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ABSTRACT ARTICLE HISTORY
Fibropapillomatosis, a disease affecting green sea turtles (Chelonia mydas), has been Received 23 June 2025
documented in many regions of the world, including the Caribbean, but has not been Accepted 22 July 2025
scientifically reported in Curacao until now. The present study utilized VHF telemetry in KEYWORDS

Caracas Bay, Curacao, to track green sea turtles, both healthy and affected by fibropa- Fibropapillomatosis; green
pillomatosis, with the objective of ascertaining their foraging locations. VHF telemetry sea turtles; Chelonia mydas;
proved to be a pivotal method for assessing habitat use in areas characterized by limited telemetry; Curacao
visibility and high boat traffic, conditions that present significant challenges for divers

and snorkellers attempting to access the area. The results demonstrate the significance

of the marina in Caracas Bay as a green sea turtle feeding ground and lay the ground-

work for future studies and conservation initiatives that are essential to comprehend

potential triggers for fibropapillomatosis in this species, particularly in understudied

regions like the Leeward Antilles. This initial report of fibropapillomatosis in Curagao

highlights the pressing need for targeted conservation strategies and long-term mon-

itoring to assess environmental stressors, disease dynamics, and their potential associa-

tions with anthropogenic impacts in critical sea turtle habitats.

Introduction

Green sea turtles, Chelonia mydas, play a crucial role in marine ecosystems by promoting the health and
preservation of coral reefs, estuaries, rocky coasts, and sandy beaches, and are widely recognized as an
indicator of a healthy marine ecosystem (Da Cruz et al. 2024).

Despite being distributed in tropical and subtropical areas worldwide, this species is recognized as
endangered by the International Union for Conservation of Nature (Seminoff 2004). In fact, Chelonia
mydas is subjected to many threats of anthropogenic origin, such as exposure to hazardous marine debris,
habitat degradation, nesting site and foraging area disturbances, predation on nests and hatchlings by wild,
feral, and domestic animals, boat strikes, traditional hunting, and egg collection, and the impacts of climate
change on marine and terrestrial environments (Wallace et al. 2010; Patricio et al. 2012; Jensen et al. 2018).
Moreover, a growing threat to sea turtles is represented by fibropapillomatosis (FP), a disease first observed
in Florida in the 1930s (Smith & Coates 1938). FP causes tumour-like growths on the skin, eyes, mouth,
flippers, and internal organs, impairing vision, mobility, and feeding, resulting in a high mortality rate (Jones
et al. 2016; Manes et al. 2022; Whilde et al. 2024). The disease affects marine turtles worldwide, with green sea
turtles being particularly vulnerable, with a prevalence of over 50% in juvenile turtles reported in recent years
(Foley et al. 2005; Manes et al. 2022). Although this disease has been documented in various Caribbean
locations, its presence and implications in Curacao remain poorly understood despite observations by local
conservation organizations. It has been suggested that FP is linked to the herpesvirus Chelonid Herpesvirus 5
(ChHV5), which can remain latent in the host until triggered (Patricio et al. 2012; Alfaro-Nunez et al. 2016).
The DNA of ChHV5 has been isolated from both the tissues of affected and healthy green sea turtles, thus
highlighting the latency of the virus (Lackovich et al. 1999; Page-Karjian et al. 2012; Alfaro-Nunez et al. 2014).
These investigations emphasize that the precise origin and activation of this disease are intricate and
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believed to be multifactorial. Scientists have excluded that mutations in the virus are the causes for the
increased number of cases, as no changes have been detected in ChHVS5, shifting the focus to environmental
factors as potential drivers of disease outbreaks (Herbst et al. 2004; Nash & Ryan 2023; Van Houtan et al.
2010). FP’s aetiology likely involves a complex interplay of various environmental factors, such as sea surface
temperature, salinity, water currents, residence time, pollution, and red tide events (Manes et al. 2022, 2023;
Vanstreels et al. 2023). Recent studies suggest that disease outbreaks may be linked to a combination of
immunogenetic susceptibility and environmental pressures, particularly those arising from human distur-
bance of coastal habitats (Manes et al. 2023; Da Cruz et al. 2024). As reported by Perrault et al., poorly
circulated lagoon systems located near densely populated areas with potential points of agricultural and
urban wastewater are typically where high prevalences of FP are recorded (Perrault et al. 2021). Moreover,
the potential horizontal transmission of the virus, especially in areas where turtles congregate to forage,
raises concerns about how these shared habitats may facilitate the spread of fibropapillomatosis. High turtle
densities in nutrient-rich coastal zones can increase the likelihood of contact and viral shedding, further
compounding the disease’s transmission dynamics (Jones et al. 2020). This highlights the importance of
monitoring ecological hotspots where turtle aggregation and environmental stress coexist.

In the Caribbean region, the presence of FP has been documented in several regions, including the Lesser
Antilles, specifically Martinique Island and the Gulf of Venezuela, where this pathology primarily affects
young turtles (Espinoza-Rodriguez & Barrios-Garrido 2022; Roost et al. 2022; Lelong et al. 2025). While these
studies provide valuable insights into FP prevalence and its environmental associations in the broader
Caribbean region, comprehensive research on these islands is limited or unpublished, especially in Curagao.

Notwithstanding the documented threat to green sea turtles and the surveys conducted by Sea Turtle
Conservation Curacao (STCC) that have identified areas of disease occurrence around the island, research on
fibropapillomatosis in Curacao remains limited.

The first aim of this work is to initiate a systematic research plan for green sea turtles in Curacao,
beginning with a population in Caracas Bay. Here, we reported, for the first time, the presence of FP in the
island’s population. Furthermore, based on previous studies highlighting the importance of the composition
of the foraging area and its role as a triggering factor in FP development, we aimed to identify the foraging
area of this population. We used radio telemetry to investigate a possible feeding ground in a difficult-to-
access area that, due to its characteristics of being enclosed and subjected to human effects, could represent
a hotspot for fibropapillomatosis. These findings provide a foundation for identifying critical seagrass
habitats and advancing conservation efforts in Curacao by exploring the potential link between FP pre-
valence and habitat use.

Materials and methods
Study area

The study was conducted in Caracas Bay, Curacao (12°04’ N, 68°52" W) starting at the end of June 2023
(Figure 1).

Caracas Bay is 8 kilometres southeast of Willemstad on Curagao’s south coast. The old oil station at Caracas
Bay was demolished in 1996. Large ships and other floating items can be berthed in this vast, deep-water
bay, which is conveniently accessible from the open sea. A growing number of ships use Caracas Bay for
underwater cleaning, maintenance, and inspections because of the pristine water. The marina opens into the
bay, with an opening that is about 50 metres wide (Figure 2). It serves as a launch pad for recreational boats
and jet skis and a docking facility for boats connected to the surrounding resort. It is also utilized for in-water
cleaning of boats. Because of the marina’s extremely murky water, visibility is difficult; additionally, the area is
unsafe for divers or snorkellers to patrol due to the substantial safety threats posed by busy boats and jet skis.

Turtle capture and release

The turtles were hand-caught at a spot called “turtle island” (12°04'37”N, 68°51’58” W) by divers and
transported to shore using kayaks and a dinghy boat. Tents were set up on the shore to keep the turtles
out of the sun and comfortable. Turtles were caught for three days starting June 28, 2023, either in the
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Figure 1. Research area. The research area is outlined in black, with the dashed line indicating the site where divers caught
the 8 turtles. The cross-hatched pattern indicates the marina that was monitored during the project.

Figure 2. The marina entrance on Caracas Bay. The entrance is about 50 metres wide.
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evening or morning. The turtles were measured, weighed, tagged with Inconel style 681 metal tags on the
front flippers and equipped with a radio transmitter. Turtles were measured following standard procedures.
Body mass was recorded using a Samsonite mechanical hanging scale (+0.5kg). A Hogetex vernier caliper
(£0.1cm) was used to measure straight carapace length (SCL) and straight carapace width (SCW), while
a flexible plastic sailor tape (£0.1cm) was used to measure curved carapace length (CCL) and curved carapace
width (CCW). Turtles were categorized into life stages based on CCL: juveniles (immature) with CCL < 65cm,
sub-adults (immature) with 65cm < CCL <90cm, and adults (mature) with CCL >90cm, according to
Chaloupka and Limpus (2001).

Turtles were visually inspected for fibropapillomatosis (FP) upon capture. Tumour severity was assessed
using the classification system by Work and Balazs (1999), which considers number, size, location, and
functional impact of tumours (Work & Balazs 1999). Due to the extent of the FP tumour growth on the
flippers, one of the turtles was not tagged to avoid tumour disturbance. The turtles were released on the
same day of their capture from shore.

Transmitter attachment

To attach the radio transmitter, we modified the protocol described by Berube et al. 2012. The top centre part
of the turtle’s carapace was sanded with a sanding block and cleaned with alcohol. A fibreglass net was cut to
the shape of the second vertebral scute and was attached to the turtle using Bondo Liquid Resin for
Fibreglass, 3 M, to prepare the carapace for the transmitter attachment. Instant Ocean HoldFast epoxy
putty was used to set the transmitter on the scute. After 30 minutes, the transmitter and putty were covered
with fibreglass and Bondo Liquid Resin for Fibreglass, 3 M.

Transmitters and receiver

Radio transmitters (Model Al-2, 28 g weight, 46 length x 17 mm dia., Holohil Systems Ltd, Carp, ON, Canada)
and a TRX-48S receiver w/3-element Yagi antenna (manufactured by AF An-tronics, Champaign, Il), were
purchased from Wildlife Materials, Murphysboro, IL. The radio transmitters have an estimated battery
lifespan of 12-30 months. The antenna has a detection range of several hundred metres to ~1.5km in
open terrain.

Each transmitter has its own channel to be detected on the antenna.

Tracking

Once tagged, the antenna operator tracked the turtles from a spot inside the marina. Monitoring was
performed in July 2023 for 15 days (from July 3 to July 17), twice a day between 10 am and 1 pm and
between 4:30 pm and 6:30 pm. The antenna operator would scan all eight channels for an hour and be able
to identify if the turtle was inside or outside the marina based on the strength of the signal and the direction
of the antenna. The directional nature of the Yagi antenna allowed researchers to infer the direction of the
transmitter by slowly rotating the antenna and identifying the orientation that produced the strongest
signal. The TRX-48S receiver provided both an audible tone and a visual LED display, with LED intensity
increasing as the antenna was aligned more precisely with the direction of the transmitter signal. They also
included the recording of visuals, as the operators could spot the turtles coming up for air in the marina.

Data analysis

The transmitters provided general directional data, allowing us to infer the position of the turtles inside or
outside the marina, rather than specific spatial parameters or detailed trajectories. However, the key to
assessing activity levels was the frequency of resurfacing events, as indicated by the radio signals. Frequent
resurfacing suggested active behaviours, while infrequent signals implied reduced activity or resting states.
No fine-scale spatial or environmental parameters were evaluated as part of this analysis.

The protocols and procedures of this study were approved by Thomas Jefferson University Institutional
Animal Care and Use Committee (Protocol #: 23-10-728).
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Results

In total, eight green turtles were caught at Caracas Bay with a straight carapace length (SCL) ranging from
45.3 cm to 66 cm (average: 55.56 + 3.29 cm (SE)), straight carapace width (SCW) ranging from 34.5 cm to 53.5
cm (average: 42.66 £ 2.71 cm (SE)) (Table 1). The curved carapace length ranged from 49.5 cm to 73,8 cm
(average: 59.48 + 3.49 cm (SE)), and the curved carapace

width (CCW) ranged from 42 cm to 66.2 cm (average: 53.95 + 3.47 cm (SE)). The weights ranged from 13.5 kg
to 50.0 kg, suggesting a mix of juvenile and subadult individuals.

As shown in Table 1, five out of eight turtles exhibited indications of FP. The tumour score was determined
in accordance with the guidelines established by Work and Balazs, wherein severity is classified from FPO,
indicating the absence of visible tumours, to FP3, signifying a subject severely affected by tumours (see
Table 1 and Figure 3) (Work & Balazs 1999). The tumour score is a comprehensive evaluation that considers
not only the quantity of tumours but also their dimensions, location, and the potential impact on the turtle’s
mobility, vision, and feeding ability. Three turtles (IDs 2351, 2352, and 2353) were designated as FP1, as they
exhibited tumours of a small or mildly affecting nature. Turtle ID 2354, which exhibited the highest number
of tumours (10), was classified as FP2, indicating the presence of small tumours with a moderate impact at
this time. Conversely, turtle ID 2349 demonstrated several larger tumours, indicative of a severe case, and
was thus classified as FP3 (see Table 1 for details).

In the present study, a range of fibropapillomatosis (FP) manifestations were documented, indicating
varying stages of tumour development and anatomical distribution within the study population. Some
individuals presented with small, pink to greyish nodules on the soft tissue of the flippers or around the
cloaca, consistent with early-stage FP (Figures 3c-f) (Work & Balazs 1999). Additionally, periocular tumours
were observed, characterized by raised, irregular lesions that were either near or partially covering the eye.
These lesions have the potential to affect vision and the blinking mechanism (see Figures 3b-c).

Of note is turtle ID: 2349, the sole specimen in our population with a tumour score of 3 (Table 1). This
individual exhibited a dark, nodular mass along the anterior edge of the flipper. The mass manifested
a spherical geometry, with the surface presenting as dry, irregular, and crusted. This observation may suggest
underlying trauma, such as abrasions or secondary infection, which is prevalent in untreated or late-stage FP
tumours (Figure 3e). Another extensive, rough, lobulated growth is present at the base of the hind limbs and
around the cloacal opening. This growth exhibits darker reddish and raw-looking areas, which may be
indicative of abrasion, inflammation, or minor infection (Figure 3d).

Understanding how FP cases relate to habitat use is crucial for identifying environmental conditions that
may exacerbate disease progression or facilitate transmission; therefore, we combined health assessments
with VHF tracking to obtain a more complete picture of this population’s movements and habitat use.

During monitoring at Caracas Bay, all turtles were detected both within the marina (inside) and outside
the marina using receiver-equipped antennas (Table 2). Visual sightings from the shore further corroborated
the presence of turtles and surfacing behaviour (Table 2). These findings demonstrate that turtles frequently
visit the marina in Caracas Bay for feeding purposes. This increased activity is associated with a higher
oxygen intake, which requires the turtles to resurface more frequently (see Figure 4) (Taquet et al. 2005;
Hazel et al. 2013). Conversely, diminished signal detections in areas external to the marina indicate periods of
resting behaviour (Hays et al. 2000). The integration of radio telemetry and direct observation methods
yielded significant insights into the patterns of habitat utilization exhibited by each individual.

Table 1. Turtle IDs, morphometric measurements, and tumour data of turtles captured during the transmitter attachment.
Tumour score based on Work and Balazs (1999).

Transmitter SCW CcCL Weight
Turtle ID number SCL (cm) (cm) (cm) CCW (cm) (Kg) Number of tumours Tumour score
2348 270145 55.8 47.8 64 58 36 0 0
2349 220144 457 34.5 50 42 16 7 3
2350 270143 66 535 73.8 66.2 50 0 0
2351 270182 47 36.2 51 43 15.5 1 1
2352 270141 55.5 44.6 61 57.7 27.5 2 1
2353 270144 59.2 379 54.3 56 16.5 0 0
2354 270147 453 353 49.5 437 135 10 2
2355 270148 70 515 723 65 43 9 1
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Figure 3. External manifestations of fibropapillomatosis (FP). Examples of tumours observed in the population studied.
Tumours, highlighted with red circles, vary in size, location, and morphology. (a) Tumours located on both front shoulders.
(b) Periocular tumour on the right eye. (c) Multiple small tumours distributed on the head and neck. (d) Large tumour
protruding from the inguinal region. (e) Large tumour on the shoulder region. (f) Tumours located on the right eye and the
ventral surface of the right fin. These images illustrate the diverse presentations of FP tumours observed in the subject
population.

Table 2. Total number of signals detected and visual sightings inside and outside the marina
for each turtle from July 3 to July 17 at Caracas Bay. The antenna operator tracked for 1 hour
twice a day, switching channels every 2-3 minutes.

Total signal Total signals Total visuals
Turtle ID detected inside detected outside inside the marina
2348 5 7 2
2349 14 2 1
2350 12 2 1
2351 13 4 4
2352 14 3 3
2353 37 5 2
2354 29 7 3
2355 17 2 3

Notably, several turtles, including the one affected by fibropapillomatosis, were repeatedly detected
inside the marina, exhibiting a higher signal frequency and increased resurfacing events compared with
cases detected in external areas.

The results of this study designate the marina as a pivotal foraging ground and underscore the
efficacy of VHF telemetry in circumventing the limitations imposed by poor visibility and safety
concerns in intricate environments such as marinas, where conventional visual surveys encounter
significant challenges. Furthermore, the observation that both healthy and FP-affected animals often
frequent the marina has led to concerns regarding the environmental conditions in this habitat.
These conditions may have ramifications for the behaviour, health, and susceptibility to disease of
turtles.
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Figure 4. Heat map of signals detected daily from tagged turtles inside and outside the marina during the monitoring
(July 3-July 17). Rows represent detection dates, while columns correspond to individual turtle IDs. The intensity of shading
reflects the number of detections, with darker shades indicating higher counts. The total indicates the total number of
signals detected during the project.

Discussion

This study represents the first scientific report of fibropapillomatosis (FP) in green sea turtles in Curagao and
even in the Leeward Antilles. FP has been documented in multiple locations in the Caribbean, including the
Lesser Antilles (James et al. 2021; Roost et al. 2022; Lelong et al. 2025), Puerto Rico (Page-Karjian et al. 2012),
and Venezuela (Espinoza-Rodriguez & Barrios-Garrido 2022). However, to date, no literature data are avail-
able regarding the presence of FP in Curacao or its neighbouring islands. This underscores a significant
knowledge gap regarding sea turtle health in the region. Our study helps fill that gap by providing clinical
observations and behavioural monitoring of affected individuals using VHF telemetry.

Here, we documented for the first time turtles exhibiting signs of FP in the marina of Caracas Bay,
a challenging location to monitor through observation alone.

Our study also highlights the value of radio telemetry in detecting turtle behaviour in complex and hard-
to-access environments. VHF telemetry allowed us to track individuals in an area with poor water visibility
and high boat traffic, conditions that render diver-based surveys unsafe and ineffective. Our data revealed
that healthy and FP-affected turtles repeatedly entered the marina, suggesting that this location is an
essential foraging site. These results align with previous research, which has documented high site fidelity
in green turtles (Taquet et al. 2005; Hazel et al. 2013; Siegwalt et al. 2020).

The use of the marina raises essential conservation concerns. According to the literature, fibropapilloma-
tosis is strongly associated with Chelonid Herpesvirus 5 (ChHV5), which can remain latent in turtles and
become active under certain environmental conditions, such as pollution, eutrophication, or algal over-
growth (Van Houtan et al. 2010; Alfaro-Nufez et al. 2014). The Caracas Bay marina is a semi-enclosed space
where boats are cleaned in the water and where runoff from adjacent developments may enter the
ecosystem.

These environmental conditions have been demonstrated to promote the proliferation of harmful
algal blooms, as well as to suppress the immune systems of turtles and to expose them to various
chemical pollutants. All of these factors contribute to various degrees to immune system suppres-
sion and viral activation (Arthur et al. 2008; Keller et al. 2014; da Silva et al. 2016; Vanstreels et al.
2023). Understanding the environmental background is essential to comprehending the FP emer-
gence and to watch for possible hazards. The results of this study indicate the critical importance of
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safeguarding and re-establishing natural foraging habitats, particularly in the presence of FP within
the population.

The implications of our results are substantial from the perspective of conservation, considering that
green sea turtles are classified as endangered by the IUCN. It is widely acknowledged that FP is able to
compromise foraging, locomotion, and vision, thereby reducing individual fitness and survival
(Seminoff 2004; Nash & Ryan 2023; Wallace et al. 2010; Jones et al. 2016). Turtles may experience limited
access to undisturbed feeding grounds as a result of habitat loss, competition, or changes in food supply, as
evidenced in the usage of anthropogenic coastal habitats like marinas (Guiry et al. 2024). The management
of existing human-use areas, such as the Caracas Bay marina, should incorporate turtle-sensitive policies.
These measures may include the restriction of boat cleaning activities, the monitoring of water quality, the
enforcement of no-wake zones to reduce the incidence of vessel strikes, and the designation of conservation
areas where turtle foraging is known to occur.

Moreover, our results clearly demonstrated that radio telemetry is a valuable tool for monitoring turtle
behaviour in confined or complex habitats where GPS lacks the spatial resolution needed to detect fine-scale
habitat use. Their use is particularly advantageous in areas that are difficult to access or pose safety risks for
researchers and divers. Visual observations offer another data layer, particularly confirming the presence and
behaviour of turtles outfitted with radio transmitters. Long-term monitoring is crucial to ascertain whether
the disease spreads throughout the population or whether these cases are isolated occurrences. Future
studies will include comprehensive water and seagrass sampling to assess pollutant levels, microbiological
profiles, and nutrient concentrations.

Conclusion

This study provides the first scientific report of fibropapillomatosis in green sea turtles in Curagao, high-
lighting the ecological significance of the Caracas Bay marina as a turtle foraging site. VHF telemetry allowed
us to overcome the observational restrictions in the marina, where boat traffic and poor visibility make it
unsafe for divers and snorkellers to access. We confirmed the area’s significance as a critical feeding ground
for green turtles, including individuals affected by FP.

Our findings emphasize the importance of this habitat and raise concerns regarding the environmental
conditions that may contribute to the onset and progression of FP in the population studied. These results
represent the first step of a much-needed long-term investigation into FP's prevalence, aetiology, and
potential environmental triggers in Curacao. They also underscore the immediate need for conservation
and management strategies to mitigate human-induced stressors and preserve the key marine ecosystems
that sustain turtle populations on the island.
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