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The critically endangered hawksbill turtle (Eretmochelys imbricata) is a keystone species that, through

its decline, has a profound effect on marine ecosystems such as coral reefs. This study aimed to

characterize the activity rhythm and dietary preferences of hawksbill turtles in Martinique to develop

appropriate conservation strategies at both local and global scales. Six individuals (one female and �ve

males) were monitored using on-board cameras. Findings show that hawksbills spend more than half

of their time feeding at a depth of 14.43 ± 9.72 m, especially in the morning. Video recordings revealed

consumed prey, including plants and animals, and these were identi�ed to the family level. Habitat

sampling revealed potential prey from six distinct families. Video recordings (selected prey) and

habitat samples (potential prey) were compared to indicate prey selection. Aplysinidae was the most

frequently observed family both as consumed and potential prey. Aplysinidae and Irciniidae, both

marine sponge families, represent new records in the hawksbill diet. Spongin content and brominated

metabolites are proposed among the plausible factors that could de�ne turtle food preferences and

strategies. Further combined analyses could help to better de�ne feeding strategies as an integrative

and collaborative approach, which is essential for the long-term protection of this critically

endangered species.
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1. Introduction

Ecologists have long understood that ecosystem diversity is the heart of its stability[1]. The hawksbill

turtle (Eretmochelys imbricata (Linnaeus, 1766)) is a keystone species, characterized by the quality,

number, and importance of its interactions with its habitat and other species[2][3][4]. Hawksbills are listed

as critically endangered under criteria A2bd of the International Union for the Conservation of Nature

(IUCN) Red List since 2008, with a decreasing population trend[5]. While some Regional Management

Units (RMUs) show signs of recovery, others continue to face signi�cant threats[6]. The hawksbill's

worldwide population has decreased by 90% in the last century due to numerous threats such as

residential and commercial development, overexploitation, pollution, energy production and mining,

human intrusions and disturbance, bycatch, illegal trade, and habitat destruction, and climate change[5].

Understanding their ecological roles and trophic relationships is essential for developing effective

conservation strategies to safeguard this critically endangered species[7][8].

One of a large population of hawksbills can be found in the Caribbean, namely in the French West Indies,

which constitute preferential distribution areas for hawksbills[9][7]. In the French West Indies, local

wildlife management, conservation structures, and a national action plan recommended studying the

importance of feeding sites for hawksbills to determine the dynamics of the population and to identify

the threats they face. Effective conservation of the critically endangered hawksbill is hindered by a lack of

basic ecological information about its complex diet and habitat requirements[10][11][12].

Current evidence suggests that, like most sea turtles, hawksbill post-hatchlings inhabit major oceanic

gyre systems, where they feed on zooplankton near the surface[13]. Once they reach a carapace length of

20–35 cm, they recruit to neritic habitats, such as coral reefs, sponge reefs, reef walls, and other hard-

bottom habitats[14][9][15]. The shape of their mouths and their sharp beaks enable them to reach into reef

crevices to extract food[16]. Hawksbills may feed on sponges, marine algae, seagrass, corals, mollusks,

tunicates, crustaceans, sea urchins, small �sh, and jelly�sh[17][10][18] and are thus considered omnivorous.

However, several Caribbean studies have shown that they feed almost exclusively on sponges, especially

on those without chemical defenses, thus applying top-down control on sponge communities[16][19][10]

[20][21].
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This study focuses on the hawksbill turtle (Eretmochelys imbricata) population inhabiting the coastal

waters of Martinique, a Caribbean island where 191 sponge species have been recorded among the 520

identi�ed in the Caribbean[22]. While previous research has identi�ed key marine habitats[7] and nesting

sites[23] of the critically endangered hawksbill in Martinique, there is a notable lack of data on its foraging

behavior, dietary preferences, activity patterns, and population size in this area. What is known, however,

is that hawksbills in Martinique exhibit strong site �delity to their foraging grounds[7]. Male hawksbills,

in particular, tend to be relatively sedentary, likely due to their potential to breed annually and the

proximity of nesting beaches—mainly Prêcheur, Diamant, Sainte-Luce, and Sainte-Anne along

Martinique's Caribbean coast[24][7]. In northern Martinique, males and juveniles are known to share

spatial foraging areas and display similar diving patterns, characterized by long, shallow dives[7]. This

behavior is thought to be in�uenced by the spatial distribution of preferred dietary items[25][7]. The

observed spatial overlap between life stages suggests that these local foraging grounds provide suf�cient

resources to support a multi-age population, underscoring the importance of their conservation[7].

In contrast, females undertake long-distance migrations between their nesting and foraging grounds,

using speci�c feeding strategies to compensate for the energy costs of reproduction[26]. They may be

capital or income breeders. Capital breeders rely on energy stored before reproduction and do not feed

during the nesting period, whereas income breeders adjust food intake during the reproductive period.

Although most sea turtles are known to be capital breeders, no conclusive evidence has con�rmed this, as

eating behaviors and other activities are based on pressure sensors or accelerometers without upstream

validation of the signal[27][28].

Additionally, hawksbills play a crucial role in the complex ecosystem of coral reefs by eating marine

sponges and macroalgae, which leaves more competitive space for coral development[20]. Their

population decline may have far-reaching ecological consequences, as reduced grazing allows palatable

sponges—i.e., chemically defended sponges using secondary metabolites to protect themselves from

predators, competitors, or pathogens[29]—and macroalgae to proliferate, outcompeting corals[2][3]. Pre-

Columbian estimates suggest that Caribbean reefs once supported up to 11 million hawksbills,

contributing to effective sponge control[20]. As hawksbill populations declined due to historical human

exploitation and palatable sponge abundance increased under reduced grazing pressure, the turtles

increasingly fed on chemically defended sponges (Fig. 1), rendering their �esh toxic to humans. This

dietary shift was documented as early as the 19th century, prior to the species becoming endangered,
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with accounts recorded in ship logs and historical reports[30][20]. The current imbalance—fewer

hawksbills and increasing sponge and macroalgal dominance—leads to mutualistic relationships

between macroalgae and sponges, where algae provide dissolved organic carbon (DOC) to sponges, and

sponges supply inorganic nutrients to algae, exacerbating coral decline[31][20]. This shift limits coral and

gorgonian, i.e., soft coral, recovery and undermines reef structure. Given that coral reefs support the

highest levels of marine biodiversity and provide critical ecosystem services—including food security

and livelihoods for hundreds of millions of people worldwide[20][32][33][34][35]—hawksbill conservation is

critical. Protecting this critically endangered species is not only essential for its survival but also for

safeguarding the health and resilience of these essential ecosystems.

Figure 1. Changes in sponge communities due to the decline in the hawksbill population (based on [20])

Sponges are the oldest multicellular organisms, lacking true tissues and differentiated organs[36]. During

their evolutionary transition from unicellular to multicellular life, sponges developed recognition

systems localized on the cell periphery or within the para- and extracellular matrix. One characteristic of
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a sponge individual is that it consists of two phases: (a) a living phase composed of different cell types,

and (b) a nonliving phase which contains the matrix material, synthesized by the cells[36]. The distinct

phases and characteristics of sponges make them particularly fascinating to study, as they enable

sponges to interact with predators through a variety of chemical and physical defenses. Unlike other

spongivores, hawksbills lack morphological adaptations to facilitate the digestion and swallowing of

abrasive and copious sponge spicules[16]. Although sponges are considered the main food source in the

Caribbean, the speci�c species consumed and the feeding strategy employed by hawksbills remain

poorly understood.

Since the 1980s, researchers started studying hawksbills' feeding ecology using techniques such as

esophageal lavage, direct observation, fecal examination, stable isotope analysis (SIA), and video

recordings[37]. In-water observation has proven particularly effective for determining diet composition,

prey selectivity, and behavioral patterns[38][10]. However, this technique poses several challenges,

including restricted study site access, limited underwater visibility, scuba-related depth constraints, and

the problem of pseudo-replication due to unmarked individuals[39][38][38]. To overcome these limitations,

this study employed innovative techniques previously used on green sea turtles in Martinique[27][8][40],

equipping hawksbill turtles with on-board cameras to capture their behavior in situ.

This study aimed to improve knowledge of hawksbills’ diet and activity rhythms in Martinique by

documenting extended feeding sessions. Knowledge about their trophic ecology could enrich knowledge

of hawksbills in Martinique, help identify critical foraging habitats, and support more effective

conservation measures for this critically endangered species in the French West Indies.

2. Material and Methods

2.1. Ethics Statement

Hawksbill capture meets French ethical and legal requirements. The CNRS protocol was approved by the

“Conseil National de la Protection de la Nature'' and the “Ministère français de l’Ecologie, du

Développement Durable et de l’Energie” (permit numbers: 2013154-0037, 201710-0005, and R02-2020-

08-10-006). Fieldwork was carried out under the certi�cation of Damien Chevallier (prefectural

authorizations’ owner) under strict compliance with the Police of Martinique’s recommendations in

order to minimize animal disruption.
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2.2. Capture and tag deployment

This study was conducted in Martinique, French West Indies, between “le Rocher du Diamant” and “le

Sec du Diamant” (14°26.6’N, 61°2.4’W) (Fig. 2), which represents an important hotspot of biodiversity with

its surrounding coral reefs and plays an important feeding and breeding area for hawksbill turtles[7].

Figure 2. Maps depicting regional views of the Eastern Caribbean and of the study site in Martinique

Based on previous research done on food selection and habitat use patterns of green sea turtles in

Martinique[27][8][41], similar techniques were applied to the hawksbills monitored. For this study, �ve

male and one female free-ranging hawksbill turtles were equipped with onboard cameras (CATS,

Customized Animal Tracking Solutions, Germany) in “Le Sec du Diamant” between November 2022 and

May 2023, with each deployment lasting 48 hours. One male was equipped twice, in February and in

March.

The relatively shallow depths (<20 m) of the area allowed free divers to capture the turtles manually. The

capture of each turtle was performed by up to three expertly trained free divers when the turtle was
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static, i.e., resting or feeding at the bottom. The freediver silently dived toward the turtle to avoid

detection and, once close enough and above the animal, seized the nuchal shell and pygal plate. The

freediver then positioned the turtle against his chest with the hind �ippers against his breastplate and

rose to the surface. A second diver held the fore �ippers and helped to lift the turtle onto the deck of the

boat for measurements and tagging[7][42].

Each captured turtle was identi�ed using passive integrated transponders (PIT; ID-100, TROVAN). Once

an individual had been placed on a boat, the presence of a PIT was checked using a TROVAN R251 reader.

If the individual was unknown (i.e., absence of PIT), a PIT was injected into the turtle's right triceps and

its number was added to the database as described in Siegwalt et al.[43] and Lelong et al.[44]. Alongside

individual identi�cation, standard morphometric data were collected, e.g., curved carapace length (CCL)

and curved carapace width (CCW). Additional biological data, including blood samples, tissue biopsies,

photo-identi�cation, and anomalies, were collected to support future analyses and research efforts. The

CATS Cams device was attached to the top of the carapace using three galvanic timed-release systems

(magnesium rings) planned to dissolve in seawater 48h later, releasing the instruments to the surface.

A CATS device included a video-recorder (1920×1080 pixels at 30 frames s−1) combined with a tri-axial

accelerometer, a tri-axial gyroscope, a magnetometer, a temperature sensor, a light intensity sensor, a

time-depth recorder, a hydrophone, and a GPS. Depth was recorded at 1 Hz using a pressure sensor with a

range from 0 to 2000 m and 0.2 m accuracy[27]. Due to low light conditions after sunset, the cameras

were programmed to record from 05:00 to 18:00, but other sensors were still recording at night.

CATS were recovered using a goniometer (RXG-134, CLS, France) by geolocation of an Argos SPOT-363A

tag (MK10, Wildlife Computers Redmond, WA, USA), glued to the CATS Cams device.

2.3. Time budget

Video recordings captured by the CATS devices were analyzed through visual inspection using the

custom-written software TurtleCap (https://github.com/Vadym-Hadetskyi/TurtleCap) and BORIS[45]  to

identify behaviors. The onset and termination of each observed behavior were annotated with a temporal

resolution of 0.1 seconds. A total of 44 distinct behavioral categories were identi�ed and used to

systematically label the video recordings (Table S.1); these categories, which closely mirror those

previously established for green turtle behavior in Martinique[27], were further grouped into eight

overarching behavioral classes (Table S.1). These categories helped us calculate the time budget, i.e., the

time allocated to each behavior from 5 AM to 6 PM for hawksbills in Martinique. The time-depth dataset
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was associated with the corresponding observed behaviors. These were visualized and checked using R

software (version 3.5.3; http://www.R-project.org/) and the rblt package (https://CRAN.R-

project.org/package=rblt).

2.4. Diet composition

At the Diamant, the seascape is dominated by sea sponges in terms of diversity and biomass[22]. Some of

the walls of the submarine caves are 100% covered by sponges, including some encrusting specimens.

“Le Rocher du Diamant '' is an area with strong current and wave action, therefore ideal for sponge

development[22].

In addition to the time budget analysis, a dietary analysis was conducted using the video recordings.

Individual-level diet composition was inferred from bite counts, following the methodology of Siegwalt

et al.[8]. A bite was de�ned as a deliberate head movement directed toward a food item, with evident

intent to remove and ingest all or most of the item[46]. For each foraging bout identi�ed in the recordings,

bites were counted and classi�ed into prey categories, including marine sponges (Porifera), marine algae

(Plantae), identi�able prey families (see Table S.2), and an "Unknown" category.

Twenty percent of bites could be con�dently assigned to a prey category. This limitation stemmed from

(1) the taxonomic complexity of sponges and algae, which often requires expert validation, and (2) the

limited visibility of prey items due to the dorsal placement of the turtle-borne camera. Sponge prey

(Porifera) were initially identi�ed to the family level using resources such as the online Sponge Guide[47],

the Caribbean Sponge Diversity �eld guide[22], and the Reef Creature Identi�cation Guide: Florida,

Caribbean, Bahamas[48].

To expand the dataset and promote local engagement, supplementary video material from regional

diving centers was also collected and analyzed.

2.5. Prey selection

To de�ne organisms to the species level to identify potential prey, samples were taken in the �eld. Based

on the GPS coordinates of the feeding events on the video recordings, sampling along transects was

performed on foraging areas of hawksbill turtles. Six scuba divers (three pairs) followed three 50 m

transects, randomly distributed on Le Sec du Diamant. Samples identi�ed on the video recordings were

photographed, and a piece of approximately 10 cm3 was sampled. To avoid contamination, prey were
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sampled and handled with gloves and sterile material. Each sample was put in a numbered bag and

analyzed in the laboratories of Stazione Zoologica Anton Dohrn and Università Politecnica delle Marche

in Italy. The taxonomy methodology is further described in Labalme et al., in prep.[49]  Potential prey

identi�ed in the laboratory were compared to prey consumed as observed in video recordings to

determine prey selection.

3. Results

3.1. Capture and tag deployment

The average CCL of seven hawksbills was 82 ± 2.8 cm (range = 77 to 85 cm; #1 vs. #8), and the CCW was

72.1 ± 3.1 cm (range = 68.4 to 75.4 cm; #5 vs. #6) (Table 1). One individual was captured twice

(deployments #3 and #6). The camera of #5, placed on March 8, 2023, was lost. After 48 hours, no Argos

signal was received, and the camera has not been recovered since. There was a technical problem with #2.

The video data relating to these two deployments are therefore not included in the results presented here.

Deployments Individual PIT number Sex Capture date Location CCL CCW Tail

#1 #071E540D F 02/11/2022 Rocher du Diamant 77 / /

#2 #071E0C2B M 02/11/22 Rocher du Diamant 76 62,8 19,5

#3 #0786CBC6 M 01/02/2023 Sec du Diamant 82.8 75.4 24.9

#4 #0786B33D M 01/02/2023 Sec du Diamant 84 74.2 21.5

#5 #0786B3ED M 08/03/23 Sec du Diamant 81.7 68.4 22.5

#6 #0786CBC6 M 08/03/23 Sec du Diamant see above

#7 #07876ED4 M 28/03/23 Sec du Diamant 80.6 69.3 21.5

#8 #07C7C341 M 16/05/23 Rocher du Diamant 85 73.3 24

Table 1. Morphological data collected from each studied individual hawksbill (n=8)
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3.2. Time budget

3.2.1. Video analysis

In total, 70 h of multi-sensor recordings were labeled from six deployments and �ve individuals, and

2,914 behavioral sequences were noted (mean: 12 ± 4 h per individual, min: 6 h, max: 18 h). The

predominant behavior observed in the videos was feeding, representing more than 58% (39 h) of the time

budget, followed by resting (29%, 19 h) and swimming (6%, 8 h) (Fig. 3). The other behaviors were

expressed in a minority (Breathing: 2 h, Gliding: 1 h, Scratching: 1 h, and Other: 0.1 h). The surfacing time

is on average 2.34 min per hour, during which the hawksbills took an average of seven breaths per hour.

Scratching events happened against rocks or against giant barrel sponges (Xestospongia muta).

Interactions between individuals were noted for several seconds where the individual with the camera

would (1) go to another hawksbill that was eating and chase it away or (2) rub its face with another male

hawksbill.

Figure 3. Diagram representing the proportion of time allocated to the 44 behaviors grouped into eight broad

categories for E. imbricata in Le Sec du Diamant from video analysis (n=2,914 behaviors recorded)

qeios.com doi.org/10.32388/FKTVC0 10

https://www.qeios.com/
https://doi.org/10.32388/FKTVC0


For the six individuals, all behaviors combined, the average dive depth was 15.5 ± 9.4 m, dive duration was

52.2 ± 40.9 minutes, and maximum depth was 17.8 ± 10.8 m. The deepest dive observed was 67.3 m for

individual #7. At this depth range, seawater temperature records ranged from 25°C to 31°C. The behavior

of the individuals differed in terms of dive duration (p<0.001, Kruskal-Wallis, n=222) and mean depth

(p<0.001, Kruskal-Wallis, n=222).

For the feeding behaviors, the mean depth was 14.43 ± 9.72 m. The maximum dive depth during feeding

was 44.4 ± 13.9 m. There was no signi�cant difference in average feeding depth between individuals

(p>0.05, ANOVA, n=52).

3.3. Diet composition

The mean bite rate was 9.01 bites/minute. The number of bites considered in the diet assessment was

3,434 over 74 hours and 45 minutes of recordings, of which 39 hours and 52 minutes of sequences with

feeding activity were extracted and analyzed. From those 3,434 bites, 15% (n=531) involved Porifera.

Twenty percent were categorized by the prey family (Fig. 13). Sixty-�ve percent (n=2,235) were noted in

the category Unknown. The most observed prey families were Aplysinidae (27.6%), Tethyidae (15.5%),

Chondrillidae (13.7%), and Sargassaceae (13.2%) (Fig. 4). Behaviors of grabbing the entire sponge or

coralligenous habitat from the rock with their front �ippers were observed. At the study site, most of the

organisms eaten were placed under macroalgae, including Sargassum sp., or under giant barrel sponges

(Xestospongia muta).
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Figure 4. Number of bites per family identi�ed in the video analysis and attributed to a prey family (n=644)

3.4. Prey selection

In total, 45 potential prey items were sampled, including 35 Porifera, one Cnidarian, and nine Plantae.

Sixteen were sampled in the �rst transect, 6 in the second, and 16 again in the third transect. Some

species were sampled in replicas along the different transects, such as Xestospongia muta, Aiolochroia

crassa, Verongula rigida, Ircinia felix, Hyattella cavernosa, Callyspongia vaginalis, Iotrochota birotulata, and

Spirastrella coccinea (Table 2). In total, 17 distinct species were identi�ed, belonging to ten different

families (Table 2). Samples were expertly analyzed through morphological analysis and DNA barcoding at

Università Politecnica Delle Marche (UNIVPM) and Stazione Zoologica Anton Dohrn Napoli. Further

results describing the presence of spicules, spongin �bers, and markers for DNA barcoding have been

published in Labalme et al., in prep. Six families were identi�ed both in the video recordings and in the

habitat sampling: Aplysinidae, Irciniidae, Callyspongiidae, Petrosiidae, Tetillidae, and Agelasidae.

Six sponge families sampled in the study were compared to the 17 families identi�ed as consumed prey in

video recordings (hereafter referred to as consumed prey; Fig. 5). Among these, Aplysinidae was the most
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frequently observed family both as consumed and potential prey. Petrosiidae was sampled at least once in

every transect and also recorded as consumed prey. Callyspongiidae, Iotrochotidae, Irciniidae, Agelasidae,

and Tetillidae were each sampled at least once within the feeding habitat and were con�rmed as

consumed prey through video analysis. In contrast, Spongiidae, Niphatidae, and Spirastrellidae were

identi�ed exclusively as potential prey but were not observed being consumed. Conversely, Tethyida,

Chondrillidae, Geodiidae, Halichondriidae, Clionaidae, and Ancorinidae were recorded as consumed prey

but were not detected as potential prey in the habitat samples.

Figure 5. Prey selection identi�ed from prey consumed (observed in video recordings) compared to potential prey

(habitat sampling)

qeios.com doi.org/10.32388/FKTVC0 13

https://www.qeios.com/
https://doi.org/10.32388/FKTVC0


Transect Species Family Other

1

Verongula rigida Aplysinidae

Ircinia felix Irciniidae

Hyattela cavernosa Spongiidae

Callyspongia vaginalis Callyspongiidae

Callyspongia cf. pseudotoxa Callyspongiidae

Neopetrosia rosariensis Petrosiidae

Xestospongia muta Petrosiidae

Cinachyrella kuekenthali Tetillidae

Agelas clathrodes Agelasidae

Iotrochota birotulata Iotrochotidae

Spirastrella coccinea Spirastrellidae

Unidenti�ed tunicate

Unidenti�ed algae

2

Aiolochroia crassa Aplysinidae

Verongula rigida Aplysinidae

Ircinia felix Irciniidae

Xestospongia muta Petrosiidae

Agelas dispar Agelasidae

Unidenti�ed algae

3 Aiolochroia crassa Aplysinidae
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Transect Species Family Other

Aplysina fulva Aplysinidae

Aplysina insularis Aplysinidae

Verongula rigida Aplysinidae

Hyattella cavernosa Spongiidae

Callyspongia vaginalis Callyspongiidae

Amphimedon caribica Niphatidae

Amphimedon compressa Niphatidae

Xestospongia muta Petrosiidae

Iotrochota birotulata Iotrochotidae

Spirastrella coccinea Spirastrellidae

Unidenti�ed cnidarians

Unidenti�ed algae

Table 2. Species identi�ed in three random transects in a foraging habitat of hawksbill turtles in Martinique.

*Items in bold are the ten family names of Porifera identi�ed.

4. Discussion

This study highlights key �ndings, such as that hawksbills spend 55.4% of their time feeding and forage

at depths of <20 m. In line with the initial objectives, a list of prey species was created for three distinct

biogeographical regions. Food preferences were discovered in Martinique along with potential feeding

strategies. This new data, never before collected, provides new insight into the feeding ecology and

activity rhythm of this endangered species.
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4.1. Size of individuals

In this study, one female was captured compared to �ve males. The size of the single female captured

(CCL= 77 cm) was lower than those of the males found (CCL= 82.2 ± 1.76 cm); however, any further

comparisons require additional research to detect any difference in size between females and males. The

mean CCL of all individuals (81.9 cm) correlates with the mean CCL of males tracked in 2018 by Nivière et

al.[7]  (80.4 cm). However, other studies found smaller mean CCL[50][37]  (Arabian Gulf: 70.8 cm, ; Eastern

Paci�c: 70.3 cm, ). No juveniles were found during this study, contrary to our initial hypothesis. The

presence of large males could be explained by the nesting beach in Le Diamant, located nearby, and the

proximity of deeper waters[7].

4.2. Time-budget

This is the �rst study on free-ranging hawksbills showing that hawksbills express 44 different behaviors

at different times of the day. Studied hawksbills allocated most of their time to feeding activity (>50%)

and resting (<30%). Each individual spent on average eight hours feeding per day compared to captive

hawksbills, which eat twice a day for better carapace growth and higher trypsin-speci�c activity[11]. This

is the �rst study on the activity rhythm of free-ranging adult hawksbills and therefore cannot be

compared with other studies. A study on captive individuals concluded that they feed twice a day with a

long time interval[11]. That said, studies on green sea turtles and freshwater turtles demonstrated that

nocturnal activity could be exhibited to acquire nocturnal resources that in�uence their survival and

reproduction[51][52][53].

It is important to highlight that hawksbill turtles frequently use their forelimbs to manipulate prey,

particularly when feeding in strong currents or extracting food from crevices. Additionally, they exhibit

prolonged and variable foraging behavior, prospecting for food throughout the day. These behavioral

nuances represent a key distinction from green sea turtles and posed a challenge in the behavioral

classi�cation process. As reported by Jeantet et al.[54], early applications of the V-Net model—originally

trained on green turtle data—often misclassi�ed hawksbill feeding events as swimming due to the

overlapping use of �ipper movements. However, classi�cation accuracy improved markedly with the

incorporation of transfer learning from human activity datasets, which allowed the model to better

distinguish between similar motion patterns associated with different behavioral contexts.
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Behavioral patterns observed in this study suggest that hawksbills exhibit distinct diel activity, with

diurnal resting occurring in some individuals—particularly within the �rst day post-capture—followed

by a full day dedicated to foraging. Importantly, the use of animal-borne video devices appears to have

had minimal behavioral impact, consistent with �ndings in juvenile green sea turtles, which showed no

signi�cant stress response up to 90 minutes after deployment[55]. Resting areas are particularly

important for reproductive females, who allocate energy toward clutch development[56][57]. Coral reefs

can function as foraging habitats, resting sites, or refuges against predators, depending on the

reproductive strategy employed—capital versus income breeding—particularly during the internesting

period[58]. In our study, one female exhibited intense foraging activity during ten hours of monitoring,

consistent with an income-breeding strategy at the end of the nesting season[26][59], while males

engaged in resting behavior across both days, suggesting inter-individual variability in energy allocation.

It is interesting to note that the same male individual was recaptured twice within a one-month interval,

con�rming high site �delity to feeding grounds, as previously observed in male hawksbills in

Martinique, as well as in Australia and Barbados[58][7][60].

Although hawksbills are generally characterized as diurnal—active during the day and resting at night[61]

—these �ndings highlight the need for longer-term and sex-speci�c behavioral tracking. Activity

budgets are expected to vary in response to seasonal shifts in both biotic and abiotic factors, further

emphasizing the importance of continuous monitoring during key life history stages[61]. In this context,

advanced analytical tools such as V-Net offer valuable potential to bridge existing gaps in behavioral

knowledge, enabling more nuanced and scalable interpretations of �ne-scale animal movement and

activity.

Scratching behavior, generally attributed to self-cleaning and ectoparasite removal[62], accounted for 1.1%

of the total time budget in this study. This behavior was commonly observed across individuals,

occurring on both hard substrates such as rocks and on giant barrel sponges (Xestospongia muta).

Interestingly, video footage also revealed behaviors consistent with those described by Sazima et al.[63],

who documented hawksbills positioning themselves at shrimp cleaning stations, potentially engaging in

symbiotic interactions with barber pole shrimp (Stenopus hispidus). In their observations, turtles adjusted

their posture to expose speci�c body parts—such as the hind limbs or posterior shell—under rocky

ledges to facilitate cleaning.
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Similar postures were recorded in the present study, particularly near X. muta, where shrimp were

frequently noted. Although the downward-facing camera did not allow clear visualization of cleaning

stations or shrimp identity, the turtles’ positioning suggests that such interactions could be occurring.

However, without direct visual con�rmation or species-level identi�cation of the shrimp, this remains

speculative. Future studies, potentially combining behavioral observations with shrimp sampling and

stationary external cameras, are needed to determine whether symbiotic cleaning interactions occur at

Le Sec du Diamant.

Surfacing was observed for respiratory purposes only, with short surface intervals of 1 min 44 s ± 5 min

15 s. These values coincide with the research done on hawksbills by Storch et al.[64]  at Buck Island,

Caribbean. Other sea turtle species have been reported to spend considerable amounts of time at the

surface for thermoregulation and the control of ectoparasites alongside gaseous exchange[65]. However,

no diurnal basking was observed in the video recordings. Hawksbills are diving ectotherms, i.e., they

regulate their body temperature with the environmental temperature. They rely entirely on gas

exchanges at the water surface and have a time budget in�uenced by dive time and depth. They have

high internal heat-storage capacities and therefore thermal inertia[64]. In addition, some turtles such as

Chelonia mydas are capable of controlling heat exchange with the environment through variable blood

circulation in the front �ippers. It is probable that hawksbills have similar patterns, although no studies

have been done[66][64]. A myriad of physiological responses to temperature have been studied, including

duration of gastric and intestinal digestion, intestinal glucose transport, frequency of gastric

contractions, digestive ef�ciency, and metabolic rate[64]. Furthermore, it has been proved that

environmental temperature and gut microbial communities can have profound impacts on the digestive

performance of ectothermic vertebrates. Additionally, the diversity, composition, and function of gut

microbial communities themselves are in�uenced by temperature[67]. The synchronization of body

temperature regulation and food strategies might have a strong correlation that should be taken into

account when comparing diving pro�les, including diurnal and nocturnal basking.

Interactions between individuals were underrepresented in the average time budget (0.13%) due to brief

events. Males are known to be sedentary and to express aggressive social behavior related to resource

competition, which coincides with the observations noted during this study and other studies[68].

Competition is speculated to play a role in the vertical partitioning of habitat to decrease conspeci�c

competition and ultimately increase the carrying capacity of foraging areas[69][70]. Other social behavior

observed in previous studies, such as head touching where hawksbills would rub the sides of their faces
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together, was observed once in this study[68]. This type of interaction has previously been shown to be a

form of intraspeci�c communication in green sea turtles[40][71].

It should also be noted that this study provides critical supporting evidence that ghost nets and bycatch

remain an active and underestimated threat in the Caribbean. Although the ‘trapped in net’ behavior

accounted for less than 0.1% of the total observed time in this study, the presence of this behavior is not

only statistically signi�cant—it is ecologically alarming. In a sample of just six individuals, one was

visually con�rmed to be entangled in a ghost net in under three days. This direct observation, combined

with the fact that multiple turtles required physical rescue during the course of the research, strongly

suggests that such incidents may be more frequent than what behavioral data alone can capture

(Delvenne & Chevallier, pers. obs.)[72]. Wallace et al.[6]  echo this concern, highlighting that ghost gear

continues to impact sea turtles and other marine megafauna with increasing regularity, even in areas

thought to be relatively well-managed. The apparent rarity in the data likely re�ects the limitations of

behavioral monitoring tools in detecting brief or fatal entanglement events, rather than an absence of the

threat itself. These �ndings underscore the urgency of improving studies on the reduction of accidental

catches, ghost gear removal initiatives, enhancing in-water surveillance, and fostering region-wide

collaboration to address what remains a persistent and insidious danger to marine biodiversity.

Our results support the idea that hawksbills perform shallow (0–20 m) and long dives (60–70 min), as

researched by Gaos et al.[73]  and Nivière et al.[7]. At these depths, sponges dominate both in terms of

biomass and diversity due to the greater availability of light[22]. As hawksbills spend more than half of

their time feeding, this could explain why they spend most of their time at depths from 0 to 30 m.

Feeding activities were observed at various depths ranging from 5 m to 44 m (on average 14.43 ± 9.72 m).

This shows that they eat a greater variety of prey, meaning that they could reach various depths or

habitats depending on their opportunistic feeding. Dive durations were on average longer than 50 min,

supporting the observation that hawksbills make some of the longest dives of all sea turtles[65][7]. The

maximum depth recorded was 67.3 m, by a male.

The mean temperature experienced by hawksbills is similar to the mean temperature recorded in 2018

(27–32°C) in Nivière et al.[7].
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4.3. Diet composition and Habitat Sampling

Understanding the dietary composition of hawksbill turtles is essential to uncovering their ecological

role within coral reef ecosystems[21]. In this study, video analysis provided a rare, �ne-scale perspective

of hawksbill foraging behavior in Martinique, revealing that Porifera accounted for 75% of observed

feeding activity. Despite some visual constraints from the dorsal camera angle, 17 prey species were

successfully identi�ed in the lab, including Aplysinidae and Irciniidae—Porifera families not previously

cited as part of the hawksbill diet. These results highlight potential regional dietary variation and

reinforce the value of detailed video analysis and habitat-based sampling to uncover overlooked prey and

re�ne our understanding of hawksbill foraging ecology.

It should be noted that the species sampled and analyzed in the laboratory are not an exhaustive list of

diet items. Some prey were observed in video recordings but not sampled due to diving constraints, such

as strong currents and limited bottom time. Le Sec du Diamant, a high-density sponge reef, presents

complex vertical structures with overlapping species, making it dif�cult for divers to accurately identify

and collect prey in real time, unlike hawksbills, which appear adept at discriminating among them[22][74].

To complement the video data, 45 prey samples were collected from the habitat, including some species

observed multiple times in the videos. Given the limited ecological knowledge of hawksbills and the

dif�culty in clearly identifying all prey on video, these habitat samples serve as a valuable reference and

underscore the need for broader sampling[75][76][77]. Many sponge species remain hidden in crevices or

caves, are dif�cult to access, or pose hazards such as venomous defenses[78][79].

Habitat sampling reinforced the observation that Aplysinidae sponges are abundant in hawksbill

foraging grounds and were frequently recorded in the video dataset. As 17 distinct species were identi�ed

in this study, these �ndings could inform future studies exploring prey availability and selection in

hawksbill habitats. Notably, several families were con�rmed across all three datasets—video, �eld

sampling, and laboratory identi�cation—including Aplysinidae, Irciniidae, Callyspongiidae, Petrosiidae,

Tetillidae, and Agelasidae.

Aplysinidae, part of the order Verongida, previously unreported as a hawksbill diet item, was the most

prevalent family observed in both the video and habitat samples. This family, including species such as

Aplysina insularis, is known along the Caribbean and eastern Brazilian coasts. Verongula rigida, another

member of this family, is a known prey for spongivorous �shes like angel�shes and parrot�shes[80]. In

the East Paci�c Ocean, Wedemeyer-Strombel et al.[75]  suggested that hawksbills may incorporate
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mangrove-associated sponges such as Aplysina spp. into their diets, based on stable isotope data, though

direct observations were lacking. Our �ndings con�rm for the �rst time that Aplysinidae sponges are

indeed consumed by hawksbills in the Caribbean. Notably, this sponge family is of growing interest in

biomedical research due to its production of brominated metabolites derived from tyrosine, an amino

acid. These compounds exhibit a range of biological activities, including antimicrobial, enzymatic,

cytotoxic, and antiparasitic effects[81]. Interestingly, Wood[82] reported that tyrosine is non-essential for

hatchling green sea turtles (Chelonia mydas), raising new hypotheses regarding potential differences in

amino acid requirements between hawksbills and other turtle species, between life stages, or possibly as

an adaptive response to shifting reef ecosystems.

Irciniidae, identi�ed in two transects, were also consumed multiple times by hawksbills. This family is

ecologically and chemically diverse, with a widespread distribution and a rich associated microbiota[83]

[84][85]. Their high microbial diversity includes bacterial, fungal, and archaeal species, making them a

target for pharmaceutical research. While never before cited as part of the hawksbill diet, our �ndings

suggest they may be consumed for their microbial symbionts. Future work using stable isotope analysis

would help con�rm their role in the hawksbill diet.

Callyspongiidae were also observed as being consumed in video recordings and were later sampled and

identi�ed to the species level (Callyspongia vaginalis, Callyspongia cf. pseudotoxa). Though not previously

cited in hawksbill diet studies, Lesser[86] noted that members of this family are preyed upon by a variety

of reef organisms. With a global distribution and tolerance for temperatures from 5°C to 30°C,

Callyspongiidae produce a wide array of bioactive compounds[87], including those with antibacterial[88],

antituberculosis[89], and anti-in�ammatory activities[90].

Petrosiidae sponges, particularly Xestospongia muta—the giant barrel sponge—are dominant and

ecologically important components of Caribbean reef ecosystems. They have been widely studied for

their large size, structural role in the reef, and sensitivity to bleaching events[91][92][93]. In this study, X.

muta was identi�ed in laboratory samples, and hawksbills were observed foraging near these sponges in

the video recordings. As X. muta supports diverse microbial communities that play a critical role in

nutrient cycling[94], prey species living in its proximity may be particularly appealing to hawksbills due

to this enriched microhabitat.

Baumbach et al.[76]  explored the nutritional value of X. muta, comparing it with prey species actually

consumed by hawksbills, such as Geodia neptuni and Kallymenia limminghi. In our video data, Geodiidae
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appeared as part of the hawksbill diet, yet were absent from habitat samples—suggesting they may occur

in deeper or inaccessible microhabitats at Le Sec du Diamant, beyond the scope of our transects. Despite

their structural defenses—such as high spongin and collagen content that gives Geodiidae a dense,

rubbery texture[95][96][97])—these sponges may still be preferred for their rich biochemical pro�le,

including glycoproteins, acid polysaccharides, and carbohydrate-rich matrices[36][98]. The Aplysinidae

family has similar characteristics and was also observed as prey during video recordings. These

nutritional bene�ts could outweigh the physical challenges of ingestion, explaining why hawksbills

invest substantial foraging time on them. Indeed, Baumbach et al.[76] showed that hawksbills prioritize

prey with higher nutritional value and availability—such as G. neptuni and K. limminghi—over less

nutritious or harder-to-access options like X. muta or Halimeda opuntia. This selective behavior supports

the idea that hawksbills may establish home ranges where high-energy prey is concentrated, optimizing

their foraging ef�ciency.

Additionally, Chondrillidae and Tethyidae, the second most observed family in the video recordings, are

part of the most diverse environment on Earth due to their High Microbial Abundance (HMA)[99]. Three

of the most recorded sponges, namely Geodia sp., Chondrilla nucula, and Chondrosia sp., have a high HMA.

These sponges can derive up to 60% of their heterotrophic diet from their bacterial symbiosis, whereas

Low Microbial Abundance (LMA) sponges can only obtain <1% of their diet from their bacterial

symbiosis[100][101]. The LMA species cited as prey in the literature but not observed during video

recording is Placospongia sp.[102]. Unlike scleractinian corals that can associate with a particular

Symbiodinium species[103][104]), sponges can host extremely complex and diverse symbiont communities

that are not strictly pairwise or even endosymbiotic[105]. Microbial communities associated with prey

organisms could bring additional nutritional value to hawksbills.

Tetillidae were previously reported as hawksbill prey in several regions, including Honduras, Costa Rica,

Puerto Rico, and Turks & Caicos[106][107][108][4]. In this study, Cinachyrella kuekenthali was identi�ed from

both video and lab analyses, consistent with past reports citing other Cinachyrella species and Craniella

spp. as diet items. Agelasidae were also documented in our dataset and have been previously cited as

hawksbill prey[109], further con�rming their relevance in hawksbill foraging ecology.

Sargassum sp., a recurrent component of the diet of hawksbills both in the video analysis and in the

literature, has started invading the Martinique coast in recent years[110]. This invasion has had a huge

impact on the entire marine ecosystem. Macroalgae have been reported as an overall threat to reefs
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throughout the Mesoamerican Reef, as coral health continues to degrade and algae outcompete corals for

space[111]. This was noted during video analysis, as Le Sec du Diamant is covered by growing macroalgae,

including Sargassum sp. This could lead to a change in habitat composition and in the ecosystem. The

result would be a change in food selection or even a change of habitat, making them move to other

locations or die if they do not have the ability to �nd other resources.

Sargassaceae, Dictyotaceae, and Kallymeniaceae were identi�ed during the video analysis. These were

largely cited in the literature as part of hawksbills' diet along with other plant organisms (Chlorophyta,

Tracheophyta, Phaeophyta, and Rhodophyta). Sargassum sp., a macroalga from the Sargassaceae family,

was a recurrent component observed in the hawksbills’ diet and is increasingly invading the Martinique

coast, signi�cantly impacting the marine ecosystem[110]. This proliferation, also noted at le Sec du

Diamant, threatens coral health by outcompeting them for space[111], potentially altering habitat

composition and food availability. Consequently, hawksbills may need to adapt their feeding strategies,

relocate, or face survival challenges. The selection of plants by hawksbills could be explained by the fact

that they are easily digestible and that they might help to facilitate the passage of copious sponge

spicules[16]. It has been studied that brown and green algae have high lipid and polysaccharide content

that could have lubrication properties[112][113]. Some red algae have less lipid and polysaccharide

content[114]. However, some red algae, e.g., K. limminghii, which is part of hawksbills’ diet in Honduras,

have a lipopolysaccharide mucus content that can protect against damage to the gastrointestinal tract by

sponge spicules[76]. Unfortunately, only 0.001% of plants were observed in the video analysis, but it is

likely the actual percentage is larger. It should be noted that 75% of bites were categorized under

"Unknown" as no clear image could be observed due to the tilt of the camera.

4.4. Recommendations for future studies

To enhance our understanding of hawksbill turtle feeding strategies, we recommend the implementation

of a multidisciplinary methodological framework in future research. This approach should combine

video recordings with complementary analytical techniques to enable a more comprehensive and

ecologically relevant interpretation of foraging behavior. Stable isotope analysis will allow for the

inference of long-term dietary patterns and habitat use across ontogenetic stages[75], while chemical

pro�ling of prey can reveal bioactive compounds that may in�uence prey selection[115]. Quantitative

assessments of protein and nutrient content are necessary to evaluate the energetic value of consumed

items, e.g., bomb calorimetry[76], and microbial and symbiosis studies are essential to understanding how
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sponge-associated microbiomes may alter prey nutritional properties, particularly through

modi�cations of carbon-to-nitrogen ratios[101]. Notably, sponge species such as Haliclona sp. may utilize

dissolved organic matter (DOM) via specialized microbial symbionts, making them especially valuable to

hawksbills and supporting optimal foraging theory[116], whereby individuals select energetically

rewarding prey even at higher handling costs—a pattern also observed in bird species[117]. To assess prey

availability and its in�uence on foraging choices, habitat assessments using standardized benthic

transects should be conducted in key feeding areas such as Le Sec du Diamant, following the

methodology proposed by Baumbach et al.[76]. These ecological data, when interpreted alongside

behavioral observations and dietary analysis, will provide a more nuanced understanding of hawksbill

foraging ecology.

In parallel, the development and application of technological innovations are critical. The continued

re�nement of machine learning models such as the V-Net[54], which enables automated detection of

hawksbill behaviors from video footage, is particularly promising. Once trained and validated, V-Net will

facilitate the deployment of advanced biologgers—including tri-axial accelerometers, gyroscopes, and

magnetometers—over extended periods ranging from one week to several months. These tools will

improve our capacity to monitor individual movements and habitat use, thereby contributing to the

delineation of important feeding zones both in Martinique and in international waters. One of the main

threats in Martinique’s waters is accidental bycatch (ghost nets and gillnets)[6][71]. Efforts to reduce

existing threats in Martinique and international waters should be embedded within a framework of

international scienti�c collaboration, drawing on expertise across laboratories to co-develop

conservation strategies that integrate novel technologies, rigorous diet analysis, and local ecological

knowledge[75][118].

Finally, it is crucial to recognize that scienti�c insights alone are not suf�cient for effective conservation.

Translating research into impact requires clear and compelling science communication, ranging from

peer-reviewed articles and public engagement through documentaries and social media to direct

dialogue with policymakers and coastal communities. Collaborations with communication professionals

can help ensure that complex �ndings are conveyed accurately and persuasively. Furthermore, the

adoption of standardized, open-access data-sharing protocols will support coordinated international

research and conservation actions, particularly for migratory marine species like hawksbill turtles that

traverse multiple geopolitical jurisdictions. This integrative and collaborative model is essential for the

long-term protection of this critically endangered species.
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Supplementary Materials

Category Behavior De�nition

Breathing
Turtle is breathing one time at the

surface

Feeding

Chewing on movement Turtle is chewing and keeps swimming

Chewing stationary Turtle is chewing while landing at the bottom

Chewing in the �ow
Turtle is chewing in the �ow, leading to passive

movement

Grabbing on movement
Turtle is grabbing prey at the bottom and keeps

swimming

Grabbing stationary Turtle is grabbing prey while landing at the bottom

Grabbing in the �ow
Turtle is grabbing prey in the �ow, leading to passive

movement

Feeding Turtle is eating

Feeding stationary Turtle is eating at the bottom

Feeding on movement Turtle is eating while swimming

Feeding in the �ow
Turtle is eating in the �ow, leading to passive

movement

Holding with �ippers Turtle is holding prey with two front �ippers

Looking for prey Turtle is actively looking for prey

Moving head forward into crevices Turtle is moving its head into crevices

Gliding

Gliding ascent
Turtle is swimming passively without a �ipper beat

toward the surface

Gliding descent
Turtle is swimming passively without a �ipper beat

toward the bottom

Resting Resting Turtle is resting at the bottom without moving
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Category Behavior De�nition

Resting active
Turtle is resting at the bottom but is agitated and

moves its head

Resting in �ow
Turtle is resting in the �ow, leading to passive body

movement

Resting watching Turtle is resting at the bottom, watching behind it

Scratching

Scratching Turtle is scratching its shell

Scratching head Turtle is scratching its head

Scratching camera
Turtle is scratching, and the camera touches a rock or

other element

Staying at the

surface

Turtle is breathing several times at

the surface

Swimming

Stepping back Turtle is moving backward at the bottom

Swimming horizontally Turtle is swimming horizontally

Swimming ascent Turtle is swimming toward the surface

Swimming descent Turtle is swimming toward the bottom

Swimming fast ascent Turtle is swimming fast toward the surface

Swimming fast descent Turtle is swimming toward the bottom

Swimming fast horizontally Turtle is swimming fast horizontally

Swimming in place Turtle is swimming but stays in place

Swimming on the sea�oor Turtle is moving while landing at the bottom

Prospection
Turtle is swimming slowly, prospecting to the right

and to the left

Watching Turtle is swimming, watching behind it

Left U-turn Turtle is turning to the left

Right U-turn Turtle is turning to the right

Unknown
Escape

Turtle is escaping to avoid aggression from another

turtle
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Category Behavior De�nition

Touching Turtle is touching a second turtle

Foraging Turtle is touching the bottom to search for something

Landing Turtle is abruptly landing at the bottom

Obstacle Turtle is encountering an obstacle

Pursuit Turtle is pursuing a second turtle

Trapped in net
Turtle got caught in a net while swimming

underwater

Table S.1. Detailed de�nition of each behavior and its repartition into broader categories

Table S.2. Prey families identi�ed during video analysis
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