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Abstract

Sea turtles spend most of their life cycle in foraging grounds. Research in developmental habitats is crucial to understanding
individual dynamics and to support conservation strategies. One approach to gather information in foraging grounds is the use
of cost-effective and non-invasive techniques that allow public participation. The present study aimed to use photographic-
identification (photo-ID) to investigate the spatio-temporal distribution of Chelonia mydas and Eretmochelys imbricata.
Furthermore, we describe fibropapillomatosis occurrence. This work was carried out at subtropical rocky reefs of the
Brazilian coast in Arraial do Cabo (22°57'S, 42°01'W), within a sustainable conservation unit. A total of 641 images were
obtained through social media screening (n=447), citizen science (n=168), or intentional capture (n=26) dated between
2006 and 2021. Additionally, 19 diving forms (between 2019 and 2021) were received from citizen scientists. All diving forms
presented at least one turtle. Photo-ID identified 174 individuals of C. mydas, with 45 being resighted, while E. imbricata
had 32 individuals, with 7 individuals resighted. The median interval between the first and last individual sighting was
1.7 years for C. mydas and 2.4 years for E. imbricata. Fibropapillomatosis was only observed in C. mydas, with a prevalence
of 13.99% (20 of 143 individuals) and regression in 2 individuals (10.00%). Our results indicated that Arraial do Cabo is an
important development area with individuals residing for at least 6 years. This study demonstrated that social media, along
with photo-ID, can be useful to provide sea turtle estimates in a foraging ground using a non-invasive, low-cost method.
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Introduction

Research on animal developmental habitats is crucial to
providing a deeper understanding of species dynamics and
their interactions, which can promote effective conservation
and management strategies. The most commonly used moni-
toring methods include direct observation, tissue analysis,
gut content analysis, genetics, and capture-mark-recapture
(CMR), all of which provide valuable data on movement,
distribution, diet, health assessment, morphometric values,
survival, and behavior (Bourlat et al. 2013; Crossin et al.
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2014; Katsanevakis et al. 2012; Nielsen et al. 2017). CMR
methods are widely used to monitor individuals and pop-
ulations over time, and to gather information on growth,
demographic parameters and population trends (Casale
et al 2009; Crossin et al. 2014; Castelblanco-Martinez et al.
2019; Kanive et al. 2019; Tourani 2021). Although these
techniques are known for their accuracy in data collection,
the difficulties associated with the most applied CMR tech-
niques (telemetry and tags) are the need for capture, han-
dling, complex logistics for implementation tag loss, trans-
mitter failure, and high-cost equipment (Hebblewhite and
Haydon 2010; Casale et al. 2017).

The sea turtle species Chelonia mydas and Eretmochelys
imbricata have a complex life cycle that includes an early
oceanic juvenile stage, followed by recruitment to neritic
developmental habitats, where juveniles and adults can be
found (Bolten 2003). Monitoring efforts in foraging grounds
are particularly important as individuals spend most of their
lives in these habitats; juveniles growing to constitute future

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00227-023-04226-z&domain=pdf
http://orcid.org/0000-0001-6471-0608

83 Page 2 of 13

Marine Biology (2023) 170:83

spawning stocks, and adults occupying these areas during
the remigration interval (Wildermann et al. 2018). Over the
past few decades, several studies in foraging grounds have
highlighted the influence of habitat quality, prey availabil-
ity, presence of predators, temperature and substrate type
on individual development, disease susceptibility, survival,
habitat use and fidelity (Metz et al. 2020; Gillis 2020).

Photographic-identification (photo-ID) is a cost-effective
and non-invasive CMR technique that relies on comparing
natural marks on individuals using photographs (Schofield
et al. 2008). For sea turtles, photo-ID compares unique
patterns of facial scales on the sides of the head (Carter et al.
2014; Dunbar et al. 2014; Araujo et al. 2016; Calmanovici
et al. 2018), dorsal scales of the head (Dunbar et al. 2014),
flippers scales (Gatto et al. 2018) or carapace images
(Tabuki et al. 2021). These marks remain stable over the
years, making them a great long-term identification tool
(Carpentier et al. 2016). However, marks may differ between
the two sides of the same individual (Su et al. 2015),
implying the need to use photographs of both sides or to
standardize the use of only one side to determine the number
of individuals. As well as the traditional CMR methods,
photo-ID has been used to established patterns of movement,
behavior, and habitat use of individuals (Baumbach et al.
2019; Papafitsoros et al. 2020; Petit et al. 2020; Schofield
et al. 2020; Hanna et al. 2021).

Several algorithms and software have been developed
for photo-ID analysis, allowing conservation programs to
incorporate underwater images and reducing the need for
turtle manipulation (Dunbar et al. 2014, 2021; Williams
et al. 2017; Baumbach et al. 2019). Some of these facilitate
the participation of non-scientific volunteers (citizen
scientists) who can contribute through structured protocols,
opportunistic data, or crowdsourcing initiatives (Baumbach
and Dunbar 2017; Becken et al. 2019). Collaboration
provides mutual benefits, by reducing science-related costs
and increasing the amount of information collected, while
citizen scientists receive a sense of participation and become
familiar with research and scientific knowledge (Lucrezi
et al. 2018). In the marine realm, some of most popular
citizen scientists are SCUBA divers, who have access to a
variety of information (e.g. abiotic data, species presence,
and photos), most of which can be used in ecological studies,
such as species monitoring and climate change studies
(Martin et al. 2016; Lucrezi et al. 2018).

The green turtle, C. mydas, and the hawksbill turtle, E.
imbricata, use the Brazilian coast as both nesting and for-
aging grounds, and both are found on national and inter-
national lists of threatened species. However, most feeding
grounds in this area are understudied (Santos et al. 2011;
TUCN 2022). Both species suffer from anthropogenic
threats, including interaction with debris and fishing, boat
strikes, and fibropapillomatosis (Monteiro et al. 2016; Farias
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et al. 2019; Tagliolatto et al. 2020). Despite the potential for
sea turtle research along the Brazilian coast, few published
articles use photo-ID in underwater surveys (Reisser et al.
2008; Proietti et al. 2014a; Calmanovici et al. 2018). Even
with the high potential recreational use of Brazilian coastal
areas, few studies have taken advantage of citizen-science
activities to access sea turtles (Calmanovici et al. 2018;
Vieira et al. 2020).

Arraial do Cabo is a Brazilian municipality, and part of
a sustainable use conservation unit, the Marine Extractive
Reserve of Arraial do Cabo, where only traditional fish-
ing is allowed. The reserve does not have a ‘no-take’ area,
and general enforcement is rather ineffective. Although the
region is a high-density foraging ground for C. mydas, and
home to E. imbricata (Mello-Fonseca et al. 2021), sea turtles
are not a target species of local conservation strategies. The
clear water and rich marine biodiversity of Arraial do Cabo
enables the occurrence of diverse aquatic tourist activities,
such as recreational dives and boat trips. In Arraial do Cabo,
13 local dive operators perform approximately 25,000 dives
throughout the year, especially during holidays, in winter
and in the summer period (Pedrini et al. 2007; Giglio et al.
2017a). These dives are conducted along the rocky reefs at
depths ranging from 3 to 11 m. The density of sea turtles
makes these animals easy to find during diving operations,
thereby facilitating the acquisition of photos and videos that
are valuable for citizen-science monitoring (Giglio et al.
2018).

This study aimed to estimate the number of individuals,
frequency of encounter, site fidelity, and residence of C.
mydas and E. imbricata in a subtropical rocky reef foraging
ground with great tourist appeal using online dive forms
and photo-ID. This is the first study to combine citizen sci-
ence monitoring and photo-ID to describe sea turtle spatio-
temporal trends on the Brazilian coast. We also attempted to
search for the temporal prevalence and incidence of fibro-
papillomatosis. In particular, we highlight the importance
of applying photo-ID from citizen-scientists data in touristic
areas.

Materials and methods
Study site

The study was conducted in Arraial do Cabo (22°57'S,
42°01'W) on the southeastern coast of Brazil, which is char-
acterized by a subtropical rocky reef ecosystem influenced
by seasonal upwelling events with average water temperature
ranging from 18°C to 22°C (Cordeiro et al. 2020). The physi-
cal barrier formed by the Cabo Frio and Porcos Islands cre-
ates two distinct regions regarding the influence of upwelling
and waves: the exposed and the sheltered region (Fig. 1).
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Fig. 1 a Map of Rio de Janeiro
state in Brazil, indicating the
municipality of Arraial do
Cabo. b Map of Arraial do
Cabo with indications of the
most visited dive sites accord-
ing to Pedrini et al. (2007):
AQ (Anequim), AB (Abdbora
Bay), CA (Cardeiros), PO
(Porcos Island) and location of
intentional captures: PG (Praia
Grande), PA (Praia dos Anjos),
PP (Praia do Pontal)
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The exposed region has lower temperatures (average ~ 18 °C)
and a predominance of warm-temperate affinity species,
while the sheltered region has an average temperature of
22 °C and tropical affinity species dominance (Guimaraens
and Coutinho 1996; Ferreira et al. 2001). Most of the scuba
dives that occur in Arraial do Cabo are limited to the shel-
tered region and are concentrated in 4 points (Porcos Island,
Cardeiros, Anequim and Abdbora Bay) (Pedrini et al. 2007;
Giglio et al. 2017a) (Fig. 1). The exposed region has a maxi-
mum depth of 25 m, while the sheltered region has an aver-
age depth of 6 m, with a maximum depth of 15 m. These
reefs are predominantly rocky shores composed of a rich epi-
lithic algal community (EAC), macroalgae, and the zoanthid
Palythoa caribaeorum, with a lower presence of corals and
other invertebrates. In comparison, the exposed region has
a higher macroalgae coverage, however they share the same
dominant group, Rhodophyta (Mello-Fonseca et al. 2021).

Data input

To obtain the data, a citizen-science program named “Mar
de Tartaruga” (Turtle Sea) was created in November 2019.
A social media account (Instagram; www.instagram.com)
was used to identify and contact dive operators, divers,
and underwater photographers from Arraial do Cabo. The
hashtag “Mergulho em Arraial do Cabo” (Diving in Arraial
do Cabo) was used on the Instagram search tool to find other
recreational and professional divers who were willing to
participate. Moreover, the same term was used on YouTube
(www.youtube.com) and Vimeo (www.vimeo.com) to find
additional underwater photographers.

Social media profiles were pre-selected (54 Instagram
pages) by the presence of at least one underwater image

42°W

or video of sea turtles in Arraial do Cabo. All divers were
contacted to request permission to use the images and were
introduced to the citizen-science project. When individuals
were interested in participating, they were invited to share
any former or unposted digital archives accompanied by
additional information (date, location, and general obser-
vations). Therefore, the database consisted of observations
dating back to before this study began (i.e. before 2021). We
maintained contact with the citizen scientists through Insta-
gram, or Whatsapp Messenger app, if contact was requested,
to share an online diving form to facilitate data acquisition.
The diving form had 11 questions and space for media file
uploading (Table S1).

We also used photos from a parallel monitoring program
to increase our database. Sea turtles were intentionally hand-
captured in snorkeling surveys (July and August 2021) at
three locations (Praia Grande, Praia dos Anjos, and Praia do
Pontal) (Fig. 1). Animals were measured at the maximum
curved carapace length (CCL) with a flexible tape (0.1 cm
precision), weighed using a digital hanging scale (0.1 kg
precision) and photographed for photo-ID. All captured indi-
viduals (n=13) were juveniles of C. mydas (CCL ranged
from 32.0 to 58.4 cm, mean=38.5 cm).

Photo-ID

All images were reviewed for suitability for the comparison
process. The criteria to select images included: lateralized
images, good definition, and absence of epibionts or any
object interfering in the visualization of the lateral head
scales. Images without dates or locations were excluded.
Photo-ID was performed in the pattern-recognition
algorithm “Hotspotter” (Crall et al. 2013), available on
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the platform “Internet of Turtles” (iot.wildbook.org). The
photos were submitted to the Internet of Turtles and went
through the automatic process of identifying the side pre-
sent in the photo (left or right), with validation by the
researcher, and detection of the lateral head scales pattern.
To determine which side is present in the photos (right or
left), Internet of Turtles machine learning considered the
position of the turtle in the photo. If the turtle was facing
to the right, it was considered a right side photo, if the
turtle was facing to the left, it was considered a left side
photo. We acknowledge the possibility of misidentifica-
tions caused by mirrored images at the time of capture,
storage or posting, but this was the only classification
method available. Comparison was made by the Hotspot-
ter algorithm between pairs of images, considering the
side shown in the picture (Fig. 2). After, 30 images with
the best compatibility probability were manually validated.
In case of doubt about compatibility, flippers scales were
manually used for confirmation.

Fibropapillomatosis (FP)

To determine the presence or absence of FP, only photos
with non-retracted neck regions and at least one flipper
were evaluated. Prevalence was calculated by dividing the
total number of individuals with FP by the total number of
individuals evaluated for each year and the total interval
(2006-2021) (Tagliolatto et al. 2016). Tumor regression
was recorded whenever reduction of tumors was identified
in resighted individuals. To assess tumor regression,
individuals’ images were visually compared, using the
largest length of the tumor and having the length of the
turtle’s eye as a reference to identify proportional changes
in tumor size. Although observations were limited to only
a fraction of sea turtle bodies (i.e., the side shown in the
image), this is the first data on FP for free-living sea turtles
at Arraial do Cabo.

Fig.2 Example of photo-ID from one individual, the areas that are
highlighted display potentially matched features of the left side. a
Sighting of 12/01/2014. b Sighting of 05/10/2021
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Data analysis

Here, the term “sighting” refers to the event where photos
were taken of one or both sides of the individual. To
avoid overestimating the number of individuals, sightings
were separated into 3 groups according to the side view
in the photos: (A) individuals with right side photos, (B)
individuals with left side photos, and (C) individuals with
both sides photos (A intersection B). Thus, the minimum
number of unique individuals was group ‘A’ or ‘B’,
considering the group with the highest number of distinct
turtles, and the maximum number of unique individuals was
the sum of all unique individuals (group A + group B—group
C). The minimum and the maximum number of unique
individuals was calculated for the total interval (2006-2021)
and for each year. Only the minimum number of unique
individuals for the total interval were used to calculate
the residence time and FP prevalence. Residence time was
estimated as the interval between the individua's first and
last sighting. Whenever the exact day was not available,
the sighting was standardized to the 15th day of the month.
When the location of the images taken at dive sites on Cabo
Frio Island was inaccurate, it was considered and labelled as
Cabo Frio Island. Only one person (Isabella Neves-Ferreira)
made the entire selection of photos and analysis.

Results
Data input

In total from 576 sightings, 641 good quality images were
obtained for photo-ID, dated between April 2006 and Octo-
ber 2021. Of these, 447 photos were acquired through social
media screening, 168 from voluntary submissions, and 26
from snorkeling intentional hand-captures. Only 26 photos
did not have the exact day and were considered as sightings
on the 15th day of the month. The species Chelonia mydas
(80.97% of the records) was the most representative species.
Over the 15 years, there was an increase in the number of
photos, with the highest number of C. mydas images in 2020
(n=145) and E. imbricata in 2019 (n=25) (Fig. 3a). Geo-
graphic information (i.e., name of the diving site) was avail-
able for 219 sightings, with the majority (66.21%) occurring
in the sheltered region of Arraial do Cabo, where dives are
more frequent (Fig. 3b).

Between November 2019 and October 2021, 19 diving
forms were received, totaling 26.4 h of diving at 9 dive sites.
All dives had at least one turtle sighting. Divers reported
45 observations of C. mydas resulting in an encounter rate
of 1.7 turtle-hour™'. Sightings of E. imbricata were com-
paratively less frequent, with a total of 19, resulting in an
encounter rate of 0.72 turtle-hour™!.
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Fig.3 Sighting information for Chelonia mydas and Eretmochelys
imbricata in Arraial do Cabo, Brazil. a Number of photos over the
years. b Sighting locations for Chelonia mydas (left) and for Eretmo-
chelys imbricata (right), the circle size is proportional to the num-

Photo-ID

The minimum number of unique individuals of C. mydas
was 174, of which 132 had one side photo and 42 had both
side photos. E. imbricata presented 32 distinct individuals,
of which, 23 individuals had only one side photo and 9 had
both side photos. Thus, in the total interval (2006-2021), the
ratio between the number of individuals of C. mydas and E.
imbricata was 5:1. Among years, the ratio of C. mydas to
E. imbricata individuals was not constant and ranged from
2:3 in 2014 to 8:1 in 2020 (Fig. 4b). The greatest number
of individuals was found in the year with higher number of
photos of C. mydas (2020 with 59 individuals), and in the
third year with the highest number of photos of E. imbricata
(2020 with 7 individuals) (Fig. 3a and 4b). The number of
individuals reached a maximum of 302 individuals for C.
mydas and 46 for E. imbricata, considering the maximum
number of unique individuals (group A + group B—group
C) (Fig. 4a).

Considering the minimum number of unique indi-
viduals, 25.8% (n=45) of C. mydas and 21.8% (n=17)
of E. imbricata were resighted. However, these indi-
viduals were present in 58.6% (n=210) of all C. mydas
images and 71.5% (n=73) of all E. imbricata images.
The median interval between each resighting event was
3.7 months (mean = 8 + 10.2 months) for C. mydas and
1.2 months (mean =4 + 8.6 months) for E. imbricata.
The median interval between the first and last individual
sighting was 1.7 years (min.: 0.1 months—max.: 6.7 years)
for C. mydas and 2.4 years (min.: 0.8 months—max.:

201
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@
Cabo Frio
Island

23°S

42°W

42°W

Sightingse 1 @ 20 @ 50

ber of sightings. The circles in the middle of Cabo Frio Island indi-
cate data collected at any of the island’s dive points in the sheltered
region, but without defined location. CM: C. mydas, El: E. imbricata

5.6 years) for E. imbricata (Fig. 5). The timeline of these
individuals and the last registered dive site can be found
in Supplementary Information—Fig. S1 and S2. Among
the resighted individuals, five stood out for being seen
more than once over consecutive years at the same or at
nearby dive sites, and two individuals were seen at distant
dive sites (Table 1).

Fibropapillomatosis (FP)

A total of 293 photos were used (229 of C. mydas and 64
of E. imbricata) for the FP’ analysis. Photos were from 119
individuals of C. mydas and 24 individuals of E. imbricata.
There was no FP detection on E. imbricata. Tumors were
observed in 20 individuals (36 photos) of C. mydas. The
highest number of new individuals identified with the
disease was in 2018 (8 individuals), and in 2019 there were
no new occurrences of FP. The prevalence of the disease
between 2006 and 2021 was 13.99%. Excluding 2010, which
had only one photo evaluated, the highest value was found
in 2018 with 24.39%, followed by 2016 with 20.00%. FP
site-specific regression was observed in two individuals
(10.00%), one in 2018 and the other in 2019 (Table S2).
Tumor progression was observed in another individual after
a 9 month interval.

Discussion
Through the analysis of hundreds of photos retrieved from

social media and from photos provided by citizen scientists,
we found that most turtles on the rocky reefs of Arraial do

@ Springer
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ity. Although the method used does not allow a full body
analysis, our results show that C. mydas is affected by FP,
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and we were also able to report cases of site-specific tumor
regression.

Citizen science

Information from citizen scientists helped extend our
understanding of the spatial and temporal distribution of
sea turtles in the subtropical rocky reefs studied. However,
opportunistic data only allowed us to obtain baseline
information on spatial and temporal patterns, since there is
no standardization in the sampling. Sampling was irregularly
collected over the years, and this influences the number of
individuals identified and the probability of resighting,
as more photographs increase the chances of finding new
individuals or resighting individuals already in the database.
There was also a bias towards photos from the sheltered
region, where most dives occur, which may have influenced
the reported C. mydas and E. imbricata ratio. Despite all
these biases, results from other studies support the use of
data collected by citizen scientists. For example, to gather
information on leatherback food items (Nordstrom et al.
2019), to analyze anthropogenic pressure on sea turtles
(Papafitsoros et al. 2020), and to investigate the distribution
and movements of individuals (Chassagneux et al. 2013;
Baumbach and Dunbar 2017; Baumbach et al. 2019).
Therefore, citizen-science monitoring programs can provide
valuable and robust data to support scientific research.

The high number of photos acquired in a short period
indicates the potential for exploring photo-ID for sea turtle
monitoring in the region. Despite the intermittent temporal
distribution of photos in our results, older registers were
essential to establishing baseline information on the
presence of turtles over multiple years. The number of
images from social media screening and the contact with
the public highlights the potential of social media to increase
data collection. It is noteworthy that the use of social media
in Brazil is recent, so the collection of image collection
from social media screening was limited to 15 years before
present, with the highest number of images between 2018
and 2020. In 2020, the COVID-19 pandemic began just
after the first quarter of the year. However, the increasing
trend in the number of photos continued. In Brazil, this
period is dedicated to summer holidays, when diving
activities are frequent in Arraial do Cabo. However, in
2021 the number of dives decreased throughout the year
and therefore the number of images had an interruption in
the upward trend. Another topic to be mentioned is that data
collection occurred until October 2021, at the beginning
of the relaxation of public health measures to containing
the pandemic. Therefore, 2021 did not include the summer
period, which contributed to the low number of photos.

Given the complex logistics of collecting sea turtle data
underwater and the need for more information on sea turtles

at foraging grounds (Wildermann et al. 2018), extracting as
much information as possible with low cost and less animal
manipulation is highly valuable for research purposes.
Photos and videos can provide a snapshot of individuals’
characteristics. We used the images for individual temporal
and spatial description and for the temporal evaluation of FP.
Considering the existing limitations (image quality, sampling
bias, and body area variability), media files can also be
used for other approaches, including injury, biofouling and
behavior monitoring, as already evaluated with digital media
(Goatley et al. 2012; Hall and McNeill 2013; Ciccione et al.
2015; Wright et al. 2020; Hanna et al. 2021). Despite its
great utility and simple application, photo-ID, particularly
with citizen-science data, lacks the manipulation necessary
for other data collection (health checks, genetics, precise
measurements). However, even in surveys that require direct
capture, photo-ID can be used in parallel with flipper tagging
as another possible marking technique.

Diver propensity to fill out online forms must be
considered for new citizen-science activities. Here, divers
were more willing to share images, an activity more
common in underwater tourism, than to take time to fill out
dive forms. Beyond efforts to maintain constant interaction
with volunteers and attract new ones (Martin et al. 2016),
the experience during this work showed that incorporating
new practices should be carefully planned together with
the volunteers to increase acceptance. In our case, a closer
interaction with the participants was required to reinforce
the importance of the dive forms and feedback. In the future,
scheduled meetings with stakeholders may facilitate data
acquisition, as well as try to provide printed forms to dive
operators.

Spatial and temporal description

The higher frequency of C. mydas in relation to E.
imbricata corroborates previous studies carried out in
Brazil (Baptistotte 2007; Werneck et al. 2018; Tagliolatto
et al. 2020). Despite the low number of diving forms, all
those analyzed provided information of at least one turtle
sighting. However, the sighting rates (1.7 turtles-hour™" for
C. mydas and 0.72 turtle-hour™" E. imbricata) were lower
than those previously found for the same study area (8.61
C. mydas and 0.87 E. imbricata-hour™") (Mello-Fonseca
et al. 2021). Diving activity occurs between 3 and 11 m,
and overlaps with the habitat use of both species, therefore
sea turtles can be easily observed during recreational
dives. Arraial do Cabo is a high-density area of juvenile C.
mydas, where most individuals forage in shallow habitats,
down to 6 m (Mello-Fonseca et al. 2021). Although the
habitat use of E. imbricada in Arraial do Cabo is unknown,
in other foraging grounds, individuals prefer shallow
areas for foraging and resting, ranging from 2 to 20 m
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(Houghton et al. 2003; Blumenthal et al. 2009; Selby et at.
2019). Thus, differences in the sighting rates may reflect
the low number of available forms (19 diving forms), the
size of the surveyed area, and method used, as volunteers
do not conduct dedicated observations. Moreover, the
diver-turtle interaction is biased towards individuals with a
possible neutral behavior to the divers’ approach, missing
those using deeper depths, hiding in caves or even more
unapproachable individuals (Papafitsoros 2015; Hayes
et al. 2016).

The low number of resighted individuals may indicate
transient individuals using Arraial do Cabo as a migratory
corridor. Resighting can be influenced by individuals with
a larger home range, related to spatial variability that causes
individuals to displace between patches and different habitats
for foraging and sleeping (Makowski et al. 2006; Scales et al.
2011; Christiansen et al. 2017; Wood et al. 2017) and under
seasonal variations in temperatures, sea turtles can also
undertake displacements to warmer regions, temporarily
changing home range (Metz et al. 2020). Furthermore,
mortality caused by small-scale fishing and interaction with
debris may influence the resighting rate of individuals, as
these threats have already been recorded for juvenile turtles
in Arraial do Cabo (Tagliolatto et al. 2020). As we used
opportunistic data, it is possible that recorded dives were
inconsistent throughout the year, and this may also explain
the low number of resighted individuals, resulting in longer
intervals between resighting events.

Assuming the temporal gaps in our data, some turtles
exhibited considerable residence time. The results show
turtles occupying the region for at least 6 years. Since the
annual contribution was not constant, it was not possible
to define minimum and maximum residence time. In an
area located 315 km south of our study area (Ubatuba-SP),
the majority of C. mydas (93.4%, n=141) were resighted
in less than 1 year (maximum of 2.3 years) during an
8-year study (Gallo et al. 2006). On the tropical oceanic
island of Fernando de Noronha, the mean recapture time
for E. imbricata was 3.9 years (min. 2 days, max. 14 years)
during a long-term study (31 years) (Bellini et al. 2019).
Patterns of fidelity can be explained by habitat quality, which
include optimal temperature and prey availability (Metz
et al. 2020). Chelonia mydas is essentially herbivorous but
may opportunistically feed on jellyfish, fishes and molluscs
(Awabdi et al. 2013; Di Beneditto et al. 2017), while the diet
of E. imbricata may include sessile invertebrates, such as
sponges, corals and zoanthids (Berube et al. 2012; Martins
et al. 2020). Arraial do Cabo sustains a high abundance
of macroalgae (Brasileiro et al. 2009) and a rich benthic
community (Ferreira et al. 1998; Rogers et al. 2014; Aued
et al. 2018), with both tropical and warm-temperate affinity
components. These characteristics favor the occurrence of
a high density of turtles (Mello-Fonseca et al. 2021), with
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individuals residing for years, pointing to Arraial do Cabo
as a potentially important development foraging ground for
both species (Awabdi et al. 2013; di Beneditto et al. 2017).

The life cycles of sea turtles typically cross geopolitical
boundaries, making population conservation initiatives an
international issue and a challenge that requires synergistic
efforts, including work on the nesting and foraging grounds.
Although the natal origin of individuals was not the focus
of this study, mixed stocks in Brazil are generally composed
of turtles from Brazil, the Caribbean, Mid-Atlantic Islands,
and West Africa (Bjorndal et al. 2006; Proietti et al. 2014b).
Over the last few decades, nesting grounds in many countries
have received some sort of conservation status, resulting in
a measure of successful population growth (Mazaris et al.
2017). Arraial do Cabo is a foraging ground with multiple
anthropogenic impacts, such as intense SCUBA diving,
artisanal fishing, boat traffic and pollutants (Giglio et al.
2017a, b; Lima et al. 2018). In the current research, turtles
were seen at the same or at nearby dive sites where some
individuals were constantly resighted. Sea turtles have
been reported to have high fidelity to small areas, either for
foraging or resting (Berube et al. 2012; Christiansen et al.
2017; Petit et al. 2020), while recreational dives are limited
to specific dive points (Pedrini et al. 2007). Therefore, divers
are probably observing the same individuals and the resident
turtles are continuously exposed to anthropogenic pressures
(Papafitsoros et al. 2020). Although individuals may become
accustomed to non-intrusive observers (von Brandis et al.
2010), boat strikes and divers’ approach may affect turtles
behavior and metabolism (Hayes et al. 2016; Wright et al.
2020). As a development foraging ground, it is critical to
propose significant management measures to protect sea
turtles in Arraial do Cabo, for instance, zoning and turtle-
diver interaction protocols.

Fibropapillomatosis (FP)

The infection prevalence rate of FP between 2006 and
2021 was comparatively lower than many other foraging
grounds and, in our site demonstrated interannual fluctua-
tion (Table S2 and 2). These results must be interpreted with
caution, as the method used did not allow a full body analy-
sis, so that prevalence value may actually be higher than
reported here. FP has been related to eutrophic conditions
of coastal environments (dos Santos et al. 2010) and may
be associated with habitats where sea surface temperature
is high (> 30 °C) (Dujon et al. 2021). Arraial do Cabo is an
urbanized municipality with a variety of pollution sources.
For instance, the sheltered region hosts a harbor, marina,
pluvial channel, sewage discharge, and intense boat traffic,
which are likely to sustain high incidences of infected tur-
tles. However, we still lack knowledge on how internal water
circulation can disperse contaminants (Godoy et al. 2013),
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Table 2 Comparative fibropapillomatosis prevalence and regression in foraging grounds

Study area (km from Arraial do Cabo) Prevalence (%)

Regression (%) References

Brazil, Arraial do Cabo 13.99
Brazil, Itaipu (110 km south) 43.1
Brazil, Itaipu (110 km south) 28.65
Brazil, Espirito Santo (350 km south) 58.3
Brazilian coast 0-36.94
Brazilian coast 0-44.60
Indonesia 21.5
Texas 16.9
Florida 61

10.00 This research

32.8 Tagliolatto et al. (2016)

25.0 Machado Guimaraes et al. (2013)
12.0 dos Santos et al. (2010)

— Baptistotte (2007)

- Rossi et al. (2019)

— Adnyana et al. (1997)

— Shaver et al. (2019)

88.0 Hirama and Ehrhart (2007)

Dash: no data

and how upwelling lower temperatures can buffer the preva-
lence of the disease (Dujon et al. 2021). Furthermore, the
high incidence of recruits and small juveniles (<40 cm SCL
for both species) (Mello-Fonseca et al. 2021) can support the
low prevalence rate, since they may have just arrived in the
near-shore area and may only recently had contact with the
virus (Aguirre and Lutz 2004).

Individuals have different propensities to present FP
(Alfaro-Nuifiez et al. 2014), so changes in the composition
of individuals may be associated with annual prevalence
variation. Although Arraial do Cabo appears to have a
comparatively lower FP prevalence than other study areas,
indicating a possible healthy foraging ground, the overall
regression rate was lower than other foraging grounds
(Table 2). As many turtles are not resighted, it was not
possible to assess more progression or regression cases. It
is also worth mentioning that we had limited images for
each animal, which only allowed us to confirm regression
or progression in certain regions of the animals. Therefore,
our analysis does not clarify whether FP was regressing
or progressing elsewhere on the individuals. FP is a major
cause of death among sea turtles in southeastern Brazil
(Tagliolatto et al. 2020) and requires dedicated monitoring
to arrest disease evolution.

Conclusion

We demonstrated that social media can be useful for moni-
toring charismatic megafauna, such as sea turtles. Using
photo-ID, it was possible to detect resident individuals occu-
pying Arraial do Cabo for several years and to record cases
of FP, including tumor regression. Since Arraial do Cabo
has several threats to sea turtles, we highlight the need for
further studies to fill the gaps considering habitat use and
anthropogenic impacts on them. We also emphasize the need
for significant management measures to protect both species
and the marine ecosystem. A photo-ID approach using data

submitted by citizen scientists provided sea turtle estimates
in a foraging ground using a non-invasive method, underpin-
ning benefits, such as low cost, and promoting communica-
tion with the public about science and conservation. This
combination can be applied to other locations to obtain
similar kinds of data and increase knowledge of sea turtle
demographics and population trends.
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