.3 19.2 22.9 10.0 12.5 11.1 36.4 19.1 26.6
Chlorophyceae 0.0 0.0 0.0 22.2 0.0 5.7 0.0 0.0 0.0 6.1 0.0 2.5

Spermatophyta
Monocotyledoneae 28.6 38.5 33.3 0.0 15.4 11.4 20.0 37.5 27.8 18.2 25.5 22.8

Other material
Bird feathers 14.3 7.7 11.1 0.0 0.0 0.0 0.0 0.0 0.0 6.1 2.1 2.5
Wood 7.1 30.8 18.5 11.1 11.5 11.4 20.0 25.0 22.2 12.1 19.1 16.5
Anthropogenic debris 64.3 46.2 55.6 22.2 34.6 31.4 60.0 75.0 66.7 51.5 44.7 48.1
Stones/pebbles 0.0 7.7 3.7 22.2 38.5 34.3 0.0 25.0 11.1 6.1 27.7 19.0
Sand/mud 14.3 53.8 33.3 55.6 53.8 54.3 0.0 25.0 11.1 21.2 48.9 36.7

Not identified 78.6 23.1 51.9 33.3 34.6 34.3 30.0 37.5 33.3 51.5 31.9 40.5

No. turtles analysed (N) 14 13 27 9 26 35 10 8 18 33 47 79

Table 1. Caretta caretta. Occurrence (%) of different taxa and other material in gut and fecal samples from turtles caught by
longliners, trawlers, found floating or under other circumstances



Casale et al.: Foraging ecology of loggerhead turtles

In contrast, floating anthropogenic debris was more
abundant than sinking debris (Table 4), a significant
difference from natural material (the other non-prey
category) (Fisher’s exact test; p < 0.01, n = 89). No dif-
ference in floating anthropogenic debris was
detectable between longliners and trawlers (Fisher’s
exact test; not significant, n = 25).

As a whole, material assumed to have been ingested
at the seafloor (i.e. benthic taxa, sinking natural mate-
rial, and sinking anthropogenic debris) was more fre-
quent among turtles captured by trawlers than by
longliners (Fisher’s exact test; p < 0.05, n = 61).

Among loggerhead turtles that ingested benthic
organisms, epibiont balanomorph barnacles (possible
indicators of habitats frequented; see ‘Discussion’)
were found on the carapace of 74% of turtles caught
by trawlers (n = 35), but only on 5% of turtles
caught by longliners (n = 20) (Fisher’s exact test; p <
0.01, n = 55).

Benthic taxa occured in at least 50% of turtles in
each size class (Fig. 2), and the smallest turtle with
ingested benthic taxa was 26 cm CCLn-t. If all material
assumed to have been found at the seafloor is
considered, occurrence was higher than 60% in each
size class (Fig. 3) and the smallest turtle was 25 cm
CCLn-t.

DISCUSSION

Diet, foraging patterns, and benthic habitats

Gut and fecal samples are the result of a partial or
total digestion process. That does not necessarily mean
that the samples are always completely digested, since

partly digested elements were commonly observed
in feces. Certainly, soft tissues of part of, or even
whole, individual prey were under-represented in our
samples. As a consequence, our results are probably
biased towards and more informative of benthic taxa,
which typically have harder components than pelagic
taxa.

Among benthic taxa, Malacostraca, Gastropoda and
Echinoidea seem to be the most important prey
classes, both in occurrence (they were found in most
of the turtles; Table 1) and total weight (Table 3).
However, Malacostraca were largely represented by
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Mean ±SD Range D N

Class
Longline 2.8 1.5 1–6 28.2 23
Trawl 6.5 2.1 1–11 25.7 35
All 4.8 2.6 1–11 48.5 71

Species
Longline 3.0 3.7 1–14 60.6 11
Trawl 8.1 6.2 1–28 215.1 35
All 5.9 5.7 1–28 315.0 60

OTUs
Longline 3.7 3.5 1–18 119.0 23
Trawl 15.3 9.6 1–47 327.8 35
All 9.6 9.2 1–47 499.6 73

Table 2. Caretta caretta. Number of Classes, Species and
operational taxonomic units (OTUs) (mean ±SD) identified in
turtles captured under different circumstances (by longliners
or trawlers). The ‘All’ category includes all turtles, whichever
way they were collected (i.e. also those found floating). D:
Herrera’s diversity index; N: number of turtles examined Category Total

Wet wt (g) Dry wt (g)

Animalia
Porifera
Demospongiae 8.3 3.9

Cnidaria
Anthozoa 0.2 0.1
Scyphozoa 0.0 0.0

Platyhelminthes
Turbellaria 0.0 0.0

Sipunculida 0.0 0.0
Mollusca
Bivalvia 0.3 0.3
Gastropoda 11.9 19.6
Cephalopoda 4.3 2.0

Annelida
Polychaeta 0.2 0.3

Arthropoda
Malacostraca 13.8 11.0

Tentaculata
Bryozoa 0.1 0.1

Echinodermata
Echinoidea 38.9 46.1
Holothuroidea 0.4 0.2
Ophiuroidea 0.0 0.0

Chordata
Ascidiacea 11.7 6.7
Chondrichthyes 0.0 0.0

Plantae 0.3 0.1
Phycophyta 1.0 0.4
Rhodophyceae 1.3 1.6
Phaeophyceae 0.4 0.1
Chlorophyceae 0.0 0.0

Spermatophyta
Monocotyledoneae 0.2 0.1

Other material
Bird feathers 0.0 0.0
Wood 0.1 0.1
Anthropogenic debris 1.7 1.7
Stones/pebbles 0.9 1.7
Sand/mud 2.2 2.3

Not identified 1.7 1.5

Total 8748 3684.5

Table 3. Caretta caretta. Percentage of wet weight (wet wt)
and dry weight (dry wt) of different taxa and other material

in the 79 turtle gut content samples
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the family Paguridae (found in 43 out of 48 turtles
with Malacostraca) which typically live in gastropod
shells. Although gastropod opercula (both corneous
and calcareous) were found in some samples, indicat-
ing that turtles had ingested gastropods and not her-
mit crabs, opercula (particularly the corneous type)
can be digested, and both hermit crabs (Frick et al.
2001) and opercula can be lost during the repeated
opening and closing of the beak typical of food
seizure and manipulation. Thus, in many cases, it was
difficult to assess whether a gastropod or a hermit
crab had  been ingested and whether loggerhead
turtles target hermit crabs, gastropods, or both (see
also Frick et al. 2001). This makes the type of seafloor
frequented by loggerhead turtles that have ingested
gastropods uncertain, because hermit crabs do not
necessarily live on the same seafloor as the gastropod
whose shells they use.

Although Bivalvia were found in 38% of the turtles
(Table 1), their total weight  was just 0.3% of that of all
taxa combined, despite the fact that this taxon has hard
parts as well; this suggests that Bivalvia may have a
limited importance in the diet and may be ingested
accidentally by loggerheads feeding on other prey. On
the other hand, Ascidiacea typically have soft bodies
and were probably under-represented in the samples;
yet they occurred in 15.2% of turtles and represented
11.4% of wet wt, suggesting a high importance of this
class in the diet.

Sponges were found in many turtles (22.8%;
Table 1), but in all cases they were completely undi-
gested, confirming that loggerhead turtles are unable
to digest sponges (in contrast to hawksbill turtles;
Bjorndal 1997). Possible explanations for the ingestion
of sponges are (1) the symbiosis between the sponge
Suberites domuncula and the hermit crab Paguristes
oculatus, which could be the real target prey, (2) the
accidental ingestion while feeding on other prey, (3)
the sponges are a source of bacterial fauna or oligo-
elements (as suggested by Laurent & Lescure 1994).

Algae and plants were found in most (66) turtles, but
in all cases they were completely undigested, confirm-
ing that the loggerhead turtle is a strictly carnivorous
species and unable to digest organisms of vegetal ori-
gin, which are probably ingested accidentally while
feeding on animal prey.

Several findings provide interesting clues about the
foraging strategy of loggerhead turtles in our study
area. First, the high number of new records of prey
species found as well as the different occurrences of
taxa such as Echinoidea (53.2%, n = 79) in compari-
son to another Mediterranean area (Western Basin;
3.7%, n = 54; Tomas et al. 2001) or the same area in a
different period or season (possible confounding fac-
tors due to possible changes in prey availability) (win-
ter: 9.7%, n = 31; Laurent & Lescure 1994) indicate a
highly opportunistic strategy. Second, this oppor-
tunism probably extends to all possible sources of
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Category Longline Trawl Other Total
Gut Feces Total Gut Feces Total Gut Feces Total Gut Feces Total

Benthic taxa 53.3 70.6 52.6 100.0 86.7 81.4 63.6 42.9 58.3 71.4 72.1 72.6
Pelagic taxa 53.3 17.6 28.9 11.1 13.3 14.0 18.2 7.1 20.8 31.4 13.1 23.2
Other 26.7 5.9 0.0 0.0 0.0 0.0 18.2 14.3 0.0 14.3 4.9 7.4
Total benthic/pelagic 66.7 70.6 68.4 100.0 86.7 81.4 72.7 42.9 75.0 80.0 72.1 75.8

Sinking natural material 13.3 47.1 23.7 66.7 60.0 55.8 0.0 28.6 16.7 22.9 49.2 38.9
Floating natural material 20.0 29.4 18.4 11.1 10.0 9.3 18.2 14.3 16.7 17.1 16.4 15.8
Other 66.7 17.6 34.2 33.3 26.7 25.6 72.7 28.6 50.0 60.0 24.6 37.9
Total natural material 26.7 58.8 34.2 66.7 60.0 55.8 18.2 28.6 25.0 34.3 52.5 45.3

Sinking anthropogenic 0.0 5.9 2.6 11.1 6.7 7.0 9.1 0.0 4.2 5.7 4.9 5.3
debris

Floating anthropogenic 53.3 29.4 34.2 22.2 23.3 20.9 36.4 42.9 41.7 40.0 29.5 33.7
debris

Other 40.0 41.2 31.6 77.8 56.7 55.8 45.5 14.3 29.2 51.4 42.6 45.3
Total anthropogenic 53.3 35.3 36.8 22.2 30.0 25.6 45.5 42.9 45.8 42.9 34.4 37.9
debris

Total bottom 60.0 76.5 55.3 100.0 86.7 81.4 63.6 50.0 62.5 74.3 75.4 74.7
Total surface 80.0 52.9 52.6 22.2 33.3 30.2 45.5 42.9 54.2 54.3 41.0 45.3
No material 6.7 23.5 31.6 0.0 13.3 18.6 9.1 42.9 25.0 5.7 23.0 16.8
Turtles (N) 15 17 38 9 30 43 11 14 24 35 61 95

Table 4. Caretta caretta. Occurrence (%) of taxa, natural material, and anthropogenic debris classified according to the zone were
they were probably ingested (sea bottom vs. surface) among gut and fecal samples from turtles caught by longline, trawlers, or
found in other circumstances. Turtles with no gut or fecal material were conservatively included because possible pelagic prey

may have not been detected (see ‘Materials and Methods’)
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animal material, including carcasses. In fact, samples
from 7 turtles included necrophagous gastropods of
the genus Nassarius associated with other benthic
taxa, an indication that those turtles fed on dead ben-
thic organisms found on the seafloor, as also sug-
gested by Shaver (1991). Scavenging on dead organ-
isms, including fishing discards, was hypothesized by
several studies (e.g. Limpus et al. 2001, Tomas et al.

2001). This is probably the reason why longlines, with
their hooks baited with dead squid or fish, capture so
many loggerhead turtles globally (Lewison et al.
2004).

All these findings confirm and support the oppor-
tunistic foraging strategy of loggerhead turtles re-
ported by previous studies in other areas (e.g. Tomas
et al. 2001).
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Fig. 2. Caretta caretta. Distribution of prey items (%) in gut
content and fecal samples among different size classes
(CCLn-t) of loggerhead turtles (n = 95). (b) Benthic taxa, (p)
pelagic taxa, (b/p) both or (n) no marine taxa. (A) All turtles;
(B) turtles caught by trawlers (n = 39); (C) turtles caught by
longliners (n = 31). The number of turtles per size class is

indicated above the bars

Fig. 3. Caretta caretta. Distribution of ingested items (%)
of different origin among loggerhead turtles size classes
(CCLn-t, n = 95) (b) probably ingested at the sea bottom, (s) at
the sea surface, (b/s) both or (n) with no material. (A) All tur-
tles; (B) turtles caught by trawlers (n = 39); (C) turtles caught
by longliners (n = 31). The number of turtles per size class is 

indicated above the bars
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Our results suggest that, in our study area, logger-
head turtles in the observed size range feed through-
out the entire water column, from the bottom to the
surface, as indicated by benthic and pelagic prey and
by the natural and anthropogenic floating and sinking
material found in gut and feces samples.

The results also provide clues about the benthic
habitats frequented. The high occurrence of algal and
plant taxa generally suggests that loggerhead turtles
frequent mainly shallow areas, within a few 10s of
meters (Appendix 1), where there is sufficient light for
these taxa. For instance, Phanerogam beds (Posidonia
oceanica and Cymodocea nodosa) have a particularly
shallow depth range (0 to 35 m), and samples from
many turtles contained these species or animal species
typically associated with these beds, such as the gas-
tropods Gibbula philberti and Jujubinus unidentatus,
the sea urchins Sphaerechinus granularis, Echinocya-
mus pusillus and Centrostephanus longirostris, and the
sponge Suberites domuncula. Hence, Phanerogam
beds appear to be highly frequented by loggerhead
turtles in the area, and this has important implications
for conservation, since the protection of these habitats
would benefit a wide biological community, including
turtles.

Other prey species have a deeper distribution
(Appendix 1), suggesting that loggerhead turtles feed
on the seafloor at 100 m depth or even deeper. How-
ever, it cannot be excluded that a portion of these prey
species is bycatch discarded by trawlers fishing in the
area. Concerning the type of bottom, the prey species
found indicate that loggerhead turtles search for food
in a variety of habitats in addition to Phanerogam beds,
such as rocky bottoms (Bolma rugosa, Serpula vermic-
ularis, Ascidia involuta, Ascidiella aspersa, Arbacia lix-
ula), gorges and caves (Astroides calicularis and
Cladocora cespidosa), and in mud/sand bottoms (Holo-
turia forskali, Echinocardium cordatum, and Spatan-
gus purpureus). The latter 2 species are infaunal spe-
cies living burrowed in the sand; possibly the turtles
prey on them using the ‘infaunal mining’ method
described by Preen (1996) from Queensland, Australia,
which consists of digging deep and long canals in the
sand with their forelimbs.

Anthropogenic debris

Anthropogenic debris was found in 48.1% of the
turtles with gut contents or feces (n = 79; Table 1). This
indicates that debris consumption is common in log-
gerhead turtles frequenting the central Mediter-
ranean, but less common than in the western Mediter-
ranean Sea, where Tomas et al. (2002) observed
anthropogenic debris in 75.9% of 54 turtles caught by

trawlers (in the present study, the occurrence in the
trawl group was 31.4%). This difference may be
indicative of a different degree of pollution in the 2
areas.

Most debris was of the floating kind, and this can
have 2 explanations: either this category represents
most of the anthropogenic debris discarded at sea in
this area, or loggerhead turtles are more attracted by
floating debris than by debris on the seafloor.

The negative impact of this debris on loggerhead
turtles is uncertain. The highest amount of plastic found
in a single individual, which probably died for this rea-
son, was 47.5 g (wet wt; mostly floating plastic), but for
the other turtles it was much lower. Although debris
might kill turtles in some cases, sublethal effects, if
any, such as the  reduced energy and nitrogen intake
due to dietary dilution observed in post-hatchlings by
McCauley & Bjorndal (1999), seem more likely.

Epipelagic and benthic habitat use

Loggerhead turtles are believed to undergo an
oceanic stage in their first period of life, in which they
live in the epipelagic and oceanic zone and prey upon
pelagic organisms. This is followed by a neritic stage,
in which they live in the neritic zone and mainly prey
upon benthic organisms (Bolten 2003). Since longliners
typically fish in open waters off the continental shelves
and catch smaller turtles while trawlers fish in shallow
waters on the continental shelves and catch larger
turtles, these 2 fishing methods were associated with
the oceanic and neritic stages of turtles, respectively
(e.g. Laurent et al. 1998).

However, in the present study, benthic taxa or
material probably found at the sea bottom were found
in high proportions in all size classes observed (Figs. 2
& 3). In addition, pelagic prey or floating material was
found in most size classes (Figs. 2 & 3), indicating that
the turtles never stop feeding throughout the entire
water column. Within the observed size range, larger
loggerhead turtles appear to feed more on benthic
prey than small turtles (Figs. 2 & 3), and the diversity of
prey species (mostly benthic) increases with increasing
turtle size, also among turtles caught by bottom
trawlers only. These 2 findings indicate a higher
exploitation of benthic resources as turtles grow, sug-
gesting a slow change in the preferred habitat across a
wide size range, rather than stages with a clear prefer-
ence for a specific habitat.

However, the higher occurrence of benthic taxa
observed among turtles caught by trawlers than by
longliners, while the opposite was observed for pelagic
taxa, indicate that turtles caught by pelagic longliners
forage extensively on pelagic prey. Pelagic longliners
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typically fish in oceanic zones outside the continental
shelf, where only pelagic prey is available to turtles.
The presence of both benthic and pelagic taxa in the
longline group and even in the same individual indi-
cates that, in the study area, turtles not only frequent
both the sea bottom and the surface for feeding, but
also that they move extensively into and out of the con-
tinental shelf area.

Further insights on this habitat change are provided
by the presence of balanomorph barnacles, since
Casale et al. (2004b) observed that the barnacles pref-
erentially occur on turtles frequenting shallow waters.
Thus, the lower occurrence of barnacles on turtles
caught by longliners than by trawlers in the present
study indicates that turtles caught by longliners, though
also feeding on the sea bottom, are either not constant
frequenters of shallow waters, or have just settled.

All these findings confirm and  perhaps expand the
previous hypothesis of a transitional stage between the
oceanic and neritic stages of loggerhead turtles in the
Mediterranean Sea (Laurent et al. 1998). On the other
hand, the assumption that pelagic longliners in the
Mediterranean catch turtles in their oceanic stage is
clearly wrong, and previous and future loggerhead
turtle  pelagic longline bycatch data should be inter-
preted accordingly.

Present results also demonstrate that in the Mediter-
ranean Sea, or at least in our study area, a pure
oceanic/epipelagic stage is restricted to very small log-
gerhead turtles outside of the observed size range
(< 25 cm CCLn-t), which are probably unable to dive
down to the sea bottom. A similar finding was reported
from the north Adriatic Sea, another important neritic
area for loggerhead turtles in the Mediterranean
basin, where benthic prey items were found in turtles
as small as 30 cm CCLn-t (n = 17; Lazar et al. in press),
while the smallest specimen in the western Mediter-
ranean Sea was 34 cm (n = 54; Tomas et al. 2001).

In the Atlantic Ocean, an opportunistic foraging
strategy of loggerhead turtles presumed to be in the
oceanic stage was observed where shallow waters and
benthic prey are within reach (Bolten 2003). Such cir-
cumstances may be common for juvenile loggerhead
turtles in the Mediterranean basin, where oceanic
zones are fragmented by coastlines, wide continental
shelves, and islands.

In this respect, it is interesting that the smallest log-
gerhead turtle feeding on benthic prey reported from
outside the Mediterranean Sea was from the Gulf of
Mexico, a semi-closed basin (32.5 cm; Plotkin 1996).
For comparison, smallest sizes recorded from other
areas are 59.4 (n = 12; Frick et al. 2001) and 53 cm (n =
22; Seney et al. 2003) in the Northwest Atlantic Ocean,
63 cm in the Southwest Atlantic Ocean (n = 12; Bugoni
et al. 2003), 47.2 cm in the Northeast Pacific Ocean

(n = 14; converted from 43.5 cm SCL; Seminoff et al.
2004), and 62.5 cm in the Southeast Pacific Ocean (n =
50; Limpus et al. 2001).

This early switch to benthic prey, when possible, may
indicate an advantage of this food in comparison to
pelagic prey. Based on growth rate information, Bolten
(2003) suggested an advantage, in terms of growth
rates, of the habitat shift from the oceanic to the neritic
zone for loggerhead turtles in the North Atlantic
Ocean. However, costs/benefits of the oceanic and ner-
itic stages are not necessarily the same in the Atlantic
Ocean and the Mediterranean Sea, or other factors may
be involved too. In fact, in the Atlantic Ocean, logger-
head turtles undergo this habitat shift at a larger size
(53 cm; Bolten 2003) than in the Mediterranean Sea.

Opportunistic feeding and loggerhead turtle life
history

As information on the ecology of the loggerhead
turtle became available, models of developmental ecol-
ogy patterns evolved accordingly. Early models de-
scribed a strict association between developmental
stages and marine habitats/zones, with small juveniles
in the epipelagic/oceanic zone and large juveniles and
adults in the benthic/neritic zone (Miller 1997, Musick
& Limpus 1997). Later, a higher flexibility in the habitat
shift during the immature phase was introduced into
the model, with an intermediate juvenile transitional
stage of variable duration (Laurent et al. 1998, Witzell
2002, Bolten 2003), as well as a more rigorous definition
of stages according to oceanographic zones (oceanic
and neritic) rather than habitats (pelagic and benthic):
oceanic juvenile stage, juvenile transitional stage, ner-
itic juvenile/adult stage (Bolten 2003). However, it is
possible that these models reached a level of complex-
ity which is unnecessary and does not fit the reality. Re-
cently, the concept of a neritic stage was seriously chal-
lenged, both for juveniles (McClellan & Read 2007; and
also data of Witzell 2002, reinterpreted by us in this
new context) and adults (Hatase et al. 2002, Hawkes et
al. 2006); who showed that individuals might frequent
oceanic zones after having frequented neritic zones at a
large size. The results of the present study challenge
the concept of both an oceanic stage and of the transi-
tional stage, and in the study area the latter appears to
be a long and predominant stage, rather than a short
transitional stage between the other 2 stages. Indeed,
the well known problem of longline interaction with
loggerhead turtles (Lewison et al. 2004) represents evi-
dence that turtles in the oceanic zone are highly at-
tracted to dead animals  used as baits.  In natural condi-
tions, carcasses are rare in the oceanic zone, but are a
more common resource on the seafloor. This attraction
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displayed by small loggerhead turtle juveniles from
oceanic zones all over the world indicates an evolution-
arily acquired opportunistic foraging strategy starting
from a very young age, contrasting with the concept of
a strict oceanic stage.

All this evidence indicates that a model describing
loggerhead turtle life history in terms of an ontogenetic
shift from an oceanic stage to a neritic stage describes
part of, but not all, ecological patterns observed so far.
First, the concept of an ontogenetic (one-way) habitat
shift does not seem to be supported by the evidence.
On the contrary, available information indicates that
turtles can frequent the oceanic zone whenever it is
convenient for them, on the basis of parameters that
are still poorly understood. Second, the definition of
stages according to oceanographic zones (oceanic and
neritic) seems to have some limits, because they do not
necessarily describe the ecological role of turtles in
terms of which habitat (epipelagic or benthic) they are
exploiting, which can change within the same oceano-
graphic zone.

Present results from a specific area with a peculiar
ecological situation as well as results from other areas
(Hatase et al. 2002, Witzell 2002, Hawkes et al. 2006,
McClellan & Read 2007) indicate that loggerhead
turtles are highly opportunistic and exploit any trophic
resource within reach over their entire life-span.

Therefore, we propose to relax the current models,
and suggest a much more simplified description for the
ecology of Caretta caretta (Fig. 4) on the basis of what
has been observed in different areas and situations.
Under our new model, loggerhead turtles would not

have strict ontogenetic stages, except for a relatively
short obligate epipelagic stage in the first period of life
(similar to the post-hatchling transitional stage hypoth-
esized by Bolten 2003) in which turtles have no access
to benthic habitats due to limited diving capacity, and
can frequent any oceanographic zone (neritic or
oceanic). In fact, post-hatchlings have a high positive
buoyancy and attain buoyancy control at about 1 yr
(Milsom 1975). Even then, they have limited dive
endurance and, even if they can reach the sea bottom
in shallow waters, benthic hunting might be not effi-
cient in terms of costs/benefits. Dive duration increases
with body size (Van Dam & Diez 1997, White 2006,
Hochscheid et al. 2007), and once benthic hunting
becomes both possible and profitable, loggerhead
turtles would enter an opportunistic amphi-habitat
stage in which they can exploit all resources through
the water column in the area they frequent: epipelagic
in oceanic zones, and both epipelagic and benthic in
neritic zones. However, as the turtles grow they fre-
quent neritic zones more than oceanic zones, due to an
improved diving capacity (Van Dam & Diez 1997,
White 2006, Hochscheid et al. 2007) and to allometric
changes in the jaw structure (Kamezaki & Matsui 1997)
that allow the turtle to crush hard-shelled inverte-
brates, thus allowing for a more and more efficient
exploitation of benthic trophic resources. In some
cases, turtles would remain permanently in the neritic
zone, while in other cases, they would not.

Under this model, differing patterns, such as the one
observed in the Atlantic and the western Pacific (a long
period of epipelagic feeding in the oceanic zone before
moving to the neritic zone where they feed on benthic
prey; Bolten 2003, Limpus & Limpus 2003) versus the
one observed in the present study (both epipelagic and
benthic feeding for a wide size/age range), and the
return to epipelagic feeding after a period of benthic
feeding observed in both juveniles and adults in the
Atlantic and the western Pacific (Limpus et al. 2001,
Witzell 2002, McClellan & Read 2007), can be seen
as particular cases of the same opportunistic amphi-
habitat stage. These different patterns would be deter-
mined by factors acting at the population or individual
level, such as oceanographic features, food availa-
bility, and predator avoidance.

In conclusion, we recommend not to describe logger-
head turtle life history in terms of ontogenetic shifts and
stages associated with oceanographic zones, but in-
stead to describe it in terms of the habitat that indivi-
duals frequent for feeding: epipelagic, benthic, or both.
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Fig. 4. Caretta caretta. Developmental stages (juveniles vs.
adults), ecological stages (obligatory epipelagic vs. oppor-
tunistic amphi-habitat), habitats (epipelagic vs. benthic) and
oceanographic zones (oceanic vs. neritic), according to the
‘opportunistic model’ of loggerhead turtle life history (see
‘Opportunistic feeding and loggerhead turtle life history’).
Rectangle width represents the total of the population at 

a given age
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