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Abstract
This study analysed sea turtle strandings on the coast of Paraíba State, Northeastern Brazil, from August 2009 to 
July 2010. A total of 124 strandings were recorded in this period: green turtle Chelonia mydas (n = 106), hawksbill 
Eretmochelys imbricata (n = 15), olive ridley Lepidochelys olivacea (n = 2) and loggerhead Caretta caretta (n = 1). 
Of all turtles for which the Curved Carapace Length (CCL) was measured (n = 122), only 12 individuals (9.7%) were 
adults. Twenty individuals had synthetic anthropogenic debris in the gastrointestinal tract. Other traces of human 
interactions were observed in 43 individuals, such as injuries caused by entanglement in fishing lines or nets, collisions 
with vessels, direct contact with oil spills and lesions caused by sharp or spiked objects. Moreover, in 28.5% of the 
stranded turtles, the presence of external tumors was noticed, suggestive of fibropapillomatosis and in 9.7%, shark 
bite marks were observed. Of the 107 individuals that were sexed, 76 were females and 31 were males. Most turtles 
(72.6%) became stranded during the spring/summer (between October and March). We found evidence of human 
interactions (injuries) in half of the strandings, but in most cases it was not possible to determine if such interactions 
were the cause of death. A logistic regression found a significant relationship between CCL, ingestion of debris and 
lesions caused by sharks or spiked objects. Systematic data collection from stranded sea turtles can provide useful 
biological information, such as seasonal and spatial patterns in their occurrence and mortality, age structure, sex ratio 
and diet, as well as possible mortality causes.
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Padrões e inferências associadas com encalhes de tartarugas  
marinhas no Estado da Paraíba, Nordeste do Brasil

Resumo
Este estudo analisou encalhes de tartarugas marinhas na costa do Estado da Paraíba, Nordeste do Brasil, de agosto 
de 2009 a julho de 2010. Neste período, 124 encalhes foram registrados: tartaruga-verde Chelonia mydas (n = 106), 
tartaruga-de-pente Eretmochelys imbricata (n = 15), tartaruga-oliva Lepidochelys olivacea (n = 2) e cabeçuda Caretta 
caretta (n = 1). Dentre todas as tartarugas que tiveram o Comprimento Curvilíneo da Carapaça (CCC) medido 
(n = 122), apenas 12 indivíduos (9,7%) foram considerados adultos. Vinte indivíduos tinham detritos antropogênicos 
sintéticos no trato gastrointestinal. Em 43 indivíduos, outros vestígios de interações humanas foram observados, tais 
como lesões causadas por emaranhamento em linhas ou redes de pesca, colisões com embarcações, contato direto com 
derramamentos de óleo e lesões causadas por objetos perfurocortantes. Além disso, em 28,5% das tartarugas encalhadas, 
foi observada a presença de tumores externos sugestivos de fibropapilomatose e em 9,7%, foram observadas marcas 
de mordidas de tubarão. Dos 107 indivíduos sexados, 76 eram fêmeas e 31 eram machos. A maioria das tartarugas 
(72,6%) encalhou durante a primavera/verão (entre outubro e março). Foram encontrados sinais de interações humanas 
(lesões) em metade dos encalhes, mas na maioria dos casos, não foi possível determinar se tais interações foram a causa 
da morte. A regressão logística encontrou uma relação significativa entre CCC e ingestão de detritos, lesões causadas 
por objetos perfuro-cortantes e ataques de tubarões. A coleta sistemática de dados de tartarugas marinhas encalhadas 
pode fornecer informações biológicas úteis, tais como padrões sazonais e espaciais na sua ocorrência e mortalidade, 
estrutura etária, razão sexual, dieta, bem como possíveis causas de mortalidade.

Palavras-chave: espécies ameaçadas, impacto humano, encalhes de praia, tartaruga verde.
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1. Introduction

Sea turtles are long-distance migratory animals and 
occupy niches in different marine environments and 
geographical regions throughout their different life cycle 
stages, usually ranging from pelagic environments, as 
hatchlings, to several coastal areas in their juvenile and 
adult stages (Bolten, 2003). Due to migratory habits, sea 
turtles are susceptible to threats in both offshore and coastal 
environments (Bolten, 2003). Five sea turtle species use the 
Brazilian coast for reproduction and feeding: loggerhead 
(Caretta caretta Linnaeus, 1758), green (Chelonia mydas 
Linnaeus, 1758), leatherback (Dermochelys coriacea 
Vandelli, 1761), olive ridley (Lepidochelys olivacea 
Eschscholtz, 1829) and hawksbill (Eretmochelys imbricata 
Linnaeus, 1766) (Marcovaldi and Dei Marcovaldi, 1999). 
All species are listed as threatened by extinction globally 
(IUCN, 2011) and nationally (Martins and Molina, 2008).

Sea turtles face a wide variety of stressors, mainly 
anthropogenic (Lutcavage et al., 1997). In Brazil, a 
major cause of sea turtle mortality is linked to incidental 
capture in fishing artifacts (Mascarenhas et al., 2005; 
Marcovaldi et al., 2006; Bugoni et al., 2008). Marine 
pollution is another serious threat that causes habitat 
degradation and turtle death through debris ingestion or 
entanglement (Bjorndal et al., 1994; Ivar do Sul and Costa, 
2007). Along most of the Brazilian coast, ingestion of 
marine debris by sea turtles has frequently been reported 
(Bugoni et al., 2001; Mascarenhas et al., 2004; Tourinho et al., 
2010; Guebert-Bartholo et al., 2011). Moreover, although 
prohibited in most of the world, all sea turtle species have 
been used for decades as a protein source, entailing the 
consumption of their meat or eggs, or as raw material in 
the manufacture of ornaments and artifacts (Marcovaldi 
and Dei Marcovaldi, 1999; Campbell, 2003).

In addition to human threats, sea turtles suffer the impacts 
of many types of disease, among which fibropapillomatosis 
(FP) is the most studied (Herbst, 1994). FP is a debilitating 
disease and can be lethal, or may impair the animal’s ability 
to feed or swim (George, 1997).

Part of the dead or debilitated animals end up stranded on 
beaches, and this performs a fundamental role in ecological 
studies and species conservation (Epperly et al., 1996). 
Systematic data collection from stranded sea turtles can 
provide useful biological information, such as seasonal 
and spatial patterns in their occurrence and mortality, age 
structure, sex ratio, diet, interannual variations associated 
with climatic or anthropogenic events, as well as possible 
causes of mortality (Bjorndal, 1999). In Paraíba State, 
Northeastern Brazil, strandings of green, hawksbill, olive 
ridley and loggerhead sea turtles have been recorded 
(Mascarenhas et al., 2005; Mascarenhas and Iverson, 2008).

Given the current vulnerability of all sea turtle species, 
the systematic study of strandings, with an emphasis on 
research into their causes, is becoming increasingly urgent. 
This study aimed to examine sea turtle strandings on the 
coast of Paraíba State from August 2009 to July 2010, 
testing the following hypotheses: (1) The occurrence of 

different species strandings is not homogeneous among 
species and seasons; (2) There is significant difference in 
the occurrence of strandings among life stages and sexes; 
(3) There is a relationship between Curved Carapace Length 
(CCL) and events associated with stranding.

2. Material and Methods

The study was conducted from August 2009 to July 
2010 on the coast of Paraíba State, Northeastern Brazil, 
along 15 km of urban beaches in the municipalities of João 
Pessoa (7°08’S and 34°48’W) and Cabedelo (7°01’S and 
34°49’W) (Figure 1). Daily monitoring was performed 
between Bessa (7°05’S and 34°49’W) and Ponta de 
Campina (7°01’S and 34°49’W). For the remaining area 
(Cabo Branco, Tambaú and Manaíra beaches), stranding 
observations were reported to the researchers through 
partnerships with environmental agencies and the local 
community, via a telephone line, “SOS Turtles”.

In the case of dead individuals, the external data were 
collected at the stranding location, such as the carcass 
decomposition stage, evidence of anthropogenic interaction, 
presence of tumors, presence of individual marks and 
evidence of interaction with other fauna. The carcass 
decomposition stage was divided into categories: a) without 
decomposition evidence; b) moderate decomposition; and 
c) advanced decomposition. CCL and the Curved Carapace 
Width (CCW) were measured using a flexible tape with 
0.1 cm accuracy. Individuals were classified as juveniles 
or adults based on CCL measurements, considering the 
minimum values of nesting females in nearby beaches (see 
Baptistotte et al., 2003; Grossman et al., 2007; Marcovaldi 
and Chaloupka, 2007; Silva et al., 2007; Santos et al., 2010 
for reference values).

After the collection of external data, carcasses were 
necropsied to collect additional data such as sex by 
gonad examination, observation of internal tumors and 
digestive tract analysis in search of anthropogenic material. 
Gastrointestinal tracts were removed from the esophagus 
to the final portion of the intestine, and each organ was 
analysed separately. Gastrointestinal content was washed 
using sieves and, when present, anthropogenic debris was 

Figure 1. Strandings distribution in the different months 
between August 2009 and July 2010 on the Paraíba coast.
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separated from organic items. Animals stranded alive were 
moved to rehabilitation in the “Projeto Tartarugas Urbanas” 
after external data collection. Animals that died during 
rehabilitation underwent the same necropsy procedure.

Homogeneity in the occurrence of different stranded 
species was confirmed using a Kolmogorov–Smirnov 
test (Ayres et al., 2007). Other tests were performed only 
for species where the number of strandings was above 
20 individuals. A Chi-square test was applied to verify 
homogeneity in the occurrence of juvenile and adult strandings 
(Ayres et al., 2007). We performed a Kolmogorov–Smirnov 
test (Ayres et al., 2007) to test whether the occurrence of 
anthropogenic interactions was homogeneous. We also 
performed a logistic regression (Fox, 2005) between 
the CCL and the possible causes of stranding in order to 
determine whether there was a relationship between the 
size of the turtle and the different interactions observed. A 
Chi-square test was applied to verify homogeneity in the 
occurrence of male and female strandings (Ayres et al., 
2007). A Chi-square test was applied to confirm differences 
in the occurrence of strandings in the winter and summer, 
and a Rayleigh test was also performed in order to highlight 
the period of highest stranding occurrence (Ayres et al., 
2007). For all statistical analyses, results were considered 
significant at an alpha 0.05 level (Zar, 1999).

3. Results

From August 2009 to July 2010, 124 sea turtle strandings 
were recorded in the study area. Fifteen turtles (12.1%) 
were stranded alive but died during the rehabilitation 
period. Regarding the decomposition status of the carcass, 
19 (17.4%) were fresh, 29 (26.6%) were moderately 
decomposed and 61 (56.0%) were in an advanced state 
of decomposition. Parts of the carcasses were missing 
in 20 individuals (16.1%). A total of 98 necropsies were 
performed. The occurrence of stranded species was not 
homogeneous (Kolmogorov–Smirnov maximum deviation 
= 0.604, p < 0.01): 106 green turtles (85.4%), 15 hawksbill 
(12.1%), two olive ridley (1.6%) and one loggerhead (0.9%).

Regarding age class, for all stranded turtles that were 
measured (n = 122), only twelve individuals (9.7%) could 
be considered adults (Table 1). The CCL and CCW of two 
green turtles could not be measured due to the lack of a 
partial or whole carapace. There was a significant difference 
between the occurrence of juvenile and adult green turtles 
(χ2

YATES = 40.9, p = 0.0001), with nine adults observed 

(8.6%, n = 9/104); for the other species, three hawksbills 
and the only loggerhead were considered adult (Table 1).

A total of 98 gastrointestinal tracts were analysed, 
of which 20 (20.4%) contained synthetic anthropogenic 
debris: 13 green turtles (65.0%), 5 hawksbill (25.0%) and 2 
olive ridley (10.0%). Moreover, 43 individuals (41.3%) of 
the 104 whole carcasses showed other evidence of human 
interactions, such as injuries caused by entanglement in 
lines or nets (33.6%), collisions with vessels (3.8%), sharp 
or spiked objects (3.8%) and direct contact with oil spills 
(0.96%). The proportion of anthropogenic interactions was 
not homogeneous for green turtles (Kolmogorov–Smirnov 
maximum deviation = 0.383, p < 0.01).

In addition to the evidence of human interactions, other 
carcasses showed signs that could be linked to causes of 
debilitation that had possibly resulted in the stranding. In 
28.5% (n = 30/105) of the stranded turtles, considering 
the carcasses that were intact, the presence of external 
tumors was noted, suggestive of FP, and even those that 
were incomplete showed the same type of tumors. All 
individuals that presented these tumors were green turtles, 
with CCLs ranging between 37.9 and 76.4 cm (= 54 cm). 
Shark bite marks were observed in 9.7% (n = 124) of the 
carcasses. Of the 12 animals that showed evidence of 
interactions with sharks, only two had a CCL < 75 cm, 
indicating that they were either large juveniles or adults.

A logistic regression, performed for green sea turtle 
data, showed a significant relationship between the CCL 
and ingestion of anthropogenic debris (estimate = –0.048, 
p = 0.03); between the CCL and injuries caused by sharp 
or spiked objects (estimate = 0.072, p = 0.01); and between 
the CCL and interactions with sharks (estimate = 0.046, p = 
0.001). The regression revealed no significant relationship for 
the remaining observations of possible causes of stranding 
(entanglement in lines and nets, collisions with vessels, 
contact with oil and tumors suggestive of FP_ Table 2).

Regarding sex, in 17 carcasses (13.7%) it was not 
possible to determine gender due to the advanced stage 
of decomposition. Of the 107 individuals sexed, 76 (71%) 
were females and 31 (29%) were males. Female green 
sea turtles predominated (χ2

YATES = 8.8, p = 0.003): of 
91 individuals sexed, 66 (72.5%) were females and 25 
(27.5%) were males. Regarding seasonality, strandings 
predominated in the spring/summer (76.6%, n = 90; 
χ2

YATES = 12.3, p = 0.0004). A Rayleigh test confirmed 
that the distribution of stranding occurrences was not 
uniform (R = 38.9, p < 0.01), indicating a higher incidence 
of strandings between October and February (Figure 1).

Table 1. Curved Carapace Length (CCL) and Curved Carapace Width (CCW) (mean and standard deviation) of the turtle 
species collected in strandings on the Paraíba coast between August 2009 to July 2010. The maximum and minimum are in 
parentheses.

Species CCL (cm) CCW (cm)
C. mydas (n = 104) 56.6 ± 21.5 (24.0-123.5) 52.2 ± 20.3 (22.2-111.7)

E. imbricata (n = 15) 48.8 ± 21.6 (30.9-91.2) 43.3 ± 19.9 (26.0-84.7)
L. olivacea (n = 2) 61.6 ± 2.3 (60.0-63.3) 66.0 ± 2.2 (64.4-67.6)
C. caretta (n = 1) 93.5 86
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4. Discussion

Our results corroborate the study of Mascarenhas et al. 
(2005) in the same area, showing that green turtles are 
the most frequently stranded species. The same results 
have been found along the Brazilian coast, such as in 
Rio de Janeiro (Reis et al., 2009), Rio Grande do Sul 
(Bugoni et al., 2001) and Paraná (Guebert-Bartholo et al., 
2011). Green turtles are found in many feeding grounds 
on the Brazilian coast (Marcovaldi and Dei Marcovaldi, 
1999; Grossman et al., 2007), including the coral reefs of 
the Paraíba coast (Mascarenhas et al., 2005), which may 
explain the predominance of this species in strandings.

Hawksbills occurred in significantly lower numbers 
compared to green sea turtles; despite the Paraíba beaches 
having been recognised as a nesting site for this species 
(Mascarenhas et al., 2003), only three individuals were 
considered sexually mature, and so these strandings 
were not associated with their presence during the period 
of reproductive activity in the area. It is probable that 
hawksbill, olive ridley and loggerhead specimens died 
and became stranded between the migration from their 
nesting area to different foraging grounds. Whiting et al. 
(2007), in a study of olive ridley turtles in Australia, 
suggest that after the nesting season all turtles travel 
between 180 and 1050 km to different foraging areas, using 
coastal and continental habitats, and are able to forage 
during migration before reaching their foraging grounds. 
Telemetry studies in Brazil indicate that hawksbills migrate 
between nesting areas in Bahia and foraging grounds in 
Ceará State (Marcovaldi et al., 2011), and that there is a 
migratory corridor along the entire coast of Northeastern 
Brazil for loggerheads (Santos et al., 2011). Telemetry 
studies for olive ridley turtles in Brazil highlight that there 
is a displacement from the Espírito Santo coast to Pará 
State (Castilhos et al., 2011). Beyond telemetry studies, 
analysis of strandings along the Brazilian coast indicates 
that turtles could be migrating to more southern feeding 
areas, such as in the study of Reis et al. (2010a), which 
suggests that feeding areas for olive ridley turtles are 
found on the Rio de Janeiro coast. Considering this large 
home range, and all the natural and anthropogenic risks to 
which these animals are exposed, it is very plausible that 
they were stranded during migration from their nesting 
area to different foraging grounds.

Relative to life stage, similar studies in Brazil and 
elsewhere have also reported a higher incidence of juvenile 
strandings, irrespective of species (Bugoni et al., 2001; 
Chaloupka et al., 2008; Reis et al., 2009). One explanation 
for the high incidence of juvenile strandings is based on 
their cycle life. Juveniles of the green, hawksbill, olive 
ridley and loggerhead turtles usually migrate from ocean 
areas to neritic environments, where they complete their 
development and where there is greater food availability 
(Bolten, 2003). However, coastal areas typically support 
greater human activity and a greater accumulation of debris 
(Aguirre and Lutz, 2004), which makes the sea turtles more 
susceptible in these environments. Regarding sex ratio, 
females predominated, as is the case in previous reports 
of the area (Mascarenhas et al., 2005). Grossman et al. 
(2007), in a study on green turtles in Atol das Rocas, also 
report a higher frequency of females. The greater number 
of females stranded is probably due to the fact that females 
are more common in natural populations, in spite of there 
being no studies that report females to be more susceptible 
to threats than males in the marine environment.

It is evident in the present study and has been reported 
elsewhere that human activity remains the main cause 
of sea turtle mortality worldwide. In the present study, 
fishing activities followed by marine pollution were found 
to be the main threats to turtles on the Paraíba coast. The 
predominance of entanglement with fishing apparatus as 
the main human interaction registered in the stranded turtles 
corroborates other studies where fishing activity appears to 
be one of the most important anthropogenic-related sources 
of sea turtle mortality in the world (Marcovaldi et al., 2006; 
Bugoni et al., 2008; Casale et al., 2010). In Paraíba State, 
fishing is mainly artisanal, comprising sailboats and small 
motorboats fishing in shallow waters near the coast and in 
estuaries, deploying gillnets, hook-and-lines and fishing 
by manual collection (IBAMA, 2008). In lobster fishing 
on the Paraíba coast, 73% of the fishermen carry out their 
activities on the reefs and 24% between the reefs and the 
beaches, using gillnets in 49% of cases (Oliveira et al., 
2009). Is important to note that this type of fishing activity 
is very dangerous for sea turtles, as has been reported by 
Lima et al. (2010).

The present study showed that ingestion of marine 
debris, especially plastic, is an important threat to sea 
turtles, with the smaller green sea turtles having a higher 

Table 2. Results of logistic regression performed between CCC and the possible causes of Chelonia mydas strandings.
Possible cause of stranding Estimate Stand. Error Z value Pr(>|z|)

Ingestion of marine debris –0.048 0.023 –2.076 0.03*
Entanglement in nets and lines 0.001 0.010 0.129 0.8
Collisions with vessels –0.017 0.033 –0.514 0.6
Injuries caused by sharp or spiked objects 0.072 0.030 2.364 0.01*
Contact with oil spills –0.138 0.139 –0.994 0.3
Shark attack 0.046 0.014 3.107 0.001*
Tumors suggestive of FP –0.007 0.010 –0.745 0.4
* Statistical significance.
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probability of ingesting plastic debris compared to larger 
ones, confirming the results of previous studies (Balazs, 
1985; Plotkin and Amos, 1990). Synthetic materials are 
currently recognised as an important pollutant in marine 
and coastal environments, and are reported in many studies 
as the main type of debris found in these habitats (Ivar do 
Sul and Costa, 2007; Ryan et al., 2009). The physical and 
chemical effects of ingesting marine debris on sea turtles are 
widely described in the literature (McCauley and Bjorndal, 
1999; Bugoni et al., 2001; Tourinho et al., 2010). These 
effects can be sub-lethal or lethal (Mascarenhas et al., 
2004; Tourinho et al., 2010), and therefore this interaction 
is regarded as an important cause of stranding. Sea turtles 
are prone to the ingestion of solid residues, which may 
occur intentionally, when these residues are confused with 
their natural foods or accidentally, when they are ingested 
with food (Mrosovsky et al., 2009). Green sea turtles are 
particularly prone to ingesting a large amount of marine 
debris, mainly plastic, since it usually adheres to their main 
food resource, the algae (Reis et al., 2010b).

In addition to the ingestion of anthropogenic debris, it 
was possible to observe extreme oil contamination in the 
entire body of a single individual, including the oral and 
nasal cavities. The individual observed in this study was 
an isolated case of visible contamination by oil, indicating 
that the number of sea turtles on the Paraíba coast affected 
by contact with oil spills would appear to be low.

Collision with vessels is further evidence of human 
interaction being related to strandings, and is often the 
cause of sea turtle death. Casale et al. (2010) point out 
that collision with vessels was the second most common 
cause of sea turtle death in the Mediterranean. However, 
in the present study this interaction was not very common: 
the strandings indicated that collisions occurred with the 
carcass, not with a living turtle. Regarding evidence of 
intentional injuries caused by sharp or spiked objects, two 
main reasons are sustained to justify these activities: the use 
of turtle meat for food and of the carapace keratin plates 
for manufacture of ornamental items, or fishing artifact 
protection when animals, particularly large ones, are caught 
and, in their struggle, rip the nets. This is corroborated by 
logistic regression, which showed that larger individuals are 
more susceptible to these types of injuries. The use of the 
meat for consumption, and the carapace for the preparation 
and sale of ornamental items has been reported in some 
Brazilian cities (Marcovaldi and Dei Marcovaldi, 1999).

The occurrence of tumors in green turtles was expected, 
since FP disease is recognized as more frequently affecting 
this species (Aguirre and Lutz, 2004; Foley et al., 2005; 
Reis et al., 2010b). Mascarenhas and Iverson (2008) report 
tumors suggestive of FP in 26% of the strandings observed 
on the Paraíba coast. Compared to that study, the results of 
the present study showed a small increase in the incidence 
of these tumors, and, moreover, we observed the presence 
of both external and internal tumors in three animals, 
especially in the lungs and intestine. The higher incidence 
of tumors in individuals with CCLs of between 30 and 
80 cm corroborates previous studies that report juveniles 

as those that are mostly affected by FP (Aguirre and Lutz, 
2004; Chaloupka et al., 2008). Foley et al. (2005) suggest 
that the lack of FP in the smaller size classes (up to 30 cm) 
could be explained by a lack of sufficient time for disease 
symptoms to appear and, later, when these individuals 
begin to migrate to coastal areas, they are exposed to a 
greater concentration of pollutants (a possible co-factor 
associated with FP), which could contribute to triggering 
the disease. The sharp fall in the prevalence of the disease 
in animals with CCLs < 80 cm could be explained by a 
regression of tumors with age, or as a result of mortality 
of individuals with FP before they have reached a larger 
size (Foley et al., 2005). In addition, Van Houtan et al. 
(2010) in their study reveal the relationship between turtle 
size, eutrophication of foraging areas and the incidence of 
invasive algae with the emergence of FP in green turtles. 
By correlating disease with environmental factors, the 
occurrence of FP can be used to evaluate ecosystem health 
(Reis et al., 2010b).

The significant seasonality observed in the occurrence of 
strandings is probably related to the increase of anthropogenic 
activities combined with the turtles migrating to their 
nesting grounds. Fishing activities are more intense along 
the Paraíba coast during the spring and summer (IBAMA, 
2008). Moreover, during this period the movement of tourist 
boats and the accumulation of marine debris on beaches 
are both greater in this area (Mascarenhas et al., 2008).

We conclude that, despite conservation efforts and the 
current Brazilian laws that penalize harmful practices that 
threaten species, a range of human activities still endanger 
sea turtle survival in the long-term. Fishing remains a 
serious problem on the Paraíba coast, and interaction with 
anthropogenic debris, as well as the significant incidence of 
FP, reveals a worrying environmental degradation. Urgent 
measures are necessary, such as an increase in environmental 
education activities and programs of regeneration and 
environmental protection. Although there are numerous 
studies on strandings of all sea turtle species, continued 
monitoring is necessary along the entire Brazilian coast. 
Furthermore, studies of population size, including tagging, 
genetic analyses and behavioural studies, will be extremely 
important in estimating the impact of mortality in this 
specific population.
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