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Figure 1. Map of the study area, including the location of 
Rio Grande do Sul State (Brazil) and Rocha Department 
(Uruguay). In the small upper left panel, the red rectangle 
delimited the study area in the South America map. In the 
main panel the red lines delimited the study area showing the 
strandings distribution of juvenile green turtles (Chelonia 
mydas) during October and November of 2019. Color codes 
indicate kernel density of stranding of green turtles with 
presence of unusual epibionts and the gray dots correspond 
to all the green turtles stranded during the study period. 
The black lines indicate one of the main feeding grounds 
in the study area, the Coastal Marine Protected Area of 
Cerro Verde e Islas de La Coronilla. Also were indicated the 
coastal towns where the two NGOs are located, La Coronilla 
in Uruguay and Cassino in Brazil.

(Fig. 2). The epibiosis of the turtle´s carapace was categorized as: 
0) without epibionts or common green turtle epibiota or organisms 
that are typically found associated with floating objects; 1) 
carapace completely covered by barnacles; 2) carapace completely 
covered by seaweed/hydrozoans/polychaete tubes and 3) carapace 
covered by mussels and associated invertebrate community. 
The CCL was converted to straight carapace length (SCL) using 
the equation described by Bjorndal et al. (2017), and the body 
condition index (BCI) was calculated using the following formula 
(López-Mendilaharsu et al. 2016): BCI = (Weight/SCL3)*10000; 
SCL in cm and weight in kg. The log-likelihood ratio test (LRT, 
“anova” function under the “nlme” package; Pinheiro et al. 2016) 
was employed to test for differences in CCL and BCI with other 
variables (e.g., presence of epibionts, zone, condition of the turtle) 

Uruguay Brazil Total
Turtles stranded 162 170 332
Turtles floating or captured 98 0 98
Turtles Alive/Dead 179/81 28/142 207/223
Benthic epibionts 127 51 177

Table 1. Number of green turtles (Chelonia mydas) 
registered in Uruguay and Rio Grande do Sul State (Brazil) 
during October and November of 2019.

and number of strandings per year. For the BCI analysis only live 
turtles recorded in Uruguay were included. For the presence of 
epibionts only turtles categorized in group 2 and 3 were considered. 
Statistical analysis was conducted with R-Studio version 1.4.1106. 
Sea turtle stranding events were plotted and analyzed using kernel 
density models, using a bandwidth of 10 km in ArcGIS 10.3 (ESRI 
2011). The kernel maps aimed to describe the spatial distribution 
of stranding events of green turtles. They were also used to visually 
identify stranding hotspots of turtles with unusual epibiota along 
the study area.

Our results showed that during October and November 2019, 
a total of 430 green turtles were found stranded on the beach or 
floating in shallow waters (less than 2 m depth) close to the shore 
(Fig. 2). All the specimens registered were juveniles with a mean 
curved carapace length (CCL)=40.9 ±6.5 range=29.8-77.5 cm (n 
=362). Of these, 178 turtles had sizes between 35-40 cm CCL. 
The recorded range in turtle size matches the size range of the 
aggregation identified in previous studies in the study area (Vélez-
Rubio et al. 2013, López-Mendilaharsu et al. 2016; Monteiro et al. 
2016). Of the total strandings, 170 were registered in Rio Grande 
do Sul State (Brazil) and 260 in Rocha Department (Uruguay) 
(Table 1). Most of the turtles were recorded as strandings and 
approximately half of those records were live turtles (Table 1). Of 
the total strandings, 12 turtles found in Uruguay were recaptures, 
11 turtles were originally tagged in Uruguay, and 1 turtle was 
tagged in Brazil. The mean body condition index of green turtles 
ranged between 0.84 and 1.60 (x=1.11 ±0.14, n=162). In this study 
the BCI is lower than the BCI measured and recorded from the 
same green turtle aggregation between 2003 and 2009 (López-
Mendilaharsu et al. 2016). This could be associated with reduced 
activity to cope with metabolic changes during lower seawater 
temperature in asutral winter months (Vélez-Rubio et al. 2017).

When we compared our results with stranding records in 
October and November in previous years (2001-2018) we found 
that the number of strandings has increased each year, with a peak 
of total strandings and turtles with unusual epibionts in 2019 (Fig. 
3). In this sense, higher numbers of green turtle strandings were 
detected in the last decade in southeastern Brazil (including three 
States: São Paulo, Paraná and Santa Catarina; over a distance 
of 1,300 km) with up to 10,000 individuals stranded between 
2015 and 2017 (Cantor et al. 2020). This huge number and the 
increasing trend of strandings associated to anthropogenic threats 
would have negative impacts on the conservation status of green 
turtles in the region, currently categorized as “least concern” for 
the South Atlantic population (Broderick & Patricio 2019). Indeed, 
the high risks and threats observed in feeding and developmental 
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areas such the here referred could impact the population dynamics 
in the next 10–20 years, resulting for example in lower nesting 
rates (Wildermann et al. 2018).

Of the total of the strandings, 173 turtles were registered with 
unusual epibionts (mussels, seaweeds, hydrozoans, among others), 
confirming winter brumation in coastal areas in the study area. 
We found no significant differences in CCL with the presence of 
epibionts (LRT=7.462366 p=0.063), in which turtles with epibionts 
present smaller sizes (CCL=38.9 ±6.7 range=30.2-69.1 cm; n= 
165) than turtles without this kind of epibiota (CCL=41.8 ±6.9 
range = 29.8-77.5 cm; n = 186). Instead, the distribution of size of 
turtles and range of sizes with or without epibionts is similar. We 
did not find significant differences between BCI for individuals 
with and without epibionts (n=106 and n=41 respectively; LRT= 
0.007, p=0.937), indicating that turtles with this kind of epibionts 
did not present poor body index condition.

For Uruguay, the presence of these unusual benthic epibionts 
was recorded for the first time in 2001, but the number of turtles 
stranded with those epibionts has increased significatively in the 
last decade. The highest number of turtles with this epibiosis 

occurred during the present massive stranding event with 127 green 
turtles in two months (October and November 2019). During those 
months, only in two days (29-30 October 2019) in La Coronilla 
(Uruguay), 98 green turtles were stranded among the Andreoni 
Canal discharge (including remains of vegetation, cattle carcasses, 
anthropogenic debris, among others), along the beach, and on a 
recently formed sand bar along the mouth of the canal. During 
the austral Spring, green turtles in the study area normally use 
protected areas to rest, such as coastal lagoons, streams or ports. In 
October 2012, technicians from Karumbé captured 53 green turtles 
in two days in the Andreoni Canal and also local fishers commonly 
bycaught green turtles during Spring inside the Canal (Martinez-
Souza et al. 2013; Karumbé unpubl. data). The precipitation 
accumulation during previous weeks and heavy rains directly 
preceding the event generated the an unusual increase of freshwater 
discharge. Probably this increase washed the turtles resting on the 
bottom of the canal and caused them to get trapped in the organic 
discharge. The coastal pollution caused by the canal is not only the 
irrigation water, but also the dragging and accumulation of organic 
matter in the sediment due to the deposition of carcasses, domestic 

Figure 2. Photos of stranded turtles during the study period. Upper panels are photos taken in Rio Grande 
do Sul State, Brazil: A Stranded green turtle, Chelonia mydas, with epibiota (mostly the hydrozoan 
Ectopleura crocea); B Stranded green turtle with seaweed (Ulva spp.) among others epibionts. Bottom 
panels correspond to specimens stranded in Rocha, Uruguay: C Green turtle covered with a layer of 
mussels, Mytilus sp. and other epibionts; D Two green turtles stranded during the event at Andreoni Canal 
in La Coronilla.
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waste and plant remains. Also, high concentrations of fertilizers 
and agrochemicals were detected with direct impact at least on the 
structure of the benthic community of sandy beaches (Lercari et al. 
2002; Sauco et al. 2010; Jorge-Romero et al. 2019). Furthermore, 
genotoxic effects of Andreoni canal discharge were detected in 
green turtles (Borrat et al. 2011). Other examples of the effect of 
high agricultural runoff on sea turtle aggregations were detected in 
Australia where coastal green turtle aggregtions presented elevated 
trace elements (Villa et al. 2017). These studies reinforce the idea 
that the high use of polluted coastal zones by juvenile turtles could 
cause potential risks to turtle health.

This work highlights the importance of long-term monitoring 
programs to understand the ecology of a highly migratory species 
and the potential effects of human actions on coastal ecosystems. 
When integrating these efforts over wide spatiotemporal scales, 
stranding data provide key information about geographic 
ranges, seasonal distribution and life history of marine turtles, 
particularly for life stages and geographic areas underrepresented 
in the literature (Vélez-Rubio et al. 2013). NEMA and Karumbé 
are NGOs with more than 20 years of fieldwork experience in 
identifying the threats affecting sea turtles and how these threats 
are changing sea turtle aggregations in foraging and developmental 
grounds in temperate areas. Our study emphasizes the value of 
NGO long term data collection programs, and their perseverance 
even when there is a lack of financial resources.
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In sea turtle research, tagging studies are of considerable importance 
and have become the principal method of investigation concerning 
many aspects of the biology of the species. Carr et al. (1978) 
mentioned that tagging turtles has provided more information than 
any other method. A simple tag is a crucial tool for learning about 
the life cycle of an animal that congregates in groups, such as sea 
turtles during nesting season. It doesn’t have the same fascination 
as oceanographic research apparatus  or biochemical research 
instruments, yet it is nevertheless an original tool for identifying 
individual sea turtles (Carr 1967).

Flipper tagging is by far the most common type of tagging carried 
out throughout the world. Returns of flipper tags can provide 
information on population trends, habitat residencies, movement 
patterns (e.g., international movements among range states), 
individual growth rates, reproductive life histories (e.g., remigration 
intervals, nesting frequency, clutch size, and/or hatchlings produced 
per female), and strandings (Schroeder & Murphy 1999; Gerrodette 
& Taylor 1999).

Olive ridley turtles, Lepidochelys olivacea (Eschscholtz 1829), 
arrive in the coastal waters off Odisha, India by November every 
year. Thereafter, courtship and mating take place in the shallow 
coastal waters off Odisha and continues through the end of January, 
when an arribada may occur at one or multiple sites. 

Studies on the reproductive biology of olive ridley sea turtles 
congregating for breeding along the Odisha coast are being carried 
out through various monitoring programs viz. census of arribada 
on an annual basis, through flipper tagging as well as satellite 
telemetry (Dash & Kar 1990; Pandav 2000; Tripathy 2005; Behera 

et al. 2018). While the flipper tagging study on olive ridley sea 
turtles at Gahirmatha was initiated by the Wildlife Wing of Odisha 
State Forest Department (formerly known as the Orissa State 
Forest Department) in 1978 to determine whether olive ridleys 
were periodic long-distance migrants, subsequently in 1985, the 
tagging program was expanded with 15,000 tags contributed from 
FAO-UNDP, including 900 tags from the Central Marine Fisheries 
Research Institute during 1983/84. This tagging study revealed vital 
information on the remigration intervals of turtles, migration patterns 
of olive ridley along the Bay of Bengal, seasonal and temporal inter-
nesting intervals within the breeding season and along Odisha coast, 
post-breeding movements after their departure from Odisha coast, 
and also on multiple nesting emergences (Dash & Kar 1990; Pandav 
2000; Pandav & Choudhury 1998; Tripathy & Pandav 2008). This 
tagging effort also highlighted nesting site fixity, philopatry and 
beach fidelity of olive ridley sea turtles at Gahirmatha. However, 
recapture data on tagged turtles was not known afterwards, due to 
poor monitoring efforts. 

Thereafter, after an interval of nearly 14 years, the Wildlife 
Institute of India carried out tagging of olive ridley turtles from 
1995 to 1999 in which nearly 15,000 turtles were tagged in the 
Gahirmatha, Devi and Rushikulya rookeries along the Odisha 
coast, including the first time tagging of mating pairs, especially 
the male turtles in the sea. The study by Pandav (2000) revealed 
further information on the olive ridley turtles particularly the female 
turtles of Gahirmatha exhibiting site fidelity (see also Pandav & Kar 
2000), as well as interesting movements of olive ridleys between 
the three rookeries (viz. Devi & Rushikulya) of Odisha coast, and 

Figure 1. Inconel metal Tag 00305 attached to the left front 
flipper of a female olive ridley turtle on 05 February 2021 
offshore at the Rushikulya estuary, Odisha, India. 

Figure 2. Tag attached to olive ridley flipper, with return 
address visible.
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within the rookery (Tripathy & Pandav 2008). The tag recaptures 
also indicated movement of olive ridley sea turtles at least up to 
the eastern Sri Lankan coast. However, this tagging program also 
ended in 2000, so there was no continuity in tagging and recapture 
of tagged turtles as well as monitoring of the population through 
resighted tags. 

Though substantial advances have been made in understanding the 
breeding biology and behavior of olive ridley sea turtles, two main 
things are yet to be known: feeding ground locations and nesting area 
information. However, crucial data requires long-term monitoring 
of the olive ridley sea turtles and their habitats. 

Considering this, the Zoological Survey of India (ZSI), Kolkata 
under the Ministry of Environment, Forests and Climate Change, 
Government of India has initiated a massive tagging program for 
olive ridley sea turtles targeting 30,000 females and males to be 
tagged.  Mating pairs will be captured for tagging in nearshore 
waters, as well as nesting females on the beaches along the Odisha 
coast during sporadic and arribada nesting, using double tags placed 
adjacent to the first large scale of both of the front flippers to avoid 
tag loss. The ZSI plans to continue the program for at least 10 years 
as part of the long-term monitoring of the species. The program 
will rely on annual data collection, tagging and tag recaptures. 
The present attempt uses mark recapture to identify the nesting 
habitats, foraging habitats, post- mating and post-nesting migration 
patterns, inter-rookery movement patterns, reproductive longevity 
and growth of olive ridley sea turtles. The Inconel 631 metal flipper 
tag manufactured by the National Band and Tag Company (NBTC) 
of Newport, Kentucky, USA marked with a serial number (00000) 
and a return address (ZSI NAPO KOL-53 IN) with email address 
(director @zsi.gov.in) is being used. 

The tagging program by ZSI along the Odisha coast was initiated 
in January 2021 and a total of 1,566 olive ridley turtles have been 
tagged so far, of which 176 turtles have been tagged (Tag No. 
00001 to 00352) in the nearshore waters of the Rushikulya rookery, 
Ganjam, Odisha (80 mating pairs; 84 males and 92 females). 
Additionally, 1,035 female turtles were tagged (02001 to 04075) 

during an arribada at Gahirmatha from 14 to 20 March 2021 at 
Kalam Island, Odisha. Female turtles were also tagged during 
sporadic nesting at the Rushikulya rookery in which 355 turtles 
were tagged. Unfortunately, mass nesting failed to take place at the 
Rushikulya rookery during the 2021 season. Tagging of turtles is 
to continue along the Odisha coast for subsequent nesting seasons. 
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Date range Tag type Organization Tagged 
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of India, 
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Zoological 
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2021 
(ongoing)
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1,390 Nesting female 

olive ridleys
Both front 

flippers All double tagged

Table 1. Flipper tagging of olive ridleys along the Odisha coast, India. M = male, F = female, MP = mating pairs.



Marine Turtle Newsletter No. 165, 2022- Page 35

Donnelly (Eds.). Research and Management Techniques for the 
Conservation of Sea Turtles. IUCN/SSC Marine Turtle Specialist 
Group. Publication No. 4. pp. 67-71.

PANDAV, B. & C.S. KAR. 2000. Reproductive span of olive 
ridley turtles at Gahirmatha rookery, Orissa, India. Marine Turtle 
Newsletter 87: 8-9.

PANDAV, B. &  B.C. CHOUDHURY. 1998. Olive ridley tagged 
in Orissa recovered in the coastal waters of Eastern Sri Lanka. 
Marine Turtle Newsletter 82: 9-10.

PANDAV, B. 2000. Conservation and management of olive ridley 
sea turtle (Lepidochelys olivacea) along the Orissa coast. Ph.D. 
Thesis. Utkal University, Orissa. pp. 106.

SCHROEDER, B.A & S. MURPHY. 1999. Population surveys 
(ground and aerial) on nesting beaches. In Eckert, K.L., K.A. 
Bjorndal, F.A. Abreu-Grobois & M. Donnelly (Eds.). Research 
and Management Techniques for the Conservation of Sea Turtles. 
IUCN/SSC Marine Turtle Specialist Group. Publication No. 4. 
pp. 45-55.

TRIPATHY, B. 2005. A study on the ecology and conservation of 
olive ridley sea turtle (Lepidochelys olivacea) at the Rushikulya 
rookery of Odisha coast, India. Ph.D. thesis. Andhra University, 
Visakhapatnam, India. pp. 162.

TRIPATHY, B. & B. PANDAV. 2008. Beach fidelity and internesting 
movements of olive ridley turtles (Lepidochelys olivacea) at 
Rushikulya, India. Herpetological Conservation and Biology 3: 
40-45.



Marine Turtle Newsletter No. 165, 2022 - Page 36

Electroacupuncture and Intrathecal Transplantation of Heterologous 
Adipose-derived Mesenchymal Stem Cells for Treating Spinal Cord Injury in a 

Loggerhead Sea Turtle (Caretta caretta)

Daphne Wrobel Goldberg1, Marina Landim Alvarenga2, Lucas Feijó Bianchini3, Daniela Gurgel da 
Costa4, Rodrigo Vanucci4 & Juçara Wanderlinde5

1R3 Animal, Florianópolis - SC, 88061-500, Brazil (E-mail: daphwrobel@gmail.com);
2Laboratório Omics, Botucatu - SP, 18605-525, Brazil (E-mail:marina.omics@gmail.com);

3FisioPet São Francisco, Florianópolis - SC, 88036-050, Brazil (E-mail: lucas-bianchini@hotmail.com);
4Fundação Pró-Tamar, Ubatuba - SP, 11680-000, Brazil (E-mail:daniela.costa@tamar.org.br; rodrivanucci@hotmail.com);

5Fundação Pró-Tamar, Florianópolis – SC, 88061-160, Brazil (E-mail: ju@tamar.org.br)

The major goal of rehabilitating injured sea turtles is to nurse these 
animals back to health and release them back into the sea. Sea 
turtles are vulnerable to most anthropogenic effects, and impact 
traumas, such as propeller strike and blunt force trauma caused by 
vessel collision are a common cause of injury and death (Work et 
al. 2010; Denkinger et al. 2013). In southeast Florida, for instance, 
up to 60% of stranded loggerhead turtles exhibit propeller strike 
injuries (Work et al. 2010). In Hawaii, 2.5% of the green turtles 
found dead on the beaches between 1982 and 2003 had been killed 
by boat strikes (Chaloupka et al. 2008). According to Casale et 
al. (2010) vessel collisions are a major cause of mortality during 
the warm season in Italian waters. Boat strikes were also reported 
off the coast of Gabon and contributed to mortality of leatherback 
turtles (Deem et al. 2006). In fact, vessel traffic has been rapidly 
increasing (Davenport & Davenport 2006) and boat strikes have 
been reported as a threat for sea turtles in Spain, Italy, Australia, 
US, Mexico, Gabon and Ecuador (Denkinger et al. 2013).

Individuals swimming or feeding at or just beneath the surface 
of the water are particularly prone to vessel strikes, which can 
lead to severe lesions, such as carapace fractures, deep cuts, 
amputations (Denkinger et al. 2013) and spinal cord injuries (SCI) 
(Orós et al. 2005). SCI is one of the most severe complications of 
spine lesions and may cause irreversible damage to neural tissues. 

The major challenge in the treatment of SCI is achieving axonal 
regeneration. Recent studies have demonstrated the therapeutic 
potential of mesenchymal stem cells (MSCs) associated with 
electroacupuncture (EA) to treat nervous system diseases, especially 
due to their regenerative, anti-inflammatory and immunomodulatory 
properties, modulating the microenvironment and facilitating 
axonal regeneration (Yang et al. 2005; Yan et al. 2011). MSCs are 
undifferentiated stromal cells that can be isolated from different 
tissues, with the most common sources being the bone marrow 
and the adipose tissue (Liu et al. 2012). MSCs have the potential to 
differentiate into bone, cartilage, fat, tendon, vascular endothelium 
and hematopoietic tissues (Rosenbaum et al. 2008). On the other 
hand, EA is a modern type of acupuncture that involves inserting 
needles and providing stimulation through electric pulses. According 
to the literature, EA improves the local microenvironment of the 
spinal cord, reduces edema, induces the repair of neural function 
and inhibits tissue necrosis (Liu et al. 2012). The goal of this study 
was to isolate and culture adipose tissue stem cells from a healthy 
loggerhead turtle (Caretta caretta), to treat hind flipper paralysis 
due to a propeller injury, while associating this treatment with 
electroacupuncture.

Figure 1. Injured loggerhead undergoes a CT Scan to 
evaluate the full extent of the damage. 

Figure 2. The CT scan reveals a fracture on the caudal part 
of the carapace (arrows). 



Marine Turtle Newsletter No. 165, 2022- Page 37

On 07 January 2017, an adult C. caretta was rescued by Projeto 
Tamar after stranding in Lagoa da Conceição, Florianópolis 
municipal district, in Santa Catarina State, Brazil. On admission, 
the animal measured 87 cm curved carapace length, and weighed 
73 kg. The turtle was lethargic, emaciated and presented parallel 
slicing wounds on the caudal part of the carapace and hind limbs. 
Neurological examination revealed bilateral hind limb paralysis and 
loss of cloacal tonus. The turtle underwent a CT scan (Fig. 1) to 
evaluate the full extent of the damage, which revealed lumbosacral 
spine subluxation with vertebral endplates remodeling (Fig. 2). 

EA was incorporated into an intensive physical rehabilitation 
program to manage pain, to stimulate the nerve recovery and to 
reduce inflammation. Location of the EA points were extrapolated 
from canine acupuncture charts, using the following points: ST36, 
GB34, BL40 and BL60 (Figs. 3, 4).

After careful consideration, and due to persistent symptoms, an 
alternative treatment using adipose-derived mesenchymal stem cells 
(ADMSCs) was considered. We collected subcutaneous adipose 
tissue from a healthy female donor, held in captivity at TAMAR´s 
Visitor Center, in Ubatuba, São Paulo. The turtle was anesthetized, 

and bilateral skin incisions were made along the inguinal area. 
Fat tissue samples were sent to OMICS Biotechnology Animal 
Laboratory. For transportation (6 hours), the material was placed 
in an antibiotic/antifungal solution containing a combination of 
penicillin, streptomycin, amphotericin and amikacin (AAS), to avoid 
bacterial and fungal contamination. In the lab, tissue samples were 
placed in Trypsin (TrypLE Express ®) overnight. After enzymatic 
digestion, the solution was filtered, diluted 1:1 in DMEM F12 
with 20% fetal bovine serum (FBS), antibiotic and antifungal and 
centrifuged at 1500 rpm for 10 min. The cell pellet was re-suspended 
in two 25 cm² culture bottles/group. Culture was performed in 
DMEM F12 with 20% FBS, antibiotic and antifungal at 28°C and 
5% CO² in air. Culture flasks were observed every four days to assess 
cell growth. After 15 days of culture fibroblastoid-like cells adherent 
to the plastic were observed. After 30 days of culture the cells 
reached confluence and were submitted to first passage with 97.5% 
of cell viability according to Trypan Blue staining. Next, 10 x 106 
Heterologous ADMSCs were administered intrathecally through the 
turtle´s tail (Fig. 5), without prior sedation. The remaining cells were 
cryopreserved in liquid nitrogen in the lab for future applications.

Figure 4. Loggerhead during electroacupuncture treatment. 

Figure 3. Placement of acupuncture needles 
on the loggerhead turtle. 

Figure 5. Intrathecal administration of mesenchymal stem cells through 
the loggerhead´s tail.
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After six EA sessions, the turtle gradually recovered cloacal 
sphincter tone, however, the hind limbs were still paralyzed. Because 
of the persistent symptoms, ADMSCs therapy was tested. After 
four ADMSCs applications and 24 weeks of EA sessions, the turtle 
started showing mild improvements in neurological function such 
as, return of sensibility and subtle movements of the hind flippers. 
Nineteen months after the turtle was admitted, a CT was performed 
which revealed that approximately 2 cm of the lumbar spinal cord 
was still distorted. The animal only regained partial motor function, 
however, even with an incomplete return of full motor and sensory 
functions, the loggerhead was able to fulfill its vital functions after 
supportive therapy and was released back into the wild.

MSCs transplantation and EA stimulation are promising therapies 
for SCI. Both treatments have the potential to improve neurological 
deficits while reducing brain injury, and their combination enhances 
endogenous neurogenesis through the activation of trophic factors 
in the brain, leading to the recovery of neurological function.
To our knowledge this is the first report of isolation and culture of 
adipose-derived mesenchymal stem cells obtained from Caretta 
caretta, as well as the first treatment using stem cells for SCI in 
turtles.
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Photographic identification (Photo-ID) has been widely used as 
an alternative to or as a complement of artificial tagging of sea 
turtles. The utility of photographs for the Photo-ID of sea turtle 
faces (Reisser et al. 2008; Schofield et al. 2008; Carter et al. 
2014), flippers (Gatto et al. 2018), and carapaces (Tabuki et al. 
2021) has been noted in previous studies. Both nesting sea turtles 
on land (Chew et al. 2015; Tabuki et al. 2021) as well as those in 
water have been identified using photographs (Long & Azmi 2017; 
Baumbach et al. 2019; Schofield et al. 2020; Dunbar et al. 2021a). 
The widespread use of underwater cameras has enabled divers and 
snorkelers to easily take photographs of underwater sea turtles, 
and in-water images taken by citizen scientists have been utilized 
(Montagna et al. 2017; Williams et al. 2017; Dunbar et al. 2021b; 
Hanna et al. 2021). Photo-ID has provided important insights into 
residency (Rees et al. 2013; Hanna et al. 2021) and reproductive 
behavior (Papafitsoros et al. 2022) of sea turtles.

Matching photographs captured in water against those captured 
on land, or vice versa, is a prospective advancement of the Photo-ID 
method. This technique allows us to identify the migration corridors 
of head-starting, incidentally captured, and nesting turtles. However, 
matching the photographs captured under different environmental 
media may be difficult due to distortions, ripple patterns, light 
attenuation, and suspended particles in water that may reduce the 
matching accuracy (Dunbar et al. 2014; Calmanovici et al. 2018). 

This study tested the accuracy of matching photographs captured 
in water against those captured on land, and vice versa, using 
carapace images of reared juvenile green turtles (Chelonia mydas). 
At the Ogasawara Marine Center, located in the Chichi-jima Island 
(27°1′–11′N, 142°9′–14′E) in the Ogasawara Archipelago of Japan, 

we photographed one-year-old juveniles (born in 2018 or 2019) 
from 2019 to 2020 both in water and on land. Small white square 
marks had been applied as living tags to the spot on the fourth 
costal scutes (left for individuals born in 2018, right for individuals 
born in 2019). Using the images of reared turtles captured under 
controlled conditions, we altered only the environmental media in 
which photographs were taken. 

For in-water images, we photographed individual turtles from 
the rear end in a water tank, using an underwater digital camera 
(Olympus TG-5, Olympus Corporation, Tokyo, Japan or GoPro 
Hero5 Black, GoPro, Inc., California, USA). For on-land images, 
we removed individual turtles from their water tanks, placed them 
on the side of the tank or on concrete ground, and photographed 
them in the same manner as for the in-water images. We used one 
image per individual under each medium (i.e., in-water and on-land) 
for the dataset and removed unusable images (i.e., unfocused or 
blurred images) for accurate individual identification. The dataset 
contained a total of 89 images of 60 individuals that included pairs 
of in-water and on-land images of 29 individuals, in-water images 
of two individuals, and on-land images of 29 individuals (Table 1).

For pre-processing, we manipulated all images using the GNU 
Image Manipulation Program (GIMP) 2.10.18 (Free Software 
Foundation, Inc., Massachusetts, USA). The images were rotated so 
that the median line of the carapace was vertical, and then images 
were cropped into a rectangle that enclosed the entire posterior part 
of the carapace from the fourth vertebral scute (Fig. 1). In addition, 
the carapace was clipped from the cropped image to avoid the image 
background affecting the automated matching results. We then 
applied contrast limited adaptive histogram equalization (CLAHE; 

Mother ID Clutch ID

Individuals 
photographed 
both in water 
and on land 

Individuals 
photographed 
in water only

Individuals 
photographed 
on land only

A a 4 0 0
B b1 4 0 0

b2 5 0 0
C c 16 2 0
D d 0 0 11
E e 0 0 3
F f 0 0 5
G g 0 0 1
H h 0 0 9

Total 29 2 29

Table 1. Number of green turtle juveniles 
photographed, maternal identity, and 
clutch identifications. 
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Pizer et al. 1990) to all images to enhance contrast and filter the 
carapace images. CLAHE was applied using the opencv-python 
library (ver. 3.4.2) with Python (ver. 3.8.3).

We matched individual images using HotSpotter that returns the 
best six images with similarity scores as the result of a query (Crall et 
al. 2013). We conducted two experiments where (i) in-water images 
(n = 29) were queried against the on-land image database (n = 58) 
(IW-OL experiment), and (ii) on-land images (n = 29) were queried 
against the in-water image database (n = 31) (OL-IW experiment). 
All queries successfully matched the same individuals (i.e., images 
of the same individuals had the highest similarity) in the respective 
database in both IW-OL (29 out of 29 queries) and OL-IW (29 
out of 29 queries) experiments. Although suspended particles and 
reflections of water surface on the carapace were visible in the in-
water images (Fig. 1), HotSpotter accurately identified individuals 
based on carapace images.

Carapace images of individuals from the same mothers and 
clutches were included in this study. Siblings might have similar 
pigmentation patterns of carapaces, but HotSpotter accurately 
identified individuals. The HotSpotter algorithm extracts feature 
values for the identification of individuals not only based on the 
similarity of pigmentation patterns; however, the results indicated 
that carapace pigmentation patterns are unique even among sibling 
individuals from the same mothers or clutches.

To simulate querying images of newly sighted individuals, we 
also queried each image against a database that did not contain 
the image of the individual. In the IW-OL experiment, we queried 
each in-water image of all individuals (n = 31) against all on-land 
images except that of the query individual (n = 57 for 29 queries 

and 58 for two queries). Similarly, we queried each of the on-land 
images (n = 58) against all in-water images except that of the query 
individual (n = 30 for 29 queries and 31 for 29 queries) in the OL-
IW experiment. In these experiments, the matched individuals were 
always different from the query individual (i.e., mismatching); thus, 
we tested whether the success in matching is determined based on 
the similarity scores that were calculated by HotSpotter. For each 
query, we calculated normalized similarity scores as 

where score (n) is the score of the n-th matched image in the 
query. We compared the normalized similarity scores with those of 
successfully matched cases by Wilcoxon rank sum tests (α = 0.05) 
using the ‘exactRankTests’ package (Hothorn & Hornik 2019) in 
R ver. 4.0.0 (R Development Core Team 2020).

The normalized score of successful matching was significantly 
higher than that of mismatching (Wilcoxon rank sum test; IW-OL, 
P < 0.05; OL-IW, P < 0.05; Fig. 2). Furthermore, the ranges of 
normalized scores did not overlap, except for one outlier, in the 
successful matching. Therefore, the normalized score can be used 
to determine whether the photographed individual is a resighted 
individual whose image is already stored in the database or a new 
individual. The outlier, with an exceptionally low score of successful 
matching, displayed dry carapace and blurry pigmentation patterns 
in the on-land image (Fig. 3). It is important to clearly capture the 
pigmentation pattern (e.g., by taking photographs of wet carapaces 
on land) for accurate Photo-ID.

In summary, we produced a high success rate of matching green 
turtle photographs captured in water against those captured on land 

Figure 1. An in-water image (top) and an on-land image 
(bottom) of a green turtle. These are the images of a single 
individual and were matched by HotSpotter. 

Figure 2. Box plots of normalized matching scores of green 
turtles that indicate the differences between successfully 
matched (labeled as “same”) and mismatched cases that 
simulated querying images of newly sighted individuals 
(labeled as “new”). The left panel (IW-OL) indicates the 
results when in-water images queried against the on-land 
images, while the right panel (OL-IW) indicates the results 
when on-land images queried against the in-water images.
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and vice versa. The Photo-ID of green turtles using carapace images 
captured under different environmental media is possible when the 
quality of images facilitates matching, i.e., when carapaces on land 
are still moist and turbidity in water is low. In this study, we collected 
green turtle images that were ideal for Photo-ID under controlled 
conditions. Accuracy may be reduced when photographing intervals 
become longer. In fact, slight changes in carapace pigmentation 
patterns over a long time period have been reported in nesting 
green turtles (Tabuki et al. 2021), and their carapaces could be 
damaged and scarred by predators or propellers, although the 
facial scale patterns are relatively stable (Carpentier et al. 2016). 
The applicability of this method under various wild photographic 
conditions (e.g., light conditions), size classes of sea turtles, and 
other sea turtle species should be further studied. Nonetheless, 
Photo-ID using HotSpotter is a prospective method that can be 
combined with other techniques (e.g., GPS tracking, dive log of 
divers; Williams et al. 2017) and broadens the opportunities for data 
collection to improve our understanding of green turtle migration 
corridors, residency in foraging grounds, and population dynamics.
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Marine turtle researchers have leveraged datasets from past 
projects in many ways, especially when initiatives incorporate 
large amounts of data contributed from various sources. In general, 
this process could be greatly enabled when researchers utilize data 
management applications and services to archive their telemetry 
tracking data, create public-facing tracking web pages, and have 
access to repositories where project managers could be contacted 
for data sharing and collaboration. However, the current processes 
for preserving and sharing valuable tracking data to maximize the 
benefit they can bring for turtle conservation and management could 
be made more efficient.

In 2021, Duke University, United States of America (USA) and 
the University of Exeter, United Kingdom (UK) organized and 
hosted three online workshops to support ongoing and future efforts 
that require high levels of collaboration, such as the process for 
defining marine turtle high use areas. This pilot effort prioritized 
gathering information applicable to loggerhead turtles (Caretta 
caretta) in the Northwest Atlantic and Mediterranean regions. 
The main objective of these workshops was to gather information 
from marine turtle experts on better ways to handle data, identify 
mechanisms to improve knowledge transfer, and apply best practices 
towards local, regional, and global conservation projects.

Major themes identified for discussions within the workshops 
were:

1) effective ways to leverage existing and past project methods/
data for the benefit of current and future collaborations 
(e.g., adapting processes and criteria from local, regional, 
international levels, following a standardized protocol for 
archiving data, accessing common tools and methods for 
data processing),

2) processes for defining criteria and classifications for marine 
turtle habitat and area use,

3) methods for incorporating empirical data and expert driven 
knowledge into given criteria to define marine turtle high 
use areas, and

4) new short- and long-term priority projects, educational 
resources, opportunities for students, and funding sources 
that would contribute to defining marine turtle high use areas.

To initiate the discussion, a survey was sent via email to 42 
marine turtle experts from academic, government, and non-profit 
organizations that have recently undertaken tracking projects within 
the Northwest Atlantic and Mediterranean regions. The survey 
included questions about their methods for managing tracking 

data and their current data sharing policies. Summarized results 
of the survey were presented during two online region-specific 
workshops: one focused on loggerhead turtles within the Northwest 
Atlantic and one on Mediterranean loggerhead turtles. Most of the 
survey respondents agreed that data sharing has value and that 
they have shared their data in the past, mostly for meta-analyses. 
Additionally, most of their tracking data were currently stored on 
individual computers or hard drives that were secure and easy to 
backup. Currently there is no single system that was extensively 
used for data downloading, archiving, management, and sharing 
of loggerhead turtle tracking data. Such a secure system that could 
handle multiple data types, store metadata, and be used for data 
exploration and mapping would be welcomed by the marine turtle 
research community and would help to remove some perceived 
barriers to data sharing.

Surveys conducted during the online workshops also helped to 
facilitate discussions on standard practices, preferred improvements, 
drivers and inhibitors for sharing data, and other concerns with data 
aggregation. Many workshop participants within the Northwest 
Atlantic regional workshop said that data presented within 
publications and reports were sufficient for further use and sharing 
data was most efficient when conducted through direct contact 
among individual data owners. On the other hand, many workshop 
participants within the Mediterranean regional workshop expressed 
preference for a new platform for sharing minimally processed 
or “raw” data, other than using the existing online platforms or 
delivering data directly to others from their personal storage. 
Ideally, the new data sharing platform would be user-friendly and 
have enough resources to be maintained, updated, and improved 
for decades (not years).

Recommendations within the Northwest Atlantic regional 
workshop addressed initiatives that depend on several data sources, 
such as streamlining the data collection method by utilizing a 
centralized repository, expanding research on linking marine turtle 
occurrence with environmental variables and seasons to improve 
density and distribution estimations, and a greater awareness among 
the community of on-going research on marine turtle activities 
within high-use areas. Barriers were also discussed, such as the lack 
of consensus on how data were archived among collaborators or 
within institutions, project funders that may require data archiving 
outside of established or more centralized repositories, and the 
need for a compiled list of current projects and data portals with 
available data. Within the Mediterranean regional workshop, barriers 
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for sharing data included the condition to publish their data first 
in a peer-reviewed journal and low incentives at their affiliated 
institutions for their collaborative efforts.

Activities during the two region-specific workshops informed 
the development of a second survey, sent via email before the third 
workshop, to gather a list of perceived short- and long-term projects 
that would be a priority within or across regions. Many respondents 
of the survey had the expertise and willingness to contribute to short- 
and long-term initiatives to collect high quality data on 1) turtle 
distribution, for all demographic stages, 2) threat levels and where 
these occur, and 3) key areas and management measures needed for 
conservation that would make the most impact, informed by the best 
available data on turtle distribution and threats.

All participants from both regions were invited to the third 
workshop, which provided an opportunity for regional marine 
turtle experts to bring together their personal knowledge, data, and 
experiences to discuss conservation issues on a larger scale, such 
as identifying areas highly used by loggerhead turtles. Several take-
home points from discussions within the three online workshops 
were emphasized:

1) career stage of researchers could be a factor whereby more 
established researchers may be more likely to share data,

2) clear established goals and roles for collaborative projects 
have helped with buy-in and facilitated data sharing, and

3) a greater understanding of the threats at-sea was as important 
as knowing the location of turtles.

Along with the take-home points, it was recommended that 
collaboration among the marine turtle research community would 
greatly be improved with:

1) maintenance of adequate metadata associated with individual 
projects that could be shared for regional or global projects,

2) support of the formation and maintenance of a list of past and 
current tracking projects, which would benefit the research 
community as a whole,

3) publication of work in a timely manner so that any useful 
information may be incorporated in other, possibly more 
broad-scale, studies to increase the conservation value of 
the data, and

4) sharing of published data to enable meta-analyses and other 
collaborative initiatives on different regional or global scales 
(possibly through detailed appendices, online data archives, 
or elsewhere).

After the completion of the third workshop, follow-up email 
invitations were sent to all participants to provide feedback on 
a proposed metadata template for standardizing marine turtle 
tracking data (Table 1), share details on their current or upcoming 
marine turtle tracking projects on a shared list, name any databases/
archives that were related to marine turtles that they have used or 
found useful, and gauge interest in potential working groups on 
particular themes discussed during the three workshops. Creating 
a space (albeit temporary) to compile information from workshop 
participants was one response to several comments on the need for 
a centralized location to share current/on-going work.

To generate the metadata template for standardizing marine 
turtle tracking data, the project team took the framework that was 
proposed to standardize bio-logging data by Sequeira et al. (2021) 
and compared it with seven data aggregators that were currently 
in-use, well-known, or established: the Animal Tracking Network 

(Block et al. 2016), MegaMove project (https://megamove.org), 
marine turtle tracking data collected for the Migratory Connectivity 
in the Ocean project (Kot et al. 2022), Movebank (Kays et al. 2022), 
OBIS-SEAMAP (Ocean Biodiversity Information System - Spatial 
Ecological Analysis of Megavertebrate Populations; Halpin et al. 
2009), Seabird Tracking Database (http://www.seabirdtracking.org), 
and seaturtle.org/STAT (Satellite Tracking and Analysis Tool; Coyne 
& Godley 2005). Terminology differed among databases, many of 
them applicable to tracking data collected by multiple taxa. To aid 
comparison, homologues were renamed to match entries in Sequeira 
et al. (2021). This extensive list was then appraised by the project 
team with the goal of producing a simple-yet-comprehensive list of 
fields that were the most useful to a data archivist or data manager, 
closely based on the Sequeira et al. (2021) template. Terminology in 
the chosen fields was then revised to align with that used by marine 
turtle researchers which, if adopted, should facilitate curation of 
standardized metadata and thus simplify the data-sharing process. 
The outcome of this exercise was a maximum 42-field marine 
turtle-specific template with 20 fields that related to the details 
surrounding the tracking project and individual animals and up to 
22 fields related to the location data collected from the tracking 
device. Fourteen of the tracking data fields, included in the marine 
turtle list as supplemental data, were not in the original Sequeira et 
al. (2021) template, but were included in the final list due to their 
potential use in different data filtering methods.

Information collected by this project’s effort has the potential to 
direct future efforts that require aggregation from multiple sources 
of data. In order to increase collaboration capacity and outline steps 
necessary for a standardized method to define marine turtle high 
use areas, best-practices and major issues with data compatibility, 
archiving, access, and sharing were documented within the 
workshop summaries. As a result, the profile and importance of 
defining high use areas was raised with workshop participants that 
were relevant data holders who had information and expertise to 
contribute to improving the process. On-going, relevant initiatives 
and assessments, such as the International Union for Conservation 
of Nature - Species Survival Commission Marine Turtle Specialist 
Group (IUCN-SSC MTSG) effort to define important marine turtle 
areas (IMTAs), defining marine turtle Critical Habitat under the US 
Endangered Species Act, the Convention of Biological Diversity’s 
(CBD) process for describing Ecologically or Biologically 
Significant Marine Areas (EBSAs), or improvements to regional 
management units (RMUs) defined by Wallace et al. (2010), could 
also benefit from better marine turtle data compatibility, archiving, 
access, and sharing.
Acknowledgements. Thank you to the Exeter-Duke Partnership 
Development program for funding and all participants who 
contributed their time and ideas through emails, surveys, and 
workshop discussions. All activities of this initiative were reviewed 
and approved by the Duke University Institutional Review Board 
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Category
Marine Turtle 
Template Field

Sequeira et al. (2021) 
Template Field Definition Level

Project Data contact: full 
name

ownerName Primary data contact, first name, surname R

Project Data contact: 
email

ownerEmailContact Primary data contact, current email R

Project Data Citation/
Source

references Full text of how these data should be cited (could be a 
scientific paper or DOI etc.)

R

Organism Animal ID organismID Individual animal ID; a unique label for each individual 
animal tracked by data contact

R

Organism Species scientificName Species (scientific name) R
Organism Sex organismSex Sex of tagged animal (e.g., male, female, unknown) R
Organism Life stage organismAgeReproduc-

tiveClass
Age class of tagged animal (e.g., neonate, juvenile, sub-
adult, adult, unknown)

R

Organism Length type organismSizeMeasure-
mentType

Details on how measurement was recorded (e.g., SCLn-t, 
SCLmin, CCLn-t, CCLmin)

R

Organism Carapace Length organismSize Animal’s carapace length (in cm) R
Organism Capture/acquisi-

tion method
trappingMethodDetails How was turtle obtained (e.g., nesting, specific in-water 

capture, bycatch, rehabilitation)
R

Organism Tracker attach-
ment method

attachmentMethod List attachment method (e.g., Stick on backpack, drill and 
stick on backpack, tether, harness

R

Organism Deployment 
datetime

deploymentDateTime Date and time of attachment/release, in UTC format 
(yyyy-mm-ddT hh:mm:ssZ)

R

Organism Deployment 
latitude

deploymentLatitude Latitude in decimal degrees (range from -90 to 90; “lat1” 
in Argos data) of release location

R

Organism Deployment 
longitude

deploymentLongitude Longitude in decimal degrees (range from -180 to 180; 
“lon1” in Argos data) of release location

R

Device Tag ID instrumentID PTT or other tag ID number R
Device Tag type instrumentType Type of tag (e.g., Geolocator (GLS), Pop-up satellite 

archival (PSAT), Radio tag, Satellite Tag (ARGOS only), 
Satellite Tag (GPS), etc.)

R

Device Tag model instrumentModel Model number of tag supplied by manufacturer (e.g., 
SPOT-375)

R

Device Tag manufacturer instrumentManufacturer Name of tag manufacturer R
Device Horizontal track-

ing technology
trackingDevice Indicate which location data available (e.g., Argos, Argos-

GPS, GPS)
R

Device Environmental 
sensor type

sensorType Type of environmental sensor, if any (e.g., temperature, 
pressure, light, etc.)

R

Location 
Data

Data processing 
method

Full text of horizontal data filtering/processing methods or 
“none” for raw location data

R

Location 
Data

DateTime time Date and time associated with each specific location of the 
animal, in UTC format (yyyy-mm-ddT hh:mm:ssZ)

R

Location 
Data

Latitude latitude Latitude in decimal degrees (range from -90 to 90; “lat1” 
in Argos data)

R

Location 
Data

Longitude longitude Longitude in decimal degrees (range from -180 to 180; 
“lon1” in Argos data)

R

Location 
Data

Argos LC argosLC Location class; a numeric or character vector of Argos 
location classes (3, 2, 1, 0, A, B, Z)

R*

Table 1. Metadata crosswalk for the standardized fields within the marine turtle tracking data template (proposed by this 
study) and the bio-logging data template for multiple taxa (from Sequiera et al. [2021]). Level: R = Required, R* = Required 
(if applicable), S = Supplemental.
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Category
Marine Turtle 
Template Field

Sequeira et al. (2021) 
Template Field Definition Level

Location 
Data

GPS satellites gpsSatelliteCount Number of GPS satellites associated with the specific 
location if GPS (e.g. fastloc/fastGPS) location

R*

Location 
Data

Temperature 
GLS

temperatureGLS time coded Temperature record associated with depthGLS R*

Location 
Data

Depth GLS depthGLS time coded depth record associated with temperatureGLS R*

Location 
Data

Argos error 
radius

argosErrorRadius Argos error radius of each specific location S

Location 
Data

Argos semimajor argosSemiMajor Argos semimajor of each specific location S

Location 
Data

Argos semiminor argosSemiMinor Argos semiminor of each specific location S

Location 
Data

Argos orientation argosOrientation Argos orientation of each specific location S

Location 
Data

Argos GDOP argosGDOP Argos GDOP of each specific location S

Location 
Data

Argos Lat2 Argos “Lat2” of each specific location S

Location 
Data

Argos Lon2 Argos “Lon2” of each specific location S

Location 
Data

Argos IQ Argos IQ of each specific location S

Location 
Data

Argos nb mes Argos nb mes of each specific location S

Location 
Data

Argos nb mes 
120

Argos nb mes 120 of each specific location S

Location 
Data

Argos nopc Argos nopc of each specific location S

Location 
Data

Argos pass dura-
tion

Argos pass duration of each specific location S

Location 
Data

GPS Horizontal 
dilution of preci-
sion (HDOP)

GPS Horizontal dilution of precision (HDOP) of each 
specific location

S

Location 
Data

GPS Residual 
Error

GPS Residual Error of each specific location S

Table 1 continued. Metadata crosswalk for the standardized fields within the marine turtle tracking data template (proposed 
by this study) and the bio-logging data template for multiple taxa (from Sequiera et al. [2021]). Level: R = Required, R* = 
Required (if applicable), S = Supplemental.
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SUBSCRIPTIONS AND DONATIONS

	 The Marine Turtle Newsletter (MTN) is distributed quarterly to more than 2000 recipients in over 100 nations world-wide. In order 
to maintain our policy of free distribution and free access to colleagues throughout the world, the MTN relies heavily on donations. 
We appeal to all of you, our readers and contributors, for continued financial support to maintain this venture. All donations are greatly 
appreciated and will be acknowledged in a future issue of the MTN. Typical personal donations have ranged from $25-100 per annum, 
with organisations providing significantly more support. Please give what you can. Donations to the MTN are handled under the auspices 
of SEATURTLE.ORG and are fully tax deductible under US laws governing 501(c)(3) non-profit organisations. Donations are preferable 
in US dollars as a Credit Card payment (MasterCard, Visa, American Express or Discover) via the MTN website <http://www.seaturtle.
org/mtn/>. In addition we are delighted to receive donations in the form of either a Personal Cheque drawn on a US bank, an International 
Banker’s Cheque drawn on a US bank, a US Money Order, an International Postal Money Order,  or by Direct Bank Wire (please contact 
mcoyne@seaturtle.org for details). Please do not send non-US currency cheques.

Please make cheques or money orders payable to Marine Turtle Newsletter and send to: 

 Michael Coyne (Managing Editor)
Marine Turtle Newsletter

1 Southampton Place
Durham, NC 27705, USA

Email: mcoyne@seaturtle.org

The MTN was founded in 1976 by Nicholas Mrosvosky
at the University of Toronto, Canada 

Green turtle nesting crawls on Masonboro Island, North Carolina USA.  Photo: Sarah A. Finn.


