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Ecology and Conservation of Green Turtles
in the Nearshore Waters of Waikiki Beach

by Russell K. Miya' and George H. Balazs'

The Hawaiian green turtle, Chelonia mydas,
has been listed and protected under the U.S.
Endangered Species Act since 1978. Equiva-
lent legal protection is also afforded by the
State of Hawai'i. Selected nearshore foraging
and resting habitats in the main Hawaiian
Islands have been a focus of research on this
species. On O‘ahu, sites such as Kane‘ohe
Bay, Kawela Bay, Maunalua Bay, and West
Beach are among the important areas used by
green turtles for such purposes (Balazs et al.
1987, Balazs and Pooley 1991). Additionally,
inrecent years, an area has been identified off
Waikiki Beach where prominent sightings of
turtles occur on a daily basis. The area fronts
the Sheraton Waikiki Hotel (21°16'48"N,
157°49'59"W) and is unique because of the
number of tourists swimming, snorkeling,
and even sunbathing on air mattresses while
the turtles swim and feed around them. In the
past, Waikiki has not been a haven for sea
turtles, although occasionally they were re-
ported there. It would appear that only in the
past 3-5 years has the number of turtles off
‘Waikiki increased and their presence become
more visible.

An effort was made in the present study
to better define the ecology and conservation
status of the aggregation of turtles fronting the
hotel. Research was undertaken to gather
basic information on several important as-
pects, including the environmental character-
istics of the habitats used by the turtles for
feeding and underwater resting, the approxi-
mate number of wirtles present and their size
classes, the daily feeding patterns and food
sources, and any adverse impacts tothe turtles,
both from humans as weil as from natural
factors such as disease and shark predation.

A recovery plan to promote the biologi-
cal recovery and long-term conservation of
green turtles in the Hawaiian Islands has been
prepared (NMFS 1992). The work that was
undertaken off Waikiki is consistent with
several recommendations for field research

contained in the recovery plan.

Methods

Between October 1990 and August1991,
20 underwater surveys were conducted to
determine the environmental characteristics
of the study area. including foraging sites and
resting habitats. This was accomplished by
snorkeling in and around the general area
where the turtles were seen. Visual surveys
were conducted from the shoreline to observe
(1) turtles foraging and (2) the characteristics
of the nearshore and intertidal habitats. In
addition, the study site was observed from the
upper floors (usually aroomon the 12thfloor)
of the hotel, providing an ideal vantage point
for sighting and censusing turtles.

Capture methods consisted of (1) entrap-
ment in large mesh nets previously used to
safely sample turtles at other sites in Hawai‘i
and (2) capwre by hand while skin diving.
Once a turtle was captured it was tagged for
long-term identification. Two different tags
were used—a highly visible blue plastic tag
and a tag made of the highly corrosion resis-
tant alloy, Inconel. Two or three tags were
applied toeach turtle. depending onthe size of
the animal. Tagging sites consisted of the
trailing edges of the front and rear flippers.
Besides tagging, painted letters were applied
to each turtle’s carapace to facilitate short-
term recognition from a distance.

Body measurements and weight were
recorded for each turtle. Measurements in-
cluded straight-line and curved carapace
length, straight-line and curved carapace
width. and straight-line plastronlength. Other
measurements included head width. right front
flipper width, and tail length.

Food sources were determined by sam-
pling the turtle’s mouth shortly after capture,
or by gently inserting a plastic tube lubricated
with vegetable oil into the esophagus to the
upper portion of the fore-stomach (crop).
Seawater was then infused at a low pressure

toflush food particles for collection and iden-
tification (Balazs 1980: in press).

Results
Environmental setting

Waikiki Beach is located on the south
shore of the Island of O*ahu and extends from
the Ala Wai Yacht Harbor to Diamond Head.
a distance of about 3 km. It is, undoubtedly.
the most visited beach in all the Hawaiian
Islands and ranks among the best recognized
tourist destinations worldwide. The number
of beachgoers onany givenday canreachinto
the thousands. One of two main areas, where
tagging occurred, fronts the Sheraton Waikiki
Hotel. This site is divided by an old seawall
that extends seaward for about 30 m and
curves toward Diamond Head, parallel to
shore, for 20 m. This seawall was used in our
capture efforts as a barrier to trap turtles by
rapidly swimming out a net to form an enclo-
sure while a turtile was seen feeding. Both
sides of the seawall close to shore are shallow
with a depth of 1-2 m. The majority of the
bottom here consists of sand with some hard
calcareous substrate. Patches of vertical reef
start approximately where the seawall starts
to curve.

A second site discovered during the
course of the study that became a focus for
tagging is located at 21°16'35"N,
157°49'35"W in water 3 m deep about 300 m
off the Kapahulu seawall. The Kapahulu sea-
wall is located 600 m east of the Sheraton
Waikiki. This site, designated in our work as
“Grace's Ledge.” was ideal for hand captur-
ing turties frequently found resting in the
recess of this limestone structure. Three other
smaller recesses a short distance away were
found to be used occasionally by turtles for
resting.

On five occasions, surveys were made
along the intertidal shoreline of Waikiki to
look for fecal pellets. No pellets were encoun-
tered. This was considered an important find-
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Table 1.——Body measurements and weights of 15 green turtles captured off Waikiki
Beach.

G = Grace's Ledge. N = Natatonum, and S = Sheraton Waikiki Hotel

Carapace length (cm)

Primary Plastron Weight
tag No. Date and site Straight Curved length (cm) (kg)
NR4¢ 4-26-91 () 37.6 395 31.2 1.7
N84< 4-26-91(S) 42.0 45.0 335 10.9
NS535 11-15-90(G) 42.5 455 345 12.3
N842 4-26-91 (S) 429 46.0 338 109
N776 3-28-91(Q) 43.2 46.5 337 12.7
N573 12-20-90 (N) 437 47.0 347 13.6
N741 3-15-9L(S) 4.7 470 353 150
N778 3-29-91(G) 489 53.0 40.2 16.4
N570 12-14-90(G) 49.5 53.0 40.7 20.5
N691 3-1-91(S) 499 533 39.7 214
N781 3-29-91(G) 60.1 63.5 47.1 286
Y47 12-14-90(G) 61.2 65.0 19.9 355
N793 4-5-91(S) 61.3 65.2 9.5 32.7
N744 3-15-91(S) 69.3 74.0 S6.1 514
N796 4-5-91 (S) 80.7 86.2 64.4 81.8

Table 2—Identification of dietary components flushed from four green turtles

captured off Waikiki Beach.

Primary tag No./ Straight carapace %o
study site/date length (cm) Samnple contents Composition
N691-Sheraton Waikiki  49.9 Spyridia filamentosa 30
3-1-91 Gelidium pusillum 30
Laurencia nidifica 20
Dictvota friabilis 10
Ulva fasciata 10
Lyngbya sp. Trace
Ceramuim sp. Trace
Amphipods (commensural)  Trace
N74|-Sheraton Waikiki  47.7 Pterocladia capillacea 80
3-1591 Hypnea musciformis 15
Acanthophora spicifera 5
Ectocarpus indicus Trace
Sargassum sp. Trace
N§44-Sheraton Waikiki  42.0 Hypnea musciformis 45
42691 Sargassum sp. 30
Ulva rericulara 15
Paper 10
Ectocarpus indicus Trace
N776-Grace’s Ledge 432 Uhva fasciara 100
3-28-91 Terrestrial plant material Trace
Amphipods (commensurat)  Trace
Unidentitied spine Trace

ing because of the large number of beach
users and the potential for negative public
reaction if large numbers washed ashore
(Balazs et al. 1990).

Ecological aspects of turties captured

Netting efforts conducted on six occa-
sions in front of the Sheraton Waikiki Hotel
resulted in eight turtles being captured ( Table
1). Six of the turtles were caught on the Sheraton
(west) side of the seawall. and two were
caught on the Diamond Head (east) side bor-
dering the Royal Hawaiian Hotel. All netting
attempts were conducted in the laie afternoon
because the number of turtles observed from
the hotel room was consistently greater at that
time of day. Six turties were hand captured at
Grace’s Ledge {one turtle was caught twice).
and one was caught in front of the Waikiki
Natatorium. Ali turtles were captured during
the day as nighttime efforts were not at-
tempted. The straight carapace lengths of the
15 turtles captured ranged from 37.6-80.7 cm.
Their weights ranged trom 8-82 kg (Table 1).
The largest turtle, the only adult captured. was
determined to be a maturing male on the basis
of its long, thick tail.

Stomach samples collected from four of
the trtles resulted in the identification of
several species of benthic algae (Table 2).
Two of the three turtles captured in front of
the Sheraton Waikiki contained Hvpnea
musciformis, a red alga inroduced to the
Hawaiian Islands from Floridain1974 (Abbont
1987. Russell and Balazs. in prep.). One of the
turtles at Grace's Ledge sampled for stomach
contents was found to have been feeding
exclusively on the green alga. Ulva fasciaia.
Ulva fasciata and U. reticulata were both
highly visible species atthe Sheraton Waikiki
study site. Various other algae and related
samples shown in Table 3 were identified
from the external surfaces of the turtles.

Over the 10 months of this study. three
turtles were found dead along Waikiki Beach.
Two ot these turtles died from obvious boat
propeller slashes. The third turtle (tag N535).
which was the first turtle tagged at Grace's
Ledge. died from entanglement and forced
submergence in a fisherman’s gilinet. ident-
fication of the stomach contents of the three
turtles revealed that considerable foraging
had taken place on H. nuesciformis. Ulva spp..
Codium spp.. and Pterocladia capillucea
(Table 4).

Eight of the 15 turties captured showed
some evidence of external injury or abnor-
mality. although in most instances they were
minor. One turtle (tag N535) had obvious
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healed puncture marks from a threeprong
(Hawaiian sling) spear on its head.

One of the turtles captured at Grace's
Ledge (tag Y47) had been originally tagged in
December 1989 after being found entangied
in a fisherman’s gillnet set in shallow water
off the Kapahulu seawall. A Waikiki life-
guard rescued the turtle and turned it in to the
Waikiki Aquarium. A few days later the turtle
was tagged and transported for release by one
of us (GHB) to Kawaikui Beach Park. about
8 km east of Waikiki on O‘ahu’s south shore.
During the one year period following its
release the turtle grew 3.6 cm in straight
carapace length. This same turtle was recap-
tured a second time (again at Grace's Ledge)
after 4 more months in the wild. The growth
during this period was 1.2 cm in straight
carapace length. These rates are relatively
rapid compared to turtles residing at other
sites thus far studied in the Hawaiian Islands
(Balazs 1982).

Submergence intervals (breath-hold
times) were recorded on two turtles that were
meticulously observed from a room at the
Sheraton Waikiki Hotel. Both turtles were
foraging during this period. Their average
submergence times were relatively short (1
min 46 sec, and 2 min 11 sec). Submergence
times ranged from 35 sec to 3 min 30'sec (n=
32).

Foraging habitat appraisal

Surveys conducted from shore and un-
derwater demonstrated an abundance of vari-
ous algae in the nearshore waters fronting the
hotel. Algae that were highly abundant in-
cluded U. reticulata and U. fasciata. An as-
sortment of detached algae was also seen
along the sand bottomadjacent to the seawall.
Loose algae collected were identified as
Codium spp., Sargassum spp.. and H.
musciformis.

The number and frequency of turtles
sighted from shore were always greater dur-
ing late afternoon 1o early evening than in the
morning and early afternoon. Also. the num-
ber of turties sighted was greater during these
times when high tides occurred.

Underwater surveys taken at Grace's
Ledge indicated that there were no foraging
habitats in the immediate vicinity.

Resting habitat appraisal

Hawaiian green turtles spend most of
their time foraging. resting on the bottom. and
swimming to the surface to breathe. The
turtles” resting periods are often spent at the
bottom in or near caves, reef outcroppings.

Table 3.—Identification of samples scraped from the external surfaces of three green

12-14-90

turtles off Waikiki Beach.
Primary tag No./ Straight carapace %
study site length (cm) Sample contents Composition

N741-Sheraton Waikiki 4.7 Sphacelaria furcigera 90

3-15-91 Achrochaetuim sp. 10
Chaetomorpha gracilis Trace
Lyngbya sp. Trace
Round worm

N744-Sheraton Watkiki ~ 69.3 5 Ozobranchus branchiatus

3-15-91 on front flipper

Y47-Grace's Ledge 62.4 1 O. branchiatus in mouth

ledges, or crevices. Two important resting
locations were discovered in this study—
Grace’s Ledge and a site known as Canyons.
Canyons is located about 400 m off Fort
DeRussy in Waikiki, in water 10 m deep at
21°1638"N, 157°50'32"W. This site was
brought to our attention by personnel of the
vessel Explorer operated by Atlantis Reef
Divers. The Explorer visits this site daily to
conduct scuba diving with tourists and other

clients. In addition to resting motionless on
the bottom. turtles have been seen at this
location being “cleaned” by surgeon fish and
wrasses. Additional studies are needed for a
better understanding of the significance of
this behavior and what factors contribute to
the establishment of discrete cleaning sta-
tions.

John Wilson, a video specialist and pro-
fessional diver on the Explorer, reported the

Table 4.—Identification of dietary components from three green turtles found dead on

Waikiki Beach.
Primary tag No/  Straight carapace %
cause/date length (cm) Sample contents Composition
Propeller slashes 53.0 Ulva reticulata 90
10-9-90 Acanthophora spicifera 5
Amansia glomerata Trace
Champia parvula Trace
Gelidiella acerosa Trace
Gracilaria coronopifolia  Trace
Lyngbya majuscula Trace
Z227 Gillnet mortality 425 Hypnea musciformia 30
12-17-90 Prerocladia capillacea 30
Ulva reticulata 25
Codium edule 15
Acanthophora spicifera  Trace
Propeller slashes 50.0 Ulva fasciata 50
4-3-91 Pterocladia capillacea 40
Amansia glomerara 10
Brvopsis pennata Trace
Polvsiphonia howei Trace
Cellophane Trace
Fishing line Trace
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underwater sighting of three tagged turtles at
Canyons. Two of these turties (tags N842 and
N844)had been netted in front of the Sheraton
Waikiki. and the other (1ag N570) had been
hand-captured at Grace's Ledge.

Adverse impacts to the population

Severaj potential and actual impacts to
the turtles off Waikiki were identified in this
study. in addition to the ones previously men-
tioned relating to boat collisions and gillnets.
Plastics and other synthetic debris were com-
monly seen along the beach and in the
nearshore waters. Buovant litter of this nature
can be ingested by or can entangle sea turtles
and have harmful effects (Balazs 1985). One
of the turtles (tag N844) sampled off the
Sheraton Waikiki was found to have eaten
paper (Table 2).

Disease and predation bv sharks were
not identitied in this study as major factors.
On one occusion. a turtle was observed with
asection of its carapace missing. but heaied.
This may have resulted fromimpact by aboat.
or trom shark attack.

During the course of the study only one
turtle was sighted with fibropapillomas (tu-
mors). This turtle was seen at Canyons and
documented on videotape by John Wilson as
being in poor condition because of emacia-
tion and numerous large tumors. The turtle
was subsequently found dead—washed ashore
at Magic Island near Ala Moana Beach Park.
immediately west of Waikiki Beach. The
prevalence of tumors on green turties is sub-
stantially greater at several other locations on
Orahu and elsewhere throughout the Hawai-
ian Islands. Forexample. in Kaneohe Bay an
estirnated 50% of the wrtles are afflicted with
this disease (Balazs and Pooley 1991).

Other potential adverse impacts from
humans were discovered at Grace's Ledge
during November 1990. An illegal mooring
buoy was found attached to the ledge by a
chain and rope. immediately over the turtle
resting site. Three possible consequences
could have resulied from this mooring had it
not been reported to authorities and subse-
quently removed. First.the mooring line could
have entangled a turtle. causing it to drown.
Secondly. power boats using the mooring
increased the likelihood of collision with a
turtie. And lastly. the buoy served to “"mark™
the ledge thereby attracting visitors to it and
increasing the level of disturbance.

Conclusions
During this 10-month study 15 turtles
were captured. tagged, and released oft

Waikiki Beach. Only one species. the green
turtle, was encountered. Green turties feed in
shallow waters within 100 m of shore. and
were commonly seen engaged in this activity
infrontof the Sheraton Waikiki. Food sources
utilized off Waikiki Beach consisted prima-
rity of the benthic algae U. fasciawa. U.
reticulata. H. musciformis. P. capiflacea.
Spyridiafilameniosa. and Gelidiwn pusillum.
Sizes of the turtles tagged ranged from 37.6
cm(8kg)to 80.7 cm (82 kg). Resting habitats
for wrtles were identified at Grace's Ledge
off the Kapahulu seawail and at Canyons off
Fort DeRussy. None of the turtles tagged and
released had signs of disease. although one
turtle was seen with fibropapiliomas. and
subsequent to this study a few others with the
disease have been reported in the area. The
findings from this study lead to the tentative
conclusion that the green turtie population oft
Waikiki Beach is reiatively large (perhaps >
100 individuals), and in a generally healthy
condition. However. adverse impacis espe-
cially from gillnet fishing and boat wraffic are
causes for concern that should be addressed.
Efforts need to be made toenhance the protec-
tion of these turtles and the habitats upon
which they depend. The educational and
ecotourism aspects of viewing turtles in a
benign fashion. from both above and below
the water. should be promoted wherever pos-
sible.
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