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Abstract Satellite transmitters were deployed on three
green turtles, Chelonia mydas, and two hawksbill turtles,
Eretmochelys imbricata, nesting in the Lesser Antilles
islands, Caribbean, between 2005 and 2007 to obtain pre-
liminary information about the inter-nesting, migratory and
foraging habitats in the region. Despite the extremely small
dataset, both year-round residents and migrants were iden-
tified; specifically, (1) two green turtles used local shallow
coastal sites within 50 km of the nesting beach during all
of their inter-nesting periods and then settled at these sites
on completion of their breeding seasons, (2) one hawksbill
turtle travelled 200 km westward before reversing direction
and settling within 50 km of the original nesting beach and
(3) one green and one hawksbill turtle initially nested at the
proximate site, before permanently relocating to an alter-
native nesting site over 190 km distant. A lack of nesting
beach fidelity was supported by flipper tag datasets for the
region. Tagging datasets from 2002 to 2012 supported that
some green and hawksbill individuals exhibit low fidelity
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to nesting beaches, whereas other females exhibited a high
degree of fidelity (26 turtles tagged, 40.0 km maximum
distance recorded from original nesting beach). Individual
turtles nesting on St Eustatius and St Maarten appear to
exhibit behavioural plasticity in their inter-nesting behav-
iour and post-nesting migration routes in the eastern Carib-
bean. The tracking and tagging data combined indicate that
some of the green and hawksbill females that nest in the
Lesser Antilles islands are year-round residents, whilst oth-
ers may nest and forage at alternative sites. Thus, continued
year-round protection of these islands and implementation
of protection programmes in nearby islands could contrib-
ute towards safeguarding the green and hawksbill popula-
tions of the region.

Introduction

Top pelagic predators such as tuna, sharks, sea turtles and
cetaceans are widely dispersed across expansive ranges
and therefore documenting behaviour in the open ocean
presents considerable difficulties (Block 2005). The conse-
quent incomplete baseline data on population status, spa-
tial patterns and habitat use and the need for international
coordination of conservation actions are amongst the chal-
lenges faced in promoting the protection and recovery of
endangered, migratory marine species (Piniak and Eckert
2011). Satellite tracking technology allows remote tracking
of migratory movements of these top pelagic predators, and
there is now a sizeable literature documenting advances
in biotelemetry of various animal species with extensive
ranges, with results enabling informed management deci-
sions by fisheries and marine protected area (MPA) man-
agers worldwide (Hays et al. 2014a; Nielsen et al. 2009).
Furthermore, biotelemetry has been increasingly used to
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improve our knowledge of spatial use and migratory path-
ways between breeding and foraging sites (e.g. Pendoley
et al. 2014; Schofield et al. 2013).

In recent decades, satellite tracking technology has been
proven the most suitable method for tracking the open-sea
migratory journey of sea turtles (Papi et al. 2000) and has
been fundamental in verifying inter-nesting patterns and
migration routes of turtle populations from nesting beaches
to foraging grounds (Broderick et al. 2007; Georges et al.
2007; Hawkes et al. 2011; Hays et al. 2014b). The high
cost of satellite technology and lack of funding for track-
ing units have led to small sample sizes (e.g. Cuevas et al.
2008; Horrocks et al. 2001), and by 2007, over 130 studies
published whilst at least 200 studies have not yet been pub-
lished in the peer-reviewed literature (Godley et al. 2007).
However, various studies have demonstrated that it is pos-
sible to enhance small sample sizes from satellite track-
ing by integration of different technologies (i.e. stranding,
capture-recapture, genetics, stable isotopes and model-
ling): by using datasets available from long-term flipper tag
programmes (e.g. Troéng et al. 2005) or integrating satel-
lite telemetry with remotely sensed ocean data (Seminoff
et al. 2008). For instance, a recent study demonstrated that
satellite tracking of 75 turtles produced similar information
about migratory distributions to tag-returns published for
the Mediterranean (Schofield et al. 2013).

Nesting site fidelity, i.e. the propensity of individual
adult female turtles to make repeated nesting emergences
within a restricted geographical range, has been widely
documented in the literature, and an early example found
high nesting site fidelity amongst green turtles, Chelonia
mydas, in Ascension Island (Mortimer and Portier 1989).
Information on fidelity during inter-nesting movements has
long been derived from tag-recapture studies (e.g. Lim-
pus et al. 1992). More recently, satellite telemetry studies
confirmed nesting site fidelity by green turtles, C. mydas
(Broderick et al. 2007; Whiting et al. 2008), hawksbill
turtles, Eretmochelys imbricata (Parker et al. 2009; Wal-
cott et al. 2012), leatherback turtles, Dermochelys coria-
cea (Byrne et al. 2009; Eckert et al. 2006) and loggerhead
turtles, Caretta caretta (Broderick et al. 2007; Marcovaldi
et al. 2010; Tucker 2010).

The current study focussed on two turtle species that
both nest, and are year-round resident, on St Eustatius and
St Maarten in the Dutch Caribbean Lesser Antilles (Debrot
et al. 2005): the endangered green turtle (as assessed by
Seminoff 2004) and critically endangered hawksbill turtle
(as assessed by Mortimer and Donnelly 2008), with nest-
ing by the latter species considered rare on these islands
(Meylan 1999). On St Eustatius, flipper tagging of green
and hawksbill turtles was conducted from 2002 during the
main nesting season from early-July to late-September. No
flipper tagging took place on St Maarten during the same
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period. Recapture of tagged individuals in this region has
provided limited information on the turtles’ migratory abili-
ties, restricted to the date and location of the original tag-
ging event and any subsequent recapture. Satellite telem-
etry allows us to address the question of inter-nesting area
use and nesting site fidelity in more detail.

The aim of our study was to assess inter-nesting area use
and nesting site fidelity in the Lesser Antilles. Based on our
satellite tracking data for three green and two hawksbill
turtles nesting on St Eustatius and St Maarten, combined
with the flipper tagging dataset, we suggest strategies for
(1) inter-nesting area use, (2) fidelity to nesting beaches
and (3) migration strategies by adult female green and
hawksbill turtles in the Lesser Antilles.

Methods
Study area and target species

The islands of St Eustatius (17.48°N, 62.97°W) and St
Maarten (18.07°N, 63.05°W) are part of the Dutch Carib-
bean, which also includes the islands of Aruba, Bonaire,
Curacao and Saba. The islands are located in the Lesser
Antilles in the north-eastern Caribbean (Fig. 1), with
land areas of just 21 and 52 km?, respectively. Leather-
back, green and hawksbill turtles nest on both islands. The
study animals were female green and hawksbill turtles that
emerged to nest in St Eustatius and in St Maarten.

The present study was conducted primarily in St Eusta-
tius where a monitoring programme of nesting turtles by
Statia National Marine Park has been in operation since
2002. Year-round, early morning surveys (0600—0800 hours)
of the index beach took place according to a standard inter-
nationally recognised protocol for nesting beaches (Eckert
et al. 1999). Any indication of turtle activity (i.e. tracks,
sand disturbed in a way that is characteristic of nesting) was
documented, and the presence of eggs confirmed through
careful digging by hand. Nightly beach patrols were con-
ducted on Zeelandia Beach (1.0 km) and, when tidal condi-
tions permitted, Turtle Beach (0.6 km). Hourly patrols were
conducted by a minimum of two people between 2100 and
0400 h. The primary objective of the beach patrols was to
encounter as many nesting turtles as possible, to tag them
with flipper tags, collect standard carapace measurements
(curved carapace length notch to tip (CCL,,) and curved
carapace width (CCW), mark the location of the nest for
inclusion in a nest survivorship and hatching success study
and relocate any nests laid in designated erosion zones. Tag-
ging protocols detailed in Eckert and Beggs (2006) were
used: all turtles were initially checked for tags, and, if pre-
sent, the numbers were recorded, as was the date, time and
location. If no tags were present, the turtle was tagged with
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Fig. 1 Location of study sites,
the islands of St Eustatius and
St Maarten in the Lesser Antil-
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Inconel #681 metal flipper tags (http://www.nationalband. ~ external commensals such as barnacles. Transmitters

com). Tags were applied adjacent to the first large scale on
the proximal part of the front flipper, where the swimming
stroke will cause minimal tag movement (Balazs 1999).
Tags were attached whilst the turtle was covering its nest
immediately after laying eggs, so that the turtle was not
disturbed prior to laying. Two metal tags were attached to
each turtle; this was to ensure that even if one tag was lost,
the individual could still be recognised. Details of number,
date, time and location of application of the tags were then
recorded during patrols.

Satellite tag deployment

Nest monitoring results show that green and hawksbill
turtles nest at St Eustatius during the months of April
to November with a seasonal peak in nesting in Septem-
ber (STENAPA unpubl data). Satellite transmitters were
deployed towards the end of the seasonal peak to increase
the probability of encountering females at the end of their
nesting season and thus being able to track complete
post-nesting migrations. Immediately after egg laying (or
attempted egg laying) and once turtles were returning to
the water, they were intercepted on the nesting beach and
detained in a plywood box for transmitter attachment. Prior
to attachment of the transmitter, the turtle carapace was
thoroughly cleaned, which included removal of interfering

of model ST-20 A-1010 (size, 12 x 6 x 3 cm; weight in
air 280 g) (Telonics Inc, http://www.telonics.com) were
applied to the highest point on the carapace using the
silicone elastomer and fibreglass method of Balazs et al.
(1996), modified by reinforcing the antenna base with a roll
of fibreglass cloth placed on top of the transmitter immedi-
ately anterior to the antenna, as well as by placing hydro-
dynamically shaped filler material along the frontal area of
the transmitter to streamline the package. Turtles were held
for 1-2 h after attaching the transmitters to allow adhesives
to set and then released at the location of capture.

Between September 2005 and September 2007, four
female turtles (three green and one hawksbill) were fitted
with satellite transmitters on Zeelandia Beach, St Eus-
tatius. Additionally, one hawksbill was intercepted and
equipped with a satellite transmitter on Guana Bay Beach,
St Maarten. The attachment of all devices was conducted
with permission from the Statia National Marine Park and
St Maarten Marine Park.

Data analysis
The transmission durations from the two turtles tracked in
2005 lasted for much less time than expected according

to the specifications of the transmitters (55 and 69 d, pre-
processed data), and remaining transmitters deployed in

@ Springer


http://www.nationalband.com
http://www.nationalband.com
http://www.telonics.com

Mar Biol

Table 1 Details of the five turtles for which inter-nesting and post-nesting migrations were tracked by satellite for 31-261 days using post-

processed Argos data (CCL,,_,, curved carapace length notch to tip)

n-1>

Turtle ID  Deployment Date Species CCL (cm) Deployment Foraging site  Max. displace  Straight dis- Straightness

(Argos, location transmitter (inter-nesting) ~ (country) (km) tance (km) index

Inconel) deployed duration (d)

A (60722, St Eustatius  20/09/05 Green 113.5 42 (11) St Eustatius 332 16 0.05
WE22/
WE23)

B (60726, StMaarten  09/10/05 Hawksbill ~ 82.0 31 (10) BVI 289 191 0.66
N/A)

C (60724, St Eustatius  18/09/06 Green 106.0 237 (8) St Kitts & 1062 47 0.05
WE36/ Nevis
WE37)

D (60725, St Eustatius  08/09/06 Hawksbill  85.5 146 (10) St Barthélemy 881 50 0.06
WE34/
WE35)

E (60723, St Eustatius  02/09/07 Green 112.0 142 (26) Dominican 722 607 0.84
WE24/ Republic
WE25)

2006 and 2007 were reprogrammed to improve the battery
longevity and hence increase the amount of time that the
transmitters would be able to send signals. Transmission
durations from the three turtles tracked in 2006 and 2007
increased as a result of the re-programming (261, 146,
142 days, pre-processed data).

After attachment of satellite transmitters, locations were
received from Service Argos and the online Satellite Track-
ing and Analysis Tool (STAT) (Coyne and Godley 2005)
was used for managing the data. One copy of locations
that had been uploaded twice was subsequently removed
(Turtle B, n = 8). Studies by Argos (2013) and Hays et al.
(2001) have shown that Argos location classes (LC) 3, 2,
1 and A are the most reliable; thus, data in LC 0 and B
(n = 1608) were removed prior to the plotting of tracks.
Locations (n = 134) were filtered to exclude biologically
unreasonable results for travel speed [>5 km h™! (Luschi
et al. 1998, 2001; Seminoff et al. 2008)]. Data were further
filtered (n = 533) to select the best location received on
that day (defined as highest quality location class received
that day, where two or more high-quality locations were
received, we only used the first received that day). Filter-
ing of the Argos-transmitted data resulted in the removal
of 2283 locations in total (from n = 2479). A small num-
ber of locations (n = 14) were removed because they were
visibly erroneous, i.e. they were on land. As the turtles
were not travelling in straight lines on post-nesting migra-
tions, but rather were expected to be moving in complex
ways in coastal waters, we did not use a turning angle filter
(Table 1).

For each turtle, total distance covered was computed
by adding the distances between successive valid fixes.
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The straightness index was calculated as the ratio between
the beeline distance from nesting beach to the last fix of a
turtle’s route and the total length of the route (Batschelet
1981). Evidence for subsequent nesting events on a differ-
ent beach that was not patrolled was implied by locations
close to potential nesting beaches corresponding with the
expected inter-nesting interval (INI) for the species (12—
16 days) (Hays et al. 2002).

Along with direct observation, when turtles were
encountered nesting by a patrol in some cases, we used
tracking data to infer whether turtles re-nested after satel-
lite transmitter attachment and further categorise tracks as
either inter-nesting or post-nesting tracks. Foraging sites
were identified by visual assessment of mapped data and by
individuals slowing down and remaining in fixed areas for
extended periods of time of at least 3 weeks or until trans-
missions ceased (21-217 days).

Results

During patrols conducted between 2002 and 2012, 23 green
turtles and three hawksbill turtles were flipper tagged when
encountered whilst nesting on the index beach of Zeelan-
dia Beach, St Eustatius. There were turtles nesting during
this period that were not tagged due to logistical reasons.
Reports from the morning track surveys for this 11-year
period record the number of nests (probable and confirmed)
as 255 (greens) and 104 (hawksbills) out of a total of 468
green and 152 hawksbill nesting activities (JB, EH, AH,
NE, STENAPA unpubl data). It is difficult to calculate an
Estimated Clutch Frequency (ECF) and rookery population
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Fig. 2 Migration patterns of
three turtles subsequent to satel- 69° 68° 67°
lite transmitter attachment in St
Eustatius and St Maarten, Dutch
Caribbean, showing westward
migration of one green (Turtle
E—purple circles) and one
hawksbill (Turtle B—green tri-
angles) and circular migration
of one hawksbill (Turtle D—red
inverted triangles) returning to
forage <50 km from the original
nesting site. Points represent
Class 1, 2, 3 or A quality points.
Open symbols (Turtle D) repre-
sent points during inter-nesting
periods; closed symbols are
points indicating migration to
foraging grounds

-10000 -7500

based on these low numbers of tagged turtles. Using calcu-
lated ECF from other Caribbean rookeries (greens = 3.0 in
Florida (Johnson and Ehrhart 1996); hawksbills = 4.1 in
Barbados (Beggs et al. 2007)), these results suggest a rook-
ery population of eight green turtles and two hawksbill tur-
tles. This rookery size estimate is based on the assumption
that nest counts are accurate as it is logistically challeng-
ing to dig up and verify that eggs have been laid for each
track recorded as a nest. Hence, this crucial assumption
has not been tested. These data are partially supported by
a published record for turtles nesting in the Dutch Carib-
bean for the years 2002-2004 (Debrot et al. 2005), and it
was estimated that the number of flipper tagged turtles dur-
ing 2002-2012 represented 26 and 14 % of the green and
hawksbill rookery populations, respectively (STENAPA
unpubl data).

The five tracked turtles travelled from the nesting areas
of St Eustatius and St Maarten to residence sites between
16 and 607 km straight-line distance away within three
broad geographical areas in the eastern and central Car-
ibbean (Figs. 2, 3). Tracking durations ranged from 31 to
237 d (mean £ SD = 120 £ 85 days, n = 5). A minimum
duration of three weeks of tracking was considered suffi-
cient to confirm that a turtle was resident and remaining in
a fixed area. The mean number of Argos-relayed locations
from these turtles was 0.40 days~! (SD = 0.19, range 0.09—
0.61, n = 5). The size (CCL,_) of the five study animals
was 113.5, 112.0, 106.0 (greens) and 85.5 cm, 82.0 cm
(hawksbills).

Longitude (°W)
66° 65° 64° 63°
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Inter-nesting behaviour
Green turtles

Two turtles were observed nesting prior to satellite tag
attachment (Turtle A on four occasions and Turtle C on one
occasion). Subsequent to release, Turtle A was observed
nesting on Zeelandia Beach 11 days after the previous
observed nesting event. After attachment of the satellite
transmitter, Turtle C remained in foraging grounds close to
the coast of St Eustatius and headed to shallow waters of
St Kitts (straight-line distance 21.8 km). Positions close to
a sandy beach indicated that it might nest but then showed
a return to the primary nesting beach on St Eustatius, and
Turtle C was again observed returning to the sea from a
false crawl, 11 days after nesting on Zeelandia (Table 2).
Prior to satellite transmitter attachment, one of the green
turtles (E) had attempted to nest but was unsuccessful and
was intercepted on the way back to the sea. Turtle E then
remained offshore around St Eustatius, and satellite trans-
missions indicate a probable nesting event three nights
later on Zeelandia Beach. Table 2 shows an observed INI
of 11-12 days (Turtles A, C) for green turtles. Tag sighting
records from 2002 to 2012 (JB, EH, AH, NE, STENAPA
unpubl data) confirm that the green turtle individuals in
the study exhibited typical INI for females of this species
nesting on St Eustatius, varying from 9 to 13 d, support-
ing results from the satellite tracking (Turtles A, C). For
example, the INI recorded for five clutches laid by Turtles
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Fig. 3 No or minimal migra- Longitude (OW)

tion shown by two green turtles 63°05  63°00' 62°55' 62°50°  62°45°  62°40'  62°35
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Table 2 Pre- and post-attachment nesting attempts for five turtles leaving St Eustatius and St Maarten

Turtle ID (Argos ref) Nest years Nests pre- (post-) INI Post-deployment LC Nesting location Displace (km) Straightness index
nesting date

A (60722) 2005* 4(+1) 11 01/10/05%* 3 Zeelandia, St Eus- 1 0.011
tatius
B (60726) 2005* 1 (40) - - - - - -
C (60724) 2006* 1(+1) 12 29/09/06%* 2 Zeelandia, St Eus- 1 0.004
tatius
D (60725) 2006* 1(+2) 16 25/09/06 3 Scrub Island, 64 0.69
Anguilla
33 12/10/06 2 NW St Croix, USVI 187 0.56
E (60723) 2002%*
2005*
2007* 4(+1) 3 04/09/07 - - - -
2010*
2012%*

Confirmed nesting attempts (2005-2012) were assessed by visual sightings (indicated by *). Inferred nesting attempts were assessed by com-
parison of ARGOS signals (LC, Location Class) with confirmed nesting attempts (INI, inter-nesting interval) using Argos data signal quality and
frequency, and plots of distance travelled day ™

A and E immediately prior to satellite tag attachment was ~ Hawksbill turtles

INI = 11 and INI = 10-13, respectively. Tag sighting

records from St Kitts confirmed a green turtle tagged on St ~ No inter-nesting behaviour was observed for Turtle B.
Eustatius nesting on North Friar’s Bay beach, 40.0 km to  Satellite tracking data from Turtle D indicate two prob-
the south-east (Stewart personal communication). able nesting activities (Table 2). After satellite transmitter
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attachment, Turtle D immediately left St Eustatius, swim-
ming north to St Barthélemy (straight-line distance from
release site of 48.7 km) and on to Scrub Island, north-east
of Anguilla (straight-line distance from release site of
89.1 km) where Turtle D remained for several days, prob-
ably nested and then moved westwards towards deeper
waters, changing southwards to St Croix, USVI, the site of
another probable nest, a straight-line distance of 203.2 km
from the release site. Table 2 shows an inferred 16-17 d
INI for this individual (Turtle D).

Migration and residence
Green turtles

Westward migration was shown by one turtle (E, Fig. 2).
Turtle E nested in St Eustatius in 2002, 2005, 2007, 2010
and 2012 indicative of a remigrant with regular migration
patterns of 2-3 years. Immediately after the probable nest-
ing event 3 days after satellite transmitter attachment took
place, Turtle E headed north-westerly through the British
Virgin Islands (BVI) (straight-line distance of 203.1 km),
past Puerto Rico (straight-line distance of 355.7 km) to set-
tle off El Macao, Dominican Republic (606 km straight-
line distance in 2 weeks). Transmissions ceased 116 d after
arriving in foraging grounds.

No migration was shown by two turtles (A and C,
Fig. 3). Turtle A nested five confirmed times during the
season and was then expected to migrate. All subsequent
transmissions (42 d) showed her remaining within 5 km of
the release site. Track surveys on St Eustatius showed that
the last green turtle track of the season was 1 October 2005
and so it can be considered that Turtle A remained in forag-
ing grounds around St Eustatius as uplinks record Turtle A
was still in the offshore area >1 month after the 2005 nest-
ing season had finished (last transmission was 2 Novem-
ber 2005). After attempted nesting on St Eustatius on 29
September 2006, Turtle C travelled around St Kitts to reach
the shallow channel between St Kitts and Nevis, remaining
until transmissions ceased after 237 days (straight-line dis-
tance 47.3 km and total distance tracked 1061.7 km).

Hawksbill turtles

Both hawksbill turtles immediately departed from the nest-
ing beach (B and D, Fig. 2). Turtle B began a westward
post-nesting migration from St Maarten, and there was
no evidence of subsequent nesting based on the tracking
uplink data. This individual headed north-west towards
Anegada (straight-line distance of 155.1 km) swimming
up to 60 km per day and then shifted her course abruptly
to head to the south towards the Virgin Islands, travelling

289 km before reaching a foraging area close to Flanagan
Island, BVI, 191 km straight-line distance from the release
site, taking 10 d to reach the destination. Turtle B remained
in the area until transmissions ceased after 57 d.

A circular pattern was shown by Turtle D, and after the
probable nesting activities on Scrub Island, Anguilla and St
Croix, USVI, this individual completely changed direction
and swam eastwards to return to Anguilla and St Maarten,
settling in waters 20-35 m deep west of an uninhabited
cay between St Barthélemy and St Maarten. This circular
migration route of 880.6 km resulted in a final foraging
site only 49.5 km straight-line distance from the release
site. Transmissions ended 104 d after arrival at the foraging
location.

Discussion

The overriding conclusion of the current study is that indi-
viduals nesting on St Eustatius and St Maarten exhibit
behavioural plasticity in their inter-nesting behaviour and
post-nesting migration routes in the eastern Caribbean. All
turtles tracked during this 3-year study exhibited nesting
behaviour patterns (INI, number of nests) similar to those
previously reported for these two species in the Carib-
bean region; however, some unusual post-nesting migra-
tion behaviour was observed, and our data are not con-
sistent with the generally accepted hypothesis that adult
female greens and hawksbills in the Caribbean are migra-
tory. Results demonstrate that green and hawksbill turtles
in tropical areas exhibit different nesting and post-nesting
strategies. Two nesting strategies were apparent in that
some turtles repeatedly nest on the same beach, whilst oth-
ers nest on beaches separated by over 190 km. Post-nesting
strategies included migration to disparate foraging grounds
as well as other turtles remaining at the nesting ground as
year-round residents.

The green turtles showed use of an inter-nesting area of
up to 21.8 km (including a foray to the neighbouring island
of St Kitts) from the release site and indicated that nesting
may occur on several islands in one season due to the close
proximity of islands in this region of the Caribbean. This is
supported by previous reports of St Eustatius tagged green
turtles nesting on St Kitts (K. Stewart personal communi-
cation). Whilst many populations of most sea turtle species
exhibit general fidelity to nesting beaches, this study sup-
ports the few existing publications from the tropics, showing
that females may frequent a range of nesting beaches within
an area of 25-200 km (e.g. Bjorndal and Bolten 2010). This
lack of nesting site fidelity has been demonstrated for tem-
perate regions, and one key example is the observation of
loggerhead turtles tagged on Zakynthos, Cephalonia or
Kyparissia in the Mediterranean nesting at one of the other
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two sites. This movement has also been documented by
satellite tracking studies, showing that females conducted
“forays” of around 100 km to alternative sites (Cephalonia,
Kyparrisia, Kotichi, Mesolonghi) from Zakynthos (Schof-
ield et al. 2010). In the tropics, a key result of genetic analy-
sis has been that loggerheads nested on several Cape Verde
islands that were over 70 km distant and separated by waters
over 1000 m deep (Marco et al. 2011). The size of this inter-
nesting area is not surprising when compared to the reported
inter-nesting area of green turtles within 135 km of the
release site of Tortuguero, Costa Rica (Troéng et al. 2005).
If an inter-nesting range of 135 km from a nesting beach is
considered, then green turtles nesting on St Eustatius could
be nesting internationally on at least nine other islands,
including St Kitts, Nevis, Montserrat, Antigua, Barbuda,
Saba, St Maarten, St Barthélemy and Anguilla.

A similar inter-nesting range is reported from Costa Rica
(EH personal communication): every year a small number
of green turtles (15-30) are encountered during night patrols
in Tortuguero that have tags from monitoring and conserva-
tion projects run by other organisations at nesting beaches
to the north and south along the Caribbean coast of Costa
Rica. These beaches are anywhere from 1 to 100 km dis-
tance from Tortuguero National Park. In 2011, a green turtle
was tagged on the nesting beach at Chiriqui Beach, Panama
in June, and in September was encountered nesting at the
southern end of Tortuguero National Park; a straight-line
distance of approximately 260 km. At both locations, the
green turtle was believed to have nested successfully. These
unpublished data, together with our results, further re-iterate
the use of satellite tags to identify potential nesting sites for
sea turtles. This approach was first implemented more than
20 years ago with studies of single loggerhead turtles (Hays
et al. 1991) and has developed to studies of 30-604- individ-
uals (Kobayashi et al. 2011; Hawkes et al. 2011; Schofield
et al. 2013; Pendoley et al. 2014).

The INI of hawksbills is generally longer than green tur-
tles, for example, mean &+ SD = 14.9 £ 1.3 days reported
from Barbados (Beggs et al. 2007), which supports the
inferred nesting sites on Scrub Island, Anguilla (INI = 17)
and St Croix, US Virgin Islands (USVI) (INI = 17) by Tur-
tle D. Results for hawksbill turtles reflected reports from
inter-nesting studies of hawksbill females tracked from
beaches in St Croix, USVI, which have suggested that
females exhibit preferences for particular locations on
the reef close to the primary beach (Starbird et al. 1999).
This has been supported by studies of hawksbills nesting
in Barbados (Walcott et al. 2012). The hawksbills in this
study migrated to known hawksbill foraging grounds iden-
tified in previous studies (Boulon personal communication;
RvD personal communication). This is also the case for a
handful of hawksbill turtles encountered at Tortuguero in
Costa Rica with tags from other nesting beach projects
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along the coast of Costa Rica (EH personal communica-
tion). The unusual pattern was the circuitous route shown
by one hawksbill that travelled over 200 km to nest again
and then returned to a foraging location less than 50 km
from the original nesting site. This pattern has not been pre-
viously reported. However, in other species, there are occa-
sional movements away from nesting areas before subse-
quent return within the same season (Schofield et al. 2010),
and these movements may reflect prospecting searches for
alternative nesting sites.

Turtles in this study showed a predominant westward
movement, which is similar to migration patterns from
nesting grounds reported from several studies in the east-
ern and central Caribbean, including Puerto Rico (van Dam
et al. 2008); Cayman Islands (Blumenthal et al. 2006) and
Dominican Republic (Hawkes et al. 2012). The Lesser
Antilles separate the Caribbean from the Atlantic Ocean
and act as a sieve for the inflow of Atlantic water to the
Caribbean Basin, forming the Caribbean Current, the main
surface circulation of the Caribbean Sea, consistent with
observed and modelled patterns of ocean and wind-driven
currents westward into the Caribbean through the Lesser
Antilles passages north of Martinique at latitude ~15°N
(Johns et al. 2002). The westward movement of the majority
of turtles in this study and others cited supports the theory
that adult migration is influenced by ocean current patterns
experienced as hatchlings and small juvenile turtles (Hays
et al. 2010b; Hays and Scott 2013; Luschi et al. 2003).

The non-direct routes to foraging sites have been dis-
cussed in previous studies, whereby migrating turtles do
not show a precise map sense and hence take non-optimum
routes to their destination (Hays et al. 2014b). As with the
individuals tracked in the current study, most turtles exhibit
a correction in course during migration with multiple stages
of travel to the vicinity of their final foraging destination.
Typical course correction occurs along bathymetric contour
lines around island groups, such as that shown by Turtle B
travelling around small islands of the BVI, and then a bino-
mial choice once the individual enters shallower waters of
a larger island, as exhibited by Turtle E upon reaching the
coastline of Dominican Republic.

Each of the green turtles settled in foraging grounds
of relatively shallow (10-25 m) seagrass beds (St Eusta-
tius, St Kitts, Dominican Republic) whilst the hawksbill
turtles migrated to foraging grounds of mixed coral reef
habitat (BVI, St Barthélemy). The island of St Barthélemy
appears to be suitable foraging habitat for adult hawksbills,
as another hawksbill was satellite tracked to the same area
after nesting in 1998 at Mona Island, Puerto Rico (van Dam
et al. 2008). Many of the foraging areas revealed by turtles’
migration routes in this study have been previously docu-
mented (Revuelta et al. 2012; Debrot et al. 2005; Dow et al.
2007). Other foraging grounds have not been documented
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but are known locally, such as El Macao, Dominican
Republic (Turtle E), an area of intense tourism development
with nearby areas with less developed beaches and offshore
seagrass habitat (Y. Leon personal communication) and the
waters around Flanagan Island, BVI, a region with exten-
sive reefs, algal plains and seagrass beds, suggesting that
there is adequate food close by (R. Boulon personal com-
munication). Studies have reported that Caribbean hawks-
bills exhibit a migratory dichotomy, whereby some turtles
remain in coastal waters close to the nesting beach and oth-
ers migrate internationally (Horrocks et al. 2001; Moncada
et al. 2012). This is not peculiar to the region; loggerheads
in the Mediterranean and Atlantic exhibit alternative strat-
egies such as coastal and oceanic foraging (e.g. Hawkes
et al. 2012; Schofield et al. 2013). What is new is that the
results from this study also suggest that Caribbean green
turtles do not always migrate. Whilst this has been seen
with green turtles in remote island systems such as Cocos
Islands, Indian Ocean (Whiting et al. 2008), loggerhead
turtles in Greece (e.g. Schofield et al. (2013) reported five
of 75 tracked loggerheads remained resident at the breed-
ing area), hawksbills in Cuba (Moncada et al. 2012) and in
Hawaii (Parker et al. 2009), it is believed that this is the
first documented case of Caribbean green turtles exhibit-
ing non-migratory breeding and remaining within 50 km
of the original nesting ground to forage. Clearly, if there
are foraging resources at nesting sites, then a proportion of
turtles may stay on site. With no resources being expended
on migration, these green turtles might be able to reach
reproductive condition more quickly and so show a reduced
interval between successive nesting seasons. This has not
been confirmed as there have been no observations of the
two individuals at the nesting beach since the season in
which they were fitted with satellite tags.

As with the majority of sea turtle tracking studies, only
female nesting turtles were included in this study, which
involved a limited number of satellite transmitters (n = 5).
It is important to increase the number of individuals satel-
lite tracked to >40 (see Schofield et al. 2013) in order to
draw further conclusions about population level disper-
sal of green and hawksbill turtles nesting on St Eustatius.
There is also an urgent need to increase efforts to track
male turtles to further understand the sex-specific patterns
of migration between foraging and breeding habitats in
the Caribbean. Significant differences have been observed
in migratory range between males and females tagged in
Puerto Rico (van Dam et al. 2008). Further afield, marked
differences in male versus female breeding intervals have
been revealed with males breeding more frequently than
females in Australia (Limpus 1993) and Greece (Hays et al.
2010a). Increased understanding of patterns of behaviour
of both sexes will ultimately be useful to provide data to
improve and inform regional conservation policies.

The absence of migration in the female green turtles
(with data still required about movements of male turtles)
has implications for decisions about MPAs to simultane-
ously protect turtle nesting and foraging grounds in the
Caribbean and other tropical areas. The presence of year-
round resident females promotes the importance of year-
round protection at key nesting sites, which would safe-
guard part of the two species’ populations. Whilst much of
the priority, to date, has been on the protection of nesting
habitat, it may now be possible to identify areas using sat-
ellite tracking studies that incorporate foraging and nesting
habitats and that, therefore, could provide improved pro-
tection for a subset of the turtle population in the region
throughout their adult life. Information from satellite track-
ing studies in the Wider Caribbean, and further afield, can
therefore allow researchers and conservation organisations
to identify and rank critical habitat, inform policy-making,
promote the implementation of regional agreements and
strengthen national and international conservation planning
and research (e.g. Blumenthal et al. 2006).

In the Caribbean, examples for regional integration
of research on turtles into nature policies and MPA man-
agement have been set by the DCNA and WIDECAST.
Groups such as DCNA and WIDECAST are building bio-
diversity databases to collect data from individual organi-
sations, such as conservation NGOs, and make data publi-
cally available. Improved communication and data sharing
amongst everyone working on satellite tracking projects
in the region will lead to a more coordinated approach to
development of MPAs and turtle conservation/protection
plans amongst all stakeholders. The current manuscript
is the result of work by DCNA to promote understanding
of sea turtles in the Dutch Caribbean, the data are freely
available from the authors for further publications and it is
hoped that increasing numbers of groups will make satellite
tracking study data more publicly available for the benefit
of international sea turtle conservation.

Results of this research, coupled with long-term moni-
toring of sea turtles nesting in St Eustatius, have enabled
us to develop and communicate an understanding of man-
agement requirements for threatened green and hawksbill
turtles in the Dutch Caribbean. This study highlights the
value of international networking and data sharing, the ben-
efits of collecting baseline information on the distribution
and abundance of populations and the usefulness of long-
term, systematic monitoring of sea turtle nesting grounds:
the tracking and tagging data combined indicate that some
of the green and hawksbill turtles that nest in the Lesser
Antilles islands are year-round residents, whilst others may
nest and forage at alternative sites. Thus, continued year-
round protection of the Lesser Antilles islands and the
expansion of protection measures to include islands within
their potential inter-nesting range would contribute towards
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safeguarding the green and hawksbill populations of the
region, to some extent.
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