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Abstract
Investigating biological aspects of migratory marine animals like sea turtles is challenging. The Adriatic Sea is a key Mediter-
ranean foraging ground for loggerhead turtles, yet certain feeding behaviors remain poorly known, including winter feeding 
and foraging within the neritic area of the Gulf of Manfredonia. With high fishing effort, this area experiences considerable 
turtle bycatch from trawlers during winter, representing an important conservation issue. Insights on how and to what extent 
the species interacts with anthropogenic threats such as trawlers and debris can be obtained from diet analysis. We examined 
feces and gut contents from 57 bycaught or stranded turtles to assess active feeding and digestion time during winter, identify 
and quantify prey items, evaluate feeding patterns among size classes, and ascertain the anthropogenic impact via debris 
and fishing discard ingestion. Our findings show that turtles feed actively during winter, primarily on benthic items, starting 
from a small size (32 cm Curved Carapace Length). No size effect was observed on dietary diversity or biomass percentage. 
We identified 37 Operational Taxonomic Units (OTUs) across 10 dietary groups, with crustaceans and mollusks being most 
prevalent. Osteichthyes and cephalopods, likely scavenged from trawl discard, were also common, implying intensive local 
trawling may attract turtles, increasing bycatch and mortality rates. The frequency of anthropogenic material ingestion was 
comparable to other Mediterranean regions and its presence in feces suggests non-lethal effects, if any. This study shows how 
information on seasonal feeding behavior can provide insights into how the relationship of the species with the environment 
and threats changes over time, ultimately steering conservation efforts.

Keywords Caretta caretta · Mediterranean · Feces · Gut contents · Digestion time · Anthropogenic debris

Introduction

Investigating fundamental biological aspects is challenging 
in long-distance migratory marine animals—like sea turtles. 
For instance, the hypothesis of a discrete ontogenetic shift 
in sea turtles was prevalent, where small juveniles primar-
ily fed within epipelagic zones until subsequently recruited 
to neritic, benthic foraging grounds (Bolten 2003). A more 
flexible foraging strategy has since been suggested, where 
turtles exploit both epipelagic and benthic habitats through-
out their life stages (Hatase et al. 2006; Casale et al. 2008b; 
Cardona et al. 2010; Ramirez et al. 2017).

Feeding behavior affects the species at individual and 
population level, both in terms of growth and habitat use 
(Bjorndal et al. 2003). Diet and trophic role have been 
investigated directly through feces and gut contents (e.g. 
Limpus et al. 2001; Frick et al. 2009; Fukuoka et al. 2016), 
and stable isotopes (e.g. Wallace et al. 2009; Ceriani et al. 
2017; Blasi et al. 2018; Haywood et al. 2020). Logger-
head turtles (Caretta caretta) are considered carnivorous 
generalists and favor invertebrates such as crustaceans 
and mollusks while feeding on the seafloor (Dodd 1988; 
Bjorndal 1997; Jones and Seminoff 2013), thus acting as 
bioturbators as they scour for food (Lazar et al. 2011). 
The presence of fish and cephalopods in the diet of log-
gerhead turtles has raised the question of the potential role 
of fishing discards in turtle diet (Tomas et al. 2001; Seney 
and Musick 2007). Turtles have limited ability to capture 
fast-moving and highly maneuverable prey items directly 
(Plotkin et al. 1993). In contrast, maneuverable species 
are targeted by fishing gears and end up being part of their 
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discard, especially trawlers (Sánchez et al. 2007), becom-
ing more easily accessible to turtles. Another source of 
concern is consumption of anthropogenic material, which 
can cause obstruction or internal lesions of the gastroin-
testinal tract, dietary dilution, and exposure to chemical 
contaminants (Derraik 2002; Senko et al. 2020).

In the Mediterranean Sea, loggerhead turtles (Caretta 
caretta) are the most abundant and widespread turtle spe-
cies (Casale et al. 2018). They are protected both at national 
level and through international conventions (Casale et al. 
2018). Their most important neritic foraging areas are the 
Adriatic Sea and the Tunisian Shelf, together with minor 
feeding areas in the Aegean Sea, East Turkey, Cyprus, 
Egypt, and Spain (Casale et al. 2018). An early recruitment 
to benthic foraging seems to be facilitated by the proximity 
of neritic and oceanic habitats across all these sites (Casale 
et al. 2008b).

The Adriatic Sea is a semi-closed basin with a wide lati-
tudinal range. It is frequented only by loggerhead turtles 
of Mediterranean origin, especially from breeding sites in 
Greece (Tolve et al. 2018; Baldi et al. 2023). Here, turtles 
show a degree of fidelity to subareas (Casale and Simone 
2017; Baldi et al. 2023) that may differ in trophic resources. 
So far, diet of loggerhead turtles in the Adriatic has been 
reported from the Central Adriatic (Mariani et al. 2023) and 
from the North Adriatic (Lazar et al. 2011), although limited 
to mollusks in the latter. To date there are no reports of diet 
from the Southern Adriatic and in particular from the Gulf 
of Manfredonia (GoM), recently identified as an important 
neritic area for the species (Casale et al. 2012a; Baldi et al. 
2022). The bathymetry and environmental characteristics 
of the GoM (Marini et al. 2015) make it a suitable foraging 
area for sea turtles as well as a good fishing area for trawl-
ing (Casale et al. 2012a; Baldi et al. 2022). In fact, high sea 
turtle bycatch in this area has been reported, particularly 
during colder months and across a wide range of size classes 
(Casale et al. 2012a; Baldi et al. 2022), despite smaller tur-
tles having reduced diving capacity (Hochscheid et al. 2007), 
thus potentially accessing less the benthic environment. If 
turtles were attracted to trawling discards, this would likely 
increase bycatch rates. This would have important conserva-
tion implications for both the juvenile turtles, which repre-
sent most of the population (Casale et al. 2012b), and the 
larger turtles, which have high reproductive value (Roast 
et al. 2023), ultimately affecting the Greek rookery from 
which most of these turtles originate (Tolve et al. 2018). The 
high bycatch reported during winter is of ecological interest, 
since Lazar et al. (2011) assumed that turtles do not feed 
in winter, at least in the cold waters of the north Adriatic, 
although direct evidence is still lacking.

This study aims to: (i) assess whether loggerhead turtles 
feed during winter; (ii) identify the prey items and their fre-
quency; (iii) evaluate item preference patterns among size 

classes; and (iv) assess anthropogenic impact represented by 
the ingestion of debris and fishing discard.

Materials and methods

Sample collection

Samples were collected in the period from November 2019 
to May 2021 when monthly mean Sea Surface Temperature 
(SST) averaged 15.0 ± 2.2 °C, vs. the other months when 
monthly mean SST was on average 23.8 ± 2.7 °C (Fig. 1, 
Table S2; OSTIA 2023). Loggerhead turtles incidentally 
caught by trawlers in the GoM in good body condition 
and without any external sign of illness were selected for 
the present study regardless of size. End location of hauls 
with capture events was provided by fishers. Freshly dead 
stranded loggerheads in good body condition were also col-
lected for examination during the same time period. The 
Curved Carapace Length (CCL) was measured notch to tip 
(Bolten 1999). Live turtles were released at sea following 
the captivity period.

Feces and gut content collection and examination

A previous study (Casale et al. 2008a) assessed a digestion 
period of three days during summer in southern Central 
Mediterranean. Since in the study area and period (winter) 
temperatures are more than 10 °C lower (OSTIA 2023), 
live turtles were kept in separate tanks for an observation 
period of ten days. If present, fecal samples were collected 
using a 0.4 mm mesh net and preserved in 70% ethanol until 
examination. Stranded or bycaught turtles found dead were 
examined by necropsy within hours after death or were 

Fig. 1  SST temperatures in the study period (Nov 2019–May 2021) 
in the Gulf of Manfredonia (41–42°N, 15.5–17°E). Data of the same 
months from different years have been pooled together. Data from 
OSTIA (2023)
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stored frozen (− 18 °C) and then thawed before necropsy. 
Esophagus, stomach, and intestine contents were collected, 
if present, rinsed through a 0.4 mm mesh sieve with fresh 
water (Tomas et al. 2001) and stored in 70% ethanol.

At examination, the samples were rinsed in water to 
remove ethanol and drained through the same mesh. Identi-
fication of feces and gut contents was conducted with visual 
inspection for large fragments, or with a stereoscope at 20 × 
and 40 × magnification for small fragments. All samples 
were weighed (wet weight, ww) through a calibrated scale 
(Scale House model HLD150; accuracy 0.002 g). Then they 
were dehydrated in an oven at 60 °C for 48 h (Burke et al. 
1993) to remove all residual water and weighed again (dry 
weight, dw). If the weight was larger than 0.002 g, prey 
items were sorted and assigned to the lowest possible taxo-
nomic level through specific atlases (Riedl 1991; Giannuzzi-
Savelli 1997; Giannuzzi-Savelli et al. 1999; Sabelli and 
Minelli 2009). In the 10 days of observation of live turtles, 
number of days from capture to first defecation, number and 
frequency of defecation were calculated.

Data analyses

All the analyses were performed in R (R Core Team 2023). 
To describe the diet composition of turtles, the following 
five variables were calculated: Frequency of Occurrence 
(FO), Taxa richness (TR), Simpson Diversity Index (SI), 
Dietary Groups (DG), Index of Relative Importance (IRI). 
Frequency of occurrence (FO) of each identified taxon was 
calculated as:

where  Ty is the number of turtles with category y and T is 
the total turtles sampled. Taxa richness (TR) in the samples 
was calculated considering Operational Taxonomic Units 
(OTUs) (Sokal and Sneath 1963) of different taxonomic 
levels. Following Palmer et al. (2021), variation of taxa 
diversity with size was investigated with a negative binomial 
Generalized Linear Model (GLM) in the form TR ~ CCL, 
though the package MASS (Venables and Ripley 2002). 
Simpson Diversity Index’ values (SI; Simpson 1949) were 
calculated for each turtle that ingested at least one among 
the prey items as:

where pi is the proportional abundance of taxon i.
Then, their variation with size was analyzed with a bino-

mial GLM in the form SI ~ CCL.
Taxa were grouped in Dietary Groups (DG) according 

to their ecological and morphological diversity: Vegetation 

FOy =

(

Ty

T

)

,

SI = 1 −
∑

p2
i
,

(VEG—algae and seagrass), Gelatinous prey (GEL—Cte-
nophora and Tunicates), Porifera (POR), Mollusca (MOL), 
Crustacea (CRU), Echinodermata (ECH), and Osteichthyes 
(OST). Apart from biological items, the following groups 
were identified: indigestible (IND—wood and sediment), 
Anthropogenic material (AM), Not Assigned (N/A—any-
thing that could not be sorted in any of the other categories; 
Table 1). The percentage of the Index of Relative Impor-
tance (IRI) was calculated for each following Bjorndal et al. 
(1997) and Howell and Shaver (2021):

where O is the proportion of the number of turtles with  DGi 
on the total, and W is the proportion of the combined ww 
of the DG on the total ww (ww was chosen over dw as in 
the latter samples with high water content can be under-
represented). Pairwise Spearman’s rank correlations were 
performed to investigate correlations between anthropogenic 
debris and prey taxa.

DG weights were standardized by total weight of the sam-
ple per turtle (percent biomass per dietary group,  BMDG) to 
account for differences in gastrointestinal capacity relative to 
turtles of different sizes (Echinoderms were excluded as they 
were found in only one turtle). Then, the effect of CCL on 
BM was investigated through a binomial family Generalized 
Additive Models (GAM) using the R-package mgcv (Wood 
2011), in the form of  BMDG ~ CCL.

Results

Feeding behavior

A total of 76 turtles were examined. Three turtles were found 
stranded dead, all had gut contents. 73 turtles were bycaught: 
64 alive (48 defecated and 16 did not) and nine dead (six 
with gut contents and three without; Fig. 2). Hauls with 
bycaught turtles ended on average at 38.8 m (range = 18–54, 
SD = 14, n = 56). Most of the turtles were captured or 
stranded between November and March (n = 53), two in 
May, one each in September and October. One turtle was 
recaptured, and its feces items were pooled together in the 
analysis. The average size of the individuals that produced 
feces or gut contents was 62.5 cm CCL (SD = 11.2 cm; 
Range = 32.3–81.7  cm; n = 57). The mean number of 
defecations per turtle was 1.3 (SD = 0.7; Range = 1–4; 
n = 24) and the frequency was 0.13  day−1 (SD = 0.7  day−1; 
Range = 0.1–0.4  day−1; n = 24). Turtles first defecated on 
average after four days (SD = 2.8 days; Range = 0–9 days; 
n = 24) and until the 10th day in one case.

IRI(%) =
100(O ∗ W)
∑

(O ∗ W)
,
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Mean wet weight (ww) of all the ingested items per turtle 
was 144.3 g (range = 0.05–2424.4 g; SD = 411.0 g, n = 57) 
and mean dry weight (dw) was 21.7 g (range = 0.01–352.0 g; 
SD = 51.8  g, n = 57), while mean wet weight (ww) of 
the prey items (animals only) per turtle was 85.9  g 
(range = 0.0–1744.3 g; SD = 274.6 g, n = 57) and mean dry 
weight (dw) was 16.9 g (range = 0.0–352.0 g; SD = 50.7 g, 
n = 57).

Diet composition

Only in few cases it was possible to identify the prey down 
to the species, six of which were not previously reported 
as prey items of the loggerhead turtle in the Mediterranean 
(Table 1). We identified 37 OTUs, 23 down to the family 
level and the other 14 comprising of taxa superior to family 
(Table 1). The range of taxa per turtle was 0–8 (mean = 2; 
SD = 2; n = 57), 0–6 (mean = 2; SD = 2; n = 48) for feces and 
0–8 (mean = 3; SD = 3; n = 9) for gut contents. The Simpson 
diversity index ranged from 0.994 to 0.999 (mean = 0.998; 
SD = 0.001; n = 49). No significant difference was detected 
with change of size in TR (GLM, z = 0.10, p = 0.91) or SI 
(GLM, z = 0.10, p = 0.92; Fig. S1).

Of all Dietary Groups, VEG and POR had the highest 
%IRIfeces (n = 48), followed by CRU, although in a much 
lesser proportion (Table 2). The highest %IRIguts (n = 9) 
was found in GEL, followed by OST and POR and CRU 
with a lesser amount. In all %IRI, MOL represented a mar-
ginal contribution. ECH was found in only one turtle as 
sea urchins’ residues. Among Dietary Groups, the highest 
FO were CRU (40.4%), MOL (38.6%), and OST (29.8%; 
Table 1). Size did not show any significant effect on any DG 
(GAM, p > 0.05; Table S1; Fig. 3).

Anthropogenic material (AM) weighed on average 2.1 g 
per turtle (range = 0.02–16.2 g; SD = 4.32 g, n = 57). AM was 
found in 35.1% of the turtles, comprising of ropes, fragments 
of nets, and plastic sheets. No significant correlation was 
found between AM and other DG (ρ range = − 0.28–0.25, 
p > 0.05).

Discussion

This study provides the first assessment of loggerhead 
turtle’s diet in the large neritic foraging area of the south-
western Adriatic (Gulf of Manfredonia). In doing so, it also 
provides the first evidence of active foraging during winter 
in the Adriatic.

Feeding behavior

At low temperatures, sea turtles are usually considered 
lethargic (Broderick et al. 2007). For this reason, in their Ta
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study in the North Adriatic, Lazar et al. (2011) selected ani-
mals foraging in a warmer period assuming that they would 
be more active than a cold one. In our study area and dur-
ing cold months, turtles displayed active feeding despite the 
low temperatures of waters of the GoM (Fig. 1), suggesting 
that most turtles remain active throughout the year (turtles 
were sighted at temperatures as low as 7 °C in the Atlantic; 
Epperly et al. 1995). This could be true for all or just a part 
of the population and could vary during the winter, as some 
turtles did not produce feces or gut contents. These turtles 
may have either defecated immediately at capture due to 
stress, had a long digestion, had a low feeding frequency 
or they were not feeding at all. In our study some turtles 
defecated for the first time up to the latest days of observa-
tion, which means that digestion time during winter is longer 
than what previously reported for warmer areas (Casale 
et al. 2008a). As expected by lower temperatures, average 
digestion time from capture to first defecation in our study 

(4 days) was longer than what was reported by Casale et al. 
(2008a) in warmer waters (2.5–3 days).

The results show that most individuals foraged on benthic 
prey, starting from a small size (min. 32 cm CCL). The shal-
low waters of the GoM (see Fig. 2) likely facilitate access 
to benthic prey to smaller turtles that have reduced diving 
capacity (Hochscheid et al. 2007). No effect of size was 
found on Taxa Richness and Simpson Diversity Index, and 
turtles that did not produce feces or gut contents spanned 
a wide size range, suggesting that individual variability in 
feeding behavior does not depend on size. Eleven individu-
als did not have a clear indication of benthic feeding (i.e. 
absence of sediment or other benthic-associated taxa; Tomas 
et al. 2001)—although for five of these, 100% of the material 
was Not Assigned (N/A).

Diet composition

Results indicate that turtles in the GoM display an oppor-
tunistic feeding behavior, as was reported in other areas in 
the Adriatic (Mariani et al. 2023) and other Mediterranean 
areas (Tomas et al. 2001; Casale et al. 2008b; Benhardouze 
et al. 2021; Palmer et al. 2021). Crustaceans had the highest 
FO, also found nearby in Central Adriatic by Mariani et al. 
(2023). In several cases, traces of the genus Squilla were 
found in our samples. Indeed, Squilla mantis occurs in the 
area and is a frequent target of trawlers (Baldi, unpub. data). 
Mollusks were the second most frequent Dietary Group 
found. Arca noae, Tonna galea and Fustiaria rubescens were 
never reported in other studies in the Mediterranean, while 
many other species, genera and superior taxa are shared with 
the North Adriatic (Lazar et al. 2011).

Gelatinous prey are likely underrepresented in our study 
since most of the samples came from feces and this item is 
likely easily digested. In support of that, GEL had among the 
highest  IRIguts. For instance, Martin et al. (2021) did not find 
Ctenophores in gut contents but detected their presence only 
through DNA, supporting their fast digestion. Tomas et al. 
(2001) found a high frequency of Thaliacea in an area that 
is generally considered an oceanic area for small juveniles. 
In our study the two turtles with Thaliacea spanned different 
sizes and had other benthic items associated, which sug-
gest variation in their habitat use regardless of their size and 

Fig. 2  Spatial distribution of bycaught (at sea, n = 52) and stranded 
(on the coastline, n = 1) turtles in the Gulf of Manfredonia between 
2019 and 2021 examined in the present study. The location of four 
turtles was not available

Table 2  Index of relative 
importance (%IRI) values 
for total, feces and gut 
contents for each DG found in 
loggerhead turtles in the Gulf of 
Manfredonia (n = 57)

See Table 1 for dietary groups
Tot all samples, Guts gut contents, Feces feces samples

N Dietary groups

VEG GEL POR MOL CRU ECH OST

%IRITOT 57 43.9 2.8 39.5 1.7 8.0 0.0 4.1
%IRIGUTS 9 2.6 36.8 21.3 0.6 10.5 0.0 28.3
%IRIFECES 48 45.9 0.8 40.8 1.9 8.2 0.0 2.4
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supports the relaxed ontogenetic shift suggested by Casale 
et al. (2008b).

Vegetation and Porifera were the taxa with the highest 
weight, due to one sample that contained > 2 kg of plant 
material and another that contained > 1 kg of sponges. These 
instances of a single turtle with a high weight contributed 
to the high IRI-total values and may not reflect population-
level importance of these items in the diet." It is unclear why 
turtles would consume such a high quantity of these items, 
since they are not equipped to digest them (Laurent and Les-
cure 1994) and were in fact found largely undigested. Gener-
ally, it is thought that these items are incidentally ingested 
while foraging on other prey or looking for bacterial fauna 
or oligoelements in the case of sponges (Casale et al. 2008b; 
Palmer et al. 2021). The large amount observed here would 
support more the latter case than incidental ingestion. Chon-
drosia reniformis was the most frequently identified sponge 
and it was previously identified in trawl bycaught turtles 
(Casale et al. 2008b; Palmer et al. 2021).

Sea urchins were abundant in Casale et al. (2008b), but 
were only found once in our study, probably due to the dif-
ferences in substrate. Other soft-bodied prey might have 
remained under-detected in our analyses, as seems to be 
suggested by the absence of rather common species in the 
marine habitat, for instance Cnidarians, Annelids or sea 
cucumbers, known to be present in the GoM (Storelli et al. 
2001; De Leonardis et al. 2008) and present in the diet of 
loggerhead turtles in other areas (Tomas et al. 2001; Casale 
et al. 2008b; Benhardouze et al. 2021; Martin et al. 2021; 
Palmer et al. 2021). If turtles tend to frequent the trawled 
areas, the absence of some taxa could indicate depletion of 

benthic communities because of repeated trawling activity 
(Kaiser et al. 2003; Handley et al. 2014), i.e. reduction of 
biodiversity, substitution with more opportunistic or scav-
enger species.

Anthropogenic threats

Osteichthyes were the third most frequent taxa (29.8% FO), 
in four turtles they were over 80% of the total ww and OST 
had the highest  IRIfeces. Together with Cephalopods, they are 
commonly considered to not be part of the natural diet of 
loggerhead turtles (Plotkin et al. 1993; Laurent and Lescure 
1994). Fish presence in loggerhead diet studies is generally 
associated with fishing discard (Tomas et al. 2001; Seney 
and Musick 2007; Casale et al. 2008b; Benhardouze et al. 
2021; Palmer et al. 2021). In support of that, Mullus bar-
batus, found for the first time in our study, is a common 
target of trawls (Baldi, unpub. data). These items suggest 
that turtles feed on fishing discard (Sánchez et al. 2007), 
a behavior reported by previous studies all over the basin 
through examination of feces and gut contents (Tomas et al. 
2001; Seney and Musick 2007; Casale et al. 2008b; Benhar-
douze et al. 2021; Palmer et al. 2021) or stable isotope analy-
sis (Blasi et al. 2018). In the Mediterranean, trawlers target 
multiple species (Lleonart and Maynou 2003) and produce 
large quantities of discard (Tsagarakis et al. 2014), making 
it available for consumption by turtles, or some of their prey 
(Mariani et al. 2023). This has important implications for 
conservation, since loggerhead turtles are also scavengers 
and may be attracted by fishing discard to areas with high 
fishing effort, increasing the probability to be incidentally 

Fig. 3  Mean biomass percent-
age contribution based on 
wet weight of each dietary 
group divided by size class 
of loggerhead turtles in the 
Gulf of Manfredonia (n = 57). 
Number of turtles in each size 
class: 30–50 = , 50–70 = 36, 
70–90 = 12
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captured. Such a concern calls for investigation about how 
fishing practices can be adjusted to reduce discard, which 
represents an objective for good fishing practices in general 
(Tsagarakis et al. 2014).

The present study reports frequency of anthropogenic 
material similar to Mariani et al. (2023) in the Central Adri-
atic and to Lazar and Gracan (2011) in the North, and other 
areas of the Mediterranean (Revelles et al. 2007; Casale 
et al. 2008b; Hochscheid et al. 2013; Palmer et al. 2021), 
but lower than other (Tomas et al. 2002; Solomando et al. 
2022), suggesting a space–time variability in the distribu-
tion of debris or its consumption. The presence of debris 
in the feces demonstrates non-lethal effects of its inges-
tion. Loggerhead turtles seem to be more resistant to debris 
ingestion, which could be related to their feeding behavior, 
for instance they are less attracted to “floating” debris as a 
non-carnivorous turtle could be (Schuyler et al. 2014), that 
might be more prone to cause obstructions. Material found 
in our study was mostly small fragments, with one instance 
of one turtle with hook and line with a plastic bag attached. 
Although non-lethal ingestion is reported also in other stud-
ies (e.g. Tomas et al. 2002; Revelles et al. 2007; Casale et al. 
2008b, 2016; Lazar and Gracan 2011), the effects of plas-
tic consumption are not well understood and there are few 
long-term studies, especially on repeated intake over time. 
Prolonged presence in the digestive tract may increase the 
risks of internal injuries as well as sub-lethal effects, such 
as reduction of stomach capacity, inappetence, increased 
buoyancy, chemical contamination, which can lead to poor 
health and reduced fitness, if not death (Nelms et al. 2016) 
and references therein).

In the GoM, loggerhead turtles generally showed fidel-
ity to the area (Casale and Simone 2017; Baldi et al. 2023), 
therefore dietary items identified in our sample can be con-
sidered representative of the prey available in the GoM. Most 
taxa can be found between 0 and 100 m depth, but some have 
a deeper range. Thus, is not easy to infer a specific depth 
preference at which turtles may prefer foraging from the prey 
items in our sample. It is possible that loggerhead turtles 
dived deep to feed, as reported in previous studies (Hatase 
et al. 2007; Narazaki et al. 2015), but some species might 
have been discarded by trawlers from deeper areas (Casale 
et al. 2008b). Nonetheless, the presence in most turtles of 
balanomorph barnacles on their carapace suggests a prefer-
ence for shallower waters (Casale et al. 2004).

Conclusions

Feces collection has proven to be simple, noninvasive, and 
inexpensive, allowing for a larger sample size compared 
to gut collection, which requires dead animals, equipped 
infrastructures, and trained personnel. Samples collected 
in this way allow food contents to be obtained from healthy 

animals whose digestive functions are not impaired, pro-
viding representative samples of the diet. That is assum-
ing that feces do not offer only a partial representation of 
the taxa biased towards the ones with hard parts, which 
does not seem to be the case from the present study and a 
previous one (Casale et al. 2008b) but needs to be better 
assessed. On the other hand, collection of a larger num-
ber of samples requires a facility with appropriate holding 
tanks and short-term husbandry capabilities.

The following recommendations can be derived. Feces 
collection should be routinely integrated with necropsies, 
to understand if and how the two methods differently rep-
resent prey consumption. Together, they provide a detailed 
assessment of prey consumption but offer only a short time 
range insight of the feeding behavior. For this reason, 
sampling should be carried out across all seasons, so that 
potential changes in habitat and distribution can be cap-
tured and eventually show differences in trophic position 
and/or behavior, depending on diet differences. Stable iso-
tope studies should be implemented in the area as they can 
expand and integrate that knowledge providing insights 
on the contribution of fast-digested items on the diet, on 
longer dietary time frames and movement patterns. A bet-
ter understanding of discard consumption is needed to fos-
ter more adequate management of fishing activities, and 
improved fishing practices should be identified to reduce 
discard. Moreover, since turtles ingest plastic in low quan-
tities but high frequency, the potential sub-lethal effects 
should be investigated. Thus, clarifying trophic position 
and resources use provides a better understanding of habi-
tat and distribution of the species and allows ultimately to 
highlight exposure to threats, steering conservation efforts.
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