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Tracking nest-rescued green
sea turtles in oceanic currents
sheds light on eastern
Caribbean “lost years”
J. Jacob Levenson1,2*, Robert Cooper3, Amelia Weissman4,
Desirée Bell5, Jamison Smith4 and Marcella Harris5

1US Department of the Interior, Bureau of Ocean Energy Management, Washington, DC,
United States, 2School for the Environment, University of Massachusetts, Boston, MA, United States,
3Oceans Forward, Walnut, CA, United States, 4Dominica Sea Turtle Conservation Organization,
Morne Daniel, Dominica, 5Blue World Research Institute, Cocoa, FL, United States
Although sea turtles are well-studied charismatic marine species, little is known

about the juvenile stage, especially the oceanic phase between hatching on their

natal beaches and their adult lives. To collect data on these “lost years,” six

juvenile green turtles were equipped with satellite tags, released from

southwestern Dominica in the eastern Caribbean, and tracked for up to 3

months. Mapping turtle movement to ocean currents reveals that juvenile

green turtles spent most of their travel time within the Caribbean Sea, passively

riding the prevailing currents before actively directing themselves toward distant

coastal waters. Half of the tagged turtles traveled to coastal foraging grounds off

of Colombia and Venezuela, while one traveled north past Puerto Rico. These

findings provide novel data for the movements of juvenile green turtles hatched

in the Eastern Caribbean region.
KEYWORDS

juvenile sea turtles, marine telemetry, sea turtle movement, sea turtle lost years,
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1 Introduction

While sea turtles represent some of the most popular charismatic megafauna species,

their populations are in rapid decline due to the combination of late age maturity (Goshe

et al., 2010; Scott et al., 2011) and exposure to harmful anthropogenic activities. Ashford

et al. (2022) identified the greatest threats to sea turtles in their oceanic environment in the

Caribbean as light pollution, fishing, and ship traffic. Similarly, Fuentes et al. (2023)

reviewed the key threats to sea turtles and listed them as climate change, direct take, disease,

pollution, predation, coastal and marine development, and fisheries. Although many

nations, especially in the Caribbean, support a legal hunting season for sea turtles, illegal

poaching for meat, shells, and eggs continues in most countries outside of the mandated
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hunting season or legal limit (Senko et al., 2022). Additionally,

incidental bycatch of turtles in artisanal and commercial dredge,

netting, and longlining fisheries can result in mortalities either

immediately or post-release (Finkbeiner et al., 2011). Although

these anthropogenic threats can be anticipated, it is difficult to

fully assess their impact without sea turtle population size estimates

and studies into the spatial overlap of sea turtles with activities of a

threatening nature .

Many studies have attempted to quantify sea turtle abundance

by extrapolating population size from the clutch size of nesting

females (Witherington et al., 2009; Mazaris et al., 2017). However,

this may provide an overestimation of sea turtle population size

(Casale and Ceriani, 2020), which could be problematic for a

category of fauna that has almost all species listed as endangered,

critically endangered, or vulnerable and decreasing in number

(Abreu-Grobois and Plotkin, 2008; Mortimer and Donnelly, 2008;

Wallace et al., 2013; Casale and Tucker, 2017; Wibbels and Bevan,

2019; Seminoff, 2023). Studies focusing on clutch size to estimate

sea turtle abundance do not take into account the highly migratory

nature of post-hatching oceanic juveniles, knowledge of which can

aid in more accurate estimates of population size (Vandeperre et al.,

2019). It is also essential to understand migratory behavior and

movement patterns of juvenile turtles to recommend best

management practices for the oceanic areas sea turtles inhabit

(Allen and Singh, 2016).

For several sea turtle species including the green sea turtle

Chelonia mydas, the juvenile stage is divided into two distinct

ontogenetic stages – the oceanic juvenile phase followed by the

neritic juvenile phase (Bolten, 2003). During the oceanic stage,

juvenile green turtles display an omnivorous diet relying on

available macroalgae, neuston, and plankton within their pelagic

environment (Bolten, 2003; Arthur et al., 2008; Witherington et al.,

2012). Ontogenetic cues for shifting to the neritic juvenile stage

remain largely unknown and vary according to geographic area, but

generally transition when turtles reach 20-40 cm in carapace length

(Zug and Glor, 1998; Reich et al., 2007; Meylan et al., 2011; Howell

et al., 2016; Burgett et al., 2018). Stable isotope studies have

confirmed the shift from oceanic to neritic habitats by

documenting a change in diet from largely algal and animal

matter to predominantly (and in some cases, exclusively)

seagrasses (Reich et al., 2007; Arthur et al., 2008; Howell et al.,

2016; Burgett et al., 2018). However, some studies indicate that the

definitive shift in diet and strict zonal habitat may only apply to

certain regions such as eastern Australia and the Greater Caribbean

(Cardona et al., 2009, 2010; Carman et al., 2012).

There are limited studies performed in the Greater Caribbean,

defined as the waters south of central South Carolina and north of

northern Guyana (33°N to 7°N, respectively) including but not

limited to the Gulf of Mexico, Caribbean Sea, and continental shelf

waters (Robertson and Cramer, 2014), on oceanic stage juvenile

green turtles (Witherington et al., 2012; Putman and Mansfield,

2015; Mansfield et al., 2021). Several studies have outfitted larger

neritic juvenile green turtles with satellite tags to determine site

fidelity and movement patterns post-release (Godley et al., 2003;

Hart and Fujisaki, 2010; Shaver et al., 2013; Chambault et al., 2018;

Metz et al., 2020), while only a handful of studies have similarly
Frontiers in Amphibian and Reptile Science 02
tracked the smaller oceanic stage juveniles (Putman and Mansfield,

2015; Mansfield et al., 2021). Barbour et al. (2023) tracked captive-

reared juvenile green turtles released from the Cayman Islands

which represented various age and size classes and demonstrated

both neritic and oceanic stage movements. Some of the main

reasons why there are so few juvenile turtle tagging studies, in the

oceanic stage, include turtles achieving a minimum size to carry the

weight of the tag without negatively affecting the animal (Mansfield

et al., 2012), locating oceanic juvenile turtles within their natural

environment (Wildermann et al., 2018), and collecting individuals

uninfluenced by anthropogenic activities which may provide

behavioral data contrary to unimpacted individuals.

While migratory data of oceanic juvenile turtles is scarce, there

are theories as to their distribution methods and motives. It was

once assumed that oceanographic currents are largely responsible

for the movement of oceanic juvenile turtles through passive

migration (Carr, 1987). However, more recent studies have

revealed that oceanic juvenile turtles may play a more active role

in their migration by swimming against currents to achieve desired

foraging areas (Putman and Mansfield, 2015; Mansfield et al., 2021;

Barbour et al., 2023).

It is vital to the protection and survival of sea turtle species to

understand the movement patterns of the post-hatchling oceanic

juvenile stage and how these may be impacted by anthropogenic

activities. This knowledge is necessary to implement best

conservation management practices to protect the most

vulnerable life stage of sea turtle species. Only about 25% of sea

turtle tagging studies have focused on juveniles from both neritic

and oceanic stages (Hazen et al., 2012; Jeffers and Godley, 2016),

which indicates a major data gap in our understanding of juvenile

turtle movement. Additionally, although the Caribbean seems to be

a hotspot for sea turtle research (Jeffers and Godley, 2016), no

targeted studies on the sea turtle populations native to Dominica

have been published to date. Active sea turtle monitoring in

Dominica has occurred since 2004. The Dominica Sea Turtle

Conservation Organization (DomSeTCO) is responsible for

monitoring beaches and flipper tagging nesting females as well as

monitoring for nest emergences such as predation by feral dogs or

being vulnerable to high surf. Since 2004, fifty uniquely tagged

nesting female green turtles have been identified on Dominica

beaches, five of which were recaptures. The present study aims to

add to the understanding of oceanic juvenile turtle movement by

providing satellite tagging data from juvenile green sea turtles (C.

mydas). We tagged juveniles that were rescued from Dominica nests

post-hatching after failing to transition to their oceanic habitat,

reared in captivity, and then released into Dominica offshore waters.
2 Methods

Six C. mydas hatchlings, which did not successfully make the

transition from their nests to the open ocean, were collected from

two nest sites on Dominica’s east coast and brought to the

Dominica Sea Turtle Conservation Organization’s Conservation

Research Laboratory for rearing in December 2021. Dorsal and

facially lateral photographs were taken of each turtle to identify
frontiersin.org
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unique scute patterns (Schofield et al., 2008; Gatto et al., 2018) and

uploaded to the global Internet of Turtles database for future

recapture analysis (Dunbar et al., 2021).

Two of the hatchlings came from a nest laid on Sept. 28, 2021,

and excavated on Dec. 4, 2021. The other four hatchlings came from

a nest laid on Oct. 18, 2021, that was relocated due to the natural

nest being in an area vulnerable to high surf. The natural emergence

of this nest occurred on December 18, 2021. Only six hatchlings

were collected because that was the maximum housing capacity of

the DomSeTCO Conservation Research Laboratory.

Turtles were housed in seawater tanks equipped with

Biosystems System 5000 Marine recirculating filtration system, an

Electroheat ECO-V heat pump, and Titan UV sterilizers to ensure

optimal living conditions by maintaining stable temperatures and

sterilized seawater. Water quality parameters were measured and

recorded daily with average water temperatures of 81 ± 1°F, pH of

8.0 ± 0.1, salinity of 32.6 ± 3.8 ppt, nitrite of 0.5 ± 0.5 mg/L, and

nitrate of 18.7 ± 18.6 mg/L.

To maintain optimal nutrition, turtles were fed a mixture of

Mazuri herbivore sea turtle gel, crabs, shrimp, assorted green leaf

lettuces, and fresh plankton three to five times daily (Innis et al.,

2017). To track growth, each turtle was weighed and measured

weekly by the same researcher. Once turtles reached a curved

carapace length (CCL) of at least 14 cm and weighed at least 300

g, typically around 20-22 weeks old, they were considered ready for

release because they were large enough to bear the weight of affixed

satellite tags with minimal energetic costs (Murray and Fuller,

2000). To track each juvenile turtle’s movements post-release,

PTT-100 solar-powered satellite transmitter tags (Microwave

Telemetry) weighing approximately 9.5 g were affixed to the

turtle’s carapace with a flexible acrylic-silicone adhesive after

lightly scouring the vertebral scutes with sandpaper to remove

any biofouling (Mansfield et al., 2021). Following the guidelines

of Mansfield et al. (2021) and Murray and Fuller (2000), tags

weighed an average of 1.7 ± 0.7% (range: 1.0 to 3.0%) of the

juvenile turtle’s body weight. Tags were programmed to connect

with ARGOS satellites and locations were computed using Kalman

filtering which increases the accuracy of reported GPS locations

(Lopez and Malarde, 2014).

Turtles were released offshore in Soufriere Bay off the southwest

coast of Dominica on May 5, 2022, in the same approximate

location per the example of previously tagged juvenile turtle

releases in various other studies (Mansfield et al., 2012, 2021;

Christiansen et al., 2016). The release location was chosen due to

its accessibility by boat and lower wave energy, being in a sheltered

area. The latitude and longitude coordinates for each release point

were recorded. Transmitter data were filtered based on the accuracy

of transmission using ARGOS location codes (LC) 3-0, A and B

(CLS America, 2007).

Since ARGOS estimated error radii of projected coordinates are

less robust than desired (Costa et al., 2009; Hazel, 2009), more

conservative error buffers derived from the average 68th percentile

error radii found in Costa et al.’s (2009) and Hazel’s (2009) studies

were applied to coordinates that manifested on land. Centroid

coordinates of the portion of the error radius that was in water

were used as the adjusted track locations for these points. Turtle
Frontiers in Amphibian and Reptile Science 03
locations were also tested to ensure that speeds between any two

points fell within reason for the species and age group. Following

Godley et al.’s (2003) methods, any locations that demonstrated the

turtle’s speed exceeded 5 km/h were excised. Points that occurred

within fifteen minutes of each other that also exhibited erroneous

speeds were averaged within their given error radii to present the

most accurate possible locations.

Current vector data was collected from Earth and Space

Research’s Ocean Surface Current Analyses Real-time (OSCAR)

project. Watson’s tests were performed on turtle and corresponding

current vectors using six-hour interval positions (first transmission

point following 0:00, 6:00, 12:00, and 18:00) to determine if the

turtles’ orientations were significantly different from the prevailing

currents (Zar, 1999). Results that demonstrated non-significance

(p>0.05) indicated that the turtles were passively transported by the

prevailing current.

Turtle tracks were also analyzed against composite floating algal

density maps made available by the University of Southern Florida

College of Marine Science Optical Oceanography Lab and derived

from the methods of Wang and Hu (2016).
3 Results

Initial turtle tip-to-tail lengths ranged from 9.0 to 9.6 cm

(average = 9.5 ± 0.2 cm) and weights ranged from 24.0 to 28.0 g

(average = 25.8 ± 1.5 g). Growth rates of the juvenile turtles

averaged 29.6 ± 9.7 g/wk (range: -5.0 to 123.0 g/wk) and 0.8 ± 0.1

cm/wk (range: 0.0 to 2.4 cm/wk) with both weight and length

displaying strong growth (Figure 1). Final weights and tip-to-tail

upon release at 20 and 22 weeks old ranged from 315.0 to 938.0 g

(average = 611.2 ± 205.8 g) and 19.7 to 27.5 cm (average = 24.4 ± 2.6

cm), respectively (Table 1). Curved carapace lengths upon release

ranged from 14.1 to 21.3 cm (average = 18.0 ± 2.6 cm) (Table 1).

Turtles were tracked between 34.6 and 90.0 days (average = 74.0

± 21.4 days). During the tracking window, turtles traveled between

1202.0 and 2749.0 km (average = 2128.3 ± 540.5 km) (Table 2). The

farthest west any one turtle traveled was approximately 120 km off

the coast of Barranquilla, Colombia; the farthest north was 160 km

north of the British Virgin Isles; and the farthest south was in the

Gulf of Venezuela off the coast of Maracaibo (Figure 2). No turtles

traveled east of Dominica.

ARGOS satellites reported 3000 total unique location

coordinates for the six tagged turtles with 95.8% of points

portraying the approximate location of the animals in the water.

Of the remaining points, 3.5% were projected on land and were

moved within their error radii to an aquatic location, and 0.7% did

not project within the water even within their error radii or were

grossly inaccurate according to the region in which the turtles were

present, and were removed.

OSCAR current vector data could not be provided close to

coastal areas. As a result, only certain portions of the turtles’ tracks

could be statistically analyzed to determine whether the turtles

traveled with the prevailing current (Table 3). All turtles displayed

no significant difference in direction from the current at varying

points in their tracking for an average among all turtles of 32.2 ±
frontiersin.org
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13.6 days (range: 24.1 to 57.3 days). Overall, the average percentage

of time spent following the prevailing current among all turtles for

the tracking period in which analysis was possible was 74 ± 24%

(range: 34 to 100%).

The tagged turtles spent most of their time in Venezuelan and

Dominican waters, although their varying routes took them

through different countries’ exclusive economic zones (Figure 3).

Twenty-two total national waters were represented in the turtles’

tracks. The turtles did not cross into international waters during the

tracking period.

Tag locations indicate that five out of the six turtles spent the

majority of their time in the oceanic zone (>200 m depth) while

turtle 232676 split its time almost evenly between the oceanic and

neritic (<200 m depth) zones (Figure 4). The average of all turtles’

tracks showed 27.5% time spent in the neritic zone (range: 8.4 to

52.8%) and 72.5% time spent in the oceanic zone (47.2 to 91.6%).
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Turtles 232675, 232676, and 232680 ended their tracks around

the northern coasts of Colombia and Venezuela (Figures 5A, B, F).

Most of their tracks indicate passive movement with the prevailing

current until they near the islands of Bonaire and Curacao where

they display a distinct heading away from the current toward the

northern coast of South America (Figure 5; Table 4). Turtle 232678

also followed the eddies and Caribbean Current, a similar trajectory

to the previously mentioned turtles, however, the track ceased to

transmit after forty days (Figure 5D; Table 4).

Turtle 232679 took a different route, following the eddies for

the most part with brief breaks from the prevailing current to

cease an eastward track and head north to join up with the

current again (Figure 5E). This turtle headed north towards the

southern coast of Puerto Rico before making its journey

southward again in the direction of the northern coast of South

America (Table 4).
B

A

FIGURE 1

Growth rates of six Chelonia mydas juveniles raised in captivity post-hatching. (A) Weight gain in grams of each turtle plus the average gain of all
turtles. (B) Growth rate in total (tip-to-tail) length of each turtle plus the average growth of all turtles.
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Turtle 232677 had an altogether unique course compared to the

other tagged turtles. It proceeded south toward St. Lucia before

turning north, leeward of the Lesser Antilles, within 2-88 km of the

coast of the islands (Figure 5C). It periodically followed the current

but mostly determined its own orientation until it was due east of

the U. S. Virgin Islands and passively moved with the Antilles

Current on an apparent heading for the western coast of British

Virgin Isles or eastern coast of Puerto Rico (Table 4).

For comparison, if the turtles had engaged in a completely

passive transport from the time of release until the tags ceased

transmitting, the prevailing currents most likely would have carried

them westward across the Caribbean Sea only to travel northward

into the Gulf of Mexico (Figure 6).

Four of the turtles’ (232675, 232676, 232678, 232680) tracks

revealed minimal association with dense algal patches, mostly

traveling in areas of 0.15% floating algal cover (FAC) or less

(Figures 7A, B, D, F). Average overall FAC for these turtles

ranged from 0.02-0.06%. Turtle 232677 encountered multiple

patches of FAC ranging from 0.2-0.35% with its overall FAC

average at 0.07% (Figure 7). Similarly, turtle 232679 encountered

several patches of 0.2% FAC and spent 6 days in a 0.4% FAC patch

with it overall FAC average at 0.08% (Figure 7).
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4 Discussion

The current study reveals novel information regarding the

movements of oceanic juvenile C. mydas hatched on the beaches

of Dominica and reared in brief captivity. While some studies such

as Polovina et al. (2006) have demonstrated that captive-reared sea

turtles upon release present behavior expected of wild individuals,

other studies highlight the fact that captive-reared sea turtles may

not mirror wild behaviors due to size at age (Christiansen et al.,

2016; Barbour et al., 2023). Captive-reared turtles tend to have

accelerated growth rates compared to their wild counterparts of the

same age and, therefore may reflect a different stage of juvenile

development based on size (Christiansen et al., 2016; Barbour et al.,

2023). However, the turtles hatched and raised in captivity for the

studies mentioned above spent at least one year in human care

before being released to the wild, whereas the juveniles from the

current study were hatched in a natural setting, rescued, and raised

in captivity for only 20-22 weeks. Due to this shorter duration under

human care, the turtles used in the current study (14-21 cm CL)

may have been only slightly larger than wild turtles (<15 cm CL) are

expected to be at their age (Goshe et al., 2010) and approaching the

minimum size (20 cm CL) at which juveniles have been known shift
TABLE 1 Physical measurements of satellite tracked juvenile Chelonia mydas upon release and their subsequent tracking durations.

Turtle ID
(Tag #)

Corresponding letter
and color in figures

Tip-to-
tail (cm)

CCL
(cm)

Weight
(g)

Age
(wk)

Hatch
Date

Release
Date

Release
Location

Track
Duration
(d)

232675 A, yellow 24.2 17.7 562.0 20 12/19/21 5/5/22 Soufriere,
Dominica

88.5

232676 B, orange 27.5 21.3 938.0 22 12/4/21 5/5/22 Soufriere,
Dominica

78.6

232677 C, red 24.5 17.1 531.0 22 12/4/21 5/5/22 Soufriere,
Dominica

90.0

232678 D, green 19.7 14.1 315.0 20 12/19/21 5/5/22 Soufriere,
Dominica

34.6

232679 E, blue 24.6 18.5 618.0 20 12/19/21 5/5/22 Soufriere,
Dominica

87.2

232680 F, purple 26.0 19.4 703.0 20 12/19/21 5/5/22 Soufriere,
Dominica

65.0
CCL, curved carapace length. CCL and weight are given at the time of release.
TABLE 2 Summarization of daily movements of six satellite-tagged juvenile green turtles released from Dominica.

Turtle
ID

Corresponding letter and color
in figures

Minimum
(km/d)

Maximum
(km/d)

Average
(km/d)

Total (km)

232675 A, yellow 1.5 88.9 34.4 2749.0

232676 B, orange 0.6 186.7 34.7 2393.2

232677 C, red 0.6 89.6 26.3 2100.5

232678 D, green 0.5 84.6 42.9 1202.0

232679 E, blue 0.5 87.1 29.6 2431.3

232680 F, purple 0.9 128.6 37.9 1894.0
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from the oceanic stage to the neritic stage (Meylan et al., 2011;

Howell et al., 2016). However, due to their age (<1 year) and size

class, which is at the cusp of the ontogenetic shift to the neritic stage,

we expected the juveniles from the current study to display behavior

characteristic of the oceanic juvenile stage.

The results of this study revealed that most of the tagged turtles

spent the majority of their time in the oceanic zone, with turtle

232676 spending about half of its time in each of the oceanic and

neritic zones. Turtle 232676 traveled closer to the coastline once it

reached Bonaire compared to turtle 232675 which followed a

similar track. Additionally, turtle 232676 spent the greatest

residence time (16.5 d) in Dominica waters among all the turtles

and the longest residence time (32.1 d) in Venezuela waters among

the three turtles whose tracks concluded in the Gulf of Venezuela

and off the coast of Colombia. Turtle 232676 was also the largest of

the juvenile turtles upon release (CCL=21.3 cm) and may have been

starting to exhibit the shift from oceanic to neritic habitats given it

was on the lower end of the recorded shift size (Meylan et al., 2011;

Howell et al., 2016). Additionally, the juveniles from the current

study may demonstrate that the neritic and oceanic stages are not as

fixed as other studies have shown (Reich et al., 2007; Arthur et al.,

2008; Howell et al., 2016; Burgett et al., 2018). Carman et al. (2012)
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found that some neritic stage juveniles along the eastern Brazilian

coast overwintered in oceanic (>200 m) waters. Given the low

sample size from the current study, however, more juveniles should

be tagged from the Caribbean to confirm any ontogenetic shift

patterns. While the satellite tags used were not programmed to

record depth of the animal, future juvenile sea turtle tagging studies

should consider this option to better understand the use of their

habitat and provide more data to pinpoint when juveniles make the

shift from the oceanic to the neritic stage.

Three of the turtles ended their tracking duration within

known neritic green turtle foraging grounds in the Gulf of

Venezuela and off the coast of Colombia (Barrios-Garrido

et al., 2020; Vasquez-Carrillo et al., 2020). Vasquez-Carrillo

et al. (2020) genetically analyzed sea turtles surveyed within

Colombian seagrass beds and found them to be from a mixed

population stock, including populations originating from other

Lesser Antilles islands such as Barbados and Trinidad. These

widely used sea turtle foraging grounds may be the optimal
FIGURE 2

Tracked locations of six satellite-tagged juvenile green turtles
released from Dominica (star point). Each track represents a unique
turtle with track durations ranging from 39.6 to 90.0 days. Turtle
IDs: yellow = 232675, orange =232676, red = 232677, green =
232678, blue = 232679, purple = 232680.
TABLE 3 Proportion of juvenile green turtle satellite tracking data suitable for statistical analysis.

Turtle ID Corresponding letter and color to figures Unable to Analyze Analyzed Not Significant Significant

232675 A, yellow 26.2 (29%) 64.4 (71%) 38.8 (60%) 25.6 (40%)

232676 B, orange 51.0 (63%) 30.1 (37%) 25.1 (83%) 5.0 (17%)

232677 C, red 18.9 (21%) 73.7 (79%) 25.2 (34%) 48.5 (66%)

232678 D, green 15.6 (39%) 24.1 (61%) 24.1 (100%) 0 (0%)

232679 E, blue 26.9 (30%) 62.7 (70%) 57.3 (91%) 5.4 (9%)

232680 F, purple 37.8 (56%) 29.8 (44%) 22.8 (77%) 7.0 (23%)
Watson’s test was used to indicate whether the turtles’ orientations were the same as the prevailing current. Data are presented as days of tracking with percent of total track duration in
parentheses. Percentages for ‘Not Significant’ and ‘Significant’ columns are of analyzed data only. Statistical non-significance indicates turtles followed the prevailing current.
FIGURE 3

Days six satellite-tagged juvenile green turtles spent in varying
Caribbean and South American nations’ exclusive economic zones.
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destination for Dominican oceanic juvenile green turtles in

transition to the neritic stage. While it’s impossible to confirm

whether these turtles ultimately stayed in the area, two of the

three were the largest juveniles at the time of release and may

have been starting the shift to the neritic juvenile phase. For most

of the tracking durations, these three turtles passively followed
Frontiers in Amphibian and Reptile Science 07
the prevailing currents. Once they neared the islands of

Curacao and Bonaire, they demonstrated active swimming in

opposition to the current to reach the northern coast of

Venezuela and follow it westward, ending up in prominent

seagrass foraging areas off the northern coast of Colombia and

within the Gulf of Venezuela.
B

C D

E F

A

FIGURE 5

Tracked locations of six satellite-tagged juvenile green sea turtles released from Dominica (star point). Letters correspond with individual turtles:
(A) 232675, (B) 232676, (C) 232677, (D) 232678, (E) 232679, (F) 232680. Blue tracks indicate passive movement with the current, red tracks indicate
active movement contrary to the current, black tracks indicate insufficient current data.
FIGURE 4

Percent of time six satellite-tagged juvenile green turtles spent in the oceanic and neritic zones during tracking durations.
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Turtle 232678’s track matches the first half of the three South

American-bound turtles. However, data transmission ceased after

forty days. This may have been due to a faulty satellite tag, potential

mortality event, or shedding of shell scutes to accommodate growth.
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Mansfield et al. (2012) demonstrated that tagged turtles can grow an

average of 3.5 cm before shedding tags during ecdysis. This turtle

was the smallest, tagged at 14.1 cm CCL, and may have been closer

to an ecdysis event or still within an exponential growth period at
FIGURE 6

Prevailing oceanic currents from May 2022 when the satellite tagged juvenile green sea turtles were released into the wild. The star indicates the
release location. The red arrows follow the most likely trajectory of the turtles’ migration under exclusively passive transport. The black arrows
indicate currents, the yellow dashed circles indicate eddies. Data provided by OSCAR; map credit: C. Beccario, earth.nullschool.net.
B

C D

E F

A

FIGURE 7

Tracked locations of six satellite-tagged juvenile green sea turtles released from Dominica. Letters correspond with individual turtles: (A) 232675,
(B) 232676, (C) 232677, (D) 232678, (E) 232679, (F) 232680. Tracks are color coded according to the percent floating algal cover (FAC) encountered.
FAC data and map legend obtained from University of Southern Florida College of Marine Science Optical Oceanography Lab and derived from the
methods of Wang and Hu (2016).
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the time of release compared to its counterparts. It also displayed

the lowest weight of the turtles upon release at 315 g, which just

barely qualifies it for bearing a tag according to the guidelines of

Mansfield et al. (2021). Since the tag comprised 3% of turtle 232678

(compared to the other turtles 1-2%), it may have affected energetics

and hydrodynamic movement (Jones et al., 2013) more negatively,

resulting in a more vulnerable position to predation (Hall and

James, 2021).

All turtles started off lingering near the coast of Dominica for

approximately 12-16 days before going their separate ways.

Although each of the juvenile turtles took a different route, their

motivations may have been the same – locating the most suitable

area for food. Juvenile turtles have been found in a variety of
TABLE 4 Associated oceanic features within which juvenile green turtles
resided during their tracking durations.

Turtle ID
(Corresponding
letter and color
to figures)

Ocean
Feature

Residence
Time (d)†

Test
Statistic
(U2)

232675
(A, yellow)

Eddy #1 9.9

0.15
Eddy #2 2.6

Caribbean
Current

5.3

Caribbean
Current

4.0
0.18

Caribbean
Current

5.4

0.17Venezuela
Coastal
Current

3.0

Venezuela
Coastal
Current

8.6
0.16

232676
(B, orange)

Dominica
Coastal
Current

0.9

0.18Eddy #1 6.1

Eddy #2 2.9

Caribbean
Current

11.1

Curacao
Coastal
Current

1.0

0.16
Venezuela
Coastal
Current

3.2

232677
(C, red)

Dominica
Coastal
Current

1.1

0.16

Eddy #1 1.1

Eddy #3 2.5

0.18Guadeloupe
Coastal
Current

0.5

Pre-
Antilles
Current

3.1
0.18

Pre-
Antilles
Current

11.0

0.17

Antilles
Current

6.0

232678
(D, green)

Dominica
Coastal
Current

1.4

0.15

0.7

(Continued)
TABLE 4 Continued

Turtle ID
(Corresponding
letter and color
to figures)

Ocean
Feature

Residence
Time (d)†

Test
Statistic
(U2)

Pre-
Antilles
Current

Eddy #1 7.4

Eddy #2 4.6

Eddy #3 2.0

Caribbean
Current

8.0

232679
(E, blue)

Dominica
Coastal
Current

2.0

0.16

Eddy #1 12.4

Eddy #1 12.7 0.17

Eddy #2 2.1

0.17
Eddy #1 14.0

Northern
Caribbean
Current

2.6

Puerto Rico
Coastal
Current

2.1

0.16
Northern
Caribbean
Current

9.6

232680
(F, purple)

Eddy #1 3.5 0.17

Eddy #2 5.6

0.16Caribbean
Current

10.1

Bonaire
Coastal
Current

2.0

0.16

Eddy #3 1.7
fr
†Residence time associated with each feature is noted for periods when the turtle’s orientation
did not significantly differ from the prevailing current (p>0.05).
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foraging habitats including reefs, algal patches, and seagrass beds

(Kubis et al., 2009). Patterns of oceanic juveniles targeting food-rich

Sargassum patches, even if it requires swimming against the current,

have been recorded in other studies determining juvenile green

turtle movements (Mansfield et al., 2021). Similarly, Polovina et al.

(2006) suggested that oceanic juvenile loggerhead turtles (Caretta

caretta) used a region of the North Pacific that experiences seasonal

bursts of primary productivity as foraging areas. Given the low

residence time of the juvenile turtles from the current study in the

oceanic areas of the Caribbean, a targeted oceanic foraging area

seems unlikely. However, since 2011, Sargassum patches have been

carried from the central Atlantic westward into the Caribbean Sea,

causing notable changes in the floating algal density of the region

(Johns et al., 2020). These transient patches may be providing

habitat and food for oceanic juvenile turtles in the Caribbean

(Mansfield et al., 2021). Although four of the turtles from the

current study did not seem to direct their courses towards any

floating algal patches, the courses of the two turtles (232677 and

232679) that varied from the rest may have been influenced by

dense floating algal patches. The first portion of 232677’s track that

ran contrary to the current weaved in and out of patches of 0.2-

0.35% FAC. Similarly, turtle 232679’s course was contrary to the

current just before entering a patch of 0.2% FAC as well as before

spending 6 days in a patch of 0.4% FAC. The courses of these two

turtles may have been influenced by seeking out the best foraging

patches within the oceanic realm rather than closer to shore.

Barbour et al. (2023) tagged juvenile C. mydas ranging in age

and size from 1 to 4 years and 35 to 62 cm CL, respectively, and

released them from the Cayman Islands. Although larger than the

individuals from the current study and hatched and raised

completely in captivity, Barbour et al. (2023) found that the

initial trajectory of the juveniles upon release followed the

prevailing current before swimming in opposition to reach

various coastal habitats. Even though the juveniles from the

current study were young and small enough to be considered in

the oceanic stage, there may have been some attraction to coastal

areas due to food availability for the four turtles that displayed

similar tracks.

The current study is not the first to show juvenile sea turtles

abandoning passive transport in favor of preferred habitats.

However, it should be noted that due to the limitations of

OSCAR current data in nearshore environments, parts of the

turtles’ tracks could not be analyzed for movement with/against

the current. Christiansen et al. (2016) found that juvenile

loggerhead turtles were more abundant in areas of higher

productivity than would be expected if the turtles solely relied on

passive movement with the current. Similarly, Polovina et al. (2006)

also concluded that juvenile loggerheads will swim directly opposite

to the current to reach foraging grounds. Mansfield et al. (2021)

tracked juvenile green turtles hatched in Florida that passively rode

the Gulf Stream until they departed from the prevailing current to

reside in the nursery habitat of the Sargasso Sea. Some studies

(Christiansen et al., 2016; Mansfield et al., 2021) demonstrate that

movements against the prevailing current may be twofold – toward

foraging grounds and away from suboptimal temperatures. The

tracks of the green turtles hatched on Dominica do not suggest that
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unfavorable temperatures were a driving factor in their movements.

Ambient sea surface temperatures averaged 27.7 ± 0.4°C for all

turtle tracks with minimum sea surface temperatures recorded as

25.8°C, well above the tolerance threshold of 15°C for juvenile green

turtles (Southwood et al., 2003).

The average distance traveled by all turtles is less than migration

distance expected of post-hatching juveniles on their first oceanic

journey (Hays and Scott, 2013). The mean distance which juvenile

green turtles travel on their first migration as reported by Hays and

Scott (2013) is 4557 ( ± 2525) km. The juveniles from the current

study travelled 1202-2749 km. However, Hays and Scott (2013)

were calculating the distance between natal beaches and established

foraging coastal grounds which indicates the juveniles they studied

were in the neritic stage. Since the turtles from the current study still

appear to be in the oceanic stage, or at the most, starting to

transition to the neritic stage, the final migration distance these

turtles make may be greater than recorded.

Given the importance of key foraging grounds of juvenile

turtles originating not only from areas adjacent to the foraging

grounds but also from smaller islands thousands of kilometers

away like Dominica, it is vital to ensure the appropriate level of

conservation for key coastal habitats for the growth and survival

of these endangered marine megafauna. Genetic analyses on

juvenile C. mydas gathered at seagrass foraging grounds off

Culebra, Puerto Rico (Patricio et al., 2017), the British Virgin

Isles (McGowan et al., 2007), and Colombia (Vasquez-Carrillo

et al., 2020) – all locations where juveniles from the current

study were tracked within or near – determined a mixed stock.

Since Dominica’s turtle population has not been genetically

analyzed, it is within reason to conclude that the mixed

juvenile green turtle populations within the wider Caribbean

region include Dominica turtles as demonstrated by the juveniles

from the current study migrating to areas on opposite ends of

the Caribbean, specifically Colombia, the Gulf of Venezuela, the

British Virgin Isles, and Puerto Rico. Conservation measures will

also need to address artisanal fisheries, which also have a major

impact on the decline of sea turtle species within the coastal

areas where foraging grounds are located. For example, Barrios-

Garrido et al. (2020) reported approximately 2200 juvenile C.

mydas were taken annually from their study area in the Gulf

of Venezuela.

In addition to the conservation of juvenile foraging areas, the

protection of turtles within known migratory waters should be

considered to ensure they reach their developmental destinations.

The current study demonstrates that juvenile green turtles pass

through the national waters of dozens of Caribbean island countries

as well as a few major South American countries. Most of these

nations have protection policies in place for sea turtles, while others

have established turtle fisheries with limitations or traditional use

exemptions (Eckert and Eckert, 2019). The current study’s findings

provide unique additional data on the migration habits of juvenile

green turtles. However, more studies aimed at determining the

movement patterns of oceanic juvenile sea turtles within the wider

Caribbean region, using various techniques such as acoustic and

satellite tagging, stable isotopes, and mark-and-recapture methods,

are needed to better understand migratory habits and better inform
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management decisions to help protect sea turtles at various

life stages.
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