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L Introduction

Pacific loggerhead turtles (Caretta caretta), once they hatched at southem coast of Japan, migrate over thousands

kilometers to foraging grounds. Once they reached sexual maturity, they shuttle between foraging and breeding
grounds. Recently, it has been reported that the number of nesting loggerhead turtles have been declined, and one of
the major threats could be accidental catch by fishery gears (Hatase et al. 2002). It is urgently required to understand
their underwater behaviour for proper conservation of this threatened species. Recent development in animal-bore
recorder (data logger) threw a light on understanding of their diving behaviours. In this study, to understand fine-
scale diving behaviours, data loggers were deployed on loggerhead turtles migrating to Sanriku coastal water. The

objectives of this study are to find out any dives reflecting turtles’ traveling behaviour, and to examine fine-scale

orientation of turtles during travel under natural environment.

IL Methods

During August to October 2006, data loggers 3MPD3GT,
Little Leonardo, Tokyo) were attached to loggerhead turtles
(Caretta caretta) accidentally caught by set nets around
Otsuchi Bay, Iwate. Instrumented turtles were released
from the center of the Otsuchi Bay (Fig.1). In this study,
auto-releasing system (Watanabe et al. 2004) was used. By
retrieving data loggers automatically released by turtles
after 6 to 15 hours after the release, diving data of 5 turtles
were obtained. Data loggers recorded depth, temperature,
swim speed and heading at 1-s intervals, respectively, and
flipper movements and body angles at every 1/32 s,
respectively. Each dive was categorized into 6 dive types
according to the shape of dive in the time-depth plot (Fig.
2). Applying calculation introduced in the study by Johnson
& Tyack (2003), 3-dimentional traces of dives were
reconstructed. To find out what dives reflected turtles’
traveling behaviour, any period that turtles kept travel
straightly for 30 min were examined. For dominant dive
types during the straight travel period, headings during
dives were analyzed at 1-s intervals to discuss possible
orientation mechanism in turtles.

1L Results and Discussion
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Fig.1. Map of study site at Sanriku coastal water, Iwate

Point of turtle release, locations of logger recoveries sited, and
positions of set net in Otsuchi Bay were indicated as X, @, and O,
respectively.
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Fig2 General shape of each dive type performed by loggerhead turtles

Five turtles released at the center of Otsuchi Bay swam toward the mouth or outside of the Otsuchi Bay (Fig.1). In
total, 1220 dives were recorded during 66.5 hours. During periods of straight travel, turtles performed many Type-3



and shallow dives (Fig.3), which accounted 41% and 20% of
total straight travel duration. Many of Type-3 dives during
straight travel periods were consecutive with a few minutes of
surfacing periods in between 2 dives (Fig3 (A)). During Type-3
dives, turtles swam toward a certain direction. However,
difference in heading direction between at the start of dive and the
end of a Type-3 dive (Figd.(D) were significantly positively
correlated with both dive duration, and maximum dive depth. It
revealed that heading direction deviated during dives. For 2
consecutive Type-3 dives, differences in heading directions
between at the start of 2 consecutive dives (Fig4(®) were
significantly smaller than that between at the start and the end of a
dive (Fig. 4QD). During surface periods in between consecutive
Type-3 dives, heading direction changes rapidly. Therefore, it
was suggested that turtles corrected their heading direction at the
surface. On the other hand, during consecutive shallow dives
(Fig.3 (B)), which also frequently observed in the periods of
straight travel, turtles swam toward a certain direction. Variations
in heading during consecutive shallow dives were significantly
smaller than that in surface period during consecutive Type-3
dives. The result suggested that turtles could sense the direction of
travel better at the surface or at the shallow depth, rather than
deep underwater. Many controlled experiments had been proved
that turtles have ability to use geomagnetic cues for their
orientation (Lohmann & Lohmann 2006). Turtles in this

experiment, however, showed rapid heading changes during
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Fig3. Anexample of travel by instrumented turtle

Black indicates the periods of straight travel whereas grey
indicates other periods. (A) indicates Type-3 dives and (b)
indicates shallow dives, respectively. X is the releasing point.
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Fig 4. Anillustration of consecutive Type-3 dives

O indicates the startof dive and B indicates the end of the dive
Difterences in heading direction were compared in combination
showedin D and @) .

surface periods in between Type-3 dives, which may be direction-searching behaviour. If turtles strongly relied on

geomagnetic information, such searching behaviour would not be necessary because geomagnetic information does

exist underwater. Therefore, it is suggested from this study that orientation mechanisms of free ranging turtles relied

more on some information, which is more available at the surface (e.g. continuous incoming waves from the mouth

of the bay), than geomagnetic cues.
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