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The accumulation of litter in marine and coastal environments is a major threat to marine life. Data on marine
litter in the gastrointestinal tract of stranded loggerhead turtles, Caretta caretta, found along the Portuguese con-
tinental coastwas presented. Out of the 95 analysed loggerheads, litter was present in 56 individuals (59.0%) and
most had less than 10 litter items (76.8%) and less than 5 g (dm) (96.8%). Plastic was the main litter category
(frequency of occurrence = 56.8%), while sheet (45.3%) was the most relevant plastic sub-category. There was
no influence of loggerhead stranding season, cause of stranding or size on the amount of litter ingested (mean
number and dry mass of litter items per turtle). The high ingested litter occurrence frequency in this study sup-
ports the use of the loggerhead turtle as a suitable tool to monitor marine litter trends, as required by the
European Marine Strategy Framework Directive.

© 2015 Elsevier Ltd. All rights reserved.
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1. Introduction

Marine litter, defined as any persistent manufactured or processed
solid waste in the marine and coastal environments (Coe and Rogers,
1997; Galgani et al., 2010), is presently recognized as aworldwide prob-
lem and a major threat to marine ecosystems (Galgani et al., 2010; Cole
et al., 2011; Depledge et al., 2013; Pham et al., 2014). Globally, around
6.4 million tons of litter was estimated to reach the oceans annually,
originated from both ocean and land-based sources (UNEP, 2005,
2009). However, further data on sources, inputs, degradation processes
and fluxes are necessary to accurately estimate the global quantities of
marine litter (Galgani et al., 2015). On average, three quarters of all ma-
rine litter consist of plastics, which are known to be particularly persis-
tent in the environment (e.g. Galgani et al., 2010; Depledge et al., 2013;
Pham et al., 2014).

The negative effects and threats of marine litter to marine life are
primarily mechanical due to ingestion and entanglement in plastic
packing straps, discarded fishing gear and other floating litter objects
(Laist, 1997; Derraik, 2002; Katsanevakis, 2008). Entanglement and in-
gestion ofmarine litter affect hundreds ofmarine speciesworldwide in-
cluding seabirds, fishes, sea turtles and marine mammals (Laist, 1997;
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Gall and Thompson, 2015; Kühn et al., 2015). Entanglement is a lethal
and sub-lethal mortality factor since entangled animals may die from
drowning, suffocation or strangulation and restricted movements and
swimming, which in turn may hamper feeding and predator avoidance
strategies (Laist, 1997; Derraik, 2002; Katsanevakis, 2008; Gall and
Thompson, 2015; Kühnet al., 2015). Ingestion ofmarine litter bymarine
species cannot be readily detected and therefore it is under-reported
when compared to entanglement (Gall and Thompson, 2015). Sub-
lethal effects from litter ingestion include starvation due to gut obstruc-
tion and reduced fitnesswith consequences to reproduction and surviv-
al (Bjorndal et al., 1994; McCauley and Bjorndal, 1999; Derraik, 2002;
Gall and Thompson, 2015; Kühn et al., 2015).

With respect to sea turtles, all seven species have been reported to
ingest litter (Katsanevakis, 2008; Gall and Thompson, 2015; Kühn
et al., 2015). Sea turtles may ingest large quantities of plastic litter that
can be mistaken for food (Campani et al., 2013; Schuyler et al., 2014).
These plastic fragments and other marine litter may be directly respon-
sible for the obstruction of their digestive tracts and death (Bjorndal
et al., 1994; Bugoni et al., 2001; Lazar and Gračan, 2011). Also, even at
low ingestion rates marine litter is reported to have sub-lethal effects
on sea turtles such as dietary dilution with consequent nutrient ab-
sorption reduction (McCauley and Bjorndal, 1999), and toxin uptake
(Bjorndal, 1997) affecting growth rates, fecundity and survival.

The loggerhead sea turtle, Caretta caretta, is an Endangered species
(IUCN, 2015). Litter ingestion by loggerhead turtles has been document-
ed throughout the world (e.g., Boyle and Limpus, 2008; Frick et al.,
gerhead sea turtles, Caretta caretta, in Portuguese continental waters,
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2009; Camedda et al., 2014; Hoarau et al., 2014). Loggerheads are par-
ticularly susceptible to marine litter ingestion (Lutcavage et al., 1997)
since marine litter can bemistaken for foodmainly because of their for-
aging strategy, which is characterized by a high opportunistic behaviour
(Lutcavage et al., 1997; Hoarau et al., 2014).

Loggerheads are one of the most common sea turtles occurring in
Portuguese continental waters, especially in the southern region,
which is an important development area for neritic juveniles (Nicolau
et al., in press), originatingmainly fromwestern Atlantic rookeries trav-
elling along the Gulf Stream and entering the Mediterranean through
the Strait of Gibraltar (Carreras et al., 2006; Monzón-Argüello et al.,
2009; Bellido et al., 2010).

Evaluating and understanding the impacts of anthropogenic pollu-
tion on marine organisms in the Atlantic Ocean are necessary to
adequately address conservation issues. There is one study containing
information about marine litter ingestion by loggerhead sea turtles
in the Azores (Frick et al., 2009), but no information is available
concerning litter ingestion by sea turtles in Portuguese continental
waters.

The present study was performed according to the European MSFD
(Marine Strategy Framework Directive) protocol for monitoring litter
ingested by loggerhead turtles (MSFD GES Technical Subgroup on Ma-
rine Litter, 2011). Using loggerhead turtles stranded along the Portu-
guese continental coast, we aimed to assess the threat that marine
litter represents to sea turtles in this region, and explore the possible in-
fluence of stranding season, cause of stranding and size of loggerhead
turtles on litter ingestion.

2. Materials and methods

2.1. Study area

The Portuguese continental coast is 860 km long ranging from
Caminha (41°50′N, 8°50′W) to Vila Real St. António (37°12′N, 7°25′
W) (Fig. 1). The western coast (located between Caminha and Cape S.
Vicente) diverges from the southern coast (located between Cape S.
Vicente and Vila Real St. António) mainly due to their different topo-
graphic and oceanographic characteristics. Also northerly and north-
westerly winds prevail in the western coast, whereas westerly and
southern winds prevail on the southern coast (Fiúza, 1983).

2.2. Data collection

FromAugust 2010 to September 2013, 95 stranded dead loggerhead
sea turtles were collected along the Portuguese continental coast by the
Portuguese Wildlife Society (SPVS) operating within the national ma-
rine animal stranding network (coordinated by the Institute of Nature
Conservation and Forests, ICNF). Turtles presented a mean curved cara-
pace length (CCL) of 49.8 ± 9.3 cm (mean± SD) ranging between 25.4
and 75.5 cm. Detailed necropsieswere performed and the likely cause of
stranding was determined based on external and internal examination
(Wyneken, 2001).

During necropsies, the entire digestive tract, from the beginning of
the oesophagus to the end of the large intestine, was dissected from
the animals. After its removal, the digestive tract was frozen or immedi-
ately sieved. Each digestive tract was subdivided into three parts:
oesophagus, stomach and intestine, and then cut open. The contents
were carefully emptied into a 1 mm mesh sieve and rinsed with
water, avoiding any mixture of each section's contents. Marine litter
was separated from food remains. Both litter and food remains were
preserved in alcohol (70%), and then oven dried (40 °C) for 24 h before
analysis. Diet analysis will be dealt with elsewhere. Marine litter items
found in each digestive tract section were subdivided in 3 main catego-
ries (Plastic, Rubbish–other than plastics and Pollutants–industrial/
chemical waste) that include 14 different sub-categories, according to
the “European MSFD (Marine Strategy Framework Directive) protocol
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for monitoring litter ingested by loggerhead turtles (MSFD GES Techni-
cal Subgroup on Marine Litter, 2011). Natural litter (e.g. feathers, natu-
ral woods) was also included as a category, since it can also cause
physical damage similar to the anthropogenic litter.

To avoid overestimating the amount of ingested litter, only frag-
ments longer than 0.5 cm were considered an item. We considered
that litter smaller than 0.5 cm may be generated by fragmentation of
larger items inside the turtle or in the case of plastics, fall into the
microplastic category (Arthur et al., 2009), which is out of the scope of
the present study. For each turtle, we registered the total number, dry
mass and length of every litter category and sub-category. The dry
mass of food remains and the dry mass of total digestive tract content
were also registered. The length of each litter item was measured
using a ruler and the mean length of litter items was also calculated
for each turtle. Plastic items were classified into colour categories
(white, transparent, black, blue, green, brown, red, orange yellow and
multi-colours).

2.3. Data analysis

Overall, the importance of each marine litter category and sub-
categorywas assessed using the frequency of occurrence (FO%) (i.e. per-
centage of investigated digestive tracts containing litter). The frequency
of occurrence was calculated on the entire sample (n = 95) as recom-
mended by Kühn et al. (2015). In addition, the number of marine litter
items and the dry mass of litter content was also calculated for each
individual.

We used a permutational analysis of variance (PERMANOVA, 9999
runs) based on the Bray–Curtis index of similarity to evaluate the dif-
ferences in debris composition between turtles according to litter sub-
categories and colour (see above). The number of litter items and
their mass were transformed using log (x + 1) in order to meet the as-
sumption of homoscedastic variances. Analyses were carried out using
the free software PAST v. 2.12 (Hammer et al., 2001). Permanova
analyses on litter sub-categories and colour included the fixed factor
“season” with four levels (quartile 1: January–March (n = 3); quartile
2: April–June (n = 32); quartile 3: July–September (n = 18); quartile
4: October–December (n=3)) and the fixed factor “cause of stranding”
with three levels: bycatch (n=38), other causes (n=5) and undeter-
mined (n = 13). Both designs were implemented in order to detect if
stranding season or cause of stranding led to differences in the ingested
item number and dry mass or in the number and dry mass of plastic
litter according to their colours. Then, all data was aggregated because
no effects related with season or cause of stranding were detected
(see Results).

Since data did not present a normal distribution (even after transfor-
mation), a non-parametric Analysis of Variance (Kruskal–Wallis) was
used to test differences between the number of items and dry mass of
the considered litter categories (Plastic, Rubbish–other than plastics,
Pollutants–industrial/chemical waste, Natural litter) and plastic colours,
followed by a Dunn's test.

Loggerhead size-related differences were evaluated by regression
analysis using Spearman rank correlation to determine the possible
relationship between CCL and number and dry mass of litter ingested.
Additionally, differences in number and dry mass of marine litter
items were evaluated by a Mann Whitney-U test. For this analysis, log-
gerheads were split into two groups according to CCL: small juveniles
(CCL ≤ 40 cm), which are going through the transitional pelagic–neritic
life stage, and neritic individuals (CCL N 40 cm), which predominantly
feed on the sea floor (Casale et al., 2008; Lazar et al., 2008).

3. Results

Marine litter items were present in 56 (59.0%) of the 95 analysed
loggerhead turtles. In total, 920 pieces of litter were found, correspond-
ing to 127.82 g (drymass, dm). Themean (±SD) number of litter pieces
gerhead sea turtles, Caretta caretta, in Portuguese continental waters,
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Fig. 1. Study area.
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per turtlewas 9.68± 16.79, with amaximumoccurrence of 78 pieces in
one turtle. Considering all sampled turtles, most individuals (n =
92; 96.8%) ingested less than 5 g (dm) of litter and the mean dry
mass of litter ingested per animal was 1.35 ± 4.40 g. The maximum
dry mass of litter collected (33.33 g) was recorded in a loggerhead of
58.6 cm CCL, and this litter mass represents 53.4% of its gut content
dry mass. Litter averaged 7.3 ± 16.0% of gut contents' dry mass, and
the maximum value of 92.0% was recorded in a loggerhead of 46 cm
Please cite this article as: Nicolau, L., et al., Ingestion of marine litter by log
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CCL whose gut contained almost no food remains. The mean length
of litter measured per turtle ranged from 1.4 cm (±0.83 SD) to
16.9 cm (±2.98 SD).

The majority of turtles that presented litter items in their gut (n =
56) also presented litter in the intestine (n= 55), whereas only 14 tur-
tles had litter items in their stomach and only two turtles had items in
the oesophagus. Most litter was found in the intestine (with 90.8% of
items and 52.8% of dry mass), followed by the stomach (with 8.9% of
gerhead sea turtles, Caretta caretta, in Portuguese continental waters,
015.12.021
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Table 2
Mean number and mean dry mass of marine litter items (SD, standard deviation) and
respective frequency of occurrence in digestive tracks of loggerhead sea turtles (n = 95)
found along the Portuguese continental coast.

Mean ± SD

Number of items Dry mass (g) FO (%)

Sheet 3.505 ± 8.685 0.286 ± 1.258 45.3
Thread 0.853 ± 2.441 0.126 ± 0.650 24.2
Pellets 0.558 ± 1.820 0.064 ± 0.233 12.6
Foam 0.095 ± 0.463 0.003 ± 0.014 5.3
Fragments 0.074 ± 0.364 0.003 ± 0.016 4.2
Other 0.032 ± 0.176 0.006 ± 0.035 3.2
Plastic 5.116 ± 10.895 0.487 ± 1.501 56.8
Wood 1.421 ± 3.830 0.063 ± 0.245 24.2
Feathers 0.632 ± 1.845 0.008 ± 0.032 19.0
Natural litter 2.053 ± 4.634 0.070 ± 0.251 32.6
Other user 2.021 ± 5.304 0.148 ± 0.459 26.3
Kitchen food 0.274 ± 1.505 0.598 ± 3.375 6.3
Paper 0.116 ± 0.599 0.002 ± 0.011 4.2
Fish hook 0.011 ± 0.103 0.029 ± 0.286 1.1
Rubbish–other than plastics 2.421 ± 6.568 0.777 ± 3.508 29.5
Slag/coal 0.095 ± 0.730 0.010 ± 0.081 3.2
Pollutants–industrial/chemical waste 0.095 ± 0.730 0.010 ± 0.081 3.2
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items and 44.3% of dry mass) and oesophagus (with 0.3% of items and
2.9% of dry mass).

No effect of season or loggerhead cause of stranding was detected in
the number of items and dry mass of litter ingested by loggerheads
(Table 1), thus further analyses were performed using the complete
ingested litter dataset.

Considering litter categories, Plastic was the most observed with a
frequency of occurrence of 56.8%. Within this category, sheet was the
most frequently ingested sub-category with 333 items (3.5 items per
turtle) and a frequency of occurrence of 45.3% (Table 2). Natural litter
and Rubbish–other than plastics were the next two most common
categories observed with a frequency of occurrence of 32.6% and 29.5%,
respectively. Significant differences were found in litter categories, in
terms of number of litter items ingested by loggerheads (Kruskal–Wallis,
H=64.62; p b 0.0001). Plastic itemswere dominant andmore abundant
then all other ingested litter categories (Dunn's test, p b 0.001 for
Rubbish–other than plastics and Pollutants–industrial/chemical waste
and p b 0.01 for Natural litter). Also, the number of items in the categories
Rubbish–other than plastics and Natural litter was higher than
Pollutants–industrial/chemical waste (Dunn's test, both p b 0.001)
(Table 2). In terms of dry mass values, significant differences were also
found for each litter category ingested by loggerheads (Kruskal–Wallis,
H = 64.69; p b 0.0001). The Rubbish–other than plastics category was
dominant in terms of overall drymasswith significant differences in rela-
tion to Plastic andPollutants–industrial/chemicalwaste (Dunn's test, both
p b 0.001). The dry mass values for Plastics were also significantly higher
than Pollutants–industrial/chemicalwaste andNatural litter (Dunn's Test,
both p b 0.001). The dry mass for Natural litter was also higher than that
registered for Pollutants–industrial/chemical waste (Dunn's Test,
p b 0.001) (Table 2).

Considering only the Plastic category, significant differences were
found according to colour in the number of litter items ingested by
loggerheads (Kruskal–Wallis, H = 165.9; p b 0.0001). The number of
ingested white items was higher than all other colour items (Dunn's
Test, black p b 0.05, all remaining colours, p b 0.001), except for trans-
parent items. As the second most abundant colour, transparent items
showed significantly higher numbers than blue, green, yellow, orange,
red, brown and multi-colour items (Dunn's Test, all p b 0.001). The
number of black items was also significantly higher than the number
of yellow, orange, red, brown and multi-colour items (Dunn's test, all
p b 0.001) (Fig. 2a). The same pattern was found for the dry mass of
plastic litter items divided by colour (Kruskal–Wallis, H = 158.0, p b

0.0001). White coloured items were heavier than all other colours
except for transparent items (Dunn's Test, black p b 0.05, all remaining
colours, p b 0.001). Transparent items were heavier than blue, green,
yellow, orange, red, brown and multi-colour items (Dunn's Test, blue
p b 0.01, all remaining colours, p b 0.001). Also, the dry mass of black
coloured items significantly differed from yellow and brown items
(Dunn's Test, p b 0.01), and also from orange, red and multi-coloured
items (Dunn's Test, p b 0.001) (Fig. 2b).

Considering turtle size, no significant correlationwas foundbetween
turtle size (CCL) and number of items or dry mass (respectively rs =
0.096, p = 0.356 and rs = 0.080, p = 0.442) of ingested marine litter.
Also, ingestion of marine litter was observed in 7 out of the 15 (46.7%)
Table 1
Influence of stranding season and cause of death on the number and dry mass of litter
items ingested by loggerheads (two-way PERMANOVA). df, degrees of freedom.

Total items Items per colour

Source df Pseudo-F p Pseudo-F p

Number Season 3 0.303 0.228 0.344 0.132
Cause of death 2 0.435 0.065 0.312 0.224
Interaction 6 −5.197 0.113 −4.980 0.133

Dry Mass Season 3 0.280 0.248 0.247 0.410
Cause of death 2 0.302 0.198 0.312 0.155
Interaction 6 −5.278 0.264 −5.024 0.165
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smaller individuals (CCL ≤ 40 cm) and in 49 out of the 80 (61.3%) larger
individuals (CCL N 40 cm). There were no significant differences
(Mann–Whitney, U=494.50, p=0.267) in themean number of marine
litter items when comparing small turtles (9.53 items ± 22.37 SD) and
large turtles (9.71 items ± 15.71 SD per turtle). There were also no sig-
nificant differences (Mann–Whitney, U= 522.50, p = 0.415) in the dry
Fig. 2. Plastic litter items ingested by loggerhead sea turtles according to item colour.
A: mean number of items per individual; B: mean dry mass of items per individual.
Error bars indicate standard deviation.
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mass of marine litter items when comparing small turtles (0.59 g ± 1.38
SD) and large turtles (1.49 g ± 4.75 SD).

Out of the 95 analysed loggerhead turtles, the cause of death was
attributed to marine litter in only one individual. In this particular
case, litter items amounted to 4.39 g (26.6% of the gut content dry
mass) causing severe stomach perforation, which probably led to the
animal's death.

4. Discussion

The present study reports for the first time the presence of marine
litter in the digestive tracts of loggerhead sea turtles found stranded
dead along the Portuguese continental coast. The frequency of marine
litter in the digestive tracts (59.0%) indicates that litter ingestion is rel-
atively common in loggerhead turtles using Portuguese continental wa-
ters. Other studies conducted on the same species found similar results
in the South-Western Pacific (Australia) (57.1%), in the South-West
IndianOcean (51.4%) and in theGulf ofMexico (51.2%) (Table 3 and ref-
erences therein). The frequency of occurrence values (FO%) in thewest-
ern Mediterranean (Spain) (Tomás et al., 2002) and in the Tyrrhenian
Sea (Tuscany coast) (Campani et al., 2013), (respectively 75.9% and
71.0%) exceeded FO% values in the present study. The mean number
of marine litter items per loggerhead was relatively lower and similar
to those reported by Tomás et al. (2002) in theWestern Mediterranean
(Spain) with 6.8 ± 10.6 items per turtle. Many studies report mean
values considering only individuals that actually ingested plastic, omit-
ting zero values, thus hampering any further comparison of the present
results with other studies (see Kühn et al., 2015).

Most litter items were found in the intestine (present study, Tomás
et al., 2002; Campani et al., 2013; Camedda et al., 2014) suggesting
that most items pass through the digestive system being ultimately ex-
creted (Valente et al., 2008). Loggerhead turtles demonstrate high resis-
tance to litter ingestion, being able to eliminate large quantities of
marine litter and survive its ingestion (Hoarau et al., 2014). In the pres-
ent study,mortality as a consequence ofmarine litter ingestion is low, in
agreement with other studies on loggerhead (e.g. Plotkin and Amos,
1988; Bjorndal et al., 1994; Tomás et al., 2002). In fact, several studies
have suggested that the ingestion of marine litter primarily causes
sub-lethal effects rather than immediate death (Bjorndal et al., 1994;
Bjorndal, 1997; McCauley and Bjorndal, 1999). Examples of such sub-
Table 3
Frequency of occurrence of marine litter in loggerhead sea turtles (Caretta caretta) in different stud
percentage of turtles that ingested marine litter on the total sample.

Study area N CCL

Atlantic Ocean
North-eastern Atlantic (continental Portugal) 95 25.4
North-eastern Atlantic (Azores, Portugal) 12 9.3–
North-western Atlantic (Georgia, USA) 12 59.4
South-western Atlantic (Brazil) 10 63.0
North-western Atlantic (Florida, USA) 50 4.03
Gulf of Mexico (Texas, USA) 82 51.0
Gulf of Mexico (Texas, USA) 66 Hatc

Mediterranean Sea
Central Western Mediterranean (Sardinia, Italy) 121 21.0
Tyrrhenian Sea (Tuscany coast) 31 29.0
Adriatic Sea (Croatia, Slovenia) 54 25.0
Central Mediterranean (Italy) 79 25.0
Western Mediterranean (Spain) 54 34.0
Central Mediterranean (Malta) 99 20.0

Pacific Ocean
South-western Pacific (Australia) 7 4.6–
Central north Pacific (Hawaii, USA) 52 13.5

Indian Ocean
South-west Indian Ocean 74 NAb

a Straight carapace length.
b Not available.

Please cite this article as: Nicolau, L., et al., Ingestion of marine litter by log
Marine Pollution Bulletin (2015), http://dx.doi.org/10.1016/j.marpolbul.2
lethal effects include reduction in food ingestion and assimilation, de-
creasing growth rates and increasing period until sexual maturation
(Bjorndal, 1997).

Plasticswere themost frequentmarine litter type found in the diges-
tive tract of the analysed loggerhead turtles, in agreement with other
studies (Tomás et al., 2002; Casale et al., 2008; Lazar and Gračan,
2011; Campani et al., 2013; Camedda et al., 2014; Hoarau et al., 2014).
Also, the ubiquity and dominance of plastics in all sea turtles worldwide
were recently reported (Schuyler et al., 2014). The prevalence of plastics
in the loggerheads analysed in the present study may also reflect the
predominance of this type of marine litter floating in the Portuguese
oceanic waters (Sá, 2013), and in the bottom of the Portuguese coastal
waters (Neves, 2013; Pham et al., 2014). Furthermore, plastics are pre-
dominant amongst marine litter worldwide (Derraik, 2002; UNEP,
2009; Depledge et al., 2013), mostly due to their lightweight and en-
vironmental persistence (Laist et al., 1999). Within the Plastic cate-
gory, and similarly to other studies (Campani et al., 2013; Camedda
et al., 2014), sheet was the most frequent subcategory. Unlike other
positively buoyant plastic subcategories, such as fragments or foam,
sheet items have a suspending pattern in the water column, which
may be confounded with gelatinous prey. These results are con-
sistent with some authors who suggest that loggerhead turtles are
prone to ingest marine litter items that resemble their natural
preys (Gramentz, 1988; Plotkin et al., 1993; Casale et al., 2008;
Campani et al., 2013).

Within the Plastic category, white and transparent items were the
most frequent, as in other studies (Gramentz, 1988; Lazar and Gračan,
2011; Camedda et al., 2014; Hoarau et al., 2014). Both colour and
shape (white, transparent, suspending pattern) contribute to the inges-
tion of sheet items, which are probably mistaken by jellyfish (Bugoni
et al., 2001; Schuyler et al., 2014; Kühn et al., 2015). Previous studies
concluded that loggerhead turtles, in particular adult individuals, are
able to discriminate colours to find food (Bartol and Musick, 2003).
Rather than colour selectivity, the high occurrence of white and trans-
parent items may also reflect the availability of these items in the
study area (Camedda et al., 2014; Kühn et al., 2015). In fact, despite
the lack of studies discriminating colours of marine litter in Portuguese
continental waters, white and transparent items were the most fre-
quently observed in other regions (Carpenter and Smith, 1972; Day
et al., 1990; Morét-Ferguson et al., 2010; Titmus and Hyrenbach, 2011).
ies. N: number of individuals included in the study; CCL: curve carapace length; occurrence:

range (cm) Occurrence (%) References

–75.5 59.0 Present study
56.0 25.0 Frick et al. (2009)
–77.0 0 Frick et al. (2001)
–97.0 10 Bugoni et al. (2001)
–5.63a 32 Witherington (1994)
–105.0 51.2 Plotkin et al. (1993)
hlings–109 47.0 Plotkin and Amos (1988)

–73.0 14.0 Camedda et al. (2014)
–73.0 71.0 Campani et al. (2013)
–79.2 35.2 Lazar and Gračan (2011)
–80.3 48.1 Casale et al. (2008)
–69.0 75.9 Tomás et al. (2002)
–69.5 20.2 Gramentz (1988)

10.6 57.1 Boyle and Limpus (2008)
–74.0 34.6 Parker et al. (2005)

51.4 Hoarau et al. (2014)

gerhead sea turtles, Caretta caretta, in Portuguese continental waters,
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Although Plastics were the most common litter category in terms of
number of items and frequency of occurrence, the overall dry mass of
Rubbish–other than plastics is significantly higher when compared to
other categories. This is probably due to the heavier materials within
this category other than lightweight plastics, such as processed wood,
pieces of metal or fishing hook remains. Apart from consuming items
that resemble natural prey, loggerheads consumed other items of
heterogeneous shapes and materials, which did not resemble any prey
species (e.g. wood, human food remains, aluminium foil). This is in
line with a low feeding discrimination strategy, which also explains
the loggerhead turtle's tendency to ingest marine litter (Tomás et al.,
2002; Lazar and Gračan, 2011). Also, even though most ingested litter
was buoyant, the ingestion of non-buoyant items by loggerheads indi-
cates that litter consumption occurred not only in the water column
or near surface, but also at the sea bottom.

When comparing the number and dry mass of marine litter items
ingested by neritic loggerhead turtles (N40 cmCCL)with those ingested
by pelagic–neritic turtles (≤40 cm CCL) no significant differences were
found. Also, no correlation was found between turtle size and the num-
ber or dry mass of ingested marine litter items. These results are in line
with those observed in the majority of other studies, in which no cor-
relation between sea turtle size and the amount of ingested litter was
found (Tomás et al., 2002; Lazar and Gračan, 2011; Camedda et al.,
2014; Hoarau et al., 2014). Nonetheless, a few studies using a wider
range of turtle sizes (from hatchlings to adults including both juvenile
oceanic and adult benthic turtles) showed a decreasing trendof litter in-
gestion with increasing turtle size (Balazs, 1985; Plotkin and Amos,
1990). In our study, most turtle sizes ranged between 40 and 60 cm
(76.8% of the analysed individuals) probably impeding any correlation
between turtle size and amount of ingested litter.

In the future, the application of the MSFD protocol “Guidance on
Monitoring of Marine Litter in European Seas” (MSFD GES Technical
Subgroup on Marine Litter, 2011) will allow for a homogenization of
results producing spatial and temporal trends in Europe. The loggerhead
turtle is a promising marine litter biomonitoring tool in Portuguese
continental waters in agreement with the on-going approach in the
Mediterranean Sea (Campani et al., 2013; Camedda et al., 2014;
Galgani et al., 2014), usingmarine litter ingestion by loggerhead turtles
to help quantifying the efficiency of conservation measures within the
scope of the Marine Strategy Framework Directive. Globally, further re-
search is needed to understand the long-term consequences of anthro-
pogenic litter tomarine ecosystems and effectivemeasures are required
to prevent the disposal of plastics into the oceans.
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