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INTRODUCTION

Punalu'u is a small sheltered bay on the southeast coastiawaii feed primarily on benthic algae in the rocky forag-
of the Ka'u district on the Island of Hawaii. The area is ing pastures around the eight major Hawaiian Islands. The
county park and a popular tourist stop and has been a greeimary food source for green turtles at Punalu'u is an inter-
turtle study site since 1976. Green turtl€b€lonia mydas tidal red algaPterocladia capillacea(Balazset al, 1994).
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Green turtles are known to spend most of their time feedifigirtle 257 was electronically monitored for a total of 249
or resting underwater. Foraging behavior of green turtlesdsays, and data from 226 days were used in this study (days
well documented and in Hawaii is typically characterized bipst represent time when TDR memory was full). The data
numerous short dives in shallow water (<3 m) with shofor the day after each capture/release were not used in this
surface intervals (<5 sec) (Balazs, 1980). Resting periosisidy as our work elsewhere indicates that capture/release
are characterized by longer dives (>20 min) in deeper watehanges normal behavior for approximately 24 hours. Data
The amount of time that turtles spend foraging versus restas downloaded in the field using the Wildlife Computers,
ing is still largely unknown. Previous studies have observedc. interface hardware and a Macintosh Powerbook.
foraging and resting behavior over relatively short periods  The data obtained showed a depth reading for the turtle
of time (Ogderet al, 1983; Brillet al,1994; Balazs, 1995).In every minute giving 1440 data points each day. If Turtle 257
addition to feeding and resting behavior, turtles in Hawalieft the water to bask, the total time basking was recorded.
have been exhibiting a new behavior, terrestrial emergen€ach day's data were graphed and analyzed as to whether
(basking). Basking behavior, mainly involving adults, hathe depth and breath-hold profiles represented resting or for-
been known for many years to occur in the Northwesteaging behavior. Diving profile characteristics were evalu-
Hawaiian Islands (Whittow and Balazs, 1982), but was rarefted based on observations at Punalu'u and experience from
observed in the main islands until recently (Balazs, 199%jther sites in Hawaii. Diving profiles were characterized as
The reasons for basking behavior in green turtles are uesting dives (dives to a relatively constant depth for more
known although several theories have been postulatdthn 20 minutes), and foraging dives (generally short, shal-
(Garnett, 1984; Swimmet al, 1996). At Punalu'u, several low dives from 0 to 3 M). Terrestrial emergence (basking)
sub-adult and juvenile turtles regularly crawl out onto thkehavior was noted as dry periods by the TDR and is repre-
black sand beach and bask. This behavior is normally okented as a negative depth (-4 meters) by the analysis soft-
served during the day, but lack of night-time observationgare. Figure 1 shows a sample 24 hours of data with resting,
makes it difficult to know the frequency of nocturnal baskforaging and basking periods indicated.

ing. The purpose of our study was to determine the relative

allocation of time given to each of the three major behavioRESULTS

(diving, basking and foraging) over an extended period of

fime Resting Dives: Resting dives showed a depth range

from 4 to 38.5 meters. The average depth of resting dives
was 12.9 M. Dives deeper than 14 meters were uncommon
and appeared to be exploratory dives. Resting dives had a

Data were obtained from November 15, 1996 to Julyean duration of 59 minutes with a range of 20 to 117 min-
22,1997 from a sub-adult green turtle hand captured in shales. On the average, there were 12 resting dives per day
low water using snorkeling equipment at Punalu'u, Hawaiwith a range of 2 to 25. Surface intervals during resting dives
This turtle, hereafter known as Turtle 257, was first captured/eraged 2.8 minutes (N=84). None of the data indicates
at Punalu'u in July, 1990. Turtle 257 had an apparent 7 y&laat Turtle 257 made resting dives inside the bay, although
history of residency at Punalu'u. At the time the TDR ande have occasionally observed a few animals resting on the
sonic tag were applied, the turtle measured 72.5 cm in straigplottom in the bay during night observations.
carapace length and it weighed 52.5 kg. Terrestrial Basking:

A Wildlife Computers, Inc. MK5 time-depth recorder, Turtle 257 exhibited basking behavior on 64 days (82
and a Sonotronics, Inc. CHP-87-L sonic tag, were attachedidences) for a total of 176 hours or 3.2% of the observed
to the third lateral scute on the right side of the carapace. flime. The average length of terrestrial basking was 130 min
set the MK5 and sonic tag in place, a two part silicon elagith a range of 7 to 945 min. Basking has normally been
tomer was first applied to the base of the tags which weobserved to occur during the day, but data from Turtle 257
then placed on the sanded and cleaned scute. The tags whmved that terrestrial basking does occur at night. While
safely and securely attached using pigmented polyester relsasking normally began during the middle of the day (me-
and fiberglass cloth. In addition, a small square of fiberglas&an 1100 hours), there were 10 occasions when basking con-
cloth was placed high on the second lateral scute on the k&fiued into the night for a total of 44.4 hours or 25% of the
side to facilitate identification during field observations.Twdotal basking time. Basking was never initiated after dark.
students from the University of Hawaii, Hilo conducted vi-The reason(s) turtles bask is still not understood. It is clear,
sual searches from shore and while snorkeling in the bay bowever, that the behavior accounts for a significant portion
23 different days. The observations of the turtle's locatioof Turtle 257's behavior.
behavior and activity were noted along with the time and  Foraging Behavior:
date. These data were later compared with the TDR datato Dives made in shallow water for short periods of time
associate certain behaviors with specific MK5 datwere interpreted as foraging behavior. TDR dive profiles do
profiles.The MK5 sampling protocol was set to record deptiot allow ready determination of dive time or surface inter-
every minute. When the tag was out of the water, samplingls, but direct observations and data from other observers
was suspended and the time of emergence was recordgde dive times of 4 to 8 min. with a mean of 4.5 min. Forag-

MATERIALS AND METHODS
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ing turtles normally take one breath between feeding bouts The use of TDR's in the study of green turtle behavior
and are only on the surface for a matter of seconds. Numbas revealed significant information about their daily diving
ous green turtles can commonly be found feeding in shallamd basking patterns. Continuing work using TDR's at sev-
water at Punalu'u during daylight hours when the tide is meral locations in Hawaii will undoubtedly clarify many of
dium to high.Pterocladia capillaceais an intertidal algae the questions raised in this study.

and the tide must be medium to high for the turtles to access

it. Often turtles were observed with their entire carapadd TERATURE CITED:
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Figure 1. Sample 24 hour diving profile for Turtle 257 showing resting tumor-bearing juvenile green turtleSHelonia mydas

dives, foregin and basking behavior. L.) within foraging area in the Hawaiian islandlsExper.

Mar. Bio. Ecol.185:203-218.
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8.9 hours/day. The range of foraging time was between 0 in the gulf of carpentari€Copeia no. 1. pp. 262-264.
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a number of factors. Before green turtles in Hawaii were turtles Chelonia mydas.) in St. Croix United States
fully protected in 1978, they fed nocturnally at Punalu'u. Since Virgin Islands.). Exp. Mar. Biol. Ecol66.. 199-205.

that time, they have begun to feed primarily during day"grgwimmer, J.Y.B., G.C. Whittow, and G.H. Balazs. 1996.

hours. Seventy-two percent of foraging behavior in Turtle A . Lo .
.. Atmospheric basking in the Hawaiian green turtle,
257 occurred between the hours of 0600 and 1800. Thisisin Chelonia mydas Comparisons of tumored and non-
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257 in particular. . ; .

. . Symposium on Sea Turtle Biology and Conservation.
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hibited a consistent behavior pattern over time. Turtle ZVIhittow G.C. and G.H. Balazs. 1982. Basking behavior of
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larly visit the area and has at least a 7 year residency history Science36(2): 129-139

at Punalu'u. On the average, Turtle 257's daily behavior pat-
tern was divided into approximately 12 hours of resting dives,
9 hours of foraging behavior, 1 hour of basking behavior
and 2 hours of surface/travel time. The range of time de-
voted to various activities was very large. There were days
when no foraging behavior was exhibited and the total time
was allocated to resting dives. On other days, the foraging
behavior was nearly continuous for up to 20 hours. Terres-
trial basking occurred approximately every 3.5 days through-
out the monitored period and averaged 130 minutes per emer-
gence. The factors involved in promoting this variability re-
main to be determined. Tidal level, food availability, weather
and other factors undoubtedly influence green turtle behav-
ior.
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