
^  Aquatic Ecology 37: 183-190, 2003.
© 2003 Kluwer Academic Publishers. Printed in the Netherlands.

183

Swimming behaviour and dispersal patterns of headstarted loggerhead 
turtles Caretta caretta

I. Nagelkerken1’2 *, L.P.J.J. Pors2 and P. Hoetjes3’4
d e p a r tm e n t o f  A nim al Ecology and Ecophysiology, University o f  Nijmegen, Toernooiveld 1, Nijmegen, 6525  
ED, The Netherlands; 2Carmabi Foundation, P iscaderabaai z/n, P.O. B ox 2090, Curaçao, Netherlands 
Antilles; 3Curaçao Seaquarium, Bapor Kibra z/n. Curaçao, Netherlands Antilles; 4Current address: 
D epartm ent o f  Public Health and Environmental Hygiene, Environmental Section, Schouwburgweg 24 -  4th 
floor. Curaçao, Netherlands Antilles; ^Author fo r  correspondence (e-mail: i.nagelkerken@ sci.kun.nl; fax : + 
31-24-3652134)

Received 3 September 2001; accepted in revised form 22 November 2002

Key words: Captive-rearing, D ive perform ance, Hatchling behaviour, Offshore migration, Swimming speed 

Abstract

Swimming behaviour and dispersal patterns were studied in headstarted loggerhead turtles Caretta caretta which 
were released at three different sites on the Caribbean island of Curaçao (Netherlands A ntilles) and at one site on 
the neighbouring island of Klein Curaçao, after 1-2.5 yrs of captivity. Turtles were tagged and followed up to a 
distance of 6125 m  offshore, using a boat with a Global Positioning Unit. The released turtles reverted to typical 
hatchling behaviour and showed an offshore migration almost perpendicular to the coastline. No significant dif­
ferences were found in directional swimm ing among the four sites. The turtles swam  alm ost continuously about 
30 cm under the water surface; their mean overall swimm ing speed was higher than in adult w ild loggerheads 
suggesting a 'frenzy '-like swimming stage. The turtles exhibited diving behaviour, and the dive frequency and 
duration was com parable to that o f sim ilar-sized ( wild) turtles. The present study dem onstrates that upon release 
the headstarted loggerheads behave naturally and show dispersal patterns similar to wild hatchling turtles. The 
fact that the released turtles were still able to show offshore directional swimm ing suggests that the headstarting 
did not affect their short-term  orientation abilities.

Introduction

Sea turtles spend alm ost their entire life in marine or 
estuarine habitats and four ontogenetic stages of hab­
itat utilisation can be distinguished: 1) early juvenile 
nursery habitat (usually pelagic and oceanic), 2) later 
juvenile developm ental habitat (usually dem ersal and 
neritic), 3) adult foraging habitat, and 4) adult inter­
nesting and/or breeding habitat (M usick and Lim pus 
1997). Juvenile turtles m ostly hatch at night and once 
in the water show a 'frenzy ' period in which they 
swim almost continuously during one day in an off­
shore direction; this probably serves as a fast escape 
from  the shallow coastal waters which harbour many 
predators (W yneken and Salmon 1992). Under natu­
ral conditions hatchlings sequentially use three cues

to maintain their offshore migration (see review  by 
Lohm ann and Lohm ann (1996a): 1) when emerging 
from  their nests the hatchlings find the ocean by 
crawling towards the lower, brighter seaward horizon 
and away from the dark, elevated silhouettes of the 
vegetation and dunes, 2) upon entering the ocean the 
hatchlings orient seawards by swimming into the 
waves, and 3) after entering deeper water the 
hatchlings use the E arth 's magnetic field as a cue for 
com pass orientation (Lohmann and Lohmann 1996b). 
W hen reaching deep offshore waters, m ost turtles m i­
grate passively by drifting pelagically in oceanic 
gyres for a few years after which they recruit to de­
mersal coastal habitats. During their pelagic stage the 
turtles are often associated with floating mats of Sar­
gassum  weed where they feed on a variety of pelagic
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organism s (Carr 1986). W hen approaching maturity 
the turtles migrate to adult foraging habitats, and 
upon maturity and at the start of the nesting season 
they migrate toward their nesting beaches located in 
the region of their natal beaches (M usick and Lim pus 
1997).

Sea turtles have declined in num bers during the 
last few decades as a result o f hum an activities, to a 
point where they are considered threatened or endan­
gered on a world-wide basis. Human influences now ­
adays im pact every stage of their life cycle, and in­
clude destruction and alteration of nesting beaches 
and foraging habitats, pollution of the ocean and 
coastal zone, and intense fishing activities (Lutcavage 
et al. 1997). The sharp decline in the population size 
of sea turtles had led to various headstart programs, 
in which hatchlings are held in captivity during the 
initial part o f their life stage. The underlying assum p­
tion of these program s is that by helping the 
hatchlings through this vulnerable period when they 
are m ost subject to predation, their survivorship will 
increase and they will contribute more to the breed­
ing population (M rosovsky 1983). However, the re ­
sult of a large headstart program  in the K em p's ridley 
sea turtle Lepidochelys kem pi showed that after 1.5 
decade none of the 18,000 headstarted turtles had 
been recorded anywhere emerging to nest (Taubes 
1992).

Release of headstarted turtles suffers from several 
potential problems: 1) the turtles may becom e depen­
dant on food which is not readily available after they 
are released, 2) they m ay continue to associate the 
presence of hum ans with food, 3) they m ay undertake 
an offshore migration at a size at which they would 
norm ally be settling in coastal benthic habitats which 
provide for sufficient nutritional resources, 4) they 
m ay not properly develop their m igratory guidance 
system which is thought to be influenced by im print­
ing during their crawl to the sea, 5) upon release tur­
tles m ay be in a sub-optimal condition due to diseases 
or nutritional im balances, 6) the captive rearing may 
im pact the physiological developm ent o f the turtles 
(muscle development, diving response, immunology), 
and 7) as a result o f absence of predators during the 
rearing period they may becom e unw ary and fail to 
avoid sharks and hum ans (Pritchard 1980; M rosovsky 
1983; W oody 1991; Bowen et al. 1994).

Several studies have provided indirect evidence 
that released headstarted turtles show a different be­
haviour than wild turtles. Recaptures o f headstarted 
turtles suggested abnormal m igratory behaviour, and

turtles sometim es occurred in areas from which they 
had never been recorded (Bolten et al. 1990; M an- 
zella et al. 1991; Taubes 1992). Released captive- 
reared turtles have been observed to crawl back onto 
land a few days after their release, yearlings released 
in Sargassum  fields washed ashore within two weeks, 
while turtles have been captured while approaching 
hum ans (Ehrenfeld 1974; Taubes 1992).

Very little detailed or quantitative inform ation is 
present, however, on the effect of headstarting on the 
swimm ing behaviour and dispersal patterns of logger­
head turtles released back into the wild. M any studies 
on orientation cues of hatchling loggerhead turtles 
have been done in laboratory experim ents (Lohmann 
1991; Light et al. 1993; Lohmann et al. 1995). Lield 
studies have often been focussed on longer-term  m on­
itoring of dispersal patterns of adult wild turtles us­
ing satellite telem etry (Stoneburner 1982; Hays et al. 
1991; Renaud and Carpenter 1994), while direct ob­
servations in the field on swimm ing behaviour and 
dispersal patterns of loggerheads have mainly fo­
cussed on wild hatchling turtles (Lrick 1967; Salmon 
and W yneken 1987; W itherington 1991).

During A ugust 1993, a nest o f em erging hatchling 
loggerhead turtles was collected by beach visitors in 
Curaçao (Netherlands Antilles) and brought to the lo­
cal sea aquarium. After a headstart of 1-2.5 yrs, sev­
eral o f the surviving turtles were released back into 
the wild. G iven the concerns on the possible negative 
effects o f headstarting on turtle behaviour we studied 
the short-term  swimm ing behaviour and dispersal pat­
terns of released captive-reared loggerheads to deter­
m ine the characteristics o f their offshore migration.

Materials and methods

The loggerhead sea turtles studied in the present study 
hatched on a beach at the exposed north-east coast of 
Curaçao in A ugust 1993, and were collected by beach 
visitors who were concerned about their chances of 
survival. The hatchlings were collected in a box and 
brought to the Curaçao Seaquarium  where they were 
kept in the public aquaria. In 1994 and in 1995-1996, 
the Curaçao Seaquarium  decided to release some of 
the surviving loggerheads which provided us with the 
opportunity to study the swimm ing behaviour and 
dispersal patterns of 23 turtles.

Before release into the wild, each turtle was 
marked with a visual tag and a small radio transm it­
ter. The visual tag consisted of a small partly inflated
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( air) balloon attached to the turtle with a fine 6 m  long 
monofilam ent line and a rubber band (20 x 1 x 0.1 
cm). The rubber band was passed through a small 
hole drilled through a posterior marginal scute and 
was tied in a single knot, ju st a bit larger in size than 
the hole through the scute. Since the hole in the scute 
increases after some time, turtles which could not be 
recaptured to rem ove the tag before the end of the 
experim ent were presum ed to lose their tag autom ati­
cally (W itham et al. 1973). Only three turtles were 
lost w ith their tags still attached. This m ethod also 
could prevent turtles from drowning if  the m onofila­
m ent line becam e entangled on the reef, as the force 
exerted by the continued swimm ing of an entangled 
turtle would stretch the rubber band m aking the knot 
thinner, allowing it to slip through the hole in the 
scute (pers. observ.). Since m ost turtles swam directly 
offshore to the deep ocean this was not a major con­
cern in this study, how ever one turtle becam e entan­
gled on the coral reef, but lost its tag almost im m e­
diately.

Tagging with a radio transm itter was necessary to 
relocate the turtles after surfacing from dives deeper 
than 6 m  (i.e., the length of the monofilament line of 
the visual tag). The small transm itter was placed in­
side a 50 ml plastic bottle, w ith the 10 cm long an­
tenna sticking out through a small hole sealed with 
w aterproof silicone. The rem aining air space within 
the bottle was filled up with paper to reduce the buoy­
ancy. The plastic bottle was attached to the balloon. 
Total weight o f the tags was about 100 g which cor­
responded to on average 1.8% (range = 0.4-6 .5% ) of 
the turtles' total body weight. The balloon had a total 
air volum e of approxim ately 1 1 and did not appear to 
significantly affect the swimming behaviour of the 
turtles. The partly inflated balloon drifted on the w a­
ter surface and did not cause any significant drag, 
while the plastic bottle was m uch longer than wide 
so as to reduce the drag. The positive buoyancy of the 
tags m ay have affected the dive length or depth, how ­
ever. W hether the tags had any effect on the urge to 
dive is unknown, but as shown in the results the tur­
tles made frequent dives at which depths of > 35 m 
could be exceeded. A fter surfacing from a dive, the 
tagged turtles were relocated using a hand-held an­
tenna attached to a LA  12-DS Receiver (AVM Instru­
ments Company, Ltd., California, USA).

Upon release, the turtles were placed on the beach 
(at Seaquarium  on the rocky shore) about 4 -7  m  away 
from  the waterline, so they were forced to crawl to 
the sea by themselves. Once in the water, turtles were

followed by a boat at a distance of approxim ately 40 
m  behind the turtle. Initially, the turtles were followed 
at different angles to test for the effect of the p res­
ence of the boat on their behaviour. The turtles did 
not appear to be attracted nor scared off by the boat. 
The behaviour o f all released turtles was noted dur­
ing their dispersal and their position determ ined ev­
ery five m inutes using a Global Positioning System 
(Philips GPS M K6 navigator, ± 100 m). This proce­
dure was done for one turtle at a tim e and at the end 
of the experim ent the tags were recollected and the 
turtles set free.

A  total of 23 turtles were released between 1994 
and 1996 (Table 1, Figure 1). Ten headstarted logger­
heads were released at the sheltered pocket beach of 
Blauwbaai (Figure 2a) between 14 September and 6 
D ecem ber 1994, and three turtles were released from 
the more exposed rocky shore of Seaquarium  (Figure 
2b) on 2 October 1994, all at an age and time of cap­
tivity between 1 and 1.5 yrs and a size of 27.0-35.5 
cm SCL. About one year later, two turtles were re­
leased from  Blauwbaai (Figure 2a) on 13 Decem ber
1995, four turtles from the sheltered pocket beach of 
St. M ichielbaai (Figure 2c) between 4 and 9 January
1996, and four turtles from the sheltered beach of 
Klein Curaçao (Figure 2d), a small island located 11 
km  eastwards off the coast o f Curaçao, on 10 Febru­
ary 1996. A ll turtles released in the second year 
showed an age and tim e of captivity of about 2.5 yrs 
and a size between 43.0 and 57.0 cm  SCL.

During each release, the direction of the waves 
was m easured with a hand-held com pass. A ddition­
ally, the general direction (i.e., either north-west- 
w ardly or south-eastwardly) of the surface ocean cur­
rents was determ ined by tracking the direction of drift 
of a piece of slightly negatively buoyant rope (about 
30 m  long) which was tied to the boat at one side and 
thrown into the water, sinking to about 2 -5  m  depth.

Results

Swimming behaviour

During their release the loggerheads made fast pow- 
erstroke-style swimm ing m ovem ents while still held 
in the air and im m ediately started crawling towards 
the sea when put down onto the beach. Observations 
from  the boat through the clear ocean water showed 
that once in the water, the turtles submerged directly 
and swam  rapidly away from shore just above the
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Figure 1. Release sites at Curaçao and Klein Curaçao, and overview of the dispersal patterns of headstarted loggerheads. The fitted lines 
show the mean direction of dispersal for each turtle, as calculated from the original data on basis of least squares. Isobath lines around the 
islands show water depth in meters.

bottom  of the submarine reef terrace which slowly 
slopes off in a seaward direction (about 7 -9  m  depth 
over a horizontal distance of 50-200 m). A lm ost all 
turtles surfaced to take a first breath when reaching 
the end of the reef terrace (the 'd rop  o f f  zone), where 
the reef sharply plunges into the deep. Having thus 
reached the deep coastal waters, the turtles continued 
swimm ing offshore at a slower pace (strokes at least 
half as fast as over the reef terrace), always at about 
30 cm  under the water surface. About every 2 -3  m in­
utes the turtles briefly stopped to take a quick breath. 
The mean (± SD) overall swimm ing speed (i.e., total 
distance covered by each turtle divided by total time 
elapsed) was 0.57 ± 0.16 m .s-1 (range: 0 .33-0 .86 
m .s-1, n = 19, Table 1). A t tim es the turtles stopped 
swimm ing and made a dive (Table 1, mean: 1.7 ± 1.3 
dives h r -1, range: 0 dives-3.9 dives h r-1, n = 18). 
D ives were undertaken after taking a quick breath, 
and were characterised by the turtles swimm ing al­
m ost straight down and staying submerged for 0 .5-10  
m inutes (pooled mean for all dives: 4.6 ± 2.8 min., n 
= 18). D ive depths could not be recorded but ex­
ceeded depths at which the submerged tags could still 
be seen from the surface (approx. > 1 5  m). During 
two dives made by two different turtles near the steep

fore-reef, which w ere observed with snorkelling gear, 
dive depth exceeded about 35 m. A fter having cov­
ered a distance of 1-3 km  from shore, several o f the 
turtles stopped swimm ing and rested at the surface on 
one or more occasions (Table 1, mean: 0.3 ± 0.4 rests 
h r-1, range: 0 rests-1 .0  rests h r-1, n = 18) for 0 .5 -6  
m inutes (pooled mean for all rests: 2.5 ± 2 . 1  min., n 
= 18).

Offshore dispersal pattern

A significant proportion of all turtles (87 ± 14%; b i­
nomial approxim ation, W alpole and M yers (1978)) 
released across different years and different locations, 
swam offshore in a direction almost perpendicular to 
the coastline (Figures 1, 2). The mean orientation of 
the turtles (mean = 234°) did not differ significantly 
(F 3 19 = 1.69, W atson-W illiams test; Zar (1996)) be­
tween sites. There was no significant difference (p > 
0.05, M ann W hitney (7-test) observed in the mean 
swimm ing speed and rest frequency between the two 
age-classes (Table 1). Only the dive frequency was 
significantly higher in the 2.5 yr group (p = 0.013). 
Since size is more likely to affect swimm ing perform ­
ance than time of captivity, linear regressions were
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Figure 2. Dispersal patterns of headstarted loggerheads at (a) Blauwbaai (site of release: 12°7'58,9" N 68°58'40,8” W), (b) Seaquarium 
(12°5'18,3" N 68°53'28,3" W), (c) St. Michielbaai (12°8'44.6" N 68°59'32,5" W). and (d) Klein Curaçao (11°59'4.9" N 68°38'14,5" W). 
Stippled arrows indicate the mean heading of all turtles of each site. Turtles A 1-A 14 were 1—1.5 yrs of age, turtles B 1-B 10 were 2.5 yrs of 
age. Small arrows show the direction of the ocean waves. Waves coming in straight towards the coast were experienced by turtles A3 and B2. 
Turtles are numbered following Table 1.

also perform ed on the size data. The swimm ing speed 
and rest frequency did not increase linearly with 
length or weight o f the turtles (r2 < 0.07, linear re­
gression), although dive frequency did show a small 
positive correlation with length (r2 = 0.33) and weight 
(r2 = 0.35).

E ffect o f  deviating current direction

Three of the 23 turtles deviated from  the typical dis­
persal pattern, probably caused by unusual strong cur­
rents. A t Blauwbaai, turtle A7 experienced a very 
strong current (from the south-east) and did not get 
far out at sea, but showed a drift several kilom etres 
dow n-current instead (Figure 2a). Turtle B4 at St. 
M ichielbaai also experienced an unusual strong cur­
rent from the south-east and swam almost straight 
into the waves and current instead of in offshore di­
rection, resulting in an up-current deviation (Figure 
2c). Turtle A9 at Blauwbaai did not experience an 
unusual direction or strength of the ocean current, but

swam straight ahead resulting into a significant down- 
current drift (Figure 2a). A ll remaining turtles, on the 
other hand, regularly altered their offshore swimming 
direction (i.e., south-westerly) by swimm ing several 
m inutes straight into the direction of the waves or 
ocean current (i.e., south-easterly), which resulted in 
an offshore dispersal almost perpendicular to the 
coastline.

Discussion

The present study shows that the headstarted logger­
head turtles were still able to revert to typical 
hatchling behaviour after a time of captivity ranging 
between 1-2.5 yrs. Similar to hatchlings, the head- 
started loggerheads showed an initial prolonged dive 
following release. It cannot be ruled out, however, 
that this was an evasive reaction following release. 
A fter the prolonged dive the turtles continued sw im ­
ming just below  the water surface, surfacing regularly
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to take a short breath (Salmon and W yneken 1987). 
Just like hatchlings, the turtles swam straight offshore 
over deep water in a direction which was almost per­
pendicular to the coastline (Carr 1986; Salmon and 
W yneken 1987; Salmon and Lohm ann 1989; Wither- 
ington 1991), and did not rem ain disoriented in near­
shore waters as is the case for adult loggerheads. 
Likewise, Keinath (1993) found that headstarted log­
gerheads released after two years of captivity still 
showed hatchling swimming behaviour and migrated 
offshore. A  turtle released after three years, however, 
becam e dem ersal and showed the same behaviour as 
wild dem ersal juveniles. In the present study, various 
turtles had a size at which they are norm ally observed 
in shallow coastal waters, but an age at which they 
still have an oceanic existence (Carr 1986; M usick 
and Lim pus 1997). Since all turtles in the present 
study showed a hatchling offshore dispersal, it is sug­
gested that age is a more im portant trigger for the 
offshore migration than size.

The mean swimming speed of headstarted logger­
heads of 0.57 m .s-1 was higher than that o f adult log­
gerheads in the G ulf o f M exico (0.11-0.39 m .s-1, 
Renaud and Carpenter (1994)) and that of hatchling 
loggerheads during their frenzy swimming period 
(0.36 m .s-1, Salmon and W yneken (1987); 0 .23-0 .36 
m .s-1, W itherington (1991)). The high swimming 
speed of the headstarted turtles suggests a frenzy-like 
swimm ing stage, or some kind of escape reaction 
away from  the coast. The frenzy stage norm ally 
serves as a fast escape from  shallow coastal waters 
harbouring many predators (W yneken and Salmon 
1992). The presence of such a stage/reaction would 
explain the higher swimm ing speed com pared to wild 
adult turtles, whereas the larger size of the headstarted 
loggerheads and hence faster swimm ing capabilities 
m ay explain the higher swimm ing speed com pared to 
hatchlings in the frenzy stage.

The dive frequency (1.7 dives h r-1) was within the 
range noted for adult loggerheads (0.08 and 0.87 h r -1, 
Sakam oto et al. (1993); 3 .8-14.9 h r-1, Renaud and 
Carpenter (1994)), whereas the mean dive duration 
(4.6 min) was com parable to sim ilar-sized logger­
heads studied in outdoor tanks (1 .2-4 .9  min, Lutz and 
Bentley (1985)). The sim ilarity in dive perform ance 
between the headstarted turtles and large loggerheads 
as opposed to hatchlings is probably more related to 
size and physiological abilities than to differences in 
behaviour. It cannot be ruled out, however, that the 
positive buoyancy of the tags had an effect on the

dive behaviour such as suppressing the desire to dive 
and a reduction of the dive duration.

The majority of the turtles headed in a direction 
almost straight offshore, up to a distance of at least 
6125 m  from shore. Studies have shown that turtles 
can acquire a magnetic heading which leads them 
offshore, by crawling a short distance on land, by u s­
ing visual cues, and by swimm ing into the waves 
(Lohmann et al. 1997). The fact that the released tur­
tles were still able to show offshore directional sw im ­
m ing suggests that the headstarting had not affected 
their short-term  orientation abilities needed for their 
im m ediate offshore migration. Only three turtles 
showed a deviation in dispersal pattern, two of them 
suffering from  unusually strong ocean currents. One 
other turtle (A2) showed some erratic swimm ing be­
haviour at the end of the trial but no explanation 
could be found for this.

Several studies have suggested that headstarted 
turtles m ay not show normal behaviour upon release 
and feared that turtles would not survive. M ost con­
cerns are based on circum stantial data, however, since 
very few detailed studies are present on the behaviour 
of headstarted turtles after release. Several release and 
recapture studies on headstarted green and K em p's 
ridley turtles have shown long-term  and long-distance 
survival (W itham 1980; Fontaine et al. 1989; Wood 
and W ood 1993). The present study supports these 
findings by showing that upon release headstarted 
loggerheads show natural behaviour and dispersal 
patterns sim ilar to wild hatchling turtles, including the 
offshore migration. However, the long-term  effects of 
headstarting on dispersal o f the headstarted logger­
heads were not determ ined in the present study, and 
it rem ains unknown whether the headstarting in this 
study had any long-lasting effects on their survival.
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