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Marine turtles are of conservation concern throughout their range, with past population
declines largely due to exploitation through both legal and illegal take, and incidental
capture in fisheries. Whilst much research effort has been focused on nesting beaches
and elaborating migratory corridors, these species spend the vast majority of their life-
cycle in foraging grounds, which are, in some species, quite discrete. To understand
and manage these populations, empirical data are needed on distribution, space-use,
and habitats to best inform design of protective measures. Here we describe space-use,
occupancy, and wide-ranging movements derived from conventional flipper tagging and
satellite tracking of sub-adult green turtles (Chelonia mydas) within the coastal waters
of the Turks and Caicos Islands (TCI; 2011–2017). 623 turtles were fitted with flipper
tags, with 69 subsequently recaptured, five of which in international waters. Sixteen
individual turtles of between 63 and 81 cm curved carapace length were satellite tracked
for a mean 226 days (range: 38–496). Data revealed extended periods of occupancy
in the shallow coastal waters within a RAMSAR protected area. Satellite tracking and
flipper tagging showed wide-ranging movements, with flipper tag recaptures occurring
in waters off Nicaragua (n = 4), and Venezuela (n = 1). Also, four of 16 satellite tracked
turtles exhibiting directed movements away (displaced >450 km) from TCI waters
traveling through nine geo-political zones within the Caribbean-Atlantic basin, as well
as on the High Seas. One turtle traveled to the Central American coast before settling
on inshore habitat in Colombia’s waters for 162 days before transmission ceased,
indicating ontogenetic dispersal to a distant foraging habitat. These data highlight
connectivity throughout the region, displaying key linkages between countries that have
previously only been linked by genetic evidence. This study also provides evidence
of the importance of the Turks and Caicos Islands marine protected area network
and importance of effective management of the sea turtle fishery for regional green
turtle populations.
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INTRODUCTION

Satellite telemetry has transformed the study of many marine
vertebrate species, although there are challenges with early life
stages and animals which rarely surface (Hazen et al., 2012;
Hussey et al., 2015; Hays et al., 2016). Insights have been
gathered into migratory corridors between important breeding
and foraging areas (Schofield et al., 2013) allowing suggestions
for threat mitigation (Fossette et al., 2014; Sequeira et al., 2014;
McKenna et al., 2015; Trathan et al., 2015), and informing the
design of marine protected areas (MPAs; Maxwell et al., 2016;
Doherty et al., 2017). With the advancement of bio-logging
leading to smaller tags, longer battery duration, and increased
location accuracy (Hays et al., 2016), our ability to gather
insight into complex life history characteristics and migratory
life cycles of many marine vertebrates has improved – essential
information to inform conservation efforts (Greene et al., 2009;
Hammerschlag et al., 2011; Hazen et al., 2012; Hays et al., 2019).

Marine turtles are a taxon for which satellite tracking has been
transformational in unraveling complicated life histories (Godley
et al., 2008). For adult turtles, migration patterns have become
well elaborated (Fossette et al., 2014; Hays et al., 2014; Dodge
et al., 2015) also highlighting important within and between
population differences in movement patterns. In line with many
aspects of marine turtle ecological studies (Wildermann et al.,
2018) juvenile movements have been relatively understudied
(Godley et al., 2008; Jeffers and Godley, 2016). However, studies
have begun to give important insights into the movements and
dispersal of juveniles (Hart and Fujisaki, 2010; Mansfield et al.,
2014; Putman and Mansfield, 2015; Chambault et al., 2018).

Globally, marine turtle populations are reduced from
historical levels, largely due to direct exploitation (Stoddart,
1980; Broderick et al., 2006; Humber et al., 2014). The take
of marine turtles for meat, shell, and other products has
occurred for centuries (Groombridge and Luxmore, 1989).
Global take of marine turtles peaked in the late 1960s with
over 17,000 tonnes being captured (van Dijk and Shepherd,
1995; Fleming, 2001; McClenachan et al., 2006). Despite
increasing levels of protection, direct take of turtles has
continued legally in many regions (Humber et al., 2014;
Barrios-Garrido et al., 2017; Edyvane and Penny, 2017), for
example permitted take in the Caribbean accounts for over
one third (14,640 turtles year−1) of estimated take globally
(Humber et al., 2014). Legal take is often comprised of
subsistence use by traditional coastal groups, or small-scale
fisheries supplying local communities (Brautigam and Eckert,
2006) providing a source of income, food, and cultural identity
(Hamann et al., 2006).

The Turks and Caicos Islands (TCI) are home to large
aggregations of foraging green turtles (Chelonia mydas), small
numbers of nesting green turtles, moderately large aggregations
of foraging and nesting hawksbill turtles (Eretmochelys
imbricata), but few foraging and nesting loggerhead turtles
(Caretta caretta; Richardson et al., 2009; Stringell et al., 2010,
2013, 2015). Turtles are often targeted by a traditional fishery
that, prior to 2014, landed approximately 176–324 green turtles
annually (Stringell et al., 2013). Turtles are generally caught

and either gifted or sold for domestic consumption, with some
commercial re-sale in local restaurants (Richardson et al., 2009;
Stringell et al., 2013). In July 2014, new fishery regulations were
enacted under the Fisheries Protection Ordinance that include
the prohibition of take of green turtles smaller than 18 inches
(46 cm) and larger than 24 inches (61 cm) curved carapace length
(CCL) to protect breeding adults and sub-adults, that will soon
become breeding adults, and maintained a prohibition on the
take of any turtle above the low-water mark, and eggs (Stringell
et al., 2015). The average number of turtles landed under the
current legislation is unknown.

While under-studied and poorly understood, sub-adult
individuals represent a key life stage for sea turtle population
maintenance and recovery (Crouse et al., 1987). Here we set out
to use satellite tracking to understand the habitat utilization of
sub-adult green turtles in TCI waters and beyond to effectively
inform local and regional marine conservation. Green turtles
of all sizes were flipper-tagged during the study, but sub-adults
between 60 and 90 cm were specifically targeted for satellite
telemetry. These individuals were most likely to be protected
by the proposed/enacted legislation, and would therefore be less
likely to be landed by the local fishery; and we considered these
larger individuals more likely to exhibit ontogenetic dispersal.
This study was carried out to help describe this understudied
phenomenon and shed further light on the level of ecological
connectivity in the Caribbean with respect to regional green
turtle populations.

MATERIALS AND METHODS

Study Site
The TCI consists of a low-lying archipelago of eight larger islands
and approximately 40 smaller cays situated at the southern
end of the Bahamas Lucayan Archipelago (21◦ 45N, 71◦ 35W).
These islands cover an area of ∼950 km2 at low-tide, divided
between the Caicos Bank and the Turks Bank. The area to
the south of the Caicos Islands, known as the Caicos Bank,
hosts shallow, sand and seagrass habitat, fringed in the north
by mangroves and creeks – providing a regionally significant
foraging habitat for juvenile, sub-adult, and adult marine turtles.
The islands of Grand Turk, Providenciales, and South Caicos
host the majority of the human population, and the economy is
supported largely through tourism, offshore finance, and fishing
(Richardson et al., 2009).

The TCI has an extensive network of 23 MPAs covering
approximately 679 km2, representing more than 70% of MPA
in all the UK Overseas Territories (UKOTs) in the Caribbean
(Martinez et al., 2017). Turks and Caicos Islands’ MPAs are
regulated under the National Parks Ordinance (revised 2014)
and are categorized as either National Parks, Nature Reserves,
Sanctuaries or Areas of Historical Interest, each with differing
statutory management regimes, including restrictions on taking
flora and fauna, with Sanctuaries providing the highest level
of protection (Turks and Caicos Government, 2014). As with
most UKOTs in the Caribbean, enforcement of environmental
legislation is a challenge, with the responsible authority, the
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Department of Environment and Coastal Resources (DECR),
often under-resourced (Forster et al., 2011; Baker et al., 2015).

This study was carried out exclusively on the Caicos Bank,
along the southern coast of Middle and East Caicos and within
the boundaries of the North, Middle, and East Caicos Nature
Reserve (Figure 1), a RAMSAR site designated in 1990, covering
an area of 568 km2 and where the extraction of turtles is
prohibited (Martinez et al., 2017). Located within the RAMSAR
protection site is a smaller MPA (Vine Point and Ocean Hole
Nature Reserve) where the take of any animal or plant by any
method is prohibited (Turks and Caicos Government, 2014).

Capture and Tagging
In-water capture, sampling and release of green turtles in
TCI waters was carried out with permission from DECR
from 2002 to 2006, and from 2008 to 2017 (Richardson
et al., 2009; Stringell et al., 2013). Turtles were either
captured using a turtle rodeo method, where turtles were
spotted, pursued, and captured by hand from a patrol vessel,
or captured by freedivers. The CCL (notch to tip) and
curved carapace width (CCW) of all captured turtles were
measured using a flexible measuring tape (Bolten, 1999).
Turtles were tagged with either monel or inconel flipper
tags in the trailing edge of the front flippers following

Balazs (1999) to allow for potential re-sighting and long-
term observations of life-history events. A GPS waypoint
was taken at the point of capture of each turtle when the
equipment was available.

From August 2011 to May 2017, captured turtles of between
60 and 90 cm CCL were considered for application of
satellite transmitters, and if selected, taken back to secure
facilities in Providenciales and South Caicos where satellite
transmitters were attached directly to the highest point of the
carapace using two-part epoxy. The transmitters and attachment
surface were coated with antifouling paint (Richardson et al.,
2013), and turtles were released at the GPS waypoint of
capture, with the exception of one turtle, which was released
as close to the point of capture as the prevailing tide
conditions allowed. Sirtrack (Hawkes Bay, New Zealand) F4-
G (n = 8) and F4-H (n = 1), and Wildlife Computers
(Redmond, CA, United States) SPLASH-F (n = 7) satellite
tags were deployed on sixteen sub-adult turtles captured
in waters of the Turks and Caicos Islands between 2011
and 2017 (Table 1). All satellite tags were attached to
healthy turtles following protocols outlined in Godley et al.
(2002b). All tag data were downloaded from CLS-Argos and
archived using the Satellite Tracking and Analysis Tool (STAT;
Coyne and Godley, 2005).

FIGURE 1 | Areas of relative importance for satellite tracked sub-adult green turtles (n = 16) within coastal waters of the Turks and Caicos Islands. (A) Location of
Turks and Caicos Islands within wider Caribbean (inset) and area of interest within the Turks and Caicos Islands; (B) locations of turtle capture and release (blue
crosses), inset histogram of number of turtles for body size classes (CCL), arrows indicate size classes containing each of the four migratory turtles; (C) Grid
enumeration of average (mean) number of turtles present in each 500 m (distance from edge to centroid) grid cell accounting for psuedoreplication of individual, and
(D) Percentage Volume Contours (PVC) of 25, 50, 75, and 90% Utilization Distributions (UDs), derived from interpolated locations at 6-h time step using a hierarchical
behavioral switching State Space Model (hSSM). Dark blue line in all plots denotes the boundaries of RAMSAR protected area (BirdLife International, 2020).

Frontiers in Marine Science | www.frontiersin.org 3 August 2020 | Volume 7 | Article 690

https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


fmars-07-00690 August 23, 2020 Time: 12:51 # 4

Doherty et al. Sub-Adult Green Turtle Ecology TCI

TABLE 1 | Summary table for satellite tracked sub-adult green turtles.

Turtle Tag model Deployment date Track end date CCL (cm) Days elapsed Max. displaced (km)

A Sirtrack-F4G 21/08/2011 30/08/2012 78 375 1664

B Sirtrack-F4G 21/08/2011 02/08/2012 72 347 493

C Sirtrack-F4G 10/09/2011 01/05/2012 71 234 24

D WC-SPLASH-F 03/09/2012 16/05/2013 63 255 43

E WC-SPLASH-F 18/10/2012 21/05/2013 67 215 20

F Sirtrack-F4G 18/10/2012 19/07/2013 69 274 80

G Sirtrack-F4G 26/12/2012 06/05/2014 76 496 1783

H Sirtrack-F4G 12/12/2012 02/09/2013 75 264 40

I WC-SPLASH-F 03/01/2013 04/07/2013 66 182 72

J Sirtrack-F4G 13/05/2013 10/06/2014 71 393 10

K WC-SPLASH-F 13/05/2013 21/08/2013 67 100 81

L Sirtrack-F4H 03/05/2015 16/02/2016 77 289 6

M Sirtrack-F4G 02/05/2015 10/06/2015 81 38 858

N WC-SPLASH-F 13/04/2017 02/06/2017 79 50 5

O WC-SPLASH-F 11/05/2017 02/07/2017 77 52 7

P WC-SPLASH-F 16/04/2017 06/06/2017 75 50 5

CCL, Curved Carapace Length.

Satellite Tracking Data Collection and
Processing
Argos location data from all tags were subject to filtering,
retaining location classes 1 typically accurate to 500–1500 m,
2 accurate to 250–500 m, and 3 accurate to <250 m, “A”
(three messages received but no accuracy estimation) and “B”
(one or two messages received but no accuracy estimation;
Witt et al., 2010). A maximum plausible speed filter and
turning angle threshold were applied to tracking data removing
locations if speed between two locations exceeded 1.5 ms−1

(5.4 km h−1), and/or if turning angles between locations were
less than 25◦ (Hart et al., 2015; Stokes et al., 2015). All filtering
was conducted in R (R Core Team, 2018) using the argosfilter
(Freitas, 2012), trip (Sumner, 2016), sf (Pebesma, 2018), and sp
(Bivand et al., 2013) packages.

State-Space Modeling
To account for the irregularity in Argos derived location data,
a Bayesian state-space model (SSM) was applied as described
in Jonsen et al. (2005), implemented with the bsam package
(Jonsen et al., 2005; Jonsen, 2016). State-space models are time-
series models that consist of two components, one accounting
for location error, and one related to the movement dynamics
related to the behavioral state of the animal (Jonsen et al.,
2003; Patterson et al., 2008; Breed et al., 2009). Tracks with
gaps between locations exceeding one week were split into
segments and recombined after the SSM was fitted (Acuña-
Marrero et al., 2017). A hierarchical, first difference, correlated,
random-walk, switching SSM (hDCRWS) was applied (Jonsen
et al., 2013) using tracking data from all individuals allowing
for parameters to be estimated across all tracks (Breed et al.,
2009). The model was run to produce standardized locations
at 6-h time steps, chosen as > 95% of temporal gaps between
input locations were less than 6 h (Supplementary Figure S1).
The hierarchical state-space model (hSSM) was run using two

parallel Markov Chain Monte Carlo simulations (MCMC) for
40,000 iterations with an initial burn-in of 100,000, applying a
thinning factor of 40 to reduce within chain autocorrelation.
Model convergence was assessed by visually inspecting trace
plots and calculating the potential scale-reduction factor (PSRF;
Supplementary Table S1) – a ratio between the variance and the
within chain variability for MCMC simulations, whereby if less
than 1.1 then there should be adequate enough observations so
that sampling variability is negligible (Supplementary Figure S2;
Brooks and Gelman, 1998).

Spatial Analyses
Given the lack of information about how sub-adult green turtles
use coastal waters of the Turks and Caicos Islands and areas
linked to this early life-stage foraging ground we calculated
maximum displacement distance (km) from release location to
describe the extent of area these turtles occupy, and applied two
techniques to identify core areas of space-use. These techniques
were: (i) grid enumeration; and (ii) Utilization Distributions
(UDs). Prior to conducting analysis on core activity areas,
locations were reduced to those within the EEZ of the Turks
and Caicos Islands (Figure 1). Grid enumeration was achieved
by spatially intersecting a hexagon grid (500 m from edge
to centroid; 0.87 km2 area) with sub-adult turtle locations to
calculate the total number of individual turtles present within
each grid cell. Utilization Distributions were employed using the
adehabitatHR package (Calenge, 2006) to identify core activity
areas, and were calculated using methods that apply physical
barriers to movement to reduce over-smoothing of kernels
(Sprogis et al., 2016; Doherty et al., 2017). A grid cell size of 250 m
was applied utilizing the Plug-In smoothing factor (bandwidth;
search radius determining which locations to incorporate into
the UDs). Percentage Volume Contours (PVC) were created
representing the estimated density of turtles that are likely to
occur within each grid cell, from which we extracted 95, 75, 50,
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and 25% UDs. We also generated Minimum Convex Polygons
(M; the smallest convex polygon that incorporates all locations
within its boundary) for satellite tracking locations (n = 16
turtles) within the Turks and Caicos Islands EEZ, and for initial
and recapture locations of individual turtles identified by flipper
tags attached (n = 17 turtles).

RESULTS

A total of 623 green turtles were flipper-tagged during the
project, including 415 caught within the waters off the North,
Middle, and East Caicos Nature Reserve (RAMSAR site). Sixty-
nine of these individuals were subsequently recaptured, with
GPS locations recorded for 17 of these turtles. All satellite
tracked turtles were caught within the RAMSAR site between
2011 and 2017 (Figures 1A,B) and deemed to be sub-adult
(<102.6 cm CCL based on minimum size of observed maturity;
Stringell et al., 2015); no assignments of sex were possible.
Body size (CCL) of satellite tracked individuals ranged from
63.2–81.2 cm (mean ± SD: 72.8 ± 5.1 cm, n = 16; Table 1).
These individuals were tracked for between 38 and 496 days
(mean ± SD: 226 ± 135 days, n = 16; Table 1), and maximum
displacement distance from release locations ranged from 4.8–
1783 km (mean ± SD: 324.4 ± 573.6 km, n = 16; Table 1,
Supplementary Figure S2). One other sub-adult green turtle
was satellite tagged during this study in April 2017 (89 cm
CCL), but was subsequently illegally caught by fishers within the
RAMSAR site eight days after release. The turtle was landed in
South Caicos and the satellite tag removed, however the fishers
were consequently apprehended with the turtle being released
unharmed and alive. The data from this turtle were not included
in the analysis.

General Movements, Core Areas and
Habitat Use
Turtles showed some variation in movement patterns; twelve
of the sixteen sub-adult green turtles tracked remaining within
close proximity of the Turks and Caicos Islands (<100 km
displacement; range: 4.8–80.9 km), particularly the waters of
Middle and East Caicos Islands (Supplementary Figure S3).
The remaining four individuals exhibited directed movements
away from the Turks and Caicos Islands (>450 km displacement;
range: 493.4–1783 km, Figure 2 and Supplementary Figure S3)
after periods of 13, 283, 294, and 339 days post-release. Of
these four, one individual traveled from the Turks and Caicos
Islands along the coasts of the Dominican Republic and Haiti,
then crossing to the coastal region of Colombia, Panama, Costa
Rica and back along the coast of Costa Rica to Colombia,
passing through eight geo-political zones (TCI, Dominican
Republic, Haiti, Cuba, Jamaica, Colombia, Panama, and Costa
Rica, Figure 2A). This individual settled at a discrete site in
Colombian inshore waters for 162 days before transmissions
ceased. Another individual made a directed movement away
from the Turks and Caicos Islands, through Bahamian waters
following the coast of the USA from Florida to North Carolina,
and then into the High Seas, passing through three geo-political

zones (TCI, Bahamas, and the United States, Figure 2B). The
remaining two of these individuals migrated to the coastal waters
of Cuba, passing through the geo-political zone of the Bahamas
(Figures 2C,D).

Satellite tracking data and flipper tag recaptures showed
high levels of occupancy within the shallow waters close to the
shorelines of Middle Caicos and East Caicos (Figures 1C,D and
Supplementary Figure S4). An area of overlap is highlighted
between initial flipper tag deployment locations and satellite
tag locations, and between recapture locations of flipper tagged
individuals and satellite tag locations off the coastline of
Middle Caicos, and between Middle Caicos and East Caicos
(Supplementary Figure S4). Five individuals fitted with flipper-
tags were recaptured internationally at locations throughout
the wider Caribbean region (Figure 3). These individuals were
originally tagged within the North, Middle, and East Caicos
Nature Reserve (recaptured in Nicaragua; n = 4; CCL range:
49.6–73.4 cm, and Venezuela; n = 1; CCL: 65 cm).

DISCUSSION

To sufficiently manage and protect species of conservation
concern we need to identify areas and habitats that support
annual key life-history events (e.g., nesting, breeding, and
foraging), which may also overlap with anthropogenic threats.
Through a combination of flipper tagging and satellite tracking
we have generated a number of important insights into green
turtle ecology that can be useful at a range of scales for this
long-lived species.

We show two modes of space-use in sub-adult green turtles;
remaining in shallow near-shore waters (within a RAMSAR
protected area), and wide-ranging movements, which occurred
in individuals of larger size classes. Whilst satellite tracking
of juvenile/sub-adult green turtles is still in its infancy, other
studies have also observed these behaviors. For example, both
Hart and Fujisaki (2010), and Wildermann et al. (2019) showed
tracked individuals remained in the shallow coastal waters of
Florida, United States for the duration of tag attachment. Those
individuals were smaller than presented in our study, however,
Chambault et al. (2018) showed localized movements near the
island of Martinique, with some larger individuals exhibiting
more directed movements away from their tagging location.
These individuals (mean CCL: 86 cm) were of a similar size to
those displaying wide-ranging movements in our study (mean
CCL: 77 cm) and may represent individuals nearing maturity and
therefore conducting movements toward adult foraging grounds
or natal beaches to themselves breed.

We demonstrate the waters of TCI provide critical areas
to sub-adult green turtles, likely providing a foraging ground
for this size-class. Both flipper tags and satellite tags highlight
that many individuals show extended occupancy in TCI waters,
most notably in the waters off Middle and East Caicos. These
islands host extensive and largely pristine wetlands connected
by a complex of tidal creeks vegetated by seagrass and
marine algae (Richardson et al., 2009), providing rich foraging
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FIGURE 2 | Geo-political zones (blue polygons) occupied by turtles that exhibited wide-ranging movements away from the Turks and Caicos Islands Economic
Exclusive Zone (EEZ; n = 4). Each panel shows full track of an individual turtle (black dots); (A) Turtle G, (B) Turtle A, (C) Turtle M, and (D) Turtle B. Two-letter
international country codes for each EEZ shown; TC; Turks and Caicos Islands, CU; Cuba, HT; Haiti, DO; Dominican Republic, JM; Jamaica, CO; Colombia, PA;
Panama, CR; Costa Rica, BS; The Bahamas, US; United States of America, and HS; High Seas. All tracks originate from Turks and Caicos Islands (red boxes) and
end location denoted by black cross.

grounds supporting developmental and growth phase for sub-
adult green turtles. The repeated use of a shared resource by
multiple individuals for extended periods identifies the RAMSAR
protected area as key habitat for green turtles. Given the nature of
similar habitat within the Turks and Caicos Islands’ both within
and outside of MPAs, it is likely that this extensive network of
marine habitats is of regional importance to Caribbean green
turtles (Richardson et al., 2009). However, an illegal capture
of a satellite-tagged green turtle during this study suggests the
need for a review of enforcement and compliance with national
laws to protect green turtles and their critically important
habitats in TCI waters.

We provide data that revealed region-wide connectivity across
the Caribbean. Movements shown by satellite tracking crossed
through nine geo-political zones, and into the High Seas; and
international flipper tag recaptures occurring from waters of two
other countries within the wider Caribbean as turtles traveled to
other foraging grounds or toward natal beaches. These results
emphasize the importance of establishing a cooperative network

throughout the region to coordinate and support marine turtle
management efforts especially when considering likely exposure
to multiple fisheries (both legal and illegal), varying in regulation
and enforcement levels, that will differ to those in TCI.

The movements displayed in our study corroborate studies
describing the Caribbean as having a genetically mixed stock
of green turtles inhabiting common developmental habitats but
originating from diverse natal beaches (Lahanas et al., 1998;
Richardson et al., 2009; Costa Jordao et al., 2017; Chambault et al.,
2018). Richardson et al. (2009) highlighted that the main source
for TCI green turtles was likely to be Costa Rica, especially for
juvenile males (Stringell, 2013), with a significant contribution
from nesting populations in Florida. Satellite tracking offers
another technique to provide evidence of linkages between
nations, as shown by an individual tracked from TCI into
the waters off Costa Rica, and another traveling north to
the inshore waters of South-East United States. Furthermore,
most of the international flipper tag returns were reported
from turtles caught by fisheries targeting green turtle foraging
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FIGURE 3 | (A) Geographic distribution of mitochondrial DNA haplotype frequency contributions to green turtles captured in Turks and Caicos waters from all known
potential rookeries; adapted from data produced in Richardson et al. (2009). (B) Locations of international flipper tag recaptures. Deployment area of all flipper tags
on green sea turtles (white filled circle, labeled TCI), and locations of recapture of individuals (n = 5; blue filled circles), with representative linkage routes (blue lines).
Countries of recapture locations labeled.

grounds in Nicaragua’s waters, known to be important for the
Costa Rica nesting population (Troëng et al., 2005; Lagueux
et al., 2014). International flipper tag recaptures support other
studies showing the seagrass beds of Nicaragua as important
foraging grounds for green turtles within the Caribbean Sea
(e.g., Cuba, Bjorndal et al., 2003; Moncada et al., 2006), and
especially for turtles originating from the large green turtle
rookery at Tortuguero, Costa Rica (Troëng et al., 2005; Velez-
Espino et al., 2018), with the possibility that these flipper

tagged individuals join adults in the foraging ground before
nesting in Costa Rica.

Similar green turtle movements have also been shown at
a wider Caribbean-Atlantic scale with turtles tracked from
Bermuda to the coast of Costa Rica (Meylan et al., 2014). As
the waters of the TCI are regionally important foraging grounds,
any negative impacts (e.g., fishing pressure; habitat destruction;
increased development) here will potentially have consequential
effects for nesting locations throughout the Caribbean and more
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widely in the Atlantic; thus to account for geographic and
ecological scales, species conservation should take into account
the genetic structure and demographic history of populations
(Lande, 1988). Many observations of mature females elsewhere in
the Atlantic mostly consist of individuals >90 cm CCL (Godley
et al., 2002a, 2003; Hays et al., 2002; Troëng et al., 2005),
which suggests the wide-ranging movements shown by four of
the 16 tracked green turtles here are nearing a size of sexual
maturity, or at least approaching a size threshold at which to
begin migration toward developmental foraging, adult foraging
grounds, or natal beaches.

This study has increased our knowledge on regional
occupancy of green turtles, and linkages between TCI and
locations throughout the Caribbean and more widely in
the Atlantic. However, there is still a paucity on fine-scale
information on movement within TCI waters, which would
greatly improve ability to focus management efforts within and
outside areas of protection. To obtain such information, higher
resolution data needs to be acquired, likely in the form of GPS
quality locations, and/or the establishment of an acoustic array in
which to monitor turtle presence and movement at local scales
continuously (Schofield et al., 2007; Scales et al., 2011). These
data, coupled with detailed information on fishing activity may
allow us to understand overlap of anthropogenic activity and gain
insight into potential sustainability of harvests.

Our results provide new insight into space-use patterns
identifying concentrated areas of use by sub-adult green
turtles within a RAMSAR designated protected area. We
used an integrated approach of techniques to maximize
strengths of satellite telemetry (e.g., fine-scale movements, near
continuous tracks showing pathways and routes undertaken,
and speed of data acquisition) and flipper tagging (e.g.,
affordability, longevity, and extended temporal scales). Extended
periods of occupancy show this area consistently provides
suitable conditions for this size-class of green turtle, which
are currently protected under national legislation. These
findings illustrate the regional value of TCI MPAs, and
the importance of ensuring they are effectively managed to
support the conservation of Caribbean green turtle populations.
This study provides critical spatio-temporal information that
increases the knowledge base on this life-stage of green
turtles to add to information accessible to policymakers to
focus management strategies and enforcement. The protection
of pathways linking foraging grounds and nesting beaches
presents a challenging intervention. However, with populations,
and sub-populations of green turtles in the Atlantic being
intrinsically linked, multi-national cooperation to implement
agreements on bycatch mitigation and levels of take are
recommended where possible.
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