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Abstract—Sea turtles are subject to a wide range of human threats. Information collected from sea turtles found
dead or debilitated (termed strandings) can provide valuable insights into these threats. In recent years, extensive
beach monitoring projects implemented along the entire coast of Brazil (7,367 km) have facilitated data collection
on regional sea turtle strandings. Here, we compiled stranding data from the Santos Basin in the state of Rio
de Janeiro, Brazil, from 19 September 2016 to 19 September 2019. During this period, we recorded 3,957 sea
turtle strandings of which 3,508 were dead turtles. We recorded five turtle species including 3,587 Green Turtles
(Chelonia mydas), 242 Loggerhead Turtles (Caretta caretta), 76 Olive Ridley Turtles (Lepidochelys olivacea), 18
Leatherback Turtles (Dermochelys coriacea), eight Hawksbill Turtles (Eretmochelys imbricata), and 26 unidentified
individuals. From all species, 12 were oceanic-stage juveniles, 3,663 were neritic-stage juveniles, and 147 were
adults. A total of 539 strandings (13.6%) showed signs of anthropogenic interactions: 318 involved fishing gear,
125 involved watercrafts, 90 showed evidence of direct injuries from humans, four involved plastic items, and two
involved oil pollution. Our results suggest that fisheries bycatch and watercraft collisions (mainly in bays) are the
predominant threats to Green Turtles in the state Rio de Janeiro. It also appears that mortality of Loggerhead,
Olive Ridley, and adult Leatherback Turtles is associated with fishing activities in feeding areas or in migratory
corridors between feeding and breeding areas.

Key Words.—anthropogenic impacts; Caretta caretta; Chelonia mydas; Dermochelys coriacea; Eretmochelys imbricata;
Lepidochelys olivacea; mortality; threats

INTRODUCTION

Sea turtles are subject to a wide range of threats,
including many associated with human activities.
These anthropogenic threats include boat strikes,
fisheries bycatch, dredge operations, habitat loss, and
both chemical and plastic pollution (Oravetz 2000;
Bugoni et al. 2003; Schuyler et al. 2014; Jerdy et
al. 2017). Knowledge of the spatial, temporal, and
demographic risk posed by these factors on sea turtles is
key to developing conservation actions to mitigate these
threats.

Beach monitoring projects that collect information
from sea turtles found dead or debilitated in a study area
(termed strandings) can provide critical information on
sea turtle populations in adjacent marine habitats (e.g.,
species, sex, life stage, diet, etc.; Epperly et al. 1996;
Tomas et al. 2008; Reis et al. 2017; Vélez-Rubio et al.
2017), as well as sources of anthropogenic interactions
and mortality (Vélez-Rubio et al. 2013; Goldberg et al.
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2016; Reis et al. 2017). In Brazil, data collection on
sea turtle strandings has intensified in the last 10 y due
to beach monitoring projects implemented along the
entire coast (Werneck et al. 2018). Such projects are
mandated by the Brazilian Institute of the Environment
and Renewable Resources (IBAMA) to evaluate the
effects of offshore activities related to the discovery and
extraction of petroleum and natural gas. This effort aims
to improve the environmental and social responsibilities
of these operations through the implementation of
mitigating or compensatory measures (Werneck et al.
2018).

InSeptember2016, the Santos Basin Beach Monitoring
Project (SB-BMP) began monitoring the beaches
and nearshore waters in the state of Rio de Janeiro to
document strandings of sea turtles, as well as seabirds
and marine mammals. Sea turtle strandings include the
five species that occur in Brazilian waters: Green Turtle
(Chelonia mydas), Loggerhead Turtle (Caretta caretta),
Hawksbill Turtle (Eretmochelys imbricata), Olive Ridley
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Ficure 1. (A) Location of the Santos Basin in southern Brazil. (B) Location of the study area within the Santos Basin relative to the states
of Santa Catarina (SC), Parana (PR), Sdo Paulo (SP), Rio de Janeiro (RJ), and Espirito Santo (ES), as well as the Pelotas and Campos
basins and Pre-salt layer (hatched area; see text for description). (C) The 13 municipalities between Saquarema (Vila Beach) to Paraty
(Caixa D’Aco Beach) in state of Rio de Janeiro, where the Santos Basin Beach Monitoring Project documented sea turtle strandings from
19 September 2016 and 19 September 2019. Colored areas along the coastline indicate the density of sea turtles strandings for all species
combined. Abbreviations are IGB = Ilha Grande Bay, IS = Sepetiba Bay, and GB = Guanabara Bay.

Turtle (Lepidochelys olivacea) and Leatherback Turtle
(Dermochelys coriacea; Marcovaldi and Marcovaldi
1999). Currently, all five species are listed in the Red
Book of Threatened Brazilian Fauna (Instituto Chico
Mendes de Conservagdo da Biodiversidade/Ministério
do Meio Ambiente 2018). In this study, we analyzed
data collected from sea turtle strandings found along the
southern and central portion of the coast of the state of
Rio de Janeiro in the Santos Basin between September
2016 and September 2019. The goals of this study were
to (1) determine the spatial distribution of strandings,
(2) identify the species and life stages of strandings, and
(3) infer the primary sources of mortality.

MATERIALS AND METHODS

Study site—The Santos Basin is located in the
southern portion of the Brazilian continental margin
along the states of Santa Catarina, Parand, Sao Paulo,
and Rio de Janeiro (Fig. 1). While the SB-BMP covers
all states within the basin, our study area was located
on the northern portion of the Santos Basin between
Saquarema (Vila Beach; 22°56'08"S, 42°29'44"W) and
Paraty (23°22'07"S, 44°43'31"W) in the state of Rio
de Janeiro, Brazil (Fig. 1). This area contains three
main bays (Guanabara Bay, Sepetiba Bay, and Ilha
Grande Bay), which host many economic activities of
considerable importance to the state, including different

industrial complexes, shipping ports, tourist activities, a
large concentration of urban areas, and intensive artisanal
fishing activities (Freitas and Rodrigues 2014; Johnsson
and Tkemoto 2015). Moreover, there are considerable
oil reserves in the Santos Basin, in a region called Pre-
salt Layer (Fig. 1). The exploration of these reserves
can only be carried out if the exploration company (in
this case PETROBRAS) executes a mitigation plan for
marine fauna, a condition required by IBAMA.

Data collection—We compiled data on sea turtle
strandings found during the SB-BMP in the state of Rio
de Janeiro from 19 September 2016 to 19 September
2019. We further extracted only those stranding records
documented between Vila Beach in Saquarema and
Caixa D’Ac¢o Beach in Paraty in Rio de Janeiro state.
Data were collected using three different monitoring
strategies: daily monitoring on the beaches (by car,
foot, or bicycle), monitoring by watercraft (near the
coast), and opportunistic reports made by the public.
The monitoring protocol can be found in Werneck et al.
(2018).

For each stranding event, we recorded the date and
time, location (GPS coordinates), species, body size
(curved carapace length; CCL), condition (alive or dead
and stage of decomposition adapted from Geraci and
Lounsbury 2005; Table 1), evidence of anthropogenic
interactions, and presence of fibropapillomatosis. We
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TaBLE 1. Classification system used to determine the condition
of sea turtles found debilitated or dead (termed strandings) during
Santos Basin Beach Monitoring Project between Saquarema (Vila
Beach) and Paraty in the state of Rio de Janeiro (adapted from
Geraci and Lounsbury 2005).

Characteristics (external

Code Condition S
examination only)
1 Alive —
2 Carcass in good ~ Normal appearance, little action
condition of necrophagous animals, little
skin loss, firm musculature and fat,
intact organs, intestine with little
quantity of gas
3 Moderate Carcass intact, protrusion of
decomposition tongue and genital organ, eyes dry
or absent, skin loss, hemolyzed
blood, fat affected, muscles brittle,
intestine dilated with gas.
4 Advanced Considerable skin loss, intensive
decomposition action of necrophagous animals,
strong odor, smooth fat with gas
bubbles, muscles nearly liquified,
viscera brittle, intestine filled with
gas
5 Carcass —

mummified or
skeletal remains

used body size measurements to classify each turtle
into a life stage using reference values for each species
in Brazil (Santos et al. 2011a). For all species, we
classified individuals with CCL < 30 c¢m to be oceanic-
stage juveniles (Bjorndal 1996). We classified neritic-
stage juveniles differently for each species: 30-96 cm
for Green Turtles (Colman et al. 2014), 30—82 c¢m for
Loggerhead Turtles (Marcovaldi and Chaloupka 2007),
30-62 cm for Olive Ridley Turtles (Silva et al. 2007),
30-139 cm for Leatherback Turtles (Thomé et al 2007),
and 30-82 cm for Hawksbill Turtles (Marcovaldi et al.
2007). We classified individuals with CCL equal to or
greater than the maximum values described for neritic-
stage juveniles as adults. We only conducted external
assessments for each stranding (i.e., we did not conduct
necropsies to assess maturity and/or reproductive status,
or cause of death).

When we encountered external evidence of
anthropogenic  interactions, we separated each
observation into one of five categories: (1) Fishing gear,
indicated by any type of fishing gear found on the animal
(hook, nylon line, net, etc.) or marks suggestive of an
interaction with such gear, (2) Watercraft, indicated by
superficial or deep cuts or irregular fractures in bone
or soft parts typical of collision with propellers or the
hulls of boats, (3) Injuries, indicated by occurrences
of physical aggression by humans on turtles, including
knife cuts, blows to the head, fractured bones, and other
signs of unnatural trauma or laceration, (4) Plastic

debris, indicated by external interaction with any type of
plastic item, such as soft plastic, packaging, polystyrene
foam, etc., or (5) Oil, indicated by the presence of oil
residues. We also assigned each interaction with a
relative ranking score based on the strength of evidence:
strong, moderate, or weak. A strong interaction was one
in which the causal agent was found on the animal or
when the interaction was obvious despite not finding
the causal agent (e.g., collision with watercraft). We
recorded an interaction as moderate when the causal
agent was not found but there was strong evidence of the
type of interaction. A weak interaction was one in the
absence of a causal agent and absence of strong evidence
of the type of interaction. For the oiled category, we
categorized body coverage as either < 25%, 25-50%,
50-75%, or > 75%.

Data analysis—To determine spatial patterns
of strandings, we processed the georeferenced data
points for each stranding and created maps using the
software ArcGIS 10 (Esri, Redlands, California USA).
We combined stranding data from the municipalities
of Saquarema and Maricd because monitoring in
Saquarema was only performed until Vila Beach and did
not extend over the entire coastline of the municipality.
Using Spatial Analysis in ArcGIS 10, we aimed to test
if there were any spatial differences in the density of
strandings. For density maps, we used a kernel density
calculation tool. First, we used Standard Deviation
classification with five classes for the density map of
the occurrences of strandings. Second, we used Equal
Interval classification with 10 classes for the maps of
the spatial distribution of strandings per species and
spatial distribution of strandings per anthropogenic
impact. Density was calculated based on the number
of points (strandings) in a location (i.e., the greater the
number of points grouped within a cell, the greater the
kernel density estimate). We evaluated stranding data
by species per month using Data Dispersion Analysis to
identify temporal variation.

RESsuLTS

During the study period, we recorded 3,957 sea turtle
strandings between Saquarema (Vila Beach) and Paraty:
3,587 Green Turtles (90.6%), 242 Loggerhead Turtles
(6.1%), 76 Olive Ridley Turtles (1.9%), 18 Leatherback
Turtles (0.5%), eight Hawksbill Turtles (0.2%), and
26 with undetermined species (0.7%; Table 2). We
determined the life stage for 3,822 individuals: 12
oceanic-stage juveniles, 3,663 neritic-stage juveniles,
and 147 adults (Table 2). We found 449 animals alive
(Code 1) and 3,508 dead. Of these dead individuals,
most were in an advanced stage of decomposition: 256
in Code 2 (7.3%), 618 in Code 3 (17.6%), 2,169 in
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TABLE 2. Sea turtle strandings (n = number) recorded from 19 September 2016 to 19 September 2019 between Saquarema (Vila Beach)
and Paraty in the state of Rio de Janeiro, Brazil, for Green Turtles (Chelonia mydas), Loggerhead Turtles (Caretta caretta), Olive
Ridley Turtles (Lepidochelys olivacea), Hawksbill Turtles (Eretmochelys imbricata), and Leatherback Turtles (Dermochelys coriacea).
Information includes life stage, body size (curved carapace length; CCL), and external condition (see text for descriptions of Codes 1-5).

Life stage CCL (cm) Condition (Code)
Oceanic  Neritic
Species n %  juvenile juvenile Adult Mean SD Range 1 2 3 4 5
Green Turtle 3,587  90.6 12 3,515 7 359 142 24.1-98.6 438 251 594 1,925 379
Loggerhead Turtle 242 6.1 - 128 73 773 113 50.2-137.6 8 4 19 163 48
Olive Ridley Turtle 76 1.9 - 11 53 653 43 33.4-75.3 2 1 4 54 15
Leatherback Turtle 18 0.5 - 2 14 140.5 12.3  114.0-155.5 - - 1 16 1
Hawksbill Turtle 8 0.2 - 7 - 59.5 49 55.0-64.9 1 - - 5 2
Undetermined 26 0.7 - - - - - - - - - 6 20
Total 3,957 100 12 3,603 147 449 256 618 2,169 465

Code 4 (61.8%), and 465 in Code 5 (13.3%; Table 2).
Live animals were sent to the SB-BMP rehabilitation
centers. Most occurrences were notified through reports
from general population/partnership network (51.2%),
followed by active monitoring on land (44.1%), and
monitoring by watercraft (4.7%).

For all species combined, we found the greatest
density of strandings around Marambaia Island in the
municipality of Mangaratiba (Fig. 1); however, this

pattern was primarily driven by the high concentration
of Green Turtle strandings at Marambaia Island (Fig.
2). Stranding densities were greatest in the central
and eastern municipalities for Loggerhead and Olive
Ridley Turtles (Fig. 2). We found that strandings of
Leatherback Turtles were concentrated in the eastern
municipalities, especially Saquarema, while strandings
of Hawksbill Turtles were concentrated near the mouth
of Guanabara Bay (Fig. 2).

C. caretta

L. olivacea

D. coriacea

E. imbricata

Density

Low High

FiGURE 2. Spatial distribution of sea turtle strandings recorded for each species from 19 September 2016 to 19 September 2019 between
Saquarema (Vila Beach) and Paraty (Caixa D’A¢o Beach) in the state of Rio de Janeiro, Brazil. (A) Green Turtles (Chelonia mydas), (B)
Loggerhead Turtles (Caretta caretta), (C) Olive Ridley Turtles (Lepidochelys olivacea), (D) Leatherback Turtles (Dermochelys coriacea),

and (E) Hawksbill Turtles (Eretmochelys imbricata).
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Ficure 3. Average monthly distribution of sea turtle strandings for each species recorded from 19 September 2016 to 19 September
2019 between Saquarema (Vila Beach) and Paraty (Caixa D’Aco Beach) in the state of Rio de Janeiro, Brazil. (A) Green Turtles
(Chelonia mydas), (B) Loggerhead Turtles (Caretta caretta), (C) Olive Ridley Turtles (Lepidochelys olivacea), (D) Leatherback Turtles
(Dermochelys coriacea), and (E) Hawksbill Turtles (Eretmochelys imbricata).

We found that the average number of strandings per
month over the 3 y varied among species (Fig. 3). For
Green and Loggerhead Turtles, we recorded the highest
number of strandings between July and September
(winter and early spring), with a maximum in July for
Green Turtles (n =393, with 178 in 2018) and in August
for Loggerhead Turtles (n = 54, with 38 occurrences in
2018; Fig. 3). For Olive Ridley Turtles, we recorded
the highest number of standings in September when all
years were combined (n = 14) even though the highest
occurrence in a single month was in October 2018 (n
= 9). For Leatherback Turtles, strandings occurred
between January and April (summer and early autumn),
with a maximum in April 2017 (n = 5). For Hawksbill
Turtles, isolated occurrences were scattered throughout
the year (Fig. 3).

Regarding strandings with evidence of anthropogenic
interactions, we documented 500 individuals with one
type of anthropogenic interactions: 476 Green Turtles,
18 Loggerhead Turtles, five Olive Ridley Turtles, and
one for Leatherback Turtle. Additionally, we recorded
39 individuals with more than one type of interaction:
38 Green Turtles and one Olive Ridley Turtle. Of these

539 anthropogenic interactions, we categorized 59.0%
as Fishing gear, 23.2% as Watercraft, 16.7% as Injuries,
0.7% as Plastic debris, and 0.4% as Oil with body
coverage <25% (Table 3). Among all interactions with
fishing gear, 68 (21.4%) occurred on Marambaia Island
(Fig. 4). Records of watercraft collisions (n = 125) were
most dense at the entrance of Guabanara Bay and in the
port area of Sepetiba Bay, with Green Turtles being the
most affected (n = 120; Fig. 4, Table 3). Injuries related
to physical aggression by humans on turtles were most
dense inside Sepetiba Bay near the town of Itacuruca
(Fig. 4). Fibropapillomatosis (FP) was documented in
493 Green Turtles (12.5 %) and one Hawksbill Turtle. FP
was not documented in any Loggerhead, Olive Ridley,
or Leatherback Turtles. We found 54.8% of turtles
exhibiting FP during on-beach and in-water monitoring
of Guanabara (n = 145) and Sepetiba Bays (n = 131).

DiscussioN
Green Turtle—Green Turtle strandings have been

recorded with greater frequency than other species in
all regions of Brazil (southeast: Reis et al. 2009; Reis
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TaBLE 3. Frequency of each documented anthropogenic interaction
for each species, separated by strength of evidence (see text),
recorded from 19 September 2016 and 19 September 2019 between
Saquarema (Vila Beach) and Paraty in the state of Rio de Janeiro,
Brazil. Species abbreviations are CM = Green Turtle (Chelonia
mydas); CC = Loggerhead Turtle (Caretta caretta; LO = Olive
Ridley Turtle (Lepidochelys olivacea); DC = Leatherback Turtle
(Dermochelys coriacea). Total number of strandings = 3,957. The
abbreviations TAI = Types of anthropogenic interactions and SOE
= Strength of evidence; W = weak, M = moderate, S = strong.

Species
TAI SOE CM CC LO DC Total
Fishing gear w 25 7 3 35
M 47 1 48
S 234 1 235
Watercraft w 95 3 1 99
M 16 16
S 9 1 10
Injuries w 63 5 1 1 70
M 10 2 12
S 8 8
Plastic debris W 0
M 0
S 4 4
Oil W 0
M 0
S 2 2
Total 513 18 7 1 539

et al. 2017; Tagliolatto et al. 2019b; this study; south:
Monteiro et al. 2016; Cantor et al. 2020; northeast: Poli
et al. 2014; Farias et al. 2019). In addition to supporting
several important nesting sites that are concentrated on
oceanic islands, the entire coastline of Brazil constitutes
an important feeding area for Green Turtles in the Atlan-
tic Ocean. These individuals comprise a mixed-genetic
stock originating from multiple rookeries, including
Brazil, Ascension Island, Costa Rica, Suriname, and nu-
merous Caribbean and west African countries (Marco-
valdi and Marcovaldi 1999; Mascarenhas et al. 2005;
Almeida et al. 2011; Santos et al. 2011a; Naro-Maciel
et al. 2012).

We found the greatest density of Green Turtle strand-
ings on Marambaia Island, where 21.4% of strandings
with documented anthropogenic interactions were with
fishing gear. Marambaia, despite being called an island,
is a point of land connected to the mainland through ex-
tensive sandbanks, coastal vegetation, and mangrove ar-
eas. These habitats constitute a natural breeding ground
for fishes, crustaceans, and mollusks that attracts Green
Turtles and also fishermen (Almeida et al. 2011; Car-
doso et al. 2011). The high number of Green Turtles

A Density C. mydas
@® C. caretta
@® .. olivacea Low High
@ D. coriacea
Fishing Gear
B
Watercrafts
Injuries

FiGure 4. Density map of the three predominate anthropogenic
interactions: (A) Fishing gear, (B) watercrafts, and (C) injuries
caused by human aggression documented for Green Turtles
(Chelonia mydas) from 19 September 2016 to 19 September 2019
between Saquarema (Vila Beach) and Paraty (Caixa D’ Aco Beach)
in the state of Rio de Janeiro, Brazil. Anthropogenic interactions
documented for other species are represented by icons on maps:
Loggerhead Turtles (Caretta caretta), Olive Ridley Turtles
(Lepidochelys olivacea), and Leatherback Turtles (Dermochelys
coriacea).

that we found dead in this area may be attributed to the
intensive artisanal fishing practiced by local community.
Artisanal fishing, especially using gillnets, is consid-
ered a significant threat to populations of Green Turtles
around the world because it is widely practiced and fre-
quently overlaps with the feeding and resting grounds
of juveniles of this species (Alfaro-Shigueto et al. 2011;
Almeida et al. 2011; Senko et al. 2014).

Following interactions with fishing gear, the next
most common anthropogenic interaction we docu-
mented for Green Turtles was from watercraft colli-
sions and injuries related to human aggression. Most
stranded individuals with marks suggestive of collisions
with watercrafts occurred in the Guanabara and Sepe-
tiba Bays, corresponding to 55% of all anthropogenic
interactions documented in these areas. These bays are
characterized by extensive urban, industrial, and tourist
activities, and have considerable boat and industrial ship
traffic (Instituto Politicas Alternativas para o Cone Sul
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[PACS] 2015). In Australia, most records of watercraft
collisions involving Green Turtles were also in bays of
commercial and recreational importance (Hazel and Gy-
uris 2006). Collectively, these patterns demonstrate that
Green Turtles continue to use urbanized habitats follow-
ing development, but that watercraft interactions can
cause significant sea turtle mortality in these areas.

Regarding injuries caused by human aggression on
turtles, most records were consistent with traumatic
blows to the head, causing skull fractures, and knife
cuts. For Green Turtles found on Marambaia Island, we
observed spatial overlap between the density of interac-
tions involving such injuries and those involving fishing
gear. These individuals may have become victims of
aggression after being caught incidentally during fishing
activities. While we do not have information on local
consumption of turtle meat, the reports obtained about
these injuries suggest that they occur when animals are
removed from nets and discarded. Monteiro (2004) also
attributed signs, such as the cutting or the removal of
the shell and meat, to interactions with fishing activities.
Another high density area for such injuries was found in
Sepetiba Bay at Itacuruca (PACS 2015).

Despite the relatively small number of Green Turtle
strandings that were attributed to plastic pollution and
oil, we obtained data only from external evaluations
of the stranded animals, which may have caused these
threats to be underrepresented. Entanglement in plastic
debris or extensive oil exposure would be visible exter-
nally; however, mortality associated with the ingestion
of plastic debris or oil would have been missed in our
stranding assessments. Nevertheless, ocean pollution
is one of the greatest threats to the marine environment
and the organisms that depend on it (Sutherland et al.
2010; Vegter et al. 2014; Gall and Thompson 2015).
Plastics are frequently found in the digestive tract of sea
turtles, especially Green Turtles, which has been widely
documented in the South Atlantic (Bugoni et al. 2001;
Tourinho et al. 2010; Jerdy et al. 2017; Vélez-Rubio et
al. 2018; Rizzi et al. 2019). Although this threat may
have been underrepresented in our study, recent studies
suggest that plastic pollution is a significant threat to this
mixed foraging aggregation.

We documented 493 Green Turtles with fibropapil-
lomatosis (FP), a disease caused by a herpesvirus and
characterized by the development of single or multiple
skin tumors occurring both externally and internally.
Depending on the severity of the disease, it can result
in death (Herbst and Klein 1995). Most cases of FP in
marine turtles have been recorded in Green Turtles and
occur in areas close to large urban centers, including
industrialized bays, suggesting a positive relationship
between the prevalence of this disease and human ac-
tivities (Aguirre and Lutz 2004). On Itaipu Beach in the
municipality of Nitero6i, Rio de Janeiro State, studies of

FP on resident juveniles Green Turtles indicated a high
incidence of this disease in comparison with other data
collected in Brazil (Guimaraes et al. 2013; Tagliolatto et
al. 2016). The proximity of this in-water site to Guana-
bara Bay further supports the connection between hu-
man activity and FP in Green Turtles.

Loggerhead Turtle—Loggerheads Turtles account-
ed for the second highest percentage of strandings af-
ter Green Turtles (6.1%). Loggerheads have the larg-
est number of breeding grounds on the coast of Brazil
and one of the largest populations in the Atlantic Ocean
(Santos et al. 2011a). The northern portion of the state
of Rio de Janeiro is one of the major breeding areas for
this species in Brazil (Santos et al. 2011b). According
to Tagliolatto et al. (2019a), incidental bycatch of Log-
gerhead Turtles by industrial bottom trawl fishery is sig-
nificantly higher in winter and around the geographic
coordinates 23° S and 42° W, which corresponds with
the temporal and spatial patterns of loggerhead strand-
ings found in the present study. Although we found only
eight individuals with external evidence of interaction
with fishing gear, both this species and Olive Ridley
Turtles are known to interact with bottom trawlers with-
out incurring external injuries (Guimaraes et al. 2018;
Tagliolatto et al. 2019a). In addition to trawling, pelagic
longline fishing may also be a source of loggerhead
mortality. Sales et al. (2008), in an extensive monitor-
ing work of this fishery in the southwest Atlantic, re-
corded 789 Loggerhead Turtles between 2001 and 2005,
which represents 56.8% of the total turtles incidentally
captured.

Olive Ridley Turtle—Olive Ridley Turtles were the
third most frequent species found as strandings in this
study (n = 76) and most individuals were adults. This
species is considered the least abundant sea turtle in the
waters off southern Brazil (Da Silva et al. 2007). The
reproduction and nesting areas for Olive Ridley Turtles
in Brazil are concentrated in the state of Sergipe (north-
eastern region; Castilhos et al. 2011), but studies have
confirmed that some individuals migrate to feeding
grounds in the southern region between breeding sea-
sons (Reis et al. 2010; Petitet and Bugoni 2017; Reis et
al. 2017; Guimaraes et al. 2018).

In Brazil, the reproductive season of Olive Ridley
Turtles is from September to March (Silva et al. 2007),
while strandings in this study were most frequent be-
tween July and October (winter and early spring). Ta-
gliolatto et al. (2019b) reported a higher rate of inciden-
tal bycatch of Olive Ridley Turtles in the bottom trawl
fishery during the winter and spring. Thus, our strand-
ing data are consistent with data from these previous
studies indicating that adult Olive Ridley Turtles may
be dying primarily from interactions with industrial-

231



Guimaraes et al.—Sea turtle stranding in southern Brazil.

scale fishing activities during their migrations between
feeding and reproduction areas. Although only seven
individuals were found with external evidence of inter-
action with fishing gear, this species is known to interact
mainly with bottom trawling fisheries in Brazil, similar
to Loggerhead Turtles, but also with longline fishery
(Sales et al. 2008).

Leatherback Turtle—Leatherback Turtle strand-
ings are rare throughout the entire coast of Brazil. We
recorded 18 individuals, with most occurring between
January and April. In a large survey conducted between
1969 and 2001, Barata et al. (2004) recorded only five
leatherback strandings in the state of Rio de Janeiro. Up
to 2016, however, there were no studies in the region in-
volving the SB-BMP in Rio de Janeiro state, which may
have generated underestimated data on the number of
strandings in the region. Once again, this demonstrates
the importance of maintaining monitoring programs
along the coast.

Of the five species nesting in Brazil, Leatherback
Turtles deposit the fewest number of clutches (Thomé
et al. 2007). Leatherbacks are primarily oceanic, in
which their migratory movements are mainly related to
seasonal concentrations of their preferred prey (gelati-
nous zooplankton), but their use of nearshore habitats
has been described in several studies as well (Houghton
et al. 2006; Doyle et al. 2008; Lopez-Mendilaharsu et al.
2009; Robinson et al. 2016). Lopez-Mendilaharsu et al.
(2009) identified feeding grounds used by Leatherback
Turtles in the southwest Atlantic, which were predomi-
nantly on the continental shelf and break, including the
Santos Basin. In the spring and summer in the central
northern region of the state of Rio de Janeiro, regu-
lar upwellings occur at the narrow continental margin
(Valentin 2001). This upwelling leads to a significant
increase in phytoplankton and zooplankton from Feb-
ruary to April, which can attract leatherbacks closer to
the shore as they follow increases in food availability,
specifically jellyfish. In turn, this leads to more leath-
erbacks being caught accidentally by coastal fisheries
(Guimaraens et al. 2005; Sales et al. 2008; Schroeder
et al. 2014). The increase in the number of leather-
back strandings in the month of April in our study co-
incides with these aspects of their foraging biology, but
also with their breeding season in Brazil (September to
March; Thomé et al. 2007). Most leatherback strand-
ings we found were adult individuals, but we did not
assess reproductive status. Nevertheless, this species is
classified as Critically Endangered in Brazil, making the
loss of adult individuals worrisome in the long term.

Colman et al. (2019) recorded an increase in the
average annual number of leatherback nests in Brazil
between 1988 and 2017 when comparing the average
over the first 5 y with that of the last 5 y. The authors

highlighted the absence of adult mortality estimates for
Leatherback Turtles in Brazil, indicating that a low mor-
tality of adults and large juveniles is required to main-
tain viable marine turtle populations. Therefore, docu-
menting leatherback strandings and determining causes
of mortality, along with the continuation of long-term
monitoring and genetic studies, can provide important
information for evaluating the impacts of mortality
threats and elucidating the population stock structure in
Brazil.

Hawksbill Turtle—The low frequency of hawksbill
strandings that we found (n = 8) was expected, as this
species occurs less frequently in the southern and south-
eastern regions of Brazil and is more abundant through-
out the northern-northeastern coast (Marcovaldi et al.
2007). The primary nesting sites for Hawksbill Turtles
are in northeastern Brazil, as well as two of the most
important feeding grounds in the country: Fernando de
Noronha Archipelago (Sanches and Bellini 1999) and
Rocas Atoll (Marcovaldi et al. 1998). Seven Hawksbill
Turtles that we found were neritic-stage juveniles, sug-
gesting that the coast of Rio de Janeiro supports a small
foraging aggregation; however, more work is needed to
understand their foraging ecology and genetic origins.

Spatial distribution of strandings.—We recorded the
greatest number of strandings in the municipalities of
Marica (including western Saquarema), Mangaratiba,
and Rio de Janeiro. Marica (and western Saquarema)
represent a long coastline that runs in an east-west direc-
tion, meaning that it is facing the southern quadrant and
is exposed to high-energy waves (Muehe and Valentini
1998). The size and orientation of these municipalities
may therefore contribute to the stranding of carcasses
on beaches. In addition, Maricé and western Saquarema
are closer to the central northern region of the state of
Rio de Janeiro, where the number of strandings is higher
than the more southern municipalities surveyed in our
study (Tagliolatto et al. 2019b). Reis et al. (2017) also
identified an important concentration of strandings in
Saquarema and the municipalities to the north of our
study area: Arraial do Cabo, Cabo Frio, and Buzios.
Collectively, these results suggest that standings in this
area are influenced by local winds, the coast orientation,
and upwelling events (as we described in the Leather-
back Turtle section). Eastern Saquarema and the mu-
nicipalities to the north are monitored by another beach
monitoring project (BMP), the Campos Basin - BMP,
so the strandings we recorded only correspond to those
strandings that occur in the west/south of Saquarema.
Mangaratiba had the second greatest number of strand-
ings and these records are possibly associated with inter-
actions with fisheries in Sepetiba Bay, as we described
in the Green Turtle section.
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Conservation concerns.—Intensive monitoring in
this area has provided important and unprecedented in-
formation on sea turtle stranding events. These include
the discovery of areas with high rates of interactions
with fishing gear, as well as injuries associated with
human aggression towards turtles that accidentally cap-
tured during fishing activities near urban areas (Maram-
baia and Itacuruga, Sepetiba Bay). These finding re-
veal local problems that need to be mitigated through
environmental awareness projects and increased local
inspection and enforcement. The confirmation that
Guanabara and Sepetiba Bay are likely places for sea
turtles to be struck by boats demonstrated that this type
of interaction can cause significant sea turtle mortality in
these areas. The finding that leatherback strandings co-
incide, in part, with their breeding season in Brazil, sug-
gested that coastal fisheries may pose the major threat
to Leatherback Turtles in the region. These occurrences
are worrisome in the long term and point to the need for
mitigation measures in fisheries that incidentally catch
leatherbacks in Brazil.

High rates of mortality for juvenile Green Turtles
have been reported by stranding studies in Brazil. This
species is considered Endangered worldwide (Semi-
noff 2004), and both the uncontrolled development of
coastal habitats and fisheries bycatch represent signifi-
cant concerns regarding the maintenance of stocks in
the long term (Hamann et al. 2010). In Brazil, stud-
ies investigating the interaction between Green Turtles
and artisanal fishing activities have increased in the past
10 y and there has been a strong effort to reduce inci-
dental bycatch (Sales et al. 2010; Santos et al. 2011a;
Lopez-Barrera et al. 2012). Measures aimed to mitigate
bycatch mortality include the development of more ef-
ficient fishing gears in reducing bycatches, mainly in
industrial fisheries (Hamann et al. 2010; Sales et al.
2010). Tackling the issue of sea turtle bycatch in small-
scale artisanal fisheries is intrinsically more difficult due
to the greater diversity of gear used in these fisheries
and to the dispersed and decentralized nature of fish-
ing communities (Dutton and Squires 2008). In Bra-
zil, three Regional Management Units for Green Turtles
have been identified based on demographic, spatial, and
genetic information about geographic distributions of
populations. This area represents important habitats of
high-use and connectivity between breeding and feeding
areas and could be integrated with other georeferenced
data of human activities subject to management, such
as fisheries, oil and gas extraction, coastal development,
and others, thereby helping to design appropriate man-
agement strategies for this species (Wallace et al. 2010).

As in all stranding studies, the number of animals
washed ashore and detected by surveys represents only
a small proportion of all mortality events. The main
reasons for underestimating mortality rates from strand-

ing data are (1) oceanographic characteristics, such as
distance from beach, currents, wind, and season, (2)
the consumption of the carcasses by other animals, (3)
missed carcasses by monitoring, and (4) possible local
consumption (Senko et al. 2014). As these stranding
rates simply depict the minimum mortality occurring in
an area, the actual scenario is frequently much worse.
As the degradation of the coastal environment continues
to increase, we can expect mortality and stranding rates
to increase as well (Cantor et al. 2020). The potential
impact of anthropogenic threats on these populations,
as revealed through stranding records of SB-BMP, un-
derscores the urgent need to implement conservation
actions, such as mitigation measures for bycatch and
targeted environmental awareness campaigns in specific
communities. The continued monitoring of stranding
events in the region will enable a long-term assessment
of the impacts of different threats in the region of the
Santos Basin in the state of Rio de Janeiro.
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