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Abstract

1.

Data on stranded sea turtles were examined between 2010 and 2016 along the
northern region of Rio de Janeiro state and between 2016 and 2017 in the south-
ern region, looking for spatio-temporal patterns and determining which factors

contributed to their mortality.

. A total of 12,162 strandings of all five species that occur in Brazil were recorded,

with Chelonia mydas being the most common (89.9%). Sea turtles use the Rio de
Janeiro coast as a feeding and/or migration area. The intense upwelling (October
to April) may be an important factor for the sea turtles feeding in this region,
mainly for Eretmochelys imbricata and Dermochelys coriacea, which had a higher
number of strandings during this period.

Areas further north of the study area include an important nesting site for Caretta
caretta in Brazil, which explains the higher concentration of strandings of sub-
adults/adults of this species in this region and during its nesting season.

Many anthropogenic threats to sea turtles were documented, mainly incidental
capture in fisheries and marine debris, indicating possible hotspots for these
threats in the regions of Sepetiba and Guanabara Bays, Cabo Frio, and Sao
Francisco de Itabapoana.

Among the natural causes of strandings, the primary factors were chronic illness,
endoparasites, and fibropapillomatosis. However, pollution may also be an indirect
threat, which negatively affects these animals through reduced health and immu-

nosuppression, leaving them more susceptible to opportunistic diseases.

. These data are valuable for directing and implementing specific and local mitiga-

tion measures along the Rio de Janeiro state coast, such as avoiding bycatch hot-
spots through fleet communication programmes and/or area and seasonal

closures, enforceable legislation, effective penalties and proper waste

management.
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1 | INTRODUCTION

Continental and island coastal waters in Brazil constitute an important
migratory, foraging, or reproductive habitat for five species of sea tur-
tles: the green turtle (Chelonia mydas, Linnaeus 1758); the loggerhead
turtle (Caretta caretta, Linnaeus 1758); the hawksbill turtle
(Eretmochelys imbricata, Linnaeus 1766); the olive ridley turtle
(Lepidochelys olivacea, Eschscholtz 1829); and the leatherback
turtle  (Dermochelys Vandelli 1761) (Marcovaldi &
Marcovaldi, 1999).

Sea turtles in Brazil have been protected since the 1980s

coriacea,

(Marcovaldi & Marcovaldi, 1999), and all five species are included
in the Brazilian Red Book of Threatened Species of Fauna (Chico
Mendes Biodiversity =~ Conservation/Ministry  of
Environment—ICMBio/MMA, 2018). Information on threats faced

by sea turtles in coastal waters comes from strandings. Dead, sick,

Institute  for

or injured turtles found washed up on the coast can provide valu-
able information on their health status, and point to the primary
causes of morbidity and mortality in a zone or region. Threats
identified in stranded sea turtles include interactions with fishing
gear (Monteiro et al., 2016; Tomas, Gozalbes, Raga, & Godley,
2008; Vélez-Rubio, Estrades, Fallabrino, & Tomas, 2013), marine
debris (Bugoni, Krause, & Petry, 2001; Santos, Andrades, Boldrini, &
Martins, 2015; Tourinho, Sul, & Fillmann, 2009), boats and others
watercrafts (Hazel & Gyuris, 2006; Work, Balazs, Summers,
Hapdei, & Tagarino, 2015), hopper dredges (Goldberg et al., 2015),
and oil and natural gas exploration/production activities (Stacy
et al, 2017; VYlitalo et al., 2017). Natural factors, including diseases
fibropapillomatosis  (FP) (Chaloupka, Work, Balazs,
Murakawa, & Morris, 2008; Reis, Pereira, et al., 2010), other neo-
plasms (Orés, Torrent, Calabuig, & Déniz, 2005), endoparasitosis
(Flint et al., 2014), septicaemic processes (Goldberg et al., 2016),
and hypothermia (Shaver et al, 2017; Vélez-Rubio, Trinchin,

Estrades, Ferrando, & Tomas, 2017), are also reported as causes of

such as

stranding.

Stranding records can also provide insights into other aspects of
sea turtle populations, including spatio-temporal distribution, life
stages, sex ratio, migratory patterns, diet, and habitat use (Guebert-
Bartholo, Barletta, Costal, & Monteiro-Filho, 2011; Reis, Moura, Lima,
Rennd, & Siciliano, 2010; Vélez-Rubio et al., 2013). In addition, data
on stranded turtles can serve as a baseline for assessing impacts
from management and conservation measures (Crowder, Hopkins-
Murphy, & Royle, 1994; Epperly & Teas, 2002; Shaver & Teas, 1999).
However, it is important to consider that the distribution of stranded
turtles is often influenced by marine currents and other oceano-
graphic events and these data represent a minimum measure of at-sea
mortality (Hart, Mooreside, & Crowder, 2006; Koch, Peckham, Man-
cini, & Eguchi, 2013).

The occurrence of stranded sea turtles along the coast of Rio de
Janeiro state, south-eastern Brazil, was summarized with a focus on
four objectives: (i) to identify the species and life stages of stranded
sea turtles; (ii) to quantify the sites of occurrence and the concentra-

tion of stranded turtles; (iii) to analyse the temporal patterns of

stranded turtles; and (iv) to identify the contributing factors of sea tur-

tle mortality.
2 | METHODS
21 | Studysite

The study area spanned approximately 1251 km (95%) of beaches
of the Rio de Janeiro state in Brazil, where two regular beach
monitoring programmes (BMPs) are required through federal envi-
ronmental licensing of the Brazilian oil company PETROBRAS,
because of its activities for the production and disposal of oil and
natural gas in the Santos and Campos Basins, under the supervi-
sion of the Brazilian Institute for the Environment and Renewable
Natural Resources (IBAMA/MMA) (PETROBRAS, 2017; PETRO-
BRAS, 2018; Werneck et al, 2018). The other 66 km, running
between Barra do Furado (22°05'34.8"S 41°08'03.8"W) and the
Paraiba do Sul River mouth (21°37'09.1"S 41°00'53.3"W), was
monitored by a separate programme licensed by the private mixed-
use port complex Acu Superport (21°48'56.5"S 41°00'21.6"W,;
Figure 1). For this study, the coast of Rio de Janeiro was divided
into south and north regions, to differentiate the monitoring
efforts. The southern study region extended from the municipality
of Paraty (23°22'02.6"S 44°43'26.8"W) to the Vila beach
(22°56'10.7"S 42°29'36.2"W), in the municipality of Saquarema
(Figure 1). This coastline runs east-west along Santos Basin
(Muehe, Lima, & Lins-de-Barros, 2006), including the Guanabara
Bay and, to the west, the Sepetiba Bay, protected by the Mar-
ambaia Island and the llha Grande Bay. The northern study region
extended from Itatina beach (22°56'07.1"S 42°29'26.2"W), in the
municipality of Saquarema, to the municipality of Sao Francisco de
Itabapoana (21°18'28.3"S 40°57'29.3"W), excluding Campos dos
Goytacazes and Sao Joao da Barra (Figure 1). This region's coast-
line borders the Campos Basin and runs north-north-east and
south-south-west, interrupted by the broad delta-shaped plain of
the Paraiba do Sul River (Muehe et al., 2006).

The coast of the state of Rio de Janeiro is quite diverse and
rugged, with many rivers, lakes, ponds, bays, and islands of differ-
ent sizes (Muehe et al., 2006; Rossi-Wongtschowski et al., 2006).
The most striking oceanographic feature in the region is a coastal
upwelling (Valentin, 2001), in which the South Atlantic Central
Water, a deep, cold, low salinity and nutrient-rich water mass,
moves beyond the continental shelf towards the coast, especially
between October and April (Rossi-Wongtschowski et al., 2006;
Valentin, 2001). The South Atlantic Central Water penetration into
the coastal region increases primary production and, consequently,
facilitates the development of all trophic levels (Guimaraens,
Paiva, & Coutinho, 2005; Rossi-Wongtschowski et al, 2006;
Valentin, 2001). This upwelling occurs between 22° and 23°S,
moving in a south-west direction, even reaching the southern coast
of Rio de Janeiro and the island of Sao Sebastiao, Sao Paulo (24°S)
(Lorenzzetti & Gaeta, 1996).
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2.2 | Data collection

In this study, any sea turtle found alive or dead on the beaches or
floating in coastal waters was considered a stranding, except for
nesting females. Data on stranded sea turtles were collected by
the BMPs from September 2016 to September 2017 in the south-
ern region and from October 2010 to September 2016 in the
northern region.

Three different monitoring strategies were used depending on
the particularities of each area: beach (total extension = 276 km)
or boat surveys (742 km) complemented by a collaborative
stranding network, or a beach-based stranding network only
(233 km; Figure 1). The beach surveys were carried out daily,
either using motorized quadricycles (particularly on long stretches
of beach and/or with difficult access), bike or on foot. The boat
surveys were carried out weekly in front of beaches with no
access by land, on rocky shore areas and on islands off the south
region of Rio de Janeiro. Except for the coastal region of Mar-
ambaia Island, the boat surveys were carried out bi-weekly. Areas

monitored only by the collaborative stranding network were

TABLE 1

Decomposition state Characteristics

sections of the coast in urban areas or in front of private condo-
miniums that have daily urban cleaning services and/or locations
with lifeguards, who reported observed stranded animals. Ad hoc
reports of stranded turtles were also submitted by local people,
tourists, fishermen, commercial establishments, and coastal enter-
prises, either directly or through telephone hotlines.

For each stranded turtle encountered, the following information
was collected: species; date; location (latitude and longitude); decom-
position state (Table 1); curved carapace length (CCL; according to
Bolten, 1999); life stage (Table 2); presence or absence of tumours
suggestive of FP; any abnormal condition (i.e. clinical signs, ectopara-
sites, emaciation, tumours, and others) as well as possible interactions
with anthropogenic activities, such as entanglement in fishing gear,
injuries, mutilation, fractures, and/or knife cuts.

Live-stranded animals were transferred to the nearest sea turtle
rehabilitation centre established by local BMPs. Whenever possible,
carcasses in fresh, moderate, and advanced stages of decomposition
were necropsied following a detailed protocol. Turtles were classified
using a body condition scoring based on an evaluation of fat deposits

and muscle development, because weight alone is an unreliable

Characteristics of decomposition state for sea turtle carcasses, adapted from Reis et al. (2017)

Alive Animal found alive, with reflexes to external stimuli.

Freshly dead
dark-red muscles; and fair eyes.

Moderate

Advanced

Recent death; normal appearance with little scavenger damage; fresh smell; absence of swelling; intact viscera; firm

Carcass intact; evident swelling; mild odour; viscera soft but still intact; intestine dilated by the presence of gas;
there may be necrophagy of soft tissue.

Epidermis may be completely lost; significant swelling; strong odour; bones may be detached and viscera identifiable

but possibly friable or with liquefied texture; keratin may be peeling off the carapace; externalized internal organs

and parts of the body predated.

Mummified/only bone

remains or skull.

Exposed skeleton, without internal organs; mummified skin; only part of the skeleton, such as carapace, plastron,
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TABLE 2

Sea turtle life stages, based on the curved carapace length (cm) of oceanic juveniles, and minimum curved carapace length of

nesting females (adults) on Brazilian beaches by species and according to the literature

Species Hatchlings and oceanic juveniles

Caretta caretta <46 (Bjorndal, Bolten, & Martins, 2000)

Chelonia mydas <30 (Bjorndal, 1996)
Dermochelys coriacea -
Eretmochelys imbricata <30 (Bjorndal, 1996)

Lepidochelys olivacea —

indicator of body condition (Thomson, Burkholder, Heithaus, & Dill,
2009). Body condition scoring was classified as emaciated (concave
plastron with extensive loss of muscle mass and fat reserves), poor
(flat to slightly concave plastron and some reduction in muscle mass),
fair (less rounded plastron, slightly reduced muscle mass), or good
(robust turtles; rounded plastron and good muscle mass). During nec-
ropsy, any observed gross alterations of tissues or organs were
recorded, as well as any sign of anthropogenic interaction, including
marine debris ingestion, entanglement in fishing gear, propeller inju-
ries, and dredging related lesions.

Recognizing the exact cause of death of a stranded sea turtle
is often challenging due to the possible simultaneous action of two
or more factors contributing to the stranding and/or because of
advanced decomposition of the carcass (Goldberg et al., 2013).
Therefore, for this study the factors contributing to mortality were
reported, rather than definitively deriving the precise cause of
death. The descriptions of these factors are in Appendix 1. These
factors were determined only for the individuals submitted for nec-
ropsy. Considering that multiple factors may contribute to a turtle's
death, individuals were sometimes grouped into more than one
category.

2.3 | Data analysis

A year of monitoring was defined as the interval between October of
one year and September of the subsequent year. For each species,
significant differences between the mean/median numbers of sea tur-
tle strandings per month in the northern region, between 2010-2016,
were verified by the one-way ANOVA test plus Tukey tests post hoc,
or the Kruskal-Wallis test, followed by Dunn tests post hoc. In the
southern region, the differences between the relative frequencies of
sea turtle strandings per month during 2016-2017 were verified by
the Pearson's chi-square test (XZ).

To analyse the spatial distribution pattern of the stranding
records and to identify where greater or lesser concentrations of
strandings occur along the coastline of Rio de Janeiro, density maps
from the absolute number of strandings in the southern and northern
regions were generated, per species, for areas monitored by beach or
boat surveys and complemented by stranding network and areas
monitored only by stranding network. The maps were generated in
the software ArcMap 10.5, using the point density tool with no popu-
lation field.

Juveniles Subadults and adults

>46 and <83 283 (Baptistotte, Thomé, & Bjorndal, 2003)
>30 and <90 >90 (Almeida et al., 2011)

<139 2139 (Thomé et al., 2007)

>30 and <83 >83 (Santos, Freire, Bellini, & Corso, 2010)
<62 >62 (Silva, Castilhos, Lopez, & Barata, 2007)

All statistical analyses were computed in the program R 3.1.1
(R Core Team, 2017). The normality of the data was tested by the
Shapiro-Wilk test and the homoscedasticity of the variances was
tested by the F-test. The data that were not normally distributed were
transformed logarithmically before using parametric tests. However, if
the logarithmic data were also non-normal, non-parametric statistics

were used on the original data.

3 | RESULTS

A total of 12,162 stranded sea turtles were recorded in the study area
between 2010 and 2017. Although five species were observed, 89.9%
of the records were Chelonia mydas, and 1.3% could not be reliably
identified, mostly because of advanced decomposition (Table 3). One
turtle found in the southern region presented morphological charac-
teristics suggestive of hybridization between Caretta caretta and
Lepidochelys olivacea, but there was no genetic confirmation.

In the north region, all life stages were recorded for C. caretta,
and 72.7% were subadults/adults. In the southern region, there were
no hatchlings/oceanic juveniles of this species and 59.1% were juve-
niles. For C. mydas, all life stages were recorded, both in the northern
and southern regions, with 95% and 95.9% being juveniles, respec-
tively. Strandings of juveniles and subadults/adults of D. coriacea were
recorded in the northern (20% and 80%, respectively) and southern
regions (50% each). All life stages of E. imbricata were recorded in the
northern region, with 91.6% being juveniles. In the southern region,
three juveniles were recorded. Juveniles and subadults/adults of
L. olivacea were recorded in the northern (30.7% and 69.3%, respec-
tively) and southern regions (40% and 60%, respectively; Table 4). The
only possible hybrid individual had CCL of 60.3 cm.

Along the southern region, during 2016-2017, C. caretta
strandings were more frequent in September (n = 7; 20%; X2 =36.17,
df = 11, P < 0.05). Along the northern region, during the years 2010
to 2016, the mean numbers of C. caretta strandings per month were
not significantly different (F = 1.91, df = 11, P > 0.05; Figure 2a).
For C. mydas, the relative frequencies of strandings per month
in the southern region were not significantly different (X2 = 10.49,
df = 11, P > 0.05). For the northern region, July (mean + standard
deviation [SD] = 186.0 + 35.8; range = 143-245; n = 1116) was
the month with the highest mean number of strandings and April
was the lowest (mean + SD = 102.0 + 42.2; range = 64-177; n = 612;
F =2.56,df = 11, P < 0.05; Tukey: P < 0.05; Figure 2b). The strandings
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North coast (2010-2016)

FIGURE 2 Number of stranded sea
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of D. coriacea along the southern region were more frequent in April
(n = 5; 62.5%; x> = 462.50, df = 11, P < 0.05). In the northern region,
October (mean + SD = 2.0 + 2.1; range = 0-6; n = 12) and November
(mean = SD = 1.7 + 1.4; range = 0-4; n = 10) were the months
with the highest number of strandings (Kruskal-Wallis y? = 29.04,
df = 11, P < 0.05; Dunn: P < 0.05; Figure 2c). Only four stranded

E. imbricata were recorded along the southern region, each occurring
in a different month. In the northern region, stranding numbers
per month were not significantly different (Kruskal-Wallis 2 = 14.86,
df = 11, P > 0.05; Figure 2d). The strandings of L. olivacea were more
frequent in September (n = 4; 23.53%; X2 = 70.26, df = 11, P < 0.05)
along the southern region. In the northern region, stranding numbers
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per month were not significantly different (Kruskal-Wallis Xz = 8.65,
df = 11, P > 0.05; Figure 2e).

Of all the strandings, 1,065 (8.8%) individuals were found alive
and underwent veterinary evaluation: 73.9% (n = 787) died and were
necropsied; 22.9% (n = 244) were treated and rehabilitated; 3.2%
(n = 34) remain in treatment. Of all individuals found dead (n = 11,097;
91.2%), 3.9% (n = 429) were fresh dead, 33.2% (n = 3,690) in a mod-

erate state of decomposition, 58.2% (n

6,458) were in an

388) were mummified or
132) lacked
information about decomposition state. During the study, 2,538 indi-
1,719) of these
reported information about factors contributing to mortality. The

advanced decomposition state, 3.5% (n

contained only bones, and the remaining 1.2% (n =

viduals were necropsied, but only 67.7% (n

remaining 32.3% (nh = 819) were in an advanced stage of decomposi-
tion and/or were predated prior to observation, making it difficult to
assign mortality factors; these were discarded from further analysis.
It was possible to determine the contributing factors to mortal-
ity in 147 C. caretta. Of these, 126 were categorized as interac-
tions with fishing gear (Appendix 2), identifying specific gear types
15 (53.6%) longline gear (all

affecting 28 C. caretta, as follows: n
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For C. mydas, 1525 had their mortality contributing factors
determined, with interactions with fishing gear (n = 692), endopara-
sites (n = 587), and diseases (n = 540) being the most common
(Appendix 2). It was possible to identify the fishing gear in 83 speci-
mens: 72 (86.8%) by gillnets in the southern and northern regions,
mainly in Sepetiba Bay (n = 32) and in Sao Francisco de Itabapoana
(n = 24); seven (8.4%) had hooks used by recreational fishers in their
gastrointestinal tract and/or trapped in their body (including the eye-
lids) in the Guanabara Bay and along the northern region; two (2.4%)
were caught in trawl gear in Sao Francisco de Itabapoana; and two
(2.4%) were caught by gillnets and had hooks used by recreational
fishers in their gastrointestinal tract in Sepetiba Bay and north region
(Figure 3b). A total of 442 individuals had marine debris in their tracts
and the main lesions found were faecaloma formation (34.2%), non-
perforated ulcers (9.3%), total obstruction (8.8%), and haemorrhagic
lesions (5.0%). Tumour masses suggestive of FP were found in 372 tur-
tles. Of those with endoparasites, 17.2% had high endoparasitic loads
(Appendix 2).

Stranded C. mydas were recorded along the entire coast of the
state of Rio de Janeiro. In the southern region (n = 969), there were
higher concentrations in Sepetiba Bay, where interaction with fishing
gear was predominant (n = 71); in Maricd/Saquarema, where marine
debris ingestion (n = 8), endoparasites (n = 7), and diseases (h = 7)
had the highest occurrences, and at the entrance of Guanabara Bay,
where endoparasites (n = 32), diseases (n = 29), marine debris inges-
tion (n = 26), and FP (n = 22) predominated. In the northern region
(n = 8937), Sao Francisco de Itabapoana also presented the highest
concentration for C. mydas, with predominance of the category inter-
action with fishing gear (n = 500), followed by the Cabo Frio region,
where diseases were predominant (n = 137), and Rio das
Ostras/Macaé, where interaction with fishing gear (n = 8), diseases
(n = 8), and endoparasites (n = 7) occurred (Figure 3b).

The main contributing factors found in the nine individuals of
D. coriacea were interactions with fishing gear (n = 5) and marine
debris ingestion (n = 4; Appendix 2). It was possible to identify the
fishing gear in only two specimens: one was caught on a longline in
Cabo Frio and one in a gillnet in Rio de Janeiro municipality
(Figure 3c). Of the four individuals with marine debris in their gastro-
intestinal tracts, one presented faecaloma formation and one a non-
perforated ulcer. Of the two individuals with endoparasites, one pres-
ented a moderate load (Appendix 2).

The occurrence of stranded D. coriacea in the southern region
(n = 8) was concentrated in Saquarema, where marine debris ingestion
(n = 2) predominated. In the northern region (n = 39), there were
higher concentrations in the Cabo Frio region, where interaction with
fishing gear (n = 2) predominated; and in Quissama, where interaction
with fishing gear and diseases occurred (Figure 3c).

For the 20 individuals of E. imbricata analysed, the main contrib-
uting factor found was disease (n = 11). Of the five individuals with
marine debris in their digestive tract, the main lesions found were
faecaloma formation (40%), partial obstruction (20%), perforated ulcer
(20%), and haemorrhagic lesions (20%; Appendix 2). Six individuals
interacted with fishing gear and one was caught in a gillnet in Sao

Francisco de Itabapoana (Figure 3d). Only one individual presented
endoparasites, with a low load (Appendix 2).

Only four stranded E. imbricata were recorded along the southern
region and these were in the Niteréi and Marica region, where marine
debris ingestion and interaction with fishing gear occurred. In the
north region (n = 94), this species concentrated in the municipality of
Sao Francisco de Itabapoana, with a majority of known mortality fac-
tors being interaction with fishing gear (n = 4); and in the region of
Cabo Frio, where diseases (n = 8) predominated (Figure 3d).

The main contributing factor found in the 18 individuals of
L. olivacea was also interactions with fishing gear (n = 12; Appendix 2).
It was possible to identify the fishing gear in only two specimens and
both were caught by gillnets in Marica and Cabo Frio (Figure 3e).
None had marine debris in their digestive tract. The three individuals
with endoparasites did not have endoparasitic load determined
(Appendix 2).

Stranded L. olivacea analysed in the southern region (n = 16) were
mainly concentrated in Maricd and Rio de Janeiro, where only one
individual was analysed for mortality factors at each site and was
grouped in the categories interaction with fishing gear and diseases,
respectively. In the northern region (n = 217), this species was
recorded along the entire coast, with four major concentrations: in
the Cabo Frio region, where the diseases (n = 4) and interaction with
fishing gear (n = 3) predominated; in Quissama, where only one indi-
vidual was analysed for mortality factors and was grouped in the
interaction with fishing gear; in Sao Francisco de Itabapoana, where
interaction with fishing gear (n = 5) was also predominant; and in
Macaé, without mortality factors analysed (Figure 3e).

The other categories (boat collision, interaction with oil, fractures
of unknown origin, and natural predation) had low frequencies of
occurrence for all species (Appendix 2). No individual analysed in this

study presented evidence of interaction with hopper dredges.

4 | DISCUSSION

This is the first study to analyse regular beach monitoring effort
from BMPs throughout most of the coast of Rio de Janeiro state,
focusing on factors of sea turtle mortality. Strandings of the five
species of sea turtles that occur in Brazil have already been
recorded on the north (Reis et al.,, 2010; Reis, Goldberg, & Lopez,
2017; Reis, Silveira, & Siciliano, 2009) and south coast of the state
(Werneck et al., 2018). The highest occurrence of stranded juveniles
C. mydas may be related to its abundance in Brazilian waters and
coastal habits, being more exposed to anthropogenic threats
(Almeida et al., 2011; Sforza, Marcondes, & Pizetta, 2017). This pre-
dominance corroborates the previous studies conducted in Rio de
Janeiro (Reis et al., 2017; Reis, Pereira, Rodriguez, et al., 2010; Reis,
Silveira, & Siciliano, 2009; Werneck et al., 2018) and along much of
the Brazilian coast, from Maranhao to the north of Rio Grande do
Sul (Berrédo et al., 2013; Bugoni et al., 2001; Farias, 2014; Lima,
Melo, Spiandorin, & Santana, 2007; Lopes-Souza, Schiavetti, &
Alvarez, 2015; Mascarenhas, Santos, & Zeppelini, 2005; Poli, Lopez,
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Mesquita, Saska, & Mascarenhas, 2014; Ribeiro, Barreto, Ribeiro, &
Azevedo, 2014; Silva, Vaz-dos-Santos, & Maracini, 2012), except in
the state of Sergipe, where the strandings of adult L. olivacea pre-
dominate, especially during its reproductive period (Castilhos et al.,
2011; Silva et al, 2011), and in the south-central coast of Rio
Grande do Sul, where the strandings of Caretta caretta predominate
(Monteiro et al., 2016; Soto, Serafini, & Celini, 2003a).

The prevalence of juvenile C. mydas in this study illustrates the
importance of the coastal waters of Rio de Janeiro as a migratory cor-
ridor, juvenile development habitat, and feeding ground. After an ini-
tial developmental period in oceanic waters, C. mydas with 30—40 cm
CCL shift to more coastal environments (Balazs, 1995), with a marked
change in diet (Vélez-Rubio et al., 2016). As they develop and reach
sexual maturity, green turtles migrate to their breeding grounds
(Plotkin, 2003). Genetic analysis revealed that the feeding areas of
C. mydas in Brazil are composed of mixed stock individuals, mainly
from Ascension Island and Aves Island, Suriname, Guinea Bissau, and
Trindade Island (Bondioli, 2009; Jordao, Bondioli, Guebert, Thoisy, &
Toledo, 2015; Naro-Maciel et al., 2012; Proietti et al., 2012). The main
nesting areas of this species in Brazil are located on isolated oceanic
islands (Almeida, Santos, et al., 2011), and thus there are few recorded
occurrences of adults along the continental Brazilian coast.

Caretta caretta was the second most frequent species observed in
this study. It was also the second most recorded between 2008 and
2010 between the municipalities of Saquarema and Sao Francisco de
Itabapoana (Reis et al., 2017) but was third after C. mydas and
Lepidochelys olivacea in studies that monitored stranded turtles along
the northern coast of Rio de Janeiro, from Saquarema to Quissama,
between 1994 and 2009 (Reis, Pereira, Rodriguez, et al., 2010; Reis,
Silveira, & Siciliano, 2009). The highest concentration of C. caretta
strandings in the extreme north of the state suggest a greater abun-
dance of this species in this region, which is one of its priority nesting
sites in Brazil (Lima, Wanderlinde, Almeida, Lopez, & Goldberg, 2012;
Marcovaldi & Chaloupka, 2007; Marcovaldi & Marcovaldi, 1999). The
prevalence of strandings of subadult/adult individuals of this species,
as well as the records of hatchlings in the north region, reflect the use
of the area for reproduction. The nesting season of C. caretta in north-
ern Rio de Janeiro state occurs from September to May (Lima et al.,
2012; Reis et al., 2017), which may also be related to the greater num-
ber of strandings of this species during this period. Therefore, consid-
ering the biological value of animals in reproductive activity, nest
protection is not sufficient to ensure their survival, considering the
overall mortality of adult turtles in waters near nesting grounds.

Studies in the south-central coast of Rio Grande do Sul suggest
that waters off southern Brazil are an important feeding area for
C. caretta, as stranded juveniles are the most common sea turtle spe-
cies found at nearly all times of year (Monteiro, 2017; Monteiro et al.,
2016). Females of this species tagged in northern Espirito Santo have
been found stranded in Rio de Janeiro (Marcovaldi et al., 1999) and
Uruguay (Almeida, Baptistotte, & Schineider, 2000); and a female
tagged in northern of Bahia was captured incidentally in a common
fishing area between Argentina and Uruguay (Laporta & Lopez, 2003).
Genetic studies have also demonstrated that C. caretta found in

Uruguay and Argentina are from nesting sites in Brazil (Caraccio et al.,
2008; Prosdocimi, Bugoni, Albareda, & Remis, 2015). Therefore, the
southern study region is also used as a migratory route between
nesting and feeding sites of C. caretta.

Relatively high numbers of strandings of L. olivacea were
recorded, mainly subadults/adults, corroborating other studies on
the north coast of Rio de Janeiro (Reis, Silveira, et al., 2009; Reis
et al,, 2017; Reis, Moura, Lima, et al., 2010). The main feeding and
nesting sites of L. olivacea in the south-west Atlantic are concen-
trated in the north and north-east regions of Brazil (Castilhos et al.,
2011; Marcovaldi, 2001; Silva et al., 2011). However, there are also
bycatch records of this species in the south-south-east regions
(Guimaraes, Tavares, & Monteiro-Neto, 2018; Pinedo & Polacheck,
2004; Sales, Giffoni, & Barata, 2008), as well as stranding records
along much of the Brazilian coast, from Ceara (Lima et al., 2007) to
the southernmost part of the country, where they are less frequent
(Monteiro et al., 2016). Reis, Moura, Lima, et al. (2010) also reported
a female L. olivacea in the region of Quissama that had been tagged
during nesting in Sergipe. Thus, based on the evidence, some adult
L. olivacea migrate from the north-north-east of Brazil to the coast
of Rio de Janeiro, using the region as a feeding area, as suggested
previously by Reis, Moura, Lima, et al. (2010).

In addition, as documented previously by Reis, Silveira, and
Siciliano (2009); Reis, Moura, Lima, et al. (2010); Reis, Pereira,
Rodriguez, et al. (2010); Reis et al. (2017); and Guimaraes et al. (2018),
the coast of Rio de Janeiro is also an important feeding area for all
species of sea turtles, due to the occurrence of the coastal upwelling,
which increases primary productivity and, consequently, the availabil-
ity of food (Guimaraens et al., 2005; Rossi-Wongtschowski et al.,
2006; Valentin, 2001). The Paraiba do Sul River and other smaller riv-
ers, lakes, lagoons, and bays of the region also contribute to a large
amount of organic matter entering the coastal zone (Souza &
Knoppers, 2003). The upwelling system and the high primary produc-
tivity have been reported as important factors for the sea turtles feed-
ing elsewhere in the world (Amorocho & Reina, 2007; Domiciano,
Domit, & Bracarense, 2017; James, Myers, & Ottensmeyer, 2005;
Polovina et al., 2004).

The reduced relative rate of occurrences of E. imbricata and
D. coriacea may reflect the lower abundance of these species in the
region, mainly due to E. imbricata preferences for reef (Marcolvaldi
et al., 2007; Marcovaldi et al., 2011) and D. coriacea preferences for
oceanic habitats (Almeida et al., 2011; Thomé et al., 2007). This also
corroborates previous studies in Rio de Janeiro (Reis et al., 2017; Reis,
Pereira, Rodriguez, et al., 2010; Reis, Silveira, & Siciliano, 2009;
Werneck et al., 2018).

The primary nesting sites of E. imbricata are located in north-
eastern Brazil, as well as their foraging areas, which are around the
main reef areas of Brazil (Fernando de Noronha—PE, Atol das Rocas—
RN, Abrolhos Archipelago—BA) (Marcovaldi et al., 2011). However,
some areas in the south-south-east region are also considered impor-
tant for the feeding of the juveniles of this species, such as Trindade
Island—ES and Arvoredo Island—SC (Marcovaldi et al., 2011). Conse-
quently, E. imbricata strandings are most common in north-eastern
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Brazil (Farias, 2014; Lima et al., 2007; Poli et al., 2014) and in Espirito
Santo (Berrédo et al., 2013). Although the southernmost true reefs in
the South Atlantic are in the Abrolhos Archipelago—BA, large coral
communities are also found from the state of Maranhao to the region
of Cabo Frio—RJ. The latter is described as a ‘coralline oasis’ because
it has a great wealth of species of the coralline fauna compared to
neighbouring localities (Castro & Pires, 2001). Therefore, the relatively
higher concentration of juvenile E. imbricata strandings in the Cabo
Frio region suggests they use this area for feeding, especially during
intense upwelling (October to April: Rossi-Wongtschowski et al.,
2006; Valentin, 2001), period in which a higher number of strandings
occurred.

Although D. coriacea is considered an oceanic species, satellite
telemetry data have revealed that individuals of this species also
forage in coastal waters of the south-western Atlantic (Almeida,
Eckert, et al., 2011; Lopez-Mendilaharsu, Rocha, Miller, Domingo, &
Prosdocimi, 2009). The main nesting site for D. coriacea in the south-
west Atlantic is located on northern coast of the Espirito Santo
(Thomé et al., 2007). Nevertheless, relative to the rest of Brazil, Uru-
guay, and Argentina, the southern coastline of Brazil has the highest
occurrence of this species in the whole region (Barata et al., 2004;
Carman et al.,, 2011; Monteiro et al., 2016; Vélez-Rubio et al., 2013).
It is reported that D. coriacea migratory movements are mainly related
to the seasonal concentrations of their preferred prey of gelatinous
zooplankton (James et al., 2005; Lépez-Mendilaharsu et al., 2009).
Considering that upwelling events increase the productivity of phyto-
plankton and zooplankton communities (Valentin, 2001) and that the
highest number of strandings occurred during the months when this is
intense, these data suggest that the coast of Rio de Janeiro is an
important feeding site for leatherback turtles. In addition, the highest
number of D. coriacea strandings in October and November along the
northern study region, where subadult/adult individuals are also pre-
dominant, may be related to the reproductive period (September to
March, Thomé et al., 2007) of the species in the north of Espirito
Santo, which is about 200 km from the study area.

Finally, the observation of a possible hybrid between C. caretta
and L. olivacea is not unprecedented for the region. Genetic studies
previously have reported high levels of hybridization between sea tur-
tle species off the Brazilian coast, especially between these reported
species (Reis et al., 2010; Reis, Soares, & Loébo-Hajdu, 2009; Reis,
Soares, & Lobo-Hajdu, 2010), E. imbricata/C. caretta and E. imbricata/
L. olivacea (Lara-Ruiz, Lopez, Santos, & Soares, 2006).

This study suggests that bycatch is one of the main threats to sea
turtles along the coast of Rio de Janeiro. Of these animals categorized
as experiencing fisheries interaction, about 73% were found
entangled, had marks of nets and/or presence of fishing gear or were
found with intentionally inflicted lesions. The other 26% were in good
body condition and with no other apparent cause of death, and 1%
were reproductively active females with eggs in their oviducts. For
these non-reproductive animals, the fact that the stranded animals
were in good body condition (with no other apparent cause of death)
is indicative that they had been feeding recently and suffered a sud-

den death, which we assumed was the result of bycatch in fishing

gear. Reproductively active turtles are generally in good health
because they are capable of reproducing. Thus, we also assume that
the death or injury occurred suddenly as a result of interactions with
fishing gear because chronic afflictions would probably have rendered
adult individuals incapable of reproduction (Castilhos, Silva,
Marcovaldi, Lopez, & Goldberg, 2014; Goldberg et al., 2013).

Although Brazilian environmental laws prohibit the capture, con-
sumption, and trade of sea turtle products and by-products, evidence
of sea turtle consumption was observed in several instances, mostly
of green turtles. In these cases, meat appeared to have been removed
by means of clean rectilinear cuts, bordering the plastron. Therefore,
the consumption of meat and shells continues to threaten their sur-
vival. Sometimes, the whole carcass is harvested, making documenta-
tion difficult. Human consumption of sea turtles is not restricted to
the coast of Rio de Janeiro. It has also been reported in some Brazilian
cities (Damasio & Carvalho, 2010; Marcovaldi & Marcovaldi, 1999;
Pupo, Soto, & Hanazaki, 2006), as well as in several Mediterranean
countries (Casale, 2008; Kopsida, Margaritoulis, & Dimopoulos, 2000),
and elsewhere (Humber, Godley, & Broderick, 2014).

Bycatch hotspots in the south region were in the Sepetiba Bay
and its surrounding municipalities for C. mydas, and along the northern
region in Sao Francisco de Itabapoana for all species (except
D. coriacea). Sepetiba Bay has a rich mangrove environment, constitut-
ing a natural breeding ground for molluscs, fish, and crustaceans, and
attracts a large number of fishing activities (Tolentino & Soares,
2004). Similarly, the northern coastal region regularly receives
deposits of organic matter and therefore hosts a large number of fish-
ery resources (Gomes, Cunha, & Zalmon, 2003). As a result, fishing
effort is also intense, particularly around the municipality of Sao
Francisco de Itabapoana, located between the Paraiba do Sul River to
the south and the Itabapoana River to the north (already on the bor-
der with Espirito Santo).

In this study, gillnet gear had the highest interaction rates with
C. mydas. Gillnets are also considered the main threat to this species
in the municipality of Sao Joao da Barra—RJ (Masi, Esteves, Lima, &
Wanderlinde, 2005), along the northern coast of Rio de Janeiro
(Nogueira, 2011; Reis et al., 2017), as well as in other Brazilian states
(Sao Paulo: Gallo, Macedo, Giffoni, Becker, & Barata, 2006; Parana:
Lopez-Barrera, Longo, & Monteiro-Filho, 2012; Santa Catarina: Pupo
et al., 2006; Rio Grande do Sul: Soto et al., 2003a; Brazilian coast:
Marcovaldi et al., 2006) and elsewhere in the world (Uruguay: Lezama,
Miller, & Fallabrino, 2004; Mexico: Mancini, Koch, Seminoff, &
Madon, 2011; USA: Byrd, Hohn, & Godfrey, 2011; several countries:
Gilman, 2009). Caretta caretta, E. imbricate, and L. olivacea interactions
with gillnets were also documented along the northern region of Rio
de Janeiro. Other studies along the Brazilian coast have also reported
the interaction of C. caretta with this fishing gear (Marcovaldi et al.,
2006; Masi et al, 2005; Ramos & Vasconcellos, 2013). For
E. imbricata in Brazil, gilinets are reported as the principal gear type
that results in bycatch (Gallo et al., 2006; Marcovaldi et al., 2006).

Longline gear was identified as the most frequent gear interacting
with C. caretta in this study. Interactions between longline gear and

D. coriacea were also documented, which indicates that this fishery
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also poses as a threat to species in Rio de Janeiro. Studies focused on
the pelagic longline fleet in the south-south-east region of Brazil also
report that these two species are the most affected by this fishing
gear (Kotas, Santos, Azevedo, Gallo, & Barata, 2004; Marcon, 2013).
The same is reported for other regions in Brazil and in the south-
western Atlantic (Domingo et al., 2006; Giffoni, Domingo, Sales,
Fiedler, & Miller, 2008; Sales et al., 2008). In the Pacific, the longline
has been identified as a major cause of regional declines in D. coriacea
populations (Spotila, Reina, Steyermark, Plotkin, & Paladino, 2000).

The records of interactions of trawl gear with two C. mydas may
be related with artisanal or industrial trawling activities, which are also
quite intense along the coast of Rio de Janeiro (Guimaraes et al.,
2018; Martins-Ingletto, 2013). Industrial fishing mainly operates with
medium to large sized vessels and occurs further away from the coast-
line, both in the coastal and oceanic zones. Guimaraes et al. (2018)
identified a high bycatch rate of sea turtles, mainly C. caretta and
L. olivacea, in this fishery. The authors highlighted that operators of
the industrial trawl gear often neglect to properly install and use turtle
excluder devices, as required on trawlers >11 m in length by national
law (IBAMA Order No. 5 of 02/19/1997). Records of trawling interac-
tion with C. caretta individuals in the study area highlight this threat.
However, the rate of bycatch in trawlers may be higher than
observed, considering that it is difficult to clearly recognize sea turtle-
trawl interactions because the gear rarely leaves visible marks on the
turtles, and captured turtles are generally easily manipulated and
released into the sea without a rope (Monteiro et al., 2016).

Small-scale trawling is one of the main fishing activities on the
coast of Sao Francisco de Itabapoana and is mainly focused on
Atlantic seabob (Xiphopenaeus kroyeri) (PETROBRAS, 2017). This fish-
ery uses vessels <11 m, and therefore are exempt from turtle excluder
device requirements. This is thought to result in regular occurrence of
bycatch of the most coastal species, such as C. mydas and E. imbricata
(Gallo et al., 2006; Marcovaldi et al., 2006; Soto, Serafini, & Celini,
2003b). Interestingly, a decrease in the number of stranded green tur-
tles along the northern region from March to April was found, with a
progressive increase from May and a peak in July, which may be
related to the closure of the shrimp fishing season in the region from
March 1 to May 31 (IBAMA Normative Instruction No. 189 of
09/23/2008). More direct research is needed on bycatch in this
fishery.

Interactions of C. mydas and C. caretta with recreational hook-
and-line gear were also documented. This fishing gear is widespread
in coastal regions around the world and interaction with sea turtles
can occur either from discarded or lost hooks and fishing lines
(Oravetz, 1999), or when the gear is being actively used (Coleman
et al., 2016). Depending on the location where the turtle is hooked
and the intensity and location of the entanglement of the lines, inter-
actions with this gear can cause serious health problems. The risk
increases with ingestion: the hooks can pierce the gastrointestinal
tract (two cases reported in this study) and the lines can cause plica-
tion and intussusception of the intestinal tract, with consequent blood
interruption (one case reported in this study). In the region of

Guanabara Bay and surrounding municipalities, there are frequent

cases of interaction and ingestion of recreation hook and line by green
turtles (Projeto Aruana, personal communication).

In addition to bycatch, there was a prevalence of diseases as a
contributing factor for mortality in the study area. Although they are
classified as natural causes, they may be indirectly associated with
anthropogenic impacts, such as pollution (Domiciano et al.,, 2017;
Ward & Lafferty, 2004) and climate change (Harvell et al., 1999). Sea
turtles may serve as sentinels for the health of coastal marine ecosys-
tems (Aguirre & Lutz, 2004; Domiciano et al., 2017), thus sick animals
in the study area may indicate environmental degradation of the
coastal zones of the state of Rio de Janeiro.

Fibropapillomatosis can be an indicator of ecosystem health, as it
is often associated with highly polluted coastal areas, high human den-
sity, and high contaminant supply (Aguirre & Lutz, 2004; Foley,
Schroeder, Redlow, Fick-Child, & Teas, 2005; Santos et al., 2010). In
Brazil, FP is mainly found in C. mydas along the entire coast
(Baptistotte, 2007), and the highest prevalence is reported in Espirito
Santo (Santos, Martins, et al., 2010) and in Rio de Janeiro (Tagliolatto,
Guimaraes, Lobo-Hadju, & Monteiro-Neto, 2016). The coastal waters
of Rio de Janeiro are impacted by the release of domestic, industrial,
and agricultural effluents (Fiori et al., 2013; Lema, 2012), which may
explain the concentrated occurrence of FP in green turtles in this
study.

Presence of endoparasites was frequently recorded in stranded
sea turtles in the study area. In general, endoparasites can affect rep-
tiles through infection, tissue destruction, competition for host nutri-
ents, obstruction of the alimentary canal, production of toxins,
induction of allergic reactions and, indirectly, can decrease fitness,
affect behaviour and reproductive success (Klingenberg, 1993).
According to Werneck (2011), animals with clinical signs of weakness
had the highest parasitic loads, although it is challenging to determine
if the animals acquired more parasites because they were weak or if
the parasitism was the primary cause of the weakness. Endoparasites,
even if they are not the cause of death of these animals, can generate
and/or contribute conditions that lead to mortality (Werneck, 2011).
Given the high rate of endoparasites reported in this study, future
research on sea turtle helminth fauna and the pathogenesis of these
endoparasites would help improve the understanding of this factor.

Marine debris was also an important threat factor for sea turtles
in this study, especially for D. coriacea, C. mydas, E. imbricate, and
C. caretta. The ingestion of marine debris is considered a principal
threat to sea turtles in several regions of the Brazilian coast (Rio
Grande do Norte: Farias, 2014; Paraiba: Poli et al., 2014; Bahia:
Macedo et al, 2011; Sao Paulo: Bezerra, 2014; Parana: Guebert-
Bartholo, Barletta, Costa, & Monteiro-Filho, 2011; Rio Grande do Sul:
Bugoni et al.,, 2001, Tourinho et al., 2009; Brazilian coast: Santos
et al.,, 2015) and elsewhere (Uruguay: Vélez-Rubio et al., 2013; Florida,
USA: Bjorndal, Bolten, & Lagueux, 1994; western Mediterranean:
Tomads, Guitart, Mateo, & Raga, 2002; several countries: Nelms et al.,
2015). Some coastal areas along Rio de Janeiro have been character-
ized by large amounts of marine debris introduced mainly by river sys-
tems and by inhabitants/tourists with inadequate disposal practices

(e.g. Guanabara Bay and nearby region: Neto & Fonseca, 2011; Silva,
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Araujo, Castro, & Sales, 2015; Arraial do Cabo/Cabo Frio region:
Oigman-Pszczol & Creed, 2007; Silva, Castro, Sales, & Araujo, 2018).
In this study, these regions had the highest occurrences of marine
debris ingestion among the analysed turtles, which reinforces the
urgent need for management actions on this issue.

Most cases of marine debris ingestion in this study were not
linked to damage in the gastrointestinal tract of the turtles. However,
there are the sub-lethal impacts from ingestion, such as positive buoy-
ancy and reduced eating, generating chronic conditions of malnutri-
tion (Bjorndal et al., 1994). In addition, the presence of marine debris
can affect intestinal motility and induce the formation of faecalomas,
which were the most frequent gastrointestinal damage recorded in
this study. This condition is often irreversible and lethal as it can com-
promise or even obstruct the flow of digest in the intestinal tract
(Awabdi, Siciliano, & Di Beneditto, 2013; Bjorndal et al., 1994).
Ingested plastic fragments may also transfer harmful chemicals
(Koch & Calafat, 2009; Oehlmann et al., 2009), and possible associated
carcinogenic effects and endocrine disruption (Teuten et al., 2009).

Less frequent mortality factors affecting sea turtles in the study
area included boat collision, particularly in areas with heavy traffic of
vessels, such as in ports, anchorages, and pier (e.g. Sepetiba Bay,
Guanabara Bay, region of Arraial do Cabo and Cabo Frio). Exposure to
oil was recorded only along the north region, where oil exploration is
concentrated in the Campos Basin (Winter, Jahnert, & Franca, 2007).
The threats to sea turtles posed by oil exploration and production
activities extend beyond contact and contamination with petroleum-
derived toxic substances. Seismic prospecting emits high-intensity
and low-frequency sounds in the marine environment (Samuel,
Morreale, Greene, & Richmond, 2005) and may cause disorientation
and physiological alterations in turtles (O'Hara & Wilcox, 1990), as
well as a temporary reduction in hearing of these animals (McCauley
et al, 2000). Increased vessel traffic associated with oil extraction
may also lead to more boat collisions.

A few cases of natural predation on sea turtles in Rio de Janeiro
were recorded, mainly for smaller turtles (5-40 cm CCL). Larger turtles
generally have fewer predators, with adults in the water being suscep-
tible only to the occasional attack by sharks, killer whales, and croco-
diles (Heithaus, 2013).

No interaction of sea turtles with dredging operations was
observed in this study. However, high rates of sea turtle mortality by
dredging activities have been reported in the northern coast of
Rio de Janeiro, specifically in the municipalities of Campos dos
Goytacazes and Sao Joao da Barra (not analysed in this study),
where a port complex was established in 2008 and hopper dredges
are used extensively for maintenance of its channels (Goldberg et al.,
2015; Reis et al., 2017).

Local physical and oceanographic conditions also play a large role
in whether and where floating turtles end up washing up on land
(Epperly et al., 1996; Hart et al., 2006; Koch et al., 2013; Tomas et al.,
2008). In this study, high concentrations of strandings for all species
of sea turtles in the region between Marica and Saguarema in the
southern region, and in the region of Cabo Frio/Armacao dos Buzios

in the north, may have been more influenced by local winds, the

orientation of the coastline, and the upwelling event in Cabo Frio, as
previously proposed by Reis et al. (2017). Sea turtle carcasses drifting
along the southern region of the state may have been pushed into the
region of Maricd and Saquarema, which acts as a bulkhead to the
north, as well as the region of Cabo Frio/Armacao dos Buzios, which
acts as a bulkhead to the south (Reis et al., 2017). In addition, not all
sick, injured or dead sea turtles will end up becoming stranded on
land. Other studies estimate that only 7-20% of all floating turtles
end up stranding on land (Epperly et al., 1996; Hart et al., 2006).
Therefore, total mortality estimates provided in this study should be
considered as minimum estimates affecting sea turtles in this region.

Considering the importance of the Rio de Janeiro coast as a feed-
ing and/or migration area for all five sea turtle species and
reproduction/nesting site for C. caretta, and the potential impact of
anthropogenic threats on their populations, these data suggest that
there is an urgent need to implement conservation actions. Many
anthropogenic threats to sea turtles were documented, mainly inci-
dental capture in fisheries and marine debris, identifying the possible
hotspots for these threats in the regions of Sepetiba and Guanabara
Bays, Cabo Frio, and Sao Francisco de Itabapoana. Pollution may also
be an indirect threat, negatively affecting these animals through
reduced health and immune suppression, which leaves them more
susceptible to opportunistic diseases, such as FP.

Many strategies can be adopted to reduce bycatch and mortality
of sea turtles in different fishing gear: formal constraints through laws,
regulations, and policies with effective enforcement; multilateral
accords; avoiding bycatch hotspots through fleet communication
programmes and/or area and seasonal closures; best practices for
handling and releasing bycatch animals; changes in gear designs,
materials, and fishing methods; eco-labelling; industry self-policing;
and raising awareness and capacity-building (Eayrs, 2007; Gilman,
2009; Gilman et al., 2010; Gilman, Dalzell, & Martin, 2006). Successful
management of marine debris requires collaboration of public and
industrial sectors, with emphasis on education and behavioural
changes based on environmental responsibility, enforceable legislation
and effective penalties, innovative technologies, and proper waste
management (Sheavly & Register, 2007).

Longer-term monitoring of stranded sea turtles, particularly in the
southern region, is needed to better contextualize these data that are
based on a single year. Long-term regular monitoring also provides a
mechanism for assessing changes in threats and mortality factors, and
would provide insight into population trends and possible population
responses to conservation actions. We strongly recommend that mon-
itoring continue for stranded sea turtles in Rio de Janeiro, and that
data collected from all regions of the state be integrated into compre-

hensive analyses.
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APPENDIX 1

Categories of contributing factors of sea turtle mortality.

Mortality contributing factor

Marine debris ingestion

Boat collision

Interaction with oil

Interaction with fishing gear (Castilhos et al., 2014;
Goldberg et al., 2013)

Interaction with dredging operations (Goldberg et al.,
2015)

Fractures of unknown origin

Description

Presence of marine debris in the gastrointestinal tract, causing partial or total
obstruction and/or perforations or non-perforated ulcers, consequently compromising
the health of the animals.

Presence of multiple linear and parallel lacerations and/or fractures that penetrate the
skin, coelomic cavity, or skull.

Presence of oil adhered to the skin or in the gastrointestinal tract.

A) Total evidence: entangled animals, marks of nets around flippers or neck; and/or
presence of fishing gear, such as net pieces, ropes, leads, fishing lines, or hooks. The
fishing activities responsible for the incidental capture were identified according to
Monteiro et al. (2016), assuming: (i) turtles found with large hooks in the beak, oral
cavity, internally or elsewhere on the body and/or with pieces of the main or branch
lines around their flippers were classified as longline interactions; (ii) turtles found
entangled in gillnets, or found with pieces of monofilament net around the head,
flippers, or carapace were classified as gillnet interactions; (iii) turtles with pieces of
ropes around their flippers, head, or carapace were classified as trawl fisheries
interactions, because trawl fisherman use ropes to move heavy turtles from deck back
to the sea; (iv) turtles found with smaller hooks and/or pieces of lines used by
hook-and-line fishery trapped in any part of the body and/or gastrointestinal tract
were classified as recreational fishery interactions.

B) Very strong evidence: animals that were found with intentional lesions, such as
amputations and/or decapitation by knives or other sharp objects, as well as turtles
with the carapace separated from the plastron, used for meat consumption and/or
forced submersion of the carcass.

C) Strong evidence: Animals found with good body condition, based upon the
subcutaneous and visceral adipose tissue and musculature, or reproductively active
female, based on the presence of eggs in their oviducts, with no other apparent cause
of stranding/death.

Animals with blunt traumas, usually with extensive fractures, crushed tissues,
lacerations, and amputations, found in areas with active or recent dredge projects.

Animals with fractures, traumas, and/or injuries without evidence of interaction with
boats, dredgers, or natural predation, and the origin of such traumas are not
recognized. Healed fractures or injuries are also included here.

(Continues)
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Mortality contributing factor
Fibropapillomatosis (Foley et al., 2005)

Endoparasites

Natural predation (Chaloupka et al., 2008)

Diseases and health complications due to natural causes
(except fibropapillomatosis and endoparasites)

APPENDIX 2

Description

Contagious infectious disease with a multifactorial aetiology caused by a herpes virus
and associated with factors such as environmental variations. It is characterized by the
presence of multiple cutaneous tumours and occasional internal tumours ones, which
may interfere with the animal's behaviour and its immune system.

Animals with parasites in the viscera, which were counted in classes of infestation (low,
moderate, or high endoparasitic loads), compromising their health. Parasite taxonomic
analysis was not performed.

Animals that have had recent evidence of traumatic amputation of body parts with
irregular abrasions or tooth marks (i.e. semicircular ablation) in the carapace and/or
flippers.

Sick animals, in an emaciated state, with clear signs of sickness and weakness linked to
chronic illnesses, with no discernible relation to human activities.

Mortality contributing factors rates, detailed in: apparent gastrointestinal damage associated to marine debris ingestion; evidence of

interaction with fishing gear; fibropapillomatosis tumour location; and endoparasitic load for stranded sea turtles, per species and total, along

the coast of Rio de Janeiro state, between 2010 and 2017.

Mortality contributing factor

Marine debris No apparent injury
ingestion Faecaloma

Partial obstruction

Total obstruction

Haemorrhagic lesions

Perforated ulcers

Non-perforated ulcers

Number of specimens

Faecaloma + partial obstruction
Faecaloma + total obstruction
Faecaloma + haemorrhagic lesions
Faecaloma + perforated ulcers
Faecaloma + non-perforated ulcers

Faecaloma + total obstruction +
perforated ulcers

Faecaloma + total obstruction +
non-perforated ulcers

Faecaloma + haemorrhagic lesions +
non-perforated ulcers

Partial obstruction + haemorrhagic
lesions

Partial obstruction + non-perforated
ulcers

Total obstruction + perforated ulcers

Total obstruction + non-perforated
ulcers

Caretta Chelonia Dermochelys Eretmochelys Lepidochelys
caretta mydas coriacea imbricata olivacea Total
19 252 2 2 0 275
1 82 1 1 0 85
0 4 0 0 0 4
1 7 0 0 0
0 3 0 0 0
1 8 0 0 0
0 9 1 0 0 10
0 3 0 0 0 3
0 22 0 0 0 22
1 14 0 0 0 15
1 1 0 1 0 3
0 18 0 0 0 18
0 2 0 0 0 2
0 6 0 0 0] 6
0 3 0 0 0 3
0 0 0 1 0 1
0 1 0 0 0 1
0 0

(Continues)



20 Wl LEY TAGLIOLATTO ET AL.

Number of specimens

Caretta Chelonia Dermochelys Eretmochelys Lepidochelys
Mortality contributing factor caretta mydas coriacea imbricata olivacea Total
Haemorrhagic lesions + 0 2 0 0 0
non-perforated ulcers 2
Not determined 0 3 0 0 0 3
TOTAL 24 442 4 5 (0] 475
Boat collision 8 46 0 0 1 50
Interaction with oil 0 4 0 0 1 5
Interaction with Total evidence 89 500 5 3 7 604
fishing gear Very strong evidence 2 11 0 0 0 13
Strong evidence 35 181 0 3 5 224
TOTAL 126 692 5 6 12 841
Fractures of 2 54 0 0 0 56
unknown origin
Natural predation 2 5 0 1 0 8
Fibropapillomatosis Eyes 0 68 0 0 0 68
tumour location Viscera 0 3 0 0 0 3
Eyes + viscera 0 1 0 0 0 1
Other parts of the body 0 244 0 0 0 244
Not determined 0 56 0 0 0 56
TOTAL 0 372 0 0 0 372
Diseases 14 540 3 11 7 575
Endoparasitic load Low 3 87 0 1 0 91
Moderate 6 68 1 0 0 75
High 7 101 0 0 0 108
Not determined 32 331 1 0 3 367
TOTAL 48 587 2 1 3 641
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