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Abstract Four green turtle females were racked by
satellite during their post-reproductive migration in the
South China Sea, Three of them reached their feeding
grounds 923-1551 km distant. During nesting activity.
alemale was displaced twice. and her return trips to the
nesting beach from 11 and 284 km were tracked by
a direction-recording data-logger and by satellite. re-
spectively. Part of the Journeys occurred couastwise.
dicating that leading geographical features had heen
utilised. The straightness of the turtles' tracks in open
scas, both over shallow and deep waters, and their
ability to pinpoint distant targets and home alter dis-
placement off their usual routes. provides circumstan-
tal evidence for a true navigation mechanism.

Key words Green sea turtle - Migration -
Satellite tracking

Homing -

Abbreviation P17 platform transmitier termina|

Introduction

Like many bird species. migrating sea turtles arc able 1o
reach very distant. specific targets which may even he
mall isolated oceanic islands (Carr 1972, 19840 In
pite of its mterest. the unsctiled question about the
“ruidance mechanism(s) through the apparently cucless
uniformity of the occan has hardly been mvestigated.
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A possible first step in tuckling the problem is recon-
struction ol the routes followed by the turtles in open
seas. which is Facilitated by the satellite tracking tech-
nique (see Renaud o al. 1993 Balazs ¢l al. 1994 for
references). Successive steps might consist in displace-
ment experiments and manipulation of SENSOTY -
formation. two approaches which remain in their
preliminary stages (Baldwin 1972 Carr 1972). An
important contribution may also be derived from on-
entation experiments on hatchlings, which are available
m large numbers and can be casily subjected to laborat-
ory tests (e.gs Lohmann and Lohmann 1993),

The green turtle is the best known species as far as
nugratory travels and ability to pinpoint small isolated
targets are concerned (Carr 1972, 1984: Balazs 1994:
Balazs ctal 1994). A recent satellite tracking of a female
migrating in the South China Sea has permitted some
ferences on turtle mechanisms of navigation (Papi
clal 1995), and paved the way for further experiments
on the same nesting community, Qur study 15 a part of
arescarch program on the biology and migration of
West Malavsian green turtles. The present paper re-
ports results of interest lor an understanding of the
navigational mechanisms of sea turtles, Liew et al,
(1995) have reported elsewhere the original data from
the Argos satellite-based system on the locations ob-
Lined from the four taretles considered in the present
I'!'Elp'\,‘l'.

Materials and methods

Phe Females we trached were caoght in e sommer of the 1994 while
nesting o the Chagar Hutang beach (5 495N, 103 00 of Puliu
R, an ishand located 45 ko ofl the coqst of Ferenggann, Penin-
subar Mabocsa, The ceg lving of the turtles on this beach has been
regulirly monitored sinee 1993 (he internesting activity has becn
obpect of orevent stady i Liew and Chan 1993,

Phe trsmitters inked 1w the Aveos svstem (Taillade 19923 were
Telonics ST-30 Phe method esed e attach them o turtles s die-
serthed i detinl by Liew et al (1995 An improved model of the
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route recording device developed by Brameiti e al, (19585 see alsae
DallAntonie et al 1993 and previously used on bieds dloald et al.
ity Dl Amtemia et ol V9930 was implemented in one of e twao
heming esperinents by inserting i o waterprool case attached 1o
the tartle corapace. The deviee records the anele between the turtly
By exs aomd mnagnetic North every s, Following recovery ol 1he
device. the stored dati pernats route reconstrig o,

The turtles were ehosen wmong those which, on the Basis of therr
Previows nesting aetivily i e scison, were expected o be aboul e
feve Tor the Teeding grovnds, Torles B, CLand 13 were equipped
with the PTT inmediately affer nesting and le free o start migra-
b, Conversely, tartde A was canght when it landed 1o nest, ws
pecvented frome nesting, o seon lter was equipped with the roote
recorder amd displuced by Boat e be released m the open sey
LR NCATer her retorn v the Beach, she was allowed to nest and
wits wsaed Lter o second displacement experiment, | e turtle wis
liest travnsported 1ot mambind by boan aond then southwards by
vt She was Anally copuipped wath o PTT amd released ot a siie on
the Malay cist Coast i3 17750 103 2515 253 kin South ol Reding
altera trp Listing 15 |,

The locations for fixes) calenlaied by the satellines were assigned
B Argos oosin classes on the hasis ol therr estimated acecuray,
In Figs. | 3 the locations of the Tour hest classes are odicaned
by lilled o apen dots, those of e twe worst chvsses by asterisks or
X Inreconstrocting the tracks those fives which were claly erron-
cows lindiced mothe Ogores byoa Yo uprizghn or overtured) were
disregarded, und the hroken line jonmme e valid lises was
smoothed to compensate Tor the approsimation of the lives, The

phitted tracks have been wsed 1o ronghly calenbne the length A of

the turtle™s coursesamother method emploved was that of caleulating
the length B by adding the sezments of the broken line, Usually, the
Formier methiod produces nnderestivined salues fespecnaily when 1he
fves are widely spaced). wlile the latter gives an overestioed
lenvgt b fespeciadly i the opposite casel The values obtained witl the
P methouds e given as distance A and B respectively. The tnp
wits assumed toostan from the fiest Gy Tollowed b o comnsistent
mvenment lowards the feeding grounds, As arrnaal poat we con-
stdered vhe Test i inside the aren wheee 1he tuetde then remiined
wandering sround, The distance (hee-line) between starting and
arrival poinds is derived From the losodromse rowte, the orthadeonie
ronte haing for the distanees amd Bitnodes considered virually
coincident. The ratio between distance and lensth of the roune
provciced the strasghiness medes (Batscheber 19510 which varics be-
Pween hand |

For the turtles whieh movigated m the open seawe lsve compared
dhivrnal vs nocturnal performance i erms of specd and directedness,
Toviehieve s woe e considerad e sewments bepween successive
lises travelled completely or mostv 4 = 90" during the aight or
ey Dnta froma sesments coverad i less than 120 min were eseluded
becise of there Tower relinbiling . Velociy comparison was carricd
oul using the Mann-Whitnes U-test (Sieecl 1936),

P Lveschs et als Gireen turile navigation

As regards the looning conrse trcked watly the route recorder, the
dasta stored in the memors were processed by soltwire running on
PO assuming i constant speed ol the turtle, This method. along with
any elliect ol current deifl, produced an error in the ealeulation ol the
wnd-port ol the oming ip, which tormed oot te be 19 km 1ol the
vesting heach, The track given in Figs 3 has been corrected Tor this
Crr.

Results
Migratory trips to the feeding grounds

The trackimg ol the turtles migrating to the feeding
arounds was suceessful. as the Tour PTTs applied al-
lowed the reconstruction of three complete migratory
tripsand o Lirge part of a fourth one (Figs. 1 and 2). The
mam features ol the four trips can be summarised as
[ollows.

Turtle 40 Afer having come back o the Redang area
from the sccond displacement (see later). this turtle
nested on Chagar Hutang beach on Septl. 8 and was
recorded i nugration on Sept. 9. The trp (Fig. 1)
consisted ol three legs: the first i open scas steering
castward, the second with a south-east bearing until the
Bruncr coast in Borneo was rveached. and the third
coastwise, north-cast up o the feeding grounds in
Subah. The distance (bee-line) between starting and
arrival points s 1376 km. and the Tength of the track
FOTSEAY TO06B) km. The value of the straighiness in-
dex s O8A) (LR6IBL The trip Tasted 29 d 20 b, with
aomean speed of 2225 0A) 2.241B) km he Emissions [rom
the resident grounds were recorded for 60 more days:
alter which we asked Argos 1o stop supplying data.

Fig, 1 Tracks ol tartdes Land B Depariures oceurred from Redang
Falaend dorcinted at the contre of the Lirge open virele on the T lefl,
Symhals oo close e the tracks indicate satelline locations: filled
o, Noand b orefer oo tuetle 1 epenr dors, eaevind s and orertmened
Voo tmede B The vectaegrdar areas woitly desbied borders an the right
ey ol the tichs sl the dreas whore the tartles were located after
mgraiion wis o pleted. Crber ecxplanations in the tead
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