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ABSTRACT: Satellite telemetry has helped reveal migratory movements of sea turtles. We
attached satellite transmitters (MK10 Pat Tags) to 10 post-nesting East Pacific green turtles Che-
Ionia mydas from Nombre de Jesus, Costa Rica (in 2006, 2007 and 2009) to track their movements,
identify their foraging grounds, and elucidate their foraging behavior. Location data were ana-
lyzed by applying a switching state-space model to obtain daily position estimates and to differ-
entiate between 2 behavioral modes (migrating and foraging). All post-nesting movements were
along coastal routes ranging up to 1086 km from the nesting beach. Of the 10 turtles, 6 remained
local residents of Costa Rica foraging in the Gulf of Papagayo (N = 2) and the Gulf of Santa Elena
(N = 4). One individual moved southwards to the Gulf of Panama, and 3 other turtles migrated
northwards to waters off the Gulf of Fonseca in northern Nicaragua, with one continuing its forag-
ing movements northwards to coastal Guatemala. Home ranges during foraging varied widely
among individuals, and the calculated size of feeding grounds ranged from 315 to 18 335 km?, the
latter being the largest reported for this species. The fact that members of this nesting population
inhabit coastal waters makes them vulnerable to human activities along the coasts of Central
America. Our findings highlight the importance of Costa Rica and the coastal waters of Central
America for the survival of the Endangered Costa Rican green turtles.
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INTRODUCTION

East Pacific green turtles Chelonia mydas belong
to a distinct group of this Endangered species (IUCN
2010), inhabiting waters in tropical and sub-tropical
regions throughout the eastern Pacific (Seminoff et
al. 2002a). They range from southern California, USA
(Eguchi et al. 2010), to Chile, and west to the Gala-
pagos Islands, with nesting grounds distributed
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throughout this range. Based on the number of
females and the numbers of nests in a season, the
most important nesting grounds identified in the
Pacific are found at Michoacédn, Mexico (Alvarado-
Diaz et al. 2001), the Galapagos Islands (Green 1984),
the Revillagigedo Archipelago, Mexico (Holroyd &
Trefry 2010), and Nombre de Jestus, Costa Rica
(Blanco et al. 2012). Post-nesting females display a
similarly broad array of migratory movements. For
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example, post-nesting Michoacén green turtles mi-
grate both northwards and southwards along the
coast of Central America (Alvarado & Figueroa 1992).
Tag returns and satellite telemetry from post-nesting
Galapagos green turtles have revealed at least 3 dif-
ferent migratory strategies (Green 1984, Seminoff et
al. 2008), including (1) some females migrating to the
coast of Central America (Green 1984), (2) others
remaining resident among the Galapagos Islands,
and (3) a third group migrating to oceanic waters to
forage (Seminoff et al. 2008).

In the eastern Pacific, juvenile and adult green tur-
tles mainly forage in coastal areas, including estuar-
ies, lagoons (Bjorndal 1997), and nearshore insular
habitats (Amorocho & Reina 2007). Recent studies
have demonstrated that they also forage in high-sea
waters (Quihones et al. 2010). Their diet consists
principally of seagrass and red and green algae;
however, they also forage on invertebrates and gelat-
inous prey (Seminoff et al. 2002b, Seminoff & Jones
2006). This is not universal, however, as recent stud-
ies have demonstrated that adult green turtles also
forage in open waters offshore of Peru, where they
feed on a diet dominated by jellyfish, mollusks, and
crustaceans (Quinones et al. 2010).

In the middle of their range, East Pacific green
turtles nest in Costa Rica (Richard & Hughes 1972,
Cornelius 1976). Anecdotal information suggests
that turtles in this region are subjected to capture in
artisanal longlines and gill nets (S. Friederichs pers.
comm.). In addition, it is well known that poaching
of green turtle eggs is rampant on many beaches in
western Costa Rica (Blanco 2010). Nevertheless,
limited scientific information is available for Costa
Rican green turtles, and their migration routes and
foraging grounds remain completely unknown.
Recent studies have focused more attention on the
potential importance of conservation efforts on
Costa Rican nesting beaches (Blanco et al. 2012).
However, to better protect this Endangered species
from threats in the ocean, it is crucial that we know
more about their migration routes, their foraging
grounds, and their behavior at sea, where they
spend most of their life.

The objectives of this study were to determine the
migration routes and elucidate information on the
foraging grounds of the East Pacific green turtles that
nest in Nombre de Jesus, Costa Rica. Through this
research we aimed to understand the migratory
strategies of this population and compare them with
the strategies of green turtles nesting in other rook-
eries within the eastern Pacific. We also attempted to
determine areas of importance for regional conserva-

tion and to identify human activities that could
potentially be detrimental to this population.

MATERIALS AND METHODS

We attached satellite transmitters (Wildlife Com-
puters Mk-10 PAT, pop-up archival transmitting tag)
to 9 green turtles Chelonia mydas nesting on Nom-
bre de Jesus (10°23'30"N, 85°50'07"W) and 1
green turtle on the neighboring beach, Playa Zapotil-
lal in Guanacaste Province, Costa Rica (Fig. 1). The
PAT tags were configured to transmit opportunisti-
cally, so we could obtain real-time location data as
frequently as possible, while the turtles were at sea.
From 2006 to 2009, satellite transmitters were attach-
ed to 10 female green turtles before they migrated
from the nesting beach (see Table 1). During the
nesting season, we patrolled the beach at night to
intercept turtles during their final nesting event of
the season and prior to migration. In assessing the
reproductive status of each turtle we used a portable
real-time ultrasound scanner to verify that the last
clutch of the season was being laid (Aloka SSD-500)
(Blanco et al. 2012). This ensured that the turtles
would leave the area after nesting and not be sub-
jected to poachers on the beach or fisherman in
nearshore waters.

Each selected turtle was also scanned for a passive
integrated transponder (PIT) tag. PIT tags were in-
serted in the right front flipper of those turtles found
not to already have a PIT tag for later possible identifi-

88°W 86° 84° 82° 80°

Fig. 1. Study area. Satellite transmitters were attached to

post-nesting East Pacific green turtles Chelonia mydas at

Nombre de Jests beach (10°23'30" N, 85°50' 07" W), Costa

Rica (CR). EV: El Salvador; HN: Honduras; NI: Nicaragua;
PA: Panama
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cation. Using a flexible tape, we measured the curved
carapace length (CCL; £ 0.5 cm) from the nuchal
notch to the posterior tip of the supracaudal scute and
curved carapace width (CCW) at the widest point of
the carapace. All turtles were examined to ensure
they did not have any external abnormalities that
might have affected behavior.

Satellite transmitter attachment

We followed a modified methodology used by Mor-
reale et al. (1996) described in Morreale (1999) to
attach a satellite transmitter to the turtle by a short
lanyard. First, we cleaned a supracaudal scute with
70 % alcohol and made a 3 mm diameter incision with
a sterile drill bit (battery-powered electric drill).
Immediately after the incision, we applied lidocaine
and inserted sterile surgical tubing in the hole. We
positioned plastic buttons above and below the cara-
pace to avoid abrasion of the carapace and passed a
flexible lanyard (monofilament fishing line, 400 1b
[ca. 181 kg] test) through the hole. The transmitter
was then secured to the lanyard with a metal crimp
and a swivel. To prevent entanglement, the lanyard
length was kept very short, and, to avoid long-term
encumbrance, swivels and crimps were corrodible,
designed to break away with age. The attachment
process took 7 to 10 min, and was performed when
the turtle was covering the nest after laying eggs.

Satellite transmitters

Standard MK-10 PAT Tags (Wildlife Computers)
were customized by us to slightly increase buoyancy
and to ensure that the transmitter assumed an upright
position when the turtle stopped forward movement.
Fitted with a small syntactic foam collar, each satellite
transmitter weighed ~115g (~0.2% of the turtle
mass). More importantly, they were hydrodynami-
cally shaped to minimize drag and trailed behind the
turtle in what we calculated to be the turtle's slip-
stream as it swam (Logan & Morreale 1994). The
transmitters had a buoyancy of approximately 36 g,
which was sufficient to bring the antenna of the trans-
mitter to the surface when the turtle surfaced to
breathe. Tags were programmed with duty cycles of
10 h on:14 h off daily to optimize battery life, trans-
mitting 5 h during the night and 5 h during daylight.
The archival transmitter sampled and summarized
diving data (dive depth, dive duration, and time at
depth) stored in categorized bins —dive depths: 5, 10,

15, 20, 25, 30, 35, 40, 45, 50, 75, 100, and 200 m and
dive durations: 2, 5, 10, 20, 30, 40, 50, 60 and 90 min.

Track analysis

All turtle locations were obtained through the
Argos satellite telemetry system (www.ARGOS-
system.org). A Bayesian switching state-space model
(SSSM) (Jonsen et al. 2007) was applied to all raw
Argos-acquired locations. The SSSM allowed us to
generate daily positions and construct an individual
track for each turtle (N = 10). The transition equation
that modeled the movement dynamics (Patterson et
al. 2008) included a process model for each of 2 be-
havioral modes (Jonsen et al. 2005). Behavioral Mode
1 represented transiting behavior, and Mode 2 repre-
sented foraging behavior (or area-restricted search,
ARS behavior) (Bailey et al. 2008, 2009). The SSSM
was fitted using the R software package (R Develop-
ment Core Team 2008) and WinBUGS software
(Lunn et al. 2000). The model was run with 2 chains
for 30 000 Markov Chain Monte Carlo (MCMC) sam-
ples with a 10 000 burn-in (thin = 5).

Post-nesting movements

For all spatial referencing, mapping, and plotting
of turtle tracks, and range and habitat-use analyses,
we used ArcGIS Version 9.3 (www.esri.com). Based
on daily locations estimated with the SSSM, for each
turtle we calculated distance traveled per day and
total distance traveled during migration. We ex-
cluded from this analysis only the turtles for which
migration was tracked for <2 d. To determine
whether turtle size influenced migration distance, we
tested for correlation between the CCL of the tagged
turtles and both the total distances traveled and the
mean daily distance traveled during migration.

Foraging areas

Once behavioral modes were determined from the
SSSM, we separated the locations isolating the ARS
behavior to analyze the areas used by the turtles dur-
ing foraging. We used 100 % minimum convex poly-
gons (MCP) to analyze the ranges during foraging for
each individual. The MCPs were calculated using
Hawth's Analysis Tools for ArcGIS. MCP areas were
based on the minimum distance of outer locations for
each turtle in the foraging areas, including all loca-
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tions classified as ARS behavior. Additionally, we
performed a fixed kernel density analysis (KDA)
using the least-squares-cross-validation method
(LSCV) to calculate the smoothing factor (Worton
1989). Core areas were determined by the 50 and
95 % utilization distribution (UD). For these analyses,
we used Home Range Tools for ArcGIS (Rodgers et
al. 2005). The KDA was performed individually for
each female (N = 8) to ensure that the variation in the
duration of the transmissions did not influence the
analysis.

Dive behavior

Dive depths and dive durations for each individual
were recorded and stored by the PAT tags and sum-
marized into bins, which were transmitted later
through the Argos satellite system. Thus, frequency
histograms of accumulated diving activity were con-
densed into 14 depth and 14 duration categories,
which we preselected. Each histogram was summa-
rized in 4 h intervals, which allowed us to compare
diving patterns for different segments of the day and
between day and night. Using these behavioral histo-
grams, we also calculated the proportion of depth of
dives and dive duration during migration and forag-
ing for each turtle (1-way ANOVA). In addition, we
compared the diving depths of turtles among differ-
ent foraging areas. Statistical analyses were per-
formed using SPSS Statistics Software (www-01.
ibm.com/software/analytics/spss/). Data were trans-
formed, when necessary, using arcsine transforma-
tion, to meet the assumption of normal distribution.
Statistical significance was set at the 0.05 level.

RESULTS
Post-nesting movements

All 10 of the post-reproductive turtles initiated
post-nesting movements soon after the attachment of
satellite transmitters, and did not return to the nest-
ing beach during that season. The duration of trans-
missions from the satellite transmitters ranged from
2510 102 d (mean + SD = 62.2 + 27.9 d). Even though
the batteries of the transmitters lasted for a shorter
time than expected, the time was sufficient to track 9
of the 10 turtles to the foraging areas and recover
information on turtle foraging for an average of 55 d
(range = 18 to 89 d). The movements of all turtles,
whether of short or long duration, conveyed them
from the nesting beach to neritic foraging grounds, at
net distances from 0 to 1086 km away (Table 1). Most
of the turtles moved northwards after nesting; 2 indi-
viduals took up residence nearby; and 1 of the 10 tur-
tles moved southwards, ending up in coastal waters
of Panama. This turtle (Turtle 2) exhibited the longest
migration, traveling approximately 1086 km south-
wards (Fig. 2). Three of the northward moving turtles
migrated through Nicaraguan waters (approximately
270, 390, and 430 km, respectively); one settled into a
feeding pattern in the region off the Gulf of Fonseca,
and one foraged in an area from southern Guatemala
to northern Nicaragua (Fig. 3). Four other turtles
traveled northwards, migrating only short distances
(from 62 to 98 km) to the Gulf of Santa Elena in north-
ern Costa Rica (Fig. 4). Two turtles stayed in the
vicinity of the nesting beach and took up residency in
the nearby Gulf of Papagayo (Fig. 5), approximately
5 km north of the nesting beach, and during this time

Table 1. Chelonia mydas. Post-nesting movements of East Pacific green turtles with satellite transmitters attached at Nombre

de Jests, Costa Rica. CCL: curved carapace length; total tracking: duration of satellite transmissions; migration: calculated

number of days individuals took to reach foraging areas; track length: length of track covered exclusively during migration;

foraging: track duration while on foraging grounds; MCPs: total area of minimum convex polygons (MCPs were created based
on all locations within foraging areas). na: not available

Turtle ID Date CCL Total Foraging Migration  Track length  Foraging MCP
(dd/mm/yy) (cm) tracking (d) ground (@) (km) (d) (km?)
1 17/10/06 77.5 29 Off Nicaragua® 29 430 na na
2 24/08/07 91.4 70 Gulf of Panama 26 1086 45 315
3 16/01/09 78.1 54 Off Nicaragua® 17 390 33 4927
4 24/01/09 84.0 63 Gulf of Papagayo 0 0 58 1130
5 10/09/09 87.7 89 Gulf of Elena 3 66 84 1173
6 23/10/09 88.0 80 Off Nicaragua® 10 270 71 12061
7 25/10/09 81.4 25 Gulf of Papagayo 0 0 18 598
8 27/10/09 86.0 26 Gulf of Elena 3 98 18 3035
9 13/11/09 82.5 84 Gulf of Elena 1 77 77 18335
10 18/11/09 84.4 102 Gulf of Elena 1 62 89 2477
“Location where turtles started area-restricted search behavior
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Fig. 2. Chelonia mydas. Post-nesting movement of 1 East Pacific green turtle from Nombre de Jesus (NJ), Costa Rica (CR). This

individual (Turtle 2) migrated to the Gulf of Panama (GPA, approximately 1086 km). Dashed line indicates the foraging area

represented by 100% minimum convex polygon (MCP). MCP includes all locations for Turtle 2 during foraging (area-
restricted search behavior). NI: Nicaragua; PA: Panama; GSM: Gulf of San Miguel

Fig. 3. Chelonia mydas. Post-nesting movements of 3
East Pacific green turtles from Nombre de Jestus (NJ),
Costa Rica (CR). Turtles 1, 3, and 6 migrated (approx-
imately 430, 390, and 270 km, respectively) to waters
off northern Nicaragua. Dashed lines for Turtles 3
and 6 indicate the foraging areas represented by
100 % minimum convex polygons (MCP) which were
located in waters off the Gulf of Fonseca (GF) and
from southern Guatemala (GT) to northern Nicaragua
(NI), respectively. MCPs include all locations for indi-
vidual turtles during foraging (area-restricted search
behavior). EV: El Salvador; HN: Honduras

90° W 88°
there was no record or other indication of the turtles pleted. There was no significant correlation between
going to any beach within the Gulf of Papagayo. CCL and the length of the track (Pearson's correla-
Turtle size did not appear to influence the magni- tion: r=0.3 p=0.380, N =6). Nor was there an appar-

tude of migratory movement after nesting was com- ent relationship between size and speed of travel.
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Fig. 4. Chelonia mydas. Post-nesting movements of 4 East Pacific green turtles from Nombre de Jests (NJ), Costa Rica (CR).
Turtles 5, 8, 9, and 10 performed short post-nesting movements to the Gulf of Santa Elena (GSE), approximately 75 km from
the nesting beach. Dashed lines indicate the foraging areas represented by 100 % minimum convex polygons (MCP). MCPs in-
clude all locations for individual turtles during foraging (area-restricted search behavior). NI: Nicaragua; SEP: Santa
Elena Peninsula; GP: Gulf of Papagayo
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Fig. 5. Chelonia mydas. Foraging areas of 2 East Pacific green turtles from Nombre de Jestus (NJ), Costa Rica (CR), represented

by 100 % minimum convex polygons (MCP, dashed lines). Each MCP includes all locations for individual turtles during forag-

ing. Although Turtles 4 and 7 moved north of the nesting beach they stayed within the Gulf of Papagayo (GP), demonstrating
local residency. NI: Nicaragua; GSE: Gulf of Santa Elena; SEP: Santa Elena Peninsula
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The mean daily net distance during migration was
calculated to be 37.0 km (+8.4 SD), and was not sig-
nificantly correlated with CCL (Pearson's correlation:
r=0.599, p =0.209, N = 6).

Foraging areas

Atleast 9 of the 10 tagged turtles reached foraging
areas. Satellite transmissions were received from
Turtle 1 for 29 d and ceased while the turtle was still
moving steadily northwards. Once the turtles reached
foraging grounds, the calculated area of their MCPs
ranged from 315 to 18 335 km? (Table 1, Figs. 2 to 5).
Interestingly, there was no significant correlation
between the number of days classified as foraging
and the area of the polygons (Pearson's correlation:
r = 0.352, p = 0.353, N = 9). In addition, the size of
each polygon was not significantly correlated with
the foraging area (Pearson's correlation: r=0.133, p =
0.733, N = 9). In all, we identified 4 separate coastal
foraging grounds for this nesting population. The
most northern of the foraging areas extended from
off the coast of southern Guatemala to northern
Nicaragua. This area was somewhat elongated, be-
cause turtles changed from migratory to ARS behav-
ior when they reached the waters off northern
Nicaragua. Two of the foraging areas were in north-
ern Costa Rica waters: one in the Gulf of Santa Elena
and another in the Gulf of Papagayo. The southern-
most foraging area was in the westernmost portion of
the Gulf of Panama. Combined, the distribution of
observed foraging grounds highlights the impor-
tance of the coast of Central America for this rookery
located in northwestern Costa Rica.

Although the northward-migrating turtles switched
to ARS behavior near the Gulf of Fonseca, none of the
turtles foraged inside the gulf. Instead, they adopted
what appeared to be a coastal feeding strategy. This
was in sharp contrast to the individual that migrated
to the Gulf of Panama that took up residence for the
remainder of the track (45 d more until transmissions
ceased) in the sheltered waters of the Gulf of San
Miguel (Fig. 2). For the turtles foraging in the area of
the Gulf of Santa Elena and the Gulf of Papagayo in
Costa Rica, the KDA demonstrated that the main
areas used included a mixture of both nearshore and
offshore waters (Fig. 6). The 50% UD in the Gulf of
Papagayo included approximately 250 km?, which
represented about 30 % of the total area of the gulf.
In the Gulf of Santa Elena, the 50% UD of approxi-
mately 300 km? extended far offshore, but corre-
sponded to about 60 % of the gulf's area. Turtles for-

L,
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Fig. 6. Chelonia mydas. Fixed kernel density analysis (KDA)

for 8 East Pacific green turtles from Nombre de Jesus (NJ),

Costa Rica (CR), during foraging. The KDA was performed

individually for each turtle because of the differences in

track duration. Red: 50 % utilization distribution (UD); yel-

low: 95% UD. GT: Guatemala; EV: El Salvador; HN:
Honduras; NI: Nicaragua

aging along the coast off northern Nicaragua, Hon-
duras, El Salvador, and southern Guatemala occu-
pied a substantially wider range (950 km?, 50 % UD).
Daily movements during foraging (mean + SD = 12.8
+ 3.4 km) were not significantly correlated to turtle
size (Pearson's correlation: r = -0.80, p = 0.838,
N =09).

Dive behavior

When all dive data were pooled together, we found
significant differences among the overall duration of
dives (ANOVA: F = 3.125; df = 8, 108; p = 0.003;
N =9), with 2 min dives and 40 min dives being the
most frequent behaviors observed (Fig. 7a). How-
ever, a Bonferroni post hoc multiple comparison test
revealed significant differences only between 2 and
90 min, and 40 and 90 min (p = 0.010 and p = 0.011,
respectively). There was no significant difference (1-
way ANOVA: F=1.218; df = 8, 108; p = 0.295) in the
mean duration of dives between migration and forag-
ing behaviors. However, the distribution of dive du-
rations during foraging appeared a little more uni-
form than during migration, with turtles performing
79 % of their dives between 2 and 40 min. In compar-
ison, during migrations, there was more of a pro-
nounced bimodal distribution in dive duration, with
peaks between 2 and 5 min (32%) and between 40
and 60 min (46 %; Fig. 7a).
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There were also significant differences among the
depths to which the dives were performed (ANOVA:
F=11.046; df =12,104; p=0.0001). Dives to 5 m were
far more frequent (Bonferroni post hoc multiple com-
parison: p < 0.0001) than deeper dives (Fig. 7b).
Dive depth profiles were similar during post-nesting
migrations and while foraging (with no significant
difference in the depths of the dives during the
migration and foraging phases; ANOVA: F = 1.23;
df =12,104; p = 0.273). Individuals exhibited variabil-
ity in diving behavior, using different depths even
within the same foraging area, and there was greater
variation between individuals than between foraging
locations (Fig. 8). Among the turtles foraging in the
Gulf of Santa Elena, a majority of dives were to a
depth of 5 m, whereas turtles foraging off Honduras,
El Salvador, and Guatemala used different depths,
ranging from 5 to 80 m; while Turtle 3 did not show a
strong tendency to use a certain depth, Turtle 6 car-
ried out 52 % of the dives in the first 5 m of the water
column. Turtles foraging in the Gulf of Papagayo
used different depth ranges, i.e. Turtle 4 mainly used
the first 15 m of the water column and Turtle 7 dove
most frequently to a depth of 70 m.

During migration and foraging, turtles used similar
depths during day and night (migration, ANOVA: F=
0.036; df = 1, 21; p = 0.850 and foraging, ANOVA: F=
0.048; df = 1, 21; p = 0.828). Similarly, there were no
significant differences in submergence duration
between day and night, either during migration
(ANOVA: F = 0.001; df = 1,17, p = 0.973) or during

E Migration [ Foraging
251 a
20
154
104
S "2 "5 T 10 " 20 3 ' 40 ' 50 ' 60 ' 9 | >90
P . .
Q 40 4 Duration (min) Fig. 7. Chelonia mydas. (a) Duration
o b of dives (min) performed by East Pa-
cific green turtles during migration
30 and foraging. We found significant
differences between the overall du-
20 ration of dives, but not between mi-
gration and foraging. (b) Depth of
dives (m) during migration and for-
10+ aging. There were significant differ-
ences between dive depths, with div-
04 ing to 5 m being more frequent than
5 10 15 20 25 30 35 40 45 50 70 100 any deeper depths. Error bars = SE
Depth (m)

foraging (ANOVA: F=0.147, df = 1,17; p = 0.706). It
was noted, however, that during foraging, there were
2 predominant durations of dives at night: short dives
(2 min, 22%) and long dives (from 20 to 40 min,
49%); whereas during the day the duration of the
dives varied widely from 5 to 40 min.

DISCUSSION

This is the first detailed study of post-nesting
movements and foraging areas of East Pacific green
turtles Chelonia mydas nesting in Costa Rica. Even
short-distance movements allowed us to collect valu-
able information on migratory movements away from
the nesting beach, which conveyed at least 9 of the
10 turtles to foraging areas along the Pacific coast of
Central America.

Post-nesting movements

The East Pacific green turtles nesting at Nombre
de Jesus, Costa Rica, exhibited at least 3 different
migratory strategies, which transported the turtles
from 5 to >1000 km from the nesting beach. One dis-
tinct migratory pattern carried the turtles far north
into waters off the coast of Nicaragua, El Salvador,
and Guatemala, while another turtle migrated
>1000 km southward to Panama. A notable finding
from this telemetry study is the discovery of a local
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Fig. 8. Chelonia mydas. Depth of submergences of East Pacific green turtles during foraging at different feeding grounds.

Turtles 3 and 6 (Off Nicaragua) stopped migratory behavior in the waters off northern Nicaragua but foraged northward. Gulf

of Santa Elena shows pooled data for 4 individuals because of the small variation among them (error bars = SE); Gulf of
Papagayo, Turtles 4 and 7; Gulf of Panama, Turtle 2

resident population of foraging adult green turtles as
close as 5 km to the nesting beach in the Gulf of
Papagayo. We consider the 2 turtles that initiated
resident foraging in the Gulf of Papagayo as part of a
slightly expanded group that included 4 other indi-
viduals that exhibited foraging behavior in the
neighboring Gulf of Santa Elena. It is possible that
these 6 females are representative of a group of year-
round residents of adult green turtles that live off the
Pacific coast of northern Costa Rica and southern
Nicaragua. Similar residency behavior has also been
observed for Pacific green turtles nesting in the Gala-
pagos Islands and remaining within 75 km of the
nesting beach (Seminoff et al. 2008). Migration is
driven by ecological factors, such as seasonality,
body size, environment, etc. (Alerstam et al. 2003,
Dingle & Drake 2007). But migration also has a high
cost in terms of energy (Alerstam et al. 2003). The
turtles nesting at Nombre de Jests probably have the
resources needed for survival, such as food availabil-
ity, environmental conditions, etc. close to the nest-

ing beach, and these factors have driven a group of
turtles to reside in the same area where they repro-
duce. This may increase their reproductive frequency
in comparison to turtles from the same rookery that
migrate longer distances.

Interestingly, it has been reported previously that a
green turtle nesting in the Galapagos also migrated
to the Gulf of Papagayo (Green 1984), so green tur-
tles from different rookeries in the eastern Pacific
may share the same feeding grounds. Indeed, this
also appears to be the case for the turtles that exhib-
ited the 2 other migration strategies in the present
telemetry study. Two of the 3 turtles that migrated
northwards, from 250 to 500 km from the nesting
beach, appeared to settle into a foraging mode in
coastal shelf waters extending from northern Nicara-
gua to southern Guatemala. These same coastal wa-
ters off El Salvador and Guatemala have been de-
scribed previously to be important foraging grounds
for green turtles nesting farther north in Michoacan,
Mexico (Alvarado & Figueroa 1992), and for turtles
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nesting in the Galapagos (Seminoff et al. 2008). Also,
turtles from the Galapagos and Mexico are known to
forage at Gorgona Island, Colombia (Amorocho et al.
2012). Additionally, turtles from the Galapagos are
known to move eastwards to the Gulf of Panama
(Green 1984, Seminoff et al. 2008), the same region
where our southward-migrating turtle remained in
foraging mode for at least 45 d until transmissions
ceased.

Post-nesting turtles from this rookery did not under-
take oceanic migrations, as has been reported for
other populations of post-nesting green turtles (Cheng
2000, Hays et al. 2002). Rather, after nesting in Pacific
Costa Rica, female turtles stayed within coastal areas,
even when migrating >1000 km. Although it was not
always the shortest distance to the foraging area, all
but one of the green turtles migrated along relatively
shallow, coastal waters. Nevertheless, variations in
strategies exist from population to population. For
example, post-nesting green turtles migrating from
Tortuguero to Nicaragua, Honduras, and Belize in
the Caribbean used both strategies (Troéng et al.
2005). Seven of these turtles migrated through coastal
waters, and 3 turtles circled in oceanic waters before
migrating northwards (Troéng et al. 2005). This is also
the case for Galapagos green turtles (Seminoff et al.
2008). Based on previous information we cannot rule
out the possibility of Costa Rican green turtles migrat-
ing through oceanic areas.

After nesting in Taiwan, Australia, and Mexico, sea
turtles have been reported to stop and forage along
the way to their final destination (Cheng 2000, Whit-
ing et al. 2007, Cuevas et al. 2008). Such browsing
behavior may reduce the overall cost of migration
(Godley et al. 2002) and could explain the differences
in migration durations for turtles migrating from
Nombre de Jesus to the same feeding grounds. In the
present study, several of the turtles migrated through
what appeared to be suitable foraging areas, such as
the Gulfs of Papagayo and Santa Elena, but contin-
ued their northward migrations. Similarly, the turtle
that migrated to Panama moved through the coastal
waters of Costa Rica, which have been reported as
potential foraging areas for green turtles from Mex-
ico (Alvarado & Figueroa 1992) and the Galapagos
(Green 1984). The observed behavior of turtles pass-
ing through zones that may offer needed resources in
favor of a more distant destination raises the question
of how individuals select foraging sites. Studies on
other populations have attributed such behavior to
food resource limitation, proximity to over-wintering
sites, and territorial defense (Broderick et al. 2007). In
the present study, we discard the possibility of the

turtles being closer to overwintering sites, and we
find improbable an explanation of resource limita-
tion, because other turtles stopped and remained to
forage in the same areas. In addition, turtle body size
is not related to migration distances and ultimate for-
aging sites, unlike the relationship observed in
migrating turtles from Galapagos nesting beaches
(Seminoff et al. 2008). Instead, we suggest that the
turtles selected these foraging areas as juveniles or
sub-adults as a consequence of their early dispersal
patterns, and, as adults, continued migrations in
response to fidelity to a specific foraging area (Brod-
erick et al. 2007). This may also be the case for
resident turtles.

The mean daily speed of travel during migration
for this population (~37 km d™!), is comparable to that
of travel for Galapagos green turtles (Seminoff et
al. 2008), and slower than that of green turtles from
Tortuguero, Costa Rica, which traveled an average of
58 km d! to reach foraging grounds (Troéng et al.
2005). Also, green turtles nesting in Taiwan moved an
average of 43 km d! to the continental shelf of China
(Cheng 2000). Turtles from the Pacific coast of Costa
Rica did not show significant differences in speed of
travel related to body size, but, overall, green turtles
elsewhere are larger than in the eastern Pacific
(Pritchard 1997) and, as a consequence, may travel
faster. Greater speed of travel, however, may also re-
flect a lack of intervening foraging habitats, the need
to travel greater distances than turtles at Nombre de
Jests, or whether travel is oceanic or neritic.

Foraging areas

We identified at least 4 feeding grounds in which
there were remarkable differences in the area used.
Calculated foraging range sizes varied from 315 to
18335 km?. These home ranges are larger, in gen-
eral, than those reported for other sea turtles (Semi-
noff et al. 2002a, Makowski et al. 2006, Whiting et al.
2007).

The 2 turtles that foraged over the largest area did
so in 2 very different manners. One of these ap-
peared to begin foraging in coastal waters offshore of
Nicaragua and then continued, moving past Hon-
duras and El Salvador to southern Guatemala, dis-
playing ARS behavior the entire time. The KDA ana-
lysis showed that this turtle focused on different
places within the extended range, presumably ex-
ploring patchy food resources in coastal waters. This
behavior probably continued, as the turtle was still
moving at the end of the transmission, 80 d after leav-
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ing the beach; therefore, we suggest that the forag-
ing ground for this individual may be larger than the
one reported here. In contrast, 1 of the 4 turtles that
foraged in the Gulf of Santa Elena extended its forag-
ing area by moving >200 km directly offshore to
oceanic waters, reaching areas with depths >4000 m.

At the other extreme was the turtle that moved
southwards to Panama and, once there, foraged in-
side the Gulf of San Miguel using only 315 km? dur-
ing 45 d of foraging. Whereas the turtle in Panama
was probably feeding in sea grass pastures and estu-
ary-influenced benthic environments, the turtle that
moved far offshore of Santa Elena may have been
consuming surface macroalgae and other plankton,
such as jellyfish (Quinones et al. 2010). Overall, dif-
ferences in the use of foraging areas could be due to
different foraging strategies (Godley et al. 2003) and
food availability at the different sites or within the
same area (Seminoff et al. 2002b). Coral reefs are
present along the coasts of Guatemala, El Salvador,
Nicaragua, and Costa Rica (Glynn & Ault 2000). In
these regions macroalgae are also present from 0.5 to
approximately 20 m in depth (Ferndndez & Alvarado
2008, Bernecker & Wehrtmann 2009). Patches of co-
ral and the widespread occurrence of rocky reefs,
and their associated species of algae and inverte-
brates, could explain the strong affiliation for shelf
waters exhibited by at least 8 of the foraging turtles,
i.e. most of their time spent in the foraging mode was
in waters shallower than 100 m. Even though we
described 4 foraging areas for turtles nesting in Nom-
bre de Jesus, based on previous studies that reported
several foraging grounds for East Pacific green tur-
tles (Alvarado & Figueroa 1992, Seminoff et al.
2002a, Lopez-Mendilaharsu et al. 2005, Seminoff et
al. 2008, Amorocho et al. 2012), we believe that this
nesting population may have other feeding grounds
in addition to those reported here.

Diving behavior

For turtles within foraging areas, the distribution of
dive durations was relatively uniform, ranging from 2
to 90 min, with a tendency toward longer dives at
night. The wide variation in dive durations during
daytime foraging probably reflected a similar diver-
sity of individual foraging strategies and even differ-
ent behaviors of the same individual. Besides feed-
ing, turtles carry out other activities, such as resting,
moving from patch to patch, exploring the area
(Seminoff & Jones 2006), or even performing self-
cleaning behavior (Heithaus et al. 2002). Much of the

variation in foraging behavior is likely related to the
environmental characteristics of the specific foraging
area and the type, quantity, and distribution of food
available at the site. For the turtles observed in this
study foraging in northern Costa Rica and north-
wards, the variation in diving patterns was consistent
with animals moving from patch to patch, probably
feeding among rocky and coral reefs.

Dive depths were much more highly skewed, with
a predominance of dives to depths shallower than
5 m and a vast majority shallower than 30 m. In gen-
eral, green turtles can forage in benthic environ-
ments, ranging from 3 to 32 m, or in the mid-water
column (Seminoff et al. 2006). In the present study,
foraging turtles probably exhibited both behaviors.
The 4 turtles foraging within the Gulf of Santa Elena
probably foraged on the bottom while in the near-
shore environment. However, when 2 of the turtles
from that area made excursions to deep-water envi-
ronments, they continued to dive only to shallow
depths, indicating that they were foraging on surface
or mid-water animals, or floating algae. A similar,
shallow-water diving pattern was observed in all of
the coastal areas, reinforcing the view of turtles mov-
ing from patch to patch, feeding mainly in shallow
waters on the bottom or on reefs. In addition, the pro-
portion of shallow and short dives at night within for-
aging areas indicated that these turtles were not try-
ing to achieve neutral buoyancy in deeper water to
rest (Hays et al. 2000), but were resting very close to
or at the surface, similar to the unique internesting
behavior reported for this same nesting population
(Blanco et al. in press).

Conservation implications

The Endangered East Pacific green turtles nesting
in northwestern Costa Rica may spend all of their life
as adults in coastal areas of Central America, and,
thus, the coastal nature of their movements makes
them vulnerable to human activities. Declines in dif-
ferent populations of sea turtles in the region, from
both the Pacific and Caribbean coasts, have been at-
tributed to bycatch by fisheries, both industrial and lo-
cal (Spotila et al. 2000, Lewison et al. 2004, Troéng et
al. 2005, Wallace et al. 2010). Additionally, one of the
identified threats for green turtles in the Pacific is the
incidental capture from coastal fisheries (Chaloupka
et al. 2004). There is a lack of information on the inter-
action between East Pacific green turtles and fisheries
in Central America. Swimmer et al. (2006) recovered
a number of olive ridleys caught in shallow set gear
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along the Pacific coast of Costa Rica, and Koch et al.
(2006) reported high sea turtle bycatch in Baja Cali-
fornia, Mexico. Capture of internesting East Pacific
green turtles in artisanal fishing gear has previously
been reported (Blanco et al. in press). The information
provided in the present study suggests that there may
be frequent interactions among East Pacific green tur-
tles and artisanal fisheries that operate in coastal wa-
ters, extending from northern Costa Rica to at least as
far north as southern Guatemala. The fact that migrat-
ing and foraging turtles swim through the waters of
several countries makes management interventions
more complex and calls for conservation and fisheries
bycatch reduction agreements among several nations.
Undoubtedly, more information is needed in order to
understand the severity of the impacts of coastal fish-
ing and to develop a targeted and effective manage-
ment strategy for this Endangered population.
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