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P.O. Box 950

W.H. SHIPMAN, LTD.

KEAAU
January 30, 1984 HAWAII ISLAND

Mational Marine Fisheries Service
Hanelulu Laboratory ;

P. 0. Box 3830

Honolulu, Hawaii 96812

Dear Mr. Balazs:

Thank you for your letter of Movember 21, 1983 and for all of the
interesting material on turtles.

I'm sorry that I was not on the island on November 25 - 28 when
you visited Hilo. I was on an extended trip to Japan, Taiwan and
Hong Kong.

If you are still interested in diving off of our coastline to
study turtles, please let me know. We often see turtles in the vici-
nity sometimes two or three. I would certainly be interested in
knowing what the turtle population is around here.

If there 15 anything we can do to assist you, I can be reached at
the office at 966-9325 and at home at 966-9711.

My wife Jackie is a turtle collector (not the 1ive kind!) and was
Eﬁpﬂtiﬂ]ly interested to see the beautiful chart of "Sea Turtles of
the World."

?uursﬁvary truly,

IS PELT

Roy/ 3 E]ackshear President
W. H. Sh1pmﬂn. Limited

ol
) :
ﬁa-ul j,‘“".

A Kamaagina Company Contributing to the Planned Growth of Hawaii” Phone: 1}

Keanu Hawsii 96749 Established 1923 (808 966-9325 _ 3,*:}
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the daughter of the cannibal woman Kaikapu. Ninole was beautiful but cruel.
While shie and her mother lived by the pools, the prople of Punalu'u were
afraid to go there for water,

The spring on the east side of the Ninole ponds was naned Kau-wale,
meaning “Useless-landing.” Here is why it was so nuned. Ninole the ogress
used to go to the beach near this spring, where she could be seen by men
passing in cances. She would beckon to them and they would come ashore.
She invited them to eat, and led them to the cave i which her mother lived.
When they entered, the cave piouth would close. The men were trapped ; some
were eaten, some were tormented and starved.

Puoxau'o

Punalu‘a is the name of a bay with a beach which, viewed from the sea,
wouldl perhaps have appealed more than any other along this coast to Poly-
nesian migrants from the south as a place for a landing and first settlement.
It is deep and sheltered enough to be shielded somewhat from the prevailing
winds, and it has a beach on which fishing canoes can comfortably lamd in
normal weather, Chester Lyman, in 1846 found &t “romantically situated on
the beach, shut in in part by a rough lava stream.” This bay is alao the best
i Ka'u for sheltering beached canoes. Now it is mounded quite high, and
thrust hack ; formerly it was more extensive, But still it has survived the tidal
waves which have swept other beaches away completely.

Pyunalu'y meang “Diving spring,” and takes its name from the fact that
for their drinking water the natives had to dive {hr'n) down in the bay to an
underwater spring (pra) some ways out from the shore. A man would take
gourds out to the place and dive under. When he came to the fresh cold
water near the bottom of the bay, he would unstop lis containers, fill them,
then surface and bring them to shore, In ancient times the Punale'n people
went to the springs at Ninole for their drinking water until the ogress Kai-
kapu settled there. Then they learned to dive for water in the bay. Some 50
yards in from the beach is a pond that now is stagrant, but formertly it was
large and had ample fresh water from a deep spring named Ka-wai-hu-6-
kol In the old days the spring was fafa and used only for drinking
Pt poSES. i

A lemend relates that there was a time when stori weather prevented
the Ten from diving for water, There were two supernattral turtles who
had come oat of the eccan to Punalu'y: Homu-po'o-kea (Tortle-with-white-
head), the mother; and ]_'I_i:ll_m_ﬂ:@:a__L_{:!nj_ﬁ_lll_1::-L'L"it11-rl_'11-:l':.=ih-5.:lrm'l'llu-511.:“}, the
}iﬁqr. The mother gave birth to an object resembling o piece of banila wood,
which she buried in the sand to be hatched out by the sun, Then they dug
into the earth and wade a spring, then returned to the sea. When it was time
“for her “ege” to hatch, Honu-po‘o-kea returied. When the thing she had
laid did hatch it was a turtle the color of polished Fauila wood. Mother and
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daughter Kved in the spring until the baby turtle grew up, The young turtle
was named Kapila. The spring came to be named “The-rising-water-of-

_Kanila.” The turtle girl was able to asswme luman form and play with ihe
voung folls, but would become a turtle again when she went back into the
spring. When bubbles came up in the spring, people knew the turtle girl was
asleep in her home. Children used to catch fish and shrimps in the spring,
and Kauila watcled lest the little ones fall in. The people loved Kauila for
this ard because her spring gave them drinking water. They never used her
water for any other purposes.

In and around the pond whose water came from the spring the folk of
Punalu'n were able to grow good wet taro, This is the only place in Ka'u
besides Waichinu where kalo wai could be grown. ‘There is a quaint legend
about the flight of two taro plants from Kona to Punalu’u. Here is Kawena
Pukui’s version of the story, and her interpretation, ’

Big-Tare and Life-Taro grew in Koma, Hawaii, in a patch oomed by & man
named Laka,

One day, the sound of wood-chopping was heard s both knew that he was at
Lani-pae, preparing fuel for his fom,

“Listen,” said Big-Taro, “Laka b cutting wood and T know that b Is planning 1o
pul ws im the fome®

“Not 1" declared Little-Taro, "for when I am uproated, the smaikiess of my roat
will be noticed and [ will be pashed luto the earth again. But you are large and will not
he spared."

“Let us flee before the iuw is lighted,” suggested Big-Tara, and so the two flew to
Punalus, in Ka'a. There they settled down and took root again i & spod known as
Kabo-nui-me-Kalo-iki (Big-Taro and Little-Taro) since that day.

This okl 1ale has been mentioned as & “children’s begend” by Haole writers of our ald
tales, tust 1 feel that there is more to it than sonsething to amuase little folks.

The old saving Ke kalo bovu o ko e {"T}H}\-ﬁrﬂ-prﬁjﬂtd-n".ﬂﬂ.hd“} WAs Ap-
plied 1o the heveditary chiel of the bocality. He was responsible for the Bie and welfare
of his people, heisce the term,

Perhaps an invading chief (Laka) came to Koma and Big-Taro, the raler, and
Littbe-Tara, his personal bohw or atiendant, were faken captives and mebjugated, The
victor became their chiel and they his oowilling subjects. Whether they wanted to or
not, they “grew in his patch"

Then the day cxme when certain sctivities on the part of Laka, the chicf, wamned
them of their coming deaths as human gacrifices. Both “Taros," decided 1o cutape {fy)
to Ka'n. The escape was successful and the two settled, unmolested for the rest of thebr
lives, in Punahi's.

O the shore, oot far from their new hone, is a spot called Lani-pae {Chiefs’ land-
ing) and 1 goess that they escaped by canoe to this landing place.

The Lani-pae in Kona naight have heen Laka's Tanding place, and the cne in Ka's
that of the two “Tarng" who sought refuge there,

This is just my mama's {opinion) on the suhject. { Puolni notes. )

The area of the beach and the old lava flow that flanks Punalu'u is low
and flat, aml here many cocomut trees flourish. This is, in fact, the only place

--------







GEORGE A. ARIYOSHI

CORBEAVATION ARD
GOVIRKIR: OF SAWAE

COMVEYANCES
FISH AND GAME
STATE OF HAWAI i g ek LR
DEFARTMENT OF LAND AND MATURAL RESCARRCES S
DIVISION OF COMSERVATION AMD RESOURCES EMFORCEMENT
P. 0. BOX

HILDL HAWAIL BETRY

February 26, 1931

Mr. George H. Balazs

Assistant Marine Biologist

Hawaii Institute of Marine Biology
F.0, Box 134F

Kaneche, Hawaill S674y4

[war My, Balazs:

Thiz letter iz in response to a letter from you dated Jamuary 30, 1981,
regarding information on the green sea turtle,

Although sightings reported to me persenally or to the censepvation
officers on the island of Hawaii have been sparse, a large concentration of
these reptiles were seen in the Kaalualu Bay area in Appil or May of 1980,

I realize that this information is meager but it is all that I can
report at this time. If a eighting or unusual econcentration of these sea

turtles are seen, I will see to it that the information is forwarded to
VOu.

If I can be of further assistance, please do not hesitate to call or
write to ma.

Yours truly,

T —
D
CHARLES ¥. SUPE

Hawaii Branch Chief

CES /mgy



Marsh 22, 1580

Serry thls 1s way everdus,

We've had twe menths of besutiful weather sinee the firat of
this year and have been very very busy with fishing.

New that our kamsalina weather has returned ['ve beem trying

te wat other things done whieh I had been neglesting and delng
répalr lebs on all fishing equipments.

Of esurae the pest reain sterm didn't help, gave us meare werk
but 1t didn't hurt us sny, thank Ged.

Enelesa Is the last of the Ka'u Repert publliskad. The fiwst
page explaina why. Alse enelese 13 & pleture of Mr. Sehuster
whe writes his eelumn (Think Ka'u) fer the Mawail Tribume
Herald. He, at present 1s tryiag te see If ke sould asguire
seme funds semewhere te pet the Ka'u Repert gelng agaln.

8¢, maybe betweem theze twe papera the publlislity of tag ressv-
ries may help and keep publleislag 1t every new and them.

Appreelate the Turtle buttema. Hahale.

Sinearly,

Armold L. Heward






February 18, 1983

Dr. Samuel H. Elbert
Professor Emeritus

3293 Huelani Drive
Honoludu, Hawaii 96822

Dear Dr. Elbart:

I am writing to ask if you can give me any additional information relating to
the Hawailan legend of the turtle maiden (mo'o) of Ea-wai-hu-o-kauila pond

at Funalu'u on the Big Island. This story was told by Mary Pukui in the
Bishop Museum Bulletin 233, "Native Planters in 0ld Hawseii™ (1972). Coples
of pages 608-609 from this Bulletin are enclosed for your reference.

Do you know of other accounts, perhaps in greater details, that have been
presented for this legend? I have been unable to Find any other versions. Also,
it ia interesting to find that none of the other literature coauthorad by Mary
Pukul dealing with the Kau District mentions this turtle legend. Your Hawaiian
Dictionary does, however, list "Honu-po'o-kea' (turtle with the white head) (a
leatherback?), and "Hoou-'ea" (turtle with reddish-brown shell) (a hawksbill).
Any assistance or insight that you can offer on this subject will be most
appreciated.

I should also mention that I greatly enjoyed reading the artifle in the Jamaary
30th Star-Bulletin about your lifetime work with Mary Pukui. I thought that
reporter Helen Altoon wrote an interesting amd infommmtive story.

Sinceraly,

GEORCE H. BALAZS
Asslstant Marine Biologist

GHBec

Enel.
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PETROGLYPH?—Big Islond resident Kalimo Holstein
tar-Bulletin Photo by Llewellyn Stone Thompsen.
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UH HILO MARINE OPTION PROGRAM
NEWSLETTER

February 1, 1984

Hi guys, G :
So much is "FJ,-” of
happening this month, be a

part of irt.

WE'RE TALKING ACCESS

We've made alist for MOP students who would like to volunteer an hour
or more (or less) to keeping the office open. You are needed to ANSWErT
questions and disseminate information to anyone who walks in. But ther
Are benefits, we've got a coffee pot. The schedule is in the office

on the bulletin board, see if you can fit in.

THE ICEMAN TROPHY

As a new feature, with the Foothall Season behind us, we zee a nead to
nominate for M.V.P. and the Iceman Trophy, a MOP student who has demon -
strated extraordinary effort and talent in MOP projects amd carryings on.

The first recipient of this prestigious monthly award is Mr, Hitoshi Ariga.
(Yeah!) Mr. Ariga has blessed us with his presence this month, both as a
pourmet chef for our dedication and welcome-back party, as a valuable

interior designer, and flower arranger, and also let us not fail to mention
our cresting wave,

We, at UHH MOP, Thank you Mr. Ariga for being our M.V.P,
SCUBA

The SCUBA class is scheduled to beégin Feb. 13th from 6:30-9:30 at the
YWCA pool. The class is limited to ten students and there are a few
places still open. A depo®it is necessary to secure your positien. All
interested students are encouraged to become certified,. Stop by the
office to sign up, Soon.

TURTLE PROJELT,

i ip i 18,19, and 20. There is a
The Punaluu Tagging trip is on for Feb. 17th, 19, a :
meeting with Ggurga 1:00pm on Friday Feb. 17, we'll d15tu55|stf&t&gxas,
We have a sign up sheet in the office to facilitate the logistics. Please

come in and let us know when your last class will be over on Friday. I
mail the finalized list of participant taggers to Georpge on Friday the
3rd -- Sipgn now or never.

CAN YOU HANDLE AN EMERGENCY?

. i i in Pebruary. The
gring a CPR class and a8 First Aid class in
Egseisaigﬂﬂzt yeg definite, and may be offered before the nextlnﬂwsletter.
Hcepxin touch with the office if you are in?F?EStﬁdi1H¢gember 1F ynuh
wrnld 1Tike to participmate on the Turtle Project, it 1i& important to have
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INSTRUCTION : FISH 77

There is a Fish Identification class scheduled for February 16th in L.5.16
from 7:00pm-10:00, open to all MOP students. The class will cover species
common to the Hawaiian waters, The following Thursday, Feb. 23, there
will be a mandatory test for all Maui DAP participants from 5:00-5:30pm.

There is a Limu workshop in the planning.

FLASH: LIMU CLASS SCHEDULED

The Limu ID class has heen scheduled for Feb. 9 from 7-9pm. Dr. Hemmes
will instruct.

The Hawaiian Invertebrate Presentation will be Feb. 22, 6-7:30 and Dr.
Little will instruct.

A Coral ID. class will probably be the following week.

GET INVOLVED { MAUI FOR THE HOLILAY'S)

There will be another Data Acquisition Project on Maui March 25-April 1,
during Spring break. All UHH MOP students are welcome to attend, We will
have an orientation to the DAP workshop on Feb. 3 at 4:30 in LS 22. UHH
students who have previously participated will enlighten us unilluminated
students, who would like to know the scoop. The project encompasses 5CUBA

diving and underwater transecting. Refreshing refreshments provided.

HALAFPE"
We'll do the Halape' hike sometime in April, if youj;ve got a preference

for dates, let it be known. It's a pretty hot hike, so we'll be leaving
early morning., Very early morning,

SKILL PROJECT

Like to talk to people? Are you a history buff? Did you always want to
know about Sea Turtles in Hwn. culture? \ :

George Balazs from the National Marine Fisheries Service has provided the
UHH Marine Option Program with a stipendable position for a student
especially interested in Hwn. cultu.al relationships w;th Sea Turtles. The
position of an interviewer is to properly record for history Hawaiian in-
teractions with the Green Sea Turtle. Sociolegy or Hawaiian studies
students welcome, Contact Diane at the MOP office.

b

The coffee pot is on.



MARINE OPTION PROGRAM
UNIVERSITY OF HAWAN AT HILO
1400 KAPIOLANI STREET
HILD, HAWAN 96720

GCeorge PBalazs

Mational Marine Fisherie
Bax 3830

Honolulu, 9&8812



HII[L{O@H]O[TIE[L

142 KINOOLE STREET
HILO, HAWAII

In downtown Hilo
1 block to banks and post-office

Hila Hotel
F. 0. Box 726 A Detached Palace
142 Kinoole St., Hilo, Hawaii 96720 In Hawaii

Phone (B08) 961-3733



Hila Hated

was acgulrad by George
Lyourgus from his okd frlends,
Sprackala family in 1808, Tha
Sprackels mterast had bulll
the main hotel strecture in
1888, a hostalry conslsting of
tan rooms with two baths,

A amall cottaga in tha rapr,
Bgilt sorme 1ima in tha 680's, had
sarved s King Kalakaua's
“Summer Palaca’’, a higeoyul
used by the moanarah for paker
and ralaxation whan they
wanted to azcapa from tha
prassure of court life and
poditics In Honolulu.

Halakaua's cotbage ramained
in exislence untll 1585, whan
it was torm dowm to make way
for & new holel, but a rubbar
iraa reputed to hava been
planted by Princess Auth in
1873 and now a giani avara
hundrad faet tall with a girth
of thirty feat a1ill shades the
grounds of tha prasent hotal.

Restaurant Ful

The relaxing atmosphans,
combined with tha oriental
tauch of Restawrant Fuji will
Give you a meal to remambear.

Restaurant Fu)l festures &
greal number of enusual and
delectable dishes preparad by
chats from Japan.

The lunch manu offars 8
complate "teishoku” lunches
plus 4 “gon' dishag and 5
noodle dishes,

The dinner menw consiats of
15 different aslections. For
axample, the Teppanyaki is &
selection of beet and
vagetableas cooked bafona your
eyes on a buttarad grill. Atas
the Uminoka ks prapared with
various kinds of saafood,
ghrimp, cral, salmon, oystar
and scallop

Ty acmeling new and
exciting at Rastaurant FulL
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Ha‘aku'i Pele i Hawai'i

(Pele prevails on Hawai'l)
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An plelo nane

Keu wahi i'a nona ke lkai hohonu,

My little fish to whom belonos the deep sea.

Ha-ina (Answer)

Honu. :

Turtle.

To tha Hawaiians the turtle is & Fish.
Lollected in 1922 on the island

of Hawaii by Theodore Kelsey.



Fuha ka honu i ka la makani (nogenarian Kalama)

Olelo leulg. The Turtle puffs noisly at the surface on a windy
day.

Kpona. THe needy sluggard gossips abroad till invited to meat,
Explanationg. Fubha, breath moisily through the mouth.

When wind and wave are high the sea-turtle, pushed here and
there by the agitastion of the depthe (2u lewa) as he nibbles

his sea-weed (limu) rises to the surface and breaths noisly,
blell does he typify the lazy man, his peace disturbed by the
storms of life, who gads with his neighbors till invited to
dine.

SBack of Hilo are threse hills, the middle one of which is know
ag Turttle Hill (Puu Honu) for jealous Gueen Aain-Hina (Hina-
kulu=-"i-ua) like a turtle who dossn't get anywhere, failed in
her fatal attempt to provide food as her elder sister Gueen Fire
Hina (Hina_a-ke-ahi) had done for her starving subjects by being
buried in a big under-ground oven (imu) in her hill (Fuu-o Hala'i,

Hill of Calm, or easy times) just below.

Kelsey, 1923
Hilo



ahot ¥, M(}M

\{LM%, Z:j&g 7‘2{

Ulum Ul Ry
Wearanae 41,
96 192






* Volcanoes Mational Park

Follow the highway signs to the Klanes Visitor Center,
where frec cruption films are presented every hour on the hour
from 9a.m, to4 p.m., along with a map and information on all
there is to see and do in the Park, Taking the Crater Rim Road
to Chain of Craters Rodd, vou'll visit several significant sites,
{Follow the Park signs.) On Chain of Craters Road, you'li sec
the devastation wreaked by past eruptions from the goddess
Pele's abode, Lookout points are spodted all along the highway
fior spectacular views. As you continue, you'll reach a marker
directing you to a petroglyph (ancient Hawaiian ston
ings) field, a ¥-mile hike from the road.

Continue on to Kamoamoa Campsite and

Wala Park
and Visitor Center, with its historic Hawafian village, pre-

missionary temples, indigeno iz b isplays. (Call
ﬂﬁiﬂi}jjnr dﬂaﬂmﬁ%@a?
Chain of Craters conmects to Hwy, 130, where you

-] ibe SWIrTi
Then onward to Kalapana (with iwo
drive-ins serving meals and snacks) and Star of the Sea

Church, Harry Brown Park and Kaimu Black Sand

B :minﬂg.-

Hwry, 130
may take Hwy. 137, a narrow cinder road leading to Mackenzie
State Park. Turn on Hwy, 132 to see the new Geothermal
Yisitors Center in Pohoiki, offering fres tours daily from 7
a.m. 00 5:30 p.m. Then procesd through Lava Tree State Park
to Pahoa,

Here you'll se2 papaya orchards and anthurium farms. The

small quaint town itself offers a nice oasis to rest and have a
bite to eat before heading to Kea'am.

Before entering Kea‘an, you'll pass the Hawaiian Beach
Estates, magnificent old homes which were once the dwellings
of sugar plantation managers. If you make a right turm at the
srnall intersection, you can visit the Puna Hongwanji Mission,
Continuing along the road will bring you back to Hwy. 11,
heading towards Hilo. Be sure to stop at the Maona Loa
Muacadamia Nut Orchard, with its Visitor Center open Mon-
day through Friday from 8 a.m. to 5§ p.m., and $a.m. to ! p.m.
on Saturdays.

For a tour that inclodes some of these stops call Akarmiai
Tours at 3297324,

—VOLCAN
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International Sporisman Hestaurant Extraordinaire
at Voleano Golf & Country Club. Breathtaking views of
Mauna Loa next to Hawail Volcanoes Mational Park. Serving
delicions full menu lunch daily and by chef de cuisine Frank
Ke. Call %67-7331 for reservalions.

Volcano House, Hauall Voleanoes Mational Park.
Breakfast, lunch, and dinner served in a dramatic setting
overlooking Madame Pele’s home. Phone %67-T321.

Ocean View Restaurant, Ocean View at South Point, on
Hwy. 11 at mile: marker 76, Good homestyle cooking and
homemade cream pics in a dining room overlooking the
southernmost point in the U5, Serving breakfast and lunch all
day. Dinner includes salad bar, Beer and wine served with
meals. Open 9a.m. (o 730 p.m., closed Mon, MasterCard &
Viza accepted, Phone 929-9985.

lan Flower Gardens Nursery

% In bdnuntain Wi, Hwy. 11, a1 14 mila marker *

Anthuriums from $1.50 per dozen

wd & Waw - b oioeeE 3V

FREE Sali-guides teut s=d SEE ANTHURIUMS
! u‘mﬂﬂﬂmlmn‘n |
Olpas; ban - £ AA0-430 gm « 5ol B4 pm + San &1 pn \i

PO Box 5 ML Wik, B D807+ Call PO8-005G

| £
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dwekngs 30 be seciad in Hig The Lyman
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Li.rman
Museum

amd mission house

276 Haili 51, Hile/ Phe 835-5021
OFEM; Mon. - Gat. 9 am - 4 pm
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'. FREE AoMission 0\
to our gardens

Visit our exquisite natural gardens of

tropical plants and orchids

Each visitor is grested

with & FREE ORCHID

iropical Gardens

)
MT? Jnmm aep., Hila, HI BETH
Jligt bavand Onekstukisa Beao®

2 ADULT ADMISSIONS
FOR 54.50 With this ad
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Poems of Hawaii

AELBERT AEHEGMA

Micknames: The Big [skand; The Orchid lstand;
Tl're"i'nhmhhnd

Land Area: 4,037 square miles
53 mlles leng; 76 rmiles wide
Luguthdhﬁml-ﬁnu]hnwm

Mayor: Herbort T, Mataposhi

Population; + 92,053 {Sowrce: Dept. of Planning/
EE-:tnniu.-DEkHupmuﬁ,ﬂd. 1882









Hawaii Iropical
Botanical Garden

A Non-Profit Foundation
Nature Preserve and Sanctuary
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Hawaii Tropical Botanical Garden
POY. Box 1415 » Hilo, Hawaii 96721
Telephone (B08) 964-5233

N o S CE N
G T et NESBESINEN
L i B8 T S MR WA

R i Y A S S R o e e R T

On the 4-Mile Scenic Drive at Onomea Bay, Hawal'i




Aloha

Hawaii Tropical Botanical Garden is & nature
preserve being developed to protect the
natural beauty and harmony of a tropical rain
forest. Visitors can enjoy the wonders of a
natural, unspoiled botanical environment
unique to the island of Hawaii with its living
collection of tropical plants, birds and marine-

life.

Within this primitive forest with its water-
talls, meandering streams and rugged ooean
coast, there is a wvast array of tropical vegeta-
tion, Hlowers and fruit. To enhance this
natural beauty a wide selection of tropical
plantlife is being collected from many parts of
the world. These include many species of
palms, bromeliads, gingers, heliconias, exatic
ornamentals, plants of medicinal value, as well
as rare endangered species,

For visitors wishing to come to the garden it
is best to phone in advance for reservations.
However, you may drive directly to the
garden parking area where our garden mini-
bus will take vou to the garden site, [See
directions on HOW TO GET THERE.)

There will be a limit of 50 people per day
visiting the garden in order to preserve the
natural conditions of the environment, as well
as give each visitor a chance to enjoy nature
in an uncrowded, relaxing manner. The
garden’s atmosphere is one of peace, quiet
and serenity. For the photographer, it offers a
tantalizing array of unique subject matter. To
protect the environment no picnicking is
allowed and no Food or beverages are sold on
the premises,



This tropical jungle garden is truly a place of
spectacular beauty. The present trails of this
17-acre nature preserve are approximately a
mile long. You can plan on spending 2 or
more hours if youlike, to walk the trails, take
photographs or to just enjoy the beauty.

You will enjoy the rugged ocean coast, cascad-
ing skreams and waterfalls. Colorful Japanese
koi Fish and tropical water lilies enhance the
beauty of our lily lake. Many species of birds
abound in our jungle forest including pea-
cocks and Chinese thrushes. If your timing is
right, you may even see giant sea turtles
swimming in the bay. A garden brochure and
trail map will be furnished to sach puest at
the garden gsite.

GARDEN RULES AND SUGGESTIONS

RESTROOM FACILITIES ARE AVAILABLE AT THE
PARKING AREA OMNLY. There are no restroom facilities at
the garden site.

FOR YOUR SAFETY AMD PERSOMAL COMPORT:

DO WMOT LEAVE TRAILS FOR ANY REASON. Some of
the cozstline and ierrain 5 extremely dangerous. Falling
coconuts can Cause gerious injury,

D MOT LEAN ON GUARD KAILS.

Oy WOT PICK FRINT OR ANY PAET OF PLANTS,
SOME PLANTS ARE POISONOLUS,
Wou may sample froits which have fallen trom the trees

such &5 mango, passion fruit, and guavas which are all
edible.

STay WITH vOUR CROUF DR GUIDE.

Wear old and comfortable shoss—preferably with flat
poles.

Remember, the garden is & wild nature preserve and

there Is na drinking water at the garden site. There are
also no beverages or fond sold. Picnicking or lunching in
the g;ard:n is not permitted. PLEASE DO NOT LITTER.

‘fes, we do have mosquitoes—all tropical wonded areas
doy insect repellents are available at the garden for your
wek unlese vou are allergic to them.




HOW TO GET THERE:

The only transportation into the garden is by mini-bus
which is provided at no extra charge to and from the
garden parking area. Ta get ta the garden parking area,
please follow the directions specified below. There is no
parking at the gardensite,

FROM HILO:

Travel north on Hwy 19 along the Hamakuz Coast for
approximately 3 miles until vou reach a schoal on the befe
with am overpass crossing highway. There will be a bies
sign on the right which says “Scenic Route approx. 4
miles lomg™, There will be a crossroad intersection, Tien
right onte the scenic route and drive for about 4 mile
until you reach an old historical yellow church on the
lefr. You will see 2 sign that resds, “Hawaii Tropical
Biptanical Garden Parking”™. Turn inte the parking area,
This is where the mini-bus will traneport you to and
from the Garden.

FROM KOMA:

Fedlow Route 19 south on the Hamakua Coast toward
Hike. Appraximately 5 miles before Hilo you will reach a
small town called Pepeekea (there will be a small pink
colored poat office). Continwe approximasely 3 miles on
Hwy 1% until you reach a crossroad intersection with a
schaol on the right and a pedestrian overpass crossing
highway. Tirn left st this crossroad onto the £-Mile
Seenic Route and continee For about % mile until you
reach 2n ald histerlc yellow church on the left. You will
see a sign thai reads, "Hawaii Tropical Botankcal Garden
Parking”, Turn into parking area.

+ MINI-BUS TRANSPORTATION:

A mini-bus will take you from the parking
area to the garden at Onomea Bay which is
located at a distance of approximately 1 mile.
Following vour visit to t]fe garden, the mini-
bus will then return you to the parking area.

GARDEN HOURS:

The garden is open between the hours of

8 am to 5 pm, seven days a week (except
Christmas and New Year's Day). You may
visit the garden as long as you like between
these hours. Mini-bus service is provided
continuously throughout the day, approxi-
mately every 1 hour. You must leave the
garden nao later than 5 pm at which time the
last mini-bus will depart for the garden
parking area and the garden will be locked for
the night.

COST TO VISIT THE GARDEN:

A donation of $6.00 per person is required to
visit the garden whh:'i: includes mini-bus
transportation to and from the garden.
Hawaii Tropical Botanical Garden is a non-
profit foundation and is solely supported by
contributions. ALL DONATIONS ARE TAX
DEDUCTIBLE. After your visit to the garden,
you may make an additional donation if you
wish, using the envelope attached to your
garden trail guide brochure.

HOTEL PICKUP:

For those who do not have automobile trans-
portation to the garden parking area, hotel
pickups from the Hilo area only can be
arranged by making a reservtion in advance.
For hotel pickup a donation of $10.00 per
person is required (must be 3 minimum of 2
people). ALL DONATIONS ARE TAX
DEDUCTIBLE.

SPECIAL GROUPS:

Accommodations for large or special interest
groups can be arranged if reservations and

arrangements for transportation are made in
advance.

For Information and Reservations

Telephone 964-5233
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KIHOLO
Ke pa mai nei e ka Mumuku, The Mumuku wind is blowing.
Ka makani o launiu o Kekaha The coconut leave-rustling wind of Kekaha
Ka hea mai a Kiholo 1 ka la'i The serenity of Kiholo calls us
Auau 1 ke kai konahenahe. To swim in the gentle sea.

Pu'u Wa'awa'a, traditional song.

Kiholo Bay, a long, wide bay that stretches for two miles from Luahinewai
Pond in its southern margin to Wainanali'i Pond in its northern margin, contains
several private homes, many archaeoclogical sites, and an extensive expanse of
undeveloped shoreline that offers a wide variety of recreational opportunities,
Although there is no convenient public access to the bay, many fishermen
and campers obtain permission to visit the area, particularly on weekends and
holidays. Common activities include swimming, snorkeling, spear fishing, lay-
netting, throw-netting, pole fishing, salt-gathering, hiking, and occassionally
surfing.

Probably the most popular spot at Kiholo is Luahinewai, the huge spring-
fed pond Tocated at the southern end of the bay. Coconut and naupaka surround
this beautiful, prestine pond that sits between a black sand beach and the
edge of a rugged lava flow. Luahinewai attracts not only the campers at Kiholo,

but many boaters as well who anchor off the beach and swim ashore.
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Apparently such visits to this oasis were just as popular in times past

with the Hawaiians. In his book Ruling Chiefs of Hawaii historian
Samuel Kamakau, reporting on a journey to Kawaihae by the high chief Keoua
and his party, noted that "they left Kailua and went as far as Luahinewai at
Kekaha, where they Tanded the canoes.”

Three black sand and pebble beaches are located in the southern end of
Kiholo Bay, twe large ones fronting Luahinewai and Waiaelepi and one small
one on the trail between the other two. A1l drop quickly to overhead depths,
but during normal, calm water conditions swimming s good fronting each one.
Hazardous conditions occur when high surf and winter storms generate heavy
shorebreaks and rip currents. The remaining bayfront from Wafaelepi to the
small embayment bordering the private homes and fishponds is primarily rocky
with many tidepools and scattered pockets of black sand and coral rubble.
Along this reach a large coconut grove borders the jeep road on the shoreline,
the onshore mark for the favored surfing break in Kiholo Bay. Surfing conditions
on the shallow reef shelf 1ﬁ this part of the bay are generally best during
the winter months early in the morning. As the rising sun begins to warm the
land, the difference in temperature between the land and the ocean generates

an onshore sea breeze that results in sloppy. poorly shaped waves.
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" The northern end of Kiholo Bay contains a shallow sheltered embayment

that adjoins a large brackish water lagoon, Wainanali'i Pond. Both the

bay and the pond comprise an important feeding and sleeping site for sea
turtles, principally the green sea turtle. The green sea turtle, a migrant
breeder, travels regularly from its nesting grounds in French Frigate Shoals

in the Northwestern Hawaiian Islands to the eight major Hawaiian Islands in

the Hawaiian Archipelego. This turtle, as well as a1l sea turtles and their
nesis, are protected by state and federal wildlife laws and may not be harassed
or harmed in any way. Other important nearshore feeding and sleeping areas

on the Big Island where the turtles seek santuary are Pelekane in South Kohala
and Kamehame, Punalu'u, and Ka'alu'alu in Ka'u.

Wainanali'i Pond, the 5 acre lagoon at Kiholo, sits between the edge of
the 1859 lava flow from Mauna Loa and a sand and boulder spit approximately
one-quarter of a mile long. The flat-bottomed pond, lined with several small
coconut palms averages 10-12 feet deep, opens into Kiholo Bay at its soguthern
end, and constitutes an eaaiﬁy recognizable Tandmark from the Kihalo Bay Lookout
on Queen Ka'ahumanu Highway where the pond's aqua-colored waters are highly

visible against the dark lava.



78-4
Oneof the most interesting accounts of the 1859 lava flow that comprise

S

the northern margin of Kiholo Bay is found in the Movember 9, 1859 edition

of teh Hawaiian newspaper Ka Hae Hawai'i and was translated as follows by

Mary Kawena Pukuf:
Concerning the Lava Flow

[t will be well for me to tell what I have seen concerning th lava flow
at Wailea and at Kiholo in North Kona, and you will te’ those who have not
seen it. The flow began to go seaward in the month of February of this year,
from the northwest side of Mauna Loa. It reached Wailea first, and from
there it turned south to Wailoa, and continued on to the deep sea, smooth lava
extending into it to about forty chains or more in length. This new point
has been named Lae Hou. There is a long point there called Koena Limu. It
is an old point and shorter than Lae Hou. The flow turned on the south side
of Wailoa and went to Kiholo where it covered the pond. Then it turned again
to the west, where a new point is burning now. Lae Hou is a long point, but
this one is shorter. The lava has not finished building it, but it is now in
the depths of the sea. I think it is about forty or more fathoms deep where
it 15 burning, and from that burnign spot 1t i about fifty fathoms to shore.
The sea there is very hot and any fish that comes there dies., This is the
news concerning these duingé.nf the volcano.

It the year 1810, the Kiholo pond was built, during the reign of
Kamehameha I. It was a fishpond in which many of the deep sea fish were kept
and in this year, in the reign of Kamehameha IV, Kiholo is closed by the lava.

It is now only a heap of lava rocks.

L
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This is another thing. The Protestant church that stood at Kiholo
was removed when the lava flow drew near. The people thought that 1t would
be burned down, so they razed it and took the lumber away lest it be destroyed.
There is a circle of lava rocks surrounding it and the spot where the church
stood remains 1ike a grave. [ believe that if the church had not been razed,
1t would not have been destroved anyway.
J.H. Kaakua

Puapua, North Kona
October 25, 1859

Ra'akua's account not only tells of the formation of Lae Hou for Hou
Point as it is marked on most maps today, but also of the destruction of
Kamehameha ['s fishpond at Kiholo, one of the wonders of its day. The

missionary William E114s described the pond during his circle-island journey

in 1823:

About four in the afterncon I landed at Kiholo, a straggling village,
inhabited principally by fishermen. This village exhibits another monument
of the genius of famehameha. A small bay, perhaps half a mile wide, runs
inland a considerable distance. From one side to the other of this bay,
Tamehameha built a strong stone wall, six feet high in some places, and
twenty feet wide, by which he and an excellent fish-pond, not less than
two miles in circumference. It was well stocked with fish and water fowl

were seen swimming on its surface.

Even though the lave  destroyed the immense fishpond and dramatically

altered the entire shureline; Kiholo continued to provide a haven for a small
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community of fishermen who relocated their homes to an untouched point

of the bay south of the flow. During the 1890s this area developed into

a commercial landing after RPEEFF"Hi“d and Eben Lowe aquired the lease

for Pu'u Wa'awa'a Ranch from the Republic of Hawai'i. Located directly

mauka of teh bay the ranch, in the absence of any circle-island roads,

used Kiholo as its cattle shipping point. Living accomodations were built

in the area where the private homes are located today and this site also

served as a base of operations on the shoreline. The cattle were herded to

shipping Pen Beach, the black sand beach at Waiaelepi, where they were tied

alongside lighters and rowed to the steamers waiting offsore. Pu'u Wa'awa'a

Ranch discontinued shipping cattle to market about 1935 when improved roads

and transportation made it possible to truck the cattle to the pier in Kailua.
Lesser commercial activity stil] continued at Kiholo with the annual

harvesting of awa and TEJ from the comparatively small fishponds left in

the yake of the 1859 lava flow. Pigs were raised, and a small herd of

cattle was fattened on Haws..' beans when the beans were in season and falling

off the trees. The tsunami of 1960, however, ended all commercial operations

at kiholo after it wiped out everything within its reach.
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Since the catastrophy a handful of the private shoreline homes have been

rebuilt. The portion of Kiholo Bay fronting the homes is very shallow and
rocky, offering few opportunities for swimming. Fresh water intrusion occurs
in profusion in the nearby ponds and Tagoon as well as in may parts of the
bay, and as a result a surface lens sofl fresh water, often several degrees
colder than the bottom water, commonly floats over much of the entire bay,

especially near Hou Point.
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U.S. DEPARTMENT OF COMMERCE

National Dceanic and Atmospheric Administration
NATIONAL MARINE FISHERIES SERVICE

Southwest Fisheries Center Honaluly Laboratory

2570 Dole 5t. » Honolulu, Hawaii 96822-2208

July 10, 1985 F/EWC2

Mr. Joe BEvans

Backeountry District Ranger
Hawaii Volcanoes Wational Park
Hawali 9671B-0052

Dear Joa,

I am gorry that we gtill haven't had the oppertunity to mest in person to talk
about hawkebill neeting during any of your trips to Homolulu. I greatly Brpre-
clated the excellent color glides you sent with your letter of Janmuary 13th.
The coastal and beach views gave me & better understanding of the habitat uged

by hawikebille in the Voleances Natiemal Park. Thank you for providing me with
this material.

The approximate hawkebill nesting season of July through October ie here again.
I hope that you will be able to undertake some patrols during coming monthe to
monitor any nesting activity that tekes place. T lock forward to hearing about
your findinga,

Sincerely,

George H. Balaze
Boologpiet

co: Tim Chaghi, FWg
’ ?ﬂhﬁ,










United States Department of the Interior

NATIONAL PARK SERVICE

HAWAI VOLCANOES NATIONAL PARE
HAW AL 947148

1N LEYLY BEFHENL TO:

2219 (HAVO)

Hovember 13, 1982

Mr. George H., Balazs

Asgistant Marine Biologist

Hawalli Institute of Marine Blology
University of Hawaii

F.0. Box 1346, Coconut Island
Faneohe, Hawaii 96744

Dear Mr. Balazs:

Thank you for your informative Sea Grant proposal and letter of
September 2ind. We would like to be kept Iinformed of progress with

your proposal and of dates and locatioms of your trips to the
Ka'u Coast.

Personnel and facilities of the Eesearch Center at Hawaii Volcanoes
Wational Park may be of some help to you during vour study. Please
contact Dr. Charles Stone, Besearch Scilentist, Hawaii Volcanoes
Mational Park, Hawaii 96718 (telephone: 967-7367) if you need
assistance, He can give you details about dormitory space,
laboratory facilities, storage space, and leglstical help.

We wish you success in getting vour proposal funded. We antici-
pate a productive study and look forward to your recommendations
for proper resources management to enhance the survival of green
turtles.

Sincerely,

-

i 1 &
7 N

G, Bryan Harry
Pacifie Area Director
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';q‘ HILE} - Erewm*&ﬂn has
zbacked off ils pending. resort
sBXpansion - at . Punaluy- and is

CBOINE 10 - revise. .. Itz plans,

comparty. officials informed the

sHawaii County Planning De-

cpartment last weelk, 1,

1= Brewer ran into a storm of

Acriticism at a public hearing
held by the county Planning

.« Commission last January after

_PeVIVIng © ils interest in - Ka'u “about ‘reads that would ‘be

SRR, ATy o
=Binte then: “fittle had been
PrEaid about the resort until May,
“when Brewer withdrew its
~shoreline management applica-
! because of the eriticism,
% Then last week Leroy Uyeha-
Tra_announced Brewer has filed
'Uh preparation notice with the
Leounty that it is J]ﬂ.nni'ng to do

&n environmental impact state-
“ment on its Punalu‘u project.

' In the 1970s, Brewer

£
Peility and a restauzant in Ka‘u,
“Hut it halted s development
~before any hotels were started.
-r. Uyehara iz viee president of
€. Brewer Properties, a subsidi-
~Bry that owngs and operates Pu-

haluv. By " doing an EIS, -

Brewer will' “ensure that the

P

AREERE

Honalulu, Jurs 28, 1985  B-3

Brewer to revise plans
“for P unalu‘u expansion

resort can be !.Fropcr]y integrat-
ed into the Ka'n community,”
he said. :

The EIS will “cover the el-
fects of site improvement ‘and
physical changes to the road- .
ways and infrastructure at Pu-

nalu'y,” Uyetake added- in_ A

prepared statement. - 7
AL January’s hearing, Ka'u
regidents. expressed’ conesrns

st

closed, asking about’sccess for | ;

residential. fishers and campers

and expressing®concern over !
possible blocked' evacuation '

routes in the event . of a’ tsuna-
mi_' - ol 51 o TP AT ReEEA
The "planning commission
then voled to grant a reguest 4
for a eontested case hearing on
Brewer's then-pending request
1o rezone 206 acres, relocate
four holes on the Seamountain

The ' preparation notice sald
Brewer intends to develop 500
Lo 600 hotel rooms, a commer-
cial village with 65,000 square
feet of commercial space and
up to 500 residential units and
to expand and “enhance” the

; Golf Course and realign Punalu- |
resort golf’ course, tehnis fa- "u Road., :

existing Punalu'u Beach Park.



August 13, 1986 r/eNMC2

Ms. EKeolalanl FRanoa
P, O, Box 472
Haalehu, Rawali 96722

Dear Ms. Hanoa:

Thank you for your recent inquiry concerning taqging and other
research activities we have conducted on sea turtles at Punaluu
Bay and the adjacent Keu cosstline. This is an extremely impor-
tant area for the Hawaiian green turtle, Chelonis mydas (honu),
and hawksbill, Eretmochelevs imbricata (honu'‘ea). Both of these
species are listed and protected under the U,S, Endangered Species
Act and wildlife laws of the State of Hawaii, Ae a property owner
just across the street from Punaluu Bay, I can ocerta nly appre-
ciate your concern for these animals with respect to future
coastal development, Please be assured that a branch of our
agency will be closely monitoring this matter as it progresses.

As promised, T am sending you an assortment of literature
coverine some of our work with Rawaiian sea turtles., If T can be
of any further assistance, please feel free to contact me.

Sincerely,

George R, Balazs
Sooclogint

cor P/SWR1 - Western Pacific Pro office
FEWR43 - Gene Witham, Law orcement
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High school students are helping sdientists of the
Southwest Fisheries Center Honolulu Laboratory of the
National Marine Fisheries Service study Hawaiian
green sed turiles at Kiholo Bay on the Big Tsland. Such

an opportunity is rare even for college $ludents much -

less high school students, according te George Balazs, a
roologist with the NMFS Marine Memmals and En-
dangered Species Program,

Stedents of the Hawaii Preparatory Academy at
Kamuele have assisted Balazs in three field studies on
green turtles at Kiholo Bay since October 1987, The field
stitdy in April included 17 HP A students as well as four’
trom the Hawaii School for Girls in Honoluly,

“Students helping scientists™ is the brainchild of Dayve
Gulko, an HPA science teacher. Gulio pot the idea
while assisting Balazs during a joint rescarch praject be-
tween NMES and college students in the University of

i Hawaii’s Marine Option Program, T
| Bolars was very interested in Gulka% idea: Kihole
 Bay, an important feeding and slecping area for green
turtles, was monitored only sporadically because ofl

needed manpower for such research: » frenerows Jond-+
tion from the late Robert L, Hind. Jr., of Kailua-K ona,

‘During the field studies, the student-scientists ‘are

‘through the night, when turtles are sieeping and much
casier to catch, The duties of each tegn are rotated so
that students learn as much as puuih]}}b&ul turile re-
scarch. Dutiesinclude watching for ty; e, tending cap-
tured turtles, helping collect data, photographing
turtfes, camp duties and coo king, [ ik

Tostudy and tag a turtle, it must firs; be caught either
by hand or by net. Using a net is the mofe successful
method. Dive teams stretch a large mesh tangle net
across the fagoon. When a turtle is snagged in the neq,
the team watching frem shore notifies a dive team,
which quickly moves inte action to carefully remove the
turtle. The turtle is carried to shore and, in the morning,
i tagped on a fore Nipper and men stred. Also, stomach
and fecal samples are taken and exterpal paiasites are
noted and sometinves removed. Then the turtle is set
free, ;

The research results of the three feld studies have
been very promising. In the April study, 10 turtles were

captured. Three had been captured previously in 1930,

1984 and February 1988. In the February study, 13,

turtles were captured; 2 of them were Jong-term recap-
Lures, .

Long-term recaptures indicate that the growth rates
of turtles averaged about half an inch per year. Long-

budget consiraints. Gulko's students would provide the

provided the necessary funds for one vedr of research. '

uped into teams that work in 240 3-hour shifis

cator’s Assoclation in Santa i.;:mt, California.

students help lab study green turtles

term recaplures also indicate that Kiheolo Bay is “home”
o at least those turtles, .| Fii

s interesting thas we don't have more recaptures,”
said Balazs. “That we catch 10-13 turtles indicates
there's a good number of turtles depending on that site
for eating, sleeping and living.” _ &

Students selected [pr the program must have good
grades and display a high degree of motivation and
willingness to work. Bart of their evaluations are also
based on how well they perform during the planning
stages of the research, This experience gives students a
taste of the logistics involved in planning a scientific
ficld study. LB i

"The other teachers and the HPA administration are
behind the program 100 percent, according to Guiko,
who knows of no other project like this in Hawaii and
perhaps the United Siates. Gulko is presenting a paper
on the program in July at the National Marine Eﬂl_j-—

Neither Gulko nog Balazs could say for certain
whether the program would continue next year. “Bu
wie've been 5o illdi::iq:.ur'in spending the money, we have
enough for one or twg nights of research this semmer,
with seven or so studgnts, ™ said Balazs,

Both Gulko and Bgjazs agree that the prosram is g
success 5o far. "The rpwire of the joint program looks
very bright.” said Bajgzs,

The NMFS is an apeney within the U 5. Department
of Commerce, Nutiurﬁq' Oceanic and Atmospheric Ad-
ministration, L



News of the Marine Option Program
May 20, 1988

_Seawords

of Hawaii at Manoa
Vol. lll No. 6

Universi

Turtle Tagging on the Big Island

By Dan Bauer
Tagging =ea turtles drew about 25 MOP
students from Hila, Manoa and Mauil
programs to the black sand beach park of
Punaluu on the Big Island for three days

during spring break, March 21 through
23. The project was coordinated by
UH-Hile MOP and conducted by researcher

Robert Forsyth of the MNational Marine
Fisheries Seprvice [(NMFS),
MOP students helped Forsyth captire,

study, tag and release Hawaiian green ses
turtles (Chelonis mydag), a threatened
species  that frequents the southeast
coagtline of the Big Tsland, a region
known as Fa'u.

The cove at Punaluw has been the site

for several turtle tagging expeditions in

the past, by Hilo MOP and othera, under
the direction of George Balazs of NMFS,
The sea turtles may he attracted to Lhe
Area by a species of red L imu
(Pterocladig capillacea) that grows
Lhere, By studying tLhe green sea
turtles, NMFS scientists hope to learn
more about their growth patterns, and

feeding and migratory habita.

Being  classified as a  threatened
species means that the Hawalian green sea
turtle ls likely to become an endangered

species  in  Lhe near future, according to
the federal Endangered Species Act. An
endangered species iz one that ls in
immediate danger of extinction. .

Turtle tagging Manoa MOP students take
time out to visit the UN Hilo MOP CAmMPUE .
L to Ry Dan Bauer, Tina Xavier, Lara
Asato, Mary Roney, and Raumond Boland.
UH=-Hilo
SUPETVISOL,

MOP Coordinator and projeot
Walt Dudley explained the

two-fold purpose of the project: NMFS
receives data Trom the turtles, and MOP
students learn about the sea turtles by
participating in the wmethods that

scientisls use to study these reptiles,
Everyone camped out around the main
pavillion of the county beach park for
the duration of the project, which hegan
Monday afternoon wikth the getting of the
G0=fect long by 10-Feet deep tangle nets
used Lo snare the feeding sea turtles,

S2g page 3




From page 1
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“” Turtle Tagging

A turtle caught in
Punaluu in the evening
resks on an inflated
tire tube, and waits to
be measured in the
morning. -—-Photo by
Raymond Boland.

Wetsuits were worn by practically all ventured Into the water with snorkels and
the snorkelers. Cool groundwater that dive Jlights to pin up the net to the
geepg in  abundance into the cove through floats, so that the net could remain set
the porous  lava rvock made the water in the water. However, no Bore turtles

temperature feel Gbo some snorkelers more would get caught while the crex slept.
like that of &an alpine lake tham =

: The following morming students helped
tropical ocean.

az  Forsyth took several measurements of
It didn't take lond to catch the Cirst the turtle, tageged its two front

Bisttas o ArAwad: thaelt dn theast Flippers, and turue? it hback on its
while the zporkelers were still trying to stomach. T?E s PP;EEEEd turtle
gat it =et,  The turtle was hauled gyt R38ted  mo  time in [inding its waay

dovnhiill and baek into the water, where

ite back inslde an inner tube A :
anc: set: on its bac it proceeded to make itself scarce.

to rest out the night. Being placed on
its back overnight immobilizea the Tuesday afterncon, & local throw-net
turtle, while doing it no lmrm, Forsyth figsherman gave the tageing crew a small
explained. That is the way that all green sea  turtle that he had cuaght in

caught turtles are stored overnight; then  his net, No more turtles were netted
in the morning all measurements and  that evening, even though it was decided
samples are taken together. to pull an all=-night watch ({to the

surprise of a f[ew unlucky scule who had
gone to bed wunaware that they were due
for late-night wakeup eall).

That evening, four-person beams working
two-hour watches monitored the net's
floats for any sign of ansred turtles.

Netted turtles counld easily become Wednesday morning, Hilo MOPer William
exhausted and drown if mnot promptls Dana decided that the team hadn't tagged
removed from the net. During normal encugh turtles, 8o he snorkeled out into
activity, turtles need to come up for air the frigid cove and caught one with his
every few minutes. bare hands. That guave Forsyth and the

The net vielded no more Lu?tlea that students two small turtles to measure and

evening, and at 1 a.m. a few hardy MQPers '88 thal morning.
Seey page 4



Stomach samples were also taken of the
two  turtles. After some difficulty in
getting the turtles to open their mouths,
a rubber heose was inserted down their
throats. Water was then flushed through
the hose. As it washed back out their
moukth, small pieces of limu came out with
it, The sample was collected in a jar
faor later laboratory analysis. The newly
tagged turtles were each then returned to
the beach, where they swiftly splashed
off, undoubtedly glad that their
terrestrial ordeal was over,

Everyone stayed more than well-fed
during the expedition, thanks to Kimber
Alspach from Hile MOP, who organized the
whole project. Each of the students had
their turn at kitchen duty for one meal.
Jome bemoaned the fact that this was the
First camping trip that they had actually
gained weight on.

Many students expressed that the most
interesting part of the trip was meeting
all the different MOPers from the various
islands, who presented a wide mssortment
of personalities. Some enjoyed a trip to
a lardge helau located across the cove
from the pavillion. Several felt they
benefitted most from the  hands-on
participation in capturing, studyving and
releasing the sea turtles.

Following the return to Hilo, some
vigiting Manca and Maul students staved
on to witness the creation of Big Island
real estate when they ventured down the
coast to Kalapana, where heavy ocean
breakers were assaulting an active
Kilauea lava flow.

Robert Forsgth
(HMFS) after they have placed the turtle on
its back in the inner tube, -Photo by
Raymond Boland.

KHFS regearcher amd B turtle
gpecialist George Balers normally heads
such turtle tegging projects, but
unfortunastley, circumstances prevented
his attendance this year.

About 18 Hilo students particlipaled in
this year's turtle tagging project.
Manoa MOP students in attendance wers:
Lara Asato, Dan Bauwer, Ray Boland, Mary
Roney, and Tina Xavier. The two MCC MOP
gtudenta participating were: Robhert Lohle

and Heidi Tobias-Glover. The Manoa
students recently held a MOP-in slide
ghow about the expedition. gﬁ’

Left: MOP students detangle and lay
out the net to be used to snare turtles.
=FPhoto by Raymond Boland,
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August 22, 1988
To: - George Balazs, NOAA
From: Larry Katahira, Hawaii Volcances National Park

Subject: Monitor Endangered Hawksbill Turtles at HAVO

Hi George,

We are currently planning an overflight along the Park's
coastline to identify potential breeding sites of the Hawksbill
turtle. During the past 15 years there has been incidental
ocbservations by backcountry hikers of nesting sites, tracks and
hatchlinge but the Park has not yet developed a management plan
for these endangered turtles.

We would like to invite you to assist in initiating this program
by taking part in a helicopter cverflight along the Park’'s
coastline. We plan to conduct an early morning reconnaisance
from the Park's southwestern boundary, Kuee, and follow the
coastline easterly to Kalapana.

I've confirmed a helicopter flight for September 7 at 0630 hours.
If possible, could you arrive the evening of September 67 We
will provide dormitory space for you. Do you need transportation
from the airport to the Park?

Enclosed is a new project statement on monitoring turtles which
will be included in the Park's Resource Management Plan for
figcal year 1989, -

We are locking forward in working with you. Please call me at
967-8133 (bus) or 967-7416 (res) if you have any questions.

ooy 0



HAVO-87 MOHNITOR ENDANGERED SEA TURTLES
Statement of the problem

Tha andangared hawks=bill and green sea turtles occur along the
Park's 21 miles of rugged coastline. Green sea turtles nest only
in the Northwestern islands known as the Hawaiian Islands
National Wildlife Refuge, but their feeding grounds extend along
the main Hawaiian islands. Hawks=bill turtles, on the other hand,
nest on the main islands with confirmed sites only on Molokai and
the Puna-Kau coast of the Big Island. Since 1978, there have
bean several incidental observations by hikers= and employees of
turtle nests, tracks, and hatchlings at Apua Point and Halapa
Beach. In August 1987, an emploves at Halapa found a dead
hawksbill turtle carrvin® approximately 320 eggs. MNoting the
importance of the Park as a nesting area for the hawksbill
turtle, Dr. George Balar=s of the Mational Oceanic and Atmos=pharic
Administration (NOAA), has supported the designation of “critical
habitat™” for Halapas.

Due to competing management priorities, the Park has bean unable
to develop a management plan for the endangered green and
hawksbill turtles. The only information received has been
through incidental observations by hikers and employees. The
Park must protect known and potential neszting sites, solve
problems of pradation by cats and mongooses, educate the public,
and reduce recreational use conflicts such as impacts of camping
sites, horses, gill net fishing, and disorientation of turtles by
lights.

Alterpative Actions and their Probable Impacts

1. Mo action. Continue at present levels without a monitoring
program, and rely only on incidental sightings. Thi= kind of
information is not reliable and not proper management practice.
Moreover, under the Endangered Species Act, the Park is required
to carry out management programs which will ensure the protection
and recovery of listed species.

2. Collaborate with NOAA personnel and develop a monitoring
program Tor the green and hawksbill turtle=s. Gather information
on nesting beaches, public use, and occurrence of predators which
will anable the Park to develop a more enlightened protection and
management program.



Recommended Courszse of Action

Salect #2. This course of action is responsive to the Endangerad
Species Act.

Cost/Workload

$8.000 first year, .5 FTE
$10,000 sacond year ff, .5 FTE and support

nvironmental Factors

The monitoring action proposed for this project is categorically
excluded from further environmental documentation.



Puxarv'v: gy E]istrif.l:, Island of Hawasdi

Punalu'u is the name of a bay with a beach which, viewed from the sea,
would perhaps have appealed more than any other along this coast to Paly-
riesian migrants from the south as a place for a landing and first setflement,
It is deep and sheltered enough to be shielded somewhat from the prevailing
winds, and it lias a beach on whicl fishing canoes can comfortably land in
normal weather. Chester Lyman, in 1846 found it “romantically situated on
the beach, shut in in part by a rough lava stream.” Tlhis bay is also the best
in Ka'u for sheltering beached canoes. Now it is mounded quite high, and '
thrust back; formerly it was more extensive, But still it has survived the tidal |
waves which have swept other beaches away completely.

Punalu'u means “Diving spring,” and takes its name from the fact that
for their drinking water the natives had to dive (fn'u) down in the bay to an
underwater spring (prna) some ways out from the shore, A man would ke
gourds ont to the place and dive under. When he came to the fresh cold
water near the bottom of the bay, he would unstop his containers, fill them,
then surface and Lring them to shore. Tn ancient times the Punalu'u people
went to the springs at Ninole for their drinking water until the opress Kai-
kapu settled there, Then they learned to dive for water in the bay, Some 50
yards in from the beach is a pond that now is stagnamt, but formerly it was
large and had ample fresh water from a deep spring wamed Ka-wai-hi-g-
kauila, o the old days the spring was kapu and used only for drinking
purposes, - ]

A legend relates that there was a time when stormy weather prevented
the men from diving for water. There were two supernatural turtles who
had come ont of the ocean to Punalu'u: Honn-po'o-ken (‘Turthe-with-white-
head), the mother; and Honu-‘ea ["I'urt!-.--u-itln-reﬂdiéh—hrw-||-51mll}, the
[ather, The mother gave birth to an object resenibling a piece of bewila wood,
which sle buried in the sand 1o be hatehed out by the sun. Then they dug

. into the earth and made a spring, then returned to e sen. When it was time
+ for ‘her “erg™ 10 hatch, Honu-po'o-kea returned, When the thing she had
taid fJirl hatels it was 2 turtle the color of polished kanila wood. Mother and

daughter lived in the spring until the baby turtle grew . The young turtle
was maned Kauilp, The spring came to he named "'1"I1:-|ri5i|iz—w:lter-_ul'—
Kauila." The turtle girl was able to assume human form and play with ihe
soung follk, bt would become a turtle again when she went back jnto the
spring. When bublles came up in the spring. people knew the turtle girl was
asleep in her lome. Children used to eatch fish and shrimps in the spring,
and Kauila watched lest the little ones fall in. The people loved Kauila for
this and because her spring gave them drinking water. They never used her
witer for any other purposes.

—

from BHNative Planters in 0ld Hawaii- Their Life, Lore, and Environment _
by E.S.C. Handy and E.G, Handy, with the collaboration of Mary Eawenz Pukul
Bernice P. Bishop Museum Bulletin 233 (1972)

; ~— Hade available by a joint University
h of Hawaii and NMFS sea turtle study:
) SOUTHMEST FISHERIES-CNTR
rl
mkﬁnrl:mﬁ: i HORGLULL LABDEATORY
541-X727, 5485918 or 2570 DOLE STREET ,

Enterprise 5469 " HONOLULU HI 96822-7396
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The Kona Earthquake of August 21, 1951,
and Its Aftershocks!

GoRDON A, MACDONALD and CHpsTER K. W ENTWORTH?

INTRODOCTION

AT THREE MINUTES before one o'clock on
the moring of Auguse 21, 1951, the south-
weatern part of the island of Hawaii was
shaken by the strongest earthquake recorded
there since 1868. The earthquake of August
21 was felr strongly all over the island of
Hawaii, weakly on the island of Maui, and
in Honolulu, 180 miles away from jts origin.
Extensive damage resulted in che central Kona
districe, and lesser damage extended all the
way to-Naalehu, sbour 38 miles from the
epicenter, The major earthquake was followed
by a large number of afrershocks which,
alchough they did litde damage, kept the
populace of Kona uneasy for several weeks.
A detailed study of the earthquake was
immediacely undertaken by the saff of the
Hawaiian Volcano Observatory. No shasp
division of labors existed, but for the most
pact Macdonald was responsible for the gen.
eral and instrumental phases of the investi-
gacion and Wentworth for the detailed studies
of damage, such as thar affecring warer tanks,
stone walls, and pravesrones.
Acknouledgemenis: It is impossible to men-
tion by name all the persons who aided the
investigation by conrributing observations on
the earchquake itself and dat on resulting
damage. To all these we exrend our sincere
thanks. Special thanks are due Howard M,

' Publication auchofizsd by the Direcror, UL 5.
Creological Survey. Manuscripr received May 7, 1952,

*Durector and  Geologise, respectively, Hawaiian
Voleene Observitory, Hawail National Park, Hawaii,

Tarsuno, seismograph aperator at Konawaena
High 3chool near the epicentral area: Sister
Mary Thecla, seismogrph operacor ar S,
Joseph's School in Hilo;, M. Alfred E.
Hansen at Waalehu, Allan P, Johnston of
Kapapala, and Nancy R, Wallace of Keala-
kekuz, who contribured descriptive reports
of many of the aftershocks. Roland E. White,
of the Honolulu Magneric Observatory, 1.
5. Coast and Geoderic Burvey, kindly sent
copies of the seismogams of the major earth-
quake as recorded ar Batbers Point, on Oahu,
Commander C, A, George, of the Coast and
Geodertic Survey, supplied copies of the ride
gruge records from Honolulu and Hilo har-
bors, showing che small ssunami that followed
the earthquake. Many persons supplied in-
formation, on damaged water tanks. Among
these Mark Sutherland, Principal of Kona-
waena School, John Twane, Extension Service,
University of Hawaii, and Masuoka Nagai,
of Captain Cook Coffee Company, were es.
pecially helpful.
NARRATIVE

Most residents of the island of Hawaii
were in bed when the earthquake scruck.
Nearly everyone in‘the Kona and Kau dis-
tricts was awakened, and most people rushed
outdeors. Persons in the ares near the epicen.
ter reported that the initial movement was
largely up and down, with some swaying in
an east-west direction, increasing in incensicy
and giving way o what appeared o be a
vortical motion. Noise during the easthquake
was intense as doors and windows Ira::]ml,
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dishes and funiture toppled o the floor,
warer tanks collapsed, and rocks rolled down
from stone walls and banks. A few persans
who were awake az the time the earthquake
occurred reported that the quake was imme-
diately preceded by a dull roar SEEmng to

come from the ground. Shaking is reported -

to have been nearly continuous for an hour
or more after the major shock.

Macdonald was driving through Naalehu,
36 miles from the epicenter, when the earth-
quake occurred. The car swerved vialently,
as though it had scruck o mudhole, Imme-
diately afterward branches stared to snap
from trees overhead and fall on the pavement.

Within a mateer of moments several houses.
churches, and a school building were badly
dumaged, many other houses slightly dam-
aged, abour 200 warer tanks destroyed, many
miles of stone wall thrown down, roads
partly blocked by rock slides, road pavement
and shoulders badly cracked, cemeteries dam.
aged, relephone communication and electric
power supplies disrupted. Forrunarely, only
two persons wete injured, and they noc seri-
ously.

Damage extended for more than 40 miles
along the highway that encircles the island,
from Holualoa on the north o Hoawapo on
the southeast. Damage was greatest along
the 10-mile streech from the village of Cap-
tain Cook to Hookena (Fig. 1), bur as far
away as Naalehu many dishes were thrown
to the floor in homes, groceries and liquor
bartles thrown from shelves in stores, and
one house was shifred several inches on ics
foundations. A few objects were toppled from
shelves, pavements were cracked, and nurmer-
ous landslides starcedin the vicinity of Ki.
lavea Caldera, 45 miles from the epicenter.

At Mapoopoo the ocean was obseryed
withdrawing from shore, and most of the
inhabitants of the village were hurdedly evac-
uated 1o higher ground until the possibilicy
of & destructive tsunami was pase,

Two small fires broke ocut. One was ar
Kaimalino, 0.3 mile south of Kealia, where

PACIFIC SCIENCE, Vol V1, Ocuber, 1957

kerosene, spilled in a kerosene-powered re.
frigerator, caught fire. The orher WAS iy
Maalehu, whers the earthquake upser a Lerg.
sene lamp. Both fires were guickly exrin.
guished,

Bright flashes of whire light at the time
of the major earthquake were reporred by
persons at Naaleho and Pahala. These persons
believe the flashes were not the result of
electrical short circuits, Peculiar lights have
cccasionally  been repored. duting  other
strong earthquakes.

Druring the night of August 21-22 persons
in the cenmral Kona area reported a distinet
odor of hydrogen sulfide, apparently occur.
rng in intermittent waves. The source of this
odor is not known. No increase of fuming
was observed at the vents of the 1950 erup.
tion on the southwest rift of Mauna Loa,

Aftershocks in grear number followed the

major earthquake, The seismograph ac Kena.
wiena School was badly ﬂamagﬁf by the
first quake, so the total number of afrer
shocks will never be known, However, Mrs.
H. Masuharn, ac Keei, counted 109 felr earth-
quakes berween the principal shock and nine
oclock the next morning, The Konawaena
seismograph was repaired and restored tw
opération at 13:15 on August 23. It recorded
90 carthquakes during the nexr 24 hours and
494 earthquakes up to midnight on August
31. Maosr of these, of course, were too small
to be felt, even close to the epicenter. Strong
aftershocks occurred ar 01:28, 09:56, 10:12,
18:32, and 22:48 {Hawaiian Standard time)
on August 21, and ar 17:15 on August 22.
Only slightly less strong were those ac 02:14
and 06:28 on August 22, Because of con-
tinued carthquakes, graduation ceremonies 2t
Konawaena School on Auguse 22 were held
outdoors instead of in the auditariym,

IMSTRUMENTAL DATA

The major earthquake dismancled all seis-
mographs on the island of Hawaii, All but
the Bosch-Omori seismograph in the Whitney
Laboratory on the norcheast rim of Kilaues
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Fig. 1. Map of the central Kona districe showing the locarion of pleces mentiomed in the text and the approx-

“imace locerions of the epicencers of the mujor sartlquake
reasonably waod locarions were abtined. The inser meap

of Augudr 21, 1931, and of the afrershocks for which
of the islinsd of Hawaii shows the location of che area

tshaded) covered by the ather map and the approsimate position of the soseismal lines for the major sartheuske

Caldera were dismantled by the preliminary
waves. Precise time control and, consequent-
ly. the precise time of arrival of the first waves
are lacking on the Kona and Hilo instruments.
As a resulr, instrumental data are inadequare
for the close locadon of the focus of the
earthquake. The duration of the preliminary

waves on the north-south component of the
Bosch-Omor instrument was 9.5 seconds,
cofresponding with a distance of approsi-
mately 47 miles from the Whitney Laboratory
to the origin of the quake.

John C. Forbes, instrument maker at the
Volcano Observatory, repaired the minor
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damage to the Bosch-Omori seismograph
and put it back in operation at 01:24, I7
minutes afrer the first earthquake started.
At that time the instrument was recording the
long waves of a large earthquake. The period
of these waves ranged from about 6 to 8
seconds and averaged approximasely 6.7 sec-
onds. Their maximum double amplitude was
67 millimeters, corresponding 1o & theoretical
ground displacement of approximately 0.3
millimeter. These waves continued with
gradually decreasing amplitude until 03:20.
Because no other earthguake ar an appropfi-
ate time was observed by more distant sta-
tions, it is believed thar these long-period
waves were the surface waves of the major
Kona earthquake.

The time of origin of the major earthquake
is given in the notice of preliminary deter-
minarion of epicenter issued by the 1. 5.
Coast and Geodetic Survey as 00"56™57.5°
Hawaiian Srandard time (10%36™57,5° Green-
wich Civil time}. The time of beginning of
registration of the preliminary waves at the
Whitney Laboratory ar Kilaues was 00"57"
%.5" Hawaiian Standard time.

The direction of the first grownd movement
ar Kilouen Caldera was east-southeast and up,
that at the Mauna Loa starion was ecast-
northeast, and thac at the Kealakekua station
was cast-norcheast. At the Kenlakekua station
the norch-south component was only slightly
damagred, but on the east-west COMpOnNent
the suspensions were broken and the weighe
dropped on the floor 2 feee west of the pier.

The Kona seismograph, ar Konowaena
School (Fig. 1)," was restored to Operarion
at 15:15 on August 23, Previous ta thar time,
locution of the points of origin of the after-
shocks on an instrumental basis wias unces-
tain becnuse of the very short base of the
riangle formed by the intersection of lines
from the earthquake foci ro the other stations.
Earthquakes after that time are faiely well
locared because of the conmol given by the
Kealakekua seismograph. Most of these were
locared by means of dar from four stations:

PACIFIC SCIENCE, Veol. VI, Ocrober, 1952

Kealakekua, Mauna Loa, Hilo, and Whitney
rKilnuea),

Locations of the epicenters of afrershocks
which occurred after 15:15 on Auguse 23
with serial number greater than 190 are shown
in Eigure L. Thirty-three such aftershocks
have been located with small probable eror.
Most of them fall on of close 1o a faule char
runs oui 6o sea in a west-northwesterly di-
rection along the northern edge of Kealake-
kua Bay. The existence of this fault, partly

* buried by later lava flows, has been recognized

for many years (Dana, 1890: 30; Stearns and
Macdonald, 1okid: 37, ]:||._ 11, Ar its exsrern
end it bends southward, and the writers have
suspected that the abnommally steep lower
western slope of Mauna Loa inland from the
highway for 15 miles or more south of Cap-
tain Cook is 2 fault scarp deeply buried by
later lava flows. An interesting parcial con-
firmation of this cheory is furnished by the
locarion of the epicenters of several aftes-
shocks along chis line (Fig. 1),

The frequency of aftershocks decreased
rapidly from August 23 to September 4. As
is shown in Figure 2, the average frequency
then decreased very slowly until the end of
Seprember. No figure is availzble for Sep-
tember 7 because of mechanical failure in the
recorder at the Kealakekua station. The ap-
parent depth of origin of the afrershocks
ranged from 3 to 12 miles, most being abour
& or 7 miles. No progressive change of deprh
with passage of rime is apparent,

o

k 5|::|.Irln.|r
FiG. 7. Graph showing Frequency of afieshocks to
the end of Seprember, 1951,
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Alwogecher, from the time it was put hack
n operation until the end of Auguse, the
“ealakekua seismograph recorded 494 earh-
uakes, and until the end of Seprember 964
arthquakes. Nearly all of these are regarded
' afrershocks of the big earthquake of
august 21, Most were too small and shallow-
eated o be recorded ar the other starions,
ience their foci could noc be closely located,
't appears certain, however, that most orig-
mated along the Kealakekua fault ar the
aorchern edge of the Kealakekua embayment,

EFFECTS OF THE EARTHOUAKR
Ceseripion of Tervane

The epicentral area lies on the western
slope of Mauna Loa, & few miles south of
the surhcizl boundary between Mauna Loa
and Hualalai Volcanoes. It is transversed from
north to south at alttudes of 1,000 tw 1,300
feer above sea level by the main highway,
fromy which roads lead tothe shore at Na
poopoa, Honaunau, Hookena, and Milalii
(Fig. 1). In the vicinity of the highway the
average slope of the land surface is abouc
I degrees, which is several deprees E[CEpEr
than the average for Mauna Los slopes in
general. Above an altitude of 5,000 feer the
average slope decreases 1o abour 7 degrees.
The steepness of the lower pare of the slope
is believed o resule from an ancient Faulr
scarp deeply buried by more recenr lava
flows.

In the area within & miles south of Na-
Poopoo the sreep zone is narrower and mare
sharply defined than farther south, and west
of it the slope again Rateens toward the sea.
Three miles east-southeast of Napoopoo the
steep zone turns sharply northwestward and
becomes even steeper, taking on the unmis-
takable characteristics of a fault scarp mantled
by more recent lava flows, This scatp forms
the norhern boundary of Kealakekua Bay,
and there the alder lava beds in the SCAC are

. not mantled by later fows,

The steep seaward slope results in a dis-
tinct ASF My of the tecrane, which asym-

metry of necessity extends to nearly all
structuses on the terrane, Buildings rese on
foundations thar are high on one side and
low on the other. Roads in many places rest
on & ofuc on one side and Al on the ather,
or on 4 hll which is shallow on one side and
deep on the other, Scone walls parillel to che
coast have one sloping side shorter chan the
other. All of this resules in a lesser degree
of stability than in scrucrures buile on leved
terranes, and in a favored direction of un-
stability. Partly because of the higher foun.
dations and deeper fills on the seaward side
and partly because of the continuous effect
of gravity, stucrures tended o move down-
hell during the earthquake regardless of the
direction of the acrual shaking, This effect
must be considered in using the direcrion of
displacement of objects 23 4 means of locating
the epicenter.

Rock Slidler

Many small rock slides in highway curs
were caused by the earthquake. Most of them
came from cuts on the inlind side of the
highway, probably largely because the cuts
were higher on that side, Most of the slides
were small, bringing down blocks less than
2 feet across, These caused licle damage and
were ensily removed, A few larger slides
broughe down large blocks weighing several
tong, the removal of which réquired the use
of bulldozers or ather heavy equipment. The
farge slide farthest from the epicenter oc.
curred at & high roadcut just west of Honua-
po, 40 miles fram the epicenter, Small slides
and rock falls in road cuts extended all che
way to Kilwen Caldera, 44 miles from the
epicenter. Many small rock avalanches ook
place in Halemaumay Crazer during and for
several days afrer the earthguake,

A large part of the damage o road curs
did nor, stricely speaking, result from sliding
af the materials. Most of it was merely a
fraying of the banks by the rolling down of
lonse or semiloose marterial, Few of the high-
way curs exceeded 5 feet in height, and few
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Feii, 3. Diagram showing the frequency discriburion
of three of che principal types of earthouakes damage
along the main highway, The arrows lndicace rhe
position on the highway of some villages and ather
features. Mote the cencering of damage close to che
Kealakekua fault.

were dressed back to any approximarion to
an equilibrium slope. The earthquake of
August 21 greatly exceeded in size any previ-
ous quake in the affected area since the road
cuts were made, and shaking during the
earthquake merely dislodged much of the
loose marerial and allowed it to roll down
onto the moad.

The distribution of sbundance of rock
slides in road cues is shown in Figure 3, in
which it is represenced by the portion of the
columns labeled "bank caving™ Like the
acher damu.-gr-shnw:‘. in the graph, it was
greatest in the immediate vicinity of the
Eealakekva fault, inland from and a licde
south of Kealakekua Bay.

Many lirge slides ook place on the faulr
scarp at the northem edge of Kealakekua Bay.
The slides cansed a disturbance of the water
of the bay just after the earthquake, and many
residents of the coastal village of Napoapoo
fled inland, fearing a big tsunami. Slides
continuéd on the Kealakekua cliff for several
ditys after the earthquake, sending up clouds
of yellowish-brown dust, leaving fresh scars
on the cliff face, and building talus fans ar
the foor of the cliff,

Less numerous and smaller slides alsa ac.
curred along the cliff just inland from the
village of Hookena Beach. The cliff ar Hoo-
kena is believed o be an ancient fauls SCarp,
mantled by lava flows from the upper slapes

of Mauna Loa during
fragments of the lava veneer were shaken
down during the earthquake,

Thunami

Despite early reports o the conteary, theee
is no doubr thar the earthquake was accom-
panied by a small esunami, or “tidal wave”
At Napoopoo wharf the warer was ohserved
to withdraw from shore, The tide waz low
at the time. Withdrawal of the warer lowered
the level to about 4 feer below normal low.
tide level. Immediately afterward the waser
returned shoreward, and the level rose ahout
2 feer above low-tide level.

Ar Milolii, Evgene Kaupiko reported thar
a few minutes after the earthquake, which
he felt while in a cance anchored offshore,
the water receded from shore, revealing the
sex botrom as far out 25 the edge of the
wharf. This represents a lowering of the wazer
level of about 3 feer. Afrer the withdrawal che
water returned shoreward, cansing o rse of
the water level 3 or 4 feer above normal low
water and floating away 2 canoce thar had
been drawn up on the beach abour 2.5 feet
above high-ride level. One large fall and rise
of the warer level appears to have been fol-
lowed by many small oscillations,

Ar Honsunau, berween Napoopoo and
Milolii, Eli Cooper, careraker of the City of
Fiefuge, went down to the water's edge o few
minutes after the earthquake. Ar chac cime
he could see no signs of disturbance of the
water, bur & small tsunami could have oc-
curred between the time of the earthquake
and his arrival at the strand, At Hookena no
sunami was observed, and there was none
largre enough to Aood the floor of the dock,
about 4 feer above normal water level. How-
ever, it cannot be said definitely that no small
tsunami occufred there.

The Honolulu ride gauge record shows
distiner oscillatory disturbance of the waser
starting at approximately 01:3%, abour 38
minutes after the earthquake, Seven or more
oscillations are detectable, with an average
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period of abour 14 minutes, reaching an
amplitude from crest to trough of 3.6 inches.
This undoubtedly is the record of  seiche
set up in Honolulu harbor by the msumami.
Using the time of beginning of the disturh-
ance ar Honolulu as that of arrival of the
tsunami, the average speed of travel of the
tiunami from the epicenter to Honolulu was
approximacely 284 miles an hour, The time
of beginning of the disturbance 2r Henalulu
corresponds well with the calculated then-
recical arrival dime of a tsunami caused by
the Kena earthquake, so there can be litde
doube the disterbance was of that arigin. A
similar disturbance is shown on the record
of the Hilo tide gauge. The time of beginning
of the disturbance ar Hilo is less definite, but
appedrs to have been abour 02:38, This cor-
résponds with a much slower average speed
of travel of the tsunami, of abour 78 miles
an hour, as the waves were refracted around
the island in comparatively shallow warter.

Dagage to Buldingt

Shartly after the earthquake the Kona po.
lice estimated thar about 200 houses in the
ared had suffered some degree of damage,
Maost houses in the aren near the epicenter
are of frame construction, set on knee-braced
timber underpinning, Such supposrs proved
capable of undergoing the shaking and dis-
torticn caused by the earthquake withour
serious damage. Most of the damage was
mingr and quickly repaired. Some houses
shifeed from a fraction of an inch o 3 or 4
inches on their foundations. Many were suf-

; ﬁi.'jtl'l'lit}' rwisted our of line to make-ir. dif-

ficult or impaossible to close windows and
doors. In neary all houses dishes and other
objects were thrown from shelves. Only the
mare sericusly damaged strucrures are enum-
erated here.

At Kaimalino, 0.3 mile souch of Kealia
(Fig. 1}, ashop building collapsed, This build-
ing was placed on timber supports level with
the highway in front but & feer ahove ground

level in back, withous adequate ceoss bracing.
-

Fra. 4. Ovenhiown: shap building ar Kaimalina,
from the sauth,

Fallure of the underpinning allowed the
building o tilr backward and slump o the
ground (Fig. 4). A similar sicuation was found
it Keokes, 1.2 miles north of Kealia, where
a service station building slumped downhill
away from the highway and pardy collapsed.

In the Kahauloa area, about 1.7 miles east
of Napoopoo village, the walls of a score
parcly collapsed as a resulc of distordon of
the building caused by shifting on ies founda.
tion. The warchouse of another store was
badly damaged.

At Hookena Beach two old frame houses
were destroyed, One, which had been ac.
cupied briefly in 1889 by Robert Louis Steven-
son, fell when its timber underpinning failed,
and collapsed. The other also was dropped
onto the ground by collapse of its under-
pinning. It appears to have fallen almost
ﬂHiHh[ downward, The bu:i]rlirlg WAS EOHmE-
what twisted, bur not otherwise seriously
damaged. Ar Kealin and ar Kiilae, abour 0.4
mile south of Kealia, rwo other frame houses
were badly damaged by collapse of their
timber underpinning. All of these cases of
tollapse of frame houses appear to have been
caused by inadequate bracing or poor mare.
rials in the underpinning, in some instances
probably aggravated by insecure footings,

The cases of scrucrural damage mose dis-
rant from che epicenter occurred at Naalehu,
36 miles southeast of Napoopoa, where wall-
board in a restaurant was cracked, and cne
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Fio. 3. Cenmal portion of Honsunaw Schoal, fram the southwesr, All bust the south end of chis building was

ler down and moved westoard owing o inedequare bracing of the underpinning in an ersr-wese direction eeans-
verae to the longer dimension of the bidlding. '

house was moved several inches on its foun-
dation. .

A striking example of the effect of poody
designed underpinning is fumnished by the
Honaunau School, This was a long, namrow
frame building placed with irs length parallel
to the contour of the ground surface. The
front of the building was sbour 3 feer and
the back abour 10 feer above ground level.
It was suppuored on tumber posts, The posts
and knee bracing parallel ro the length of che
building were entirely adequate, but there
wis compamtively litde bracing parallel o
the shorter direction of the building, and
some of this was fastened not wo joists but
to floor boards. As a result, the underpinning
was deficient in stiffness in the direction
parallel to the ground slope. The directon
of shaking during the earthquake was nearly
parallel to this direction of weakness in che

structure, and the swaying of the structure
ciused the underpinning to fail in part and
to allow the building to slump downhill ento
the ground (Fig. 5). The building is con-
sidered a roeal loss.

There were several church buildings with
masonry walls in the area near the epicenter.
Most of these suffered same damage, and
some were very seriously damaged. The ma-
sonry consists of frapments of lava rock laid
with a mortar made by calcining coral lime-
stone. In some there was very licle mortar
in the inside pares of the wall, Most of the
buildings were more than 95 years old.

The Cenoral Kona Chusch ar Kealakekua
suffered cracking of the interor plascer on
the east and west walls, bur che masonry
showed lietle or no cracking. At the back of
the church is a small lean-ro addition, the
roof of which is supported by beams with




one end ser into niches in the wall of the
main building. During the earthquake there
was enough differential movement of the two
portions of the building to pull the beims
out of their supporting niches and allow the
roof of the addirion 1o drop a few inches.
At the front of the church is a tower covered
with exrerior plasrer. The tower and main
church building are essentially separare struc-
tures and appear to have moved independent.
ly during the earthquake. The plaster of che
rower was badly cracked.

3. Paul's Church ar Honalo, 1.2 miles
north of Kealakekua, suffered severe cracking
of the masonry in both the main building
and the recrory. Kahikolu Church, ar Na-
' poopoo, suffered surprisingly liccle damage.
The lintels and interor plaster showed some
cracking, bur the masonry was unharmed.

The Protestant church at Hookena Beach
was badly damaged. The building consisted
of masonry walls and a sheet-iron roof, sup-
ported on heavy handhewn beams which in
turn were suppared by east-west beams rest.
ing in niches on the upper edge of the front
and back walls. During the earthquake nearly
the whaole front (west) wall was thrown out,
some debris being as much as 235 feer from

Fis, 4. West end of Puksana Charch az Hookena
Beack showing complete demoalition of mesorry wall
of this 100-veas-ald saeuctaee, Much of the debos was
cleared away soon after the eamhguake. Moo nearly
compasable damage v chis building & known o have
taken place during the century since i owas buaile.
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Frz. 7. Catholic Church 006 mile nomh of Hookena
Beach, from che nosthwest, The east end of this church
wid aimilarly thoown dawn and cuwward, ra the east
The near corner aned the corresponding cortmer of the
senall building, alveady without & oof, suggese dis.
placement most markedly o the northwest, in che
general direcrion of the epicenter,

the building (Fig. 6}. The other walls were
not appreciably damaged, even the interior
plaster being almost uncracked. It appears
possible that during the quake the roof may
have rended to move as & separace unic from
the rest of the strecture and, by its tendency
o lajgr behind during the initial violent east-
ward movement of the ground, may have
pushed oot the front wall.

Similarly, 2 small seone building nearby,
which had long been without a roof as is
shown by trees growing within the walls, had
both its end walls chrown ourward, to west
and east, while the side walls remain standing
though somewhat cracked.

The Catholic church 0.6 mile north of
Hookena Beach was very heavily damaged.
The upper porcions of both the east and west
walls were thrown down (Fig. 7), and the
interior plaster on all walls was badly cracked.
However, the walls were built merely of loose
stones laid rogether withour momar berween
them excepr close m the faces, where the
interior and exterior plaster had penetrated
2 short distance. Considering the type of




construction, probably the mest surprising
feature is thar the building had not collapsed
previously in one of the strong earchquakes
which occur in Kona every few years.

The lessons to be learned from the struc-
tural damage caused by the earthquake are
those which have been taught by many strong
earthquakes elsewhere. A large proportion of
the damage resules from poor construction
or from poor or inappropriste materials. Un-
reinforced masonry structures ase inadvisable
In any area subject 10 strong earchquakes.
Footings should be firm, and construction
materials, particularly the underpinning,
should be sound. Cross bracing, particularly
of underpinning, should be adeguare in all
directions. The best insurance against earth.
quake damage is good construction.

Damage to Watter Tanks

Practically all dwellings in the Kona area
are equipped with water ranks for storage of
rain caught on the roof. Nearly all these
tanks were of wooden stave construction. A
large number of these round, tb-1ype tanks
were destroyed o damaged by the ezrthquake.

The few meral and masonry tanks were un.
damaged. Because of rheir impostance, not
only in Kona but in many Hawaiian com-
munities, a special study of damage 1o these
tanks has been underraken, The resules will
be published elsewhere. Only a brief sum.
mary is given here,

Altogecher, approximately 200 ranks of a
tordl of more than 1,000 in the heavily shaken
area were damaged or destroyed by the earch-
quake. Tank damage extended from Keauhou
on the north to Milolii on the south and was
most severe in the area from Capeain Coak
to Hookena. Tanks showed all degrees of
tailure, from the development of slight leaks
to complete collapse. A few tanks may, ar
least in pare, have been pushed over by
neighboring structures. Thus, the tank ar the
southern end of the Honaunau School build-
ing (Fig. 8] may have been partly pushed

westward by the collgpse of the adjacent

T
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£ia. B, Demaodished tank west of the south end of
Honaupau School, foatings on which the tank Formerly
stood, and pare of the school building, From the sauth-
TWESL.

building, to which it was connected by a
rigid woaden down-spout. However, mast of
the damaged ranks appear to have failed
because of their own behavior during the
easthquake. The commonest features con-
tributing to tank failure appear to have been
poor footings and inadequare cross bracing
of the underpinning,

Dawagry o Stone Walls

The loose stone walls characteristic of the
Kona area were extensively damaged by the
easthquake, The principal damage was in the
area between Keaunhou, 3.5 miles north of
Kealakekua, and Pahoehoe, 3 miles souch of
Haokena (Fig. 1}. However, isolated instanoss
of wall derangement were observed as far
north a5 Honokahaw, 16 miles north of the
epicentral area, and Maalehn, 36 miles south-
east, The distribucion of dama_E: to walls @5
shown graphically in Figure 3. Many miles of
wall required rebuilding. Since the cost of
COqTRLCE rr:|1-uj]-;3[n5 is approximately a dollar
i vard, the toral monerary loss from the
destrucrion of walls is considerable.

Most of che stone walls in the area consist
of irregular fragments of clinkery aa lava less
than a foor across. A few walls have bases
of blacks a foor or more long reaching half-
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way o more through the wall, and, especially
e the older walls, occasional slabs are laid
pactly or entirely chrough the wall 1o help
rie it together, Because of the rough, irregular
surfaces of the fragments it is possible 1o
build them into 2 nearly vertical wall 3 or 4
feet high and enly about 30 inches thick at
the base. Such walls stand well under ordi.
nary conditions, but, because of the shormess
of the bonding surfaces of adjacent blocks,
they are rather unstable under any joggling,
such as by earthquakes, The earthquake of
August 21 caused extensive shaking down
of the walls. The commonest type of damage
was u slumping of the upper part of the
downslope face of the wall, the fragments
rolling down and our o shore distance from
the base of the wall. Such damage was espe-
cally common on the north-south trendin
walls and ar high places on the walls, In &
few instances, walls on neary level ground
were dislodged almost equally in both direc.
tions, bue the failure was preponderantdy on
the west side of the walls, and the marerial
from the walls was displaced wesrward.

Some of the westward displacement of
material probably resulted from the tendency
of the loose mazerial composing the wall 1o
lag behind during the initial stEong easrward
mavement of the ground. However, a large
proportion, perhaps most, of the failures of
the walls on their west side undoubeedly re-
sulted from the fact that, because of the
general westward slope of the ground, the
west side of the wall was higher and usually
steeper than the east side, and there was a
rendency for materials to shify downslope
under the influence of graviry. :

Well-buile walls were surprisingly resistant
to eaithquake damage. Thus, the wall along
the landward side of the highway from Ho.
naunau ta Napoopoo, built of carefully placed
rectangular blocks of lava, was almaose wholly
undamaged despire its location very close to
the epicenter. Likewise, in other parts of rhe
epicentral area, older walls in which slabs
extending through a large portion of the wall

¥

had been used to tie the wall together showed
comparatively [ittle damayre.

At the ancient City of Refuge ar Honaunau,
about 20 fees of the seaward side of the main
outer wall of the enclosure collapsed, Ie is
interesting to nore that damage was resericred
to 4 reconstsucted portion of the wall, where-
a5 the remaining pordons of the original
enclosure wall and the walls of the heiau
platforms were undamaged. Homer Hayes,
2 close student of the Ciry of Refuge, has
made the highly plausible suggestion thit
the peculiar construction of the ancient walls,
in which occasional broad slabs extend en-
ticely or largely through the wall and some.
times bridge open spaces heneath, is respor-
sible for the greater resistance to easthquakes
of the old portions of the wall.

Datmage o Roads

Damage to paved roads was of three gen-
eral sorts: (1) cracking of pavement, ]
tracking and slumping of shoulders and sep-
aration of shoulders from pavement, and (3}
collapse of road cuts, causing partial obstrue-
tion of the road. The latter has already been
discussed under the heading "Rock Slides,"
Minor cracking of shoulders occurred over
an area excending about 10 miles norch and
12 miles south of the approximate epicencer,
and a few cracks were formed as far away as
the northeast side of Kilauea Caldera, 47
miles from the epicenter. However, exrensive
pavement cracking and slumping were re.
stricted to the area between Captain Cook
and Hookena, The distribution of cracks in
the road is shown in Figure 3.

Observed cracking or slumping of the
pavement or shoulders was entirely restriceed
to portions of the road on fills. In building
the road, some gullies were crossed by laying
in & rock fill having & batter, or deparrure
from wvertical, of less than 1 in 4, filling with
fine marerial, and laying asphalt pavement
across the top. Such fills were insufficiently
stable to withstand che shaking of 2 strong
earthquake, and in seversl places the down.
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frem the south, showing separirion of embankment
from edge of pavenvens due to slumping,

slope face of the fll was dislodged, allowing
the materal of the road bed to settle, cracking
the pavement. In other places the fll appears
to have sertled a lictle mevely by compaction
during the jostling by the earchquake, causing
cracks in the pavement.

A common occuprence was the formation
of & crack parllel to the edge of the pavement
on its downslope side, eicher within the pave-
ment a few inches from is edge or between
it and che shoulder (Fig. ©). Some of these
were as much as 73 feet long and 8 inches
wide, This appears 1o have resulted from a
downslope lurching of che shoulder, moving
as a separate unit from the portion of the Al
beneach the pavement. The independence of
movement of the shoulder and pavement was
interestingly shown along the highway about
2 miles southeast of Caprain Cook, where
soil and sod on the shoulder were averthrust
as much as an inch onto the pavement.

Dvrmage fir Cemeterier

MMany hexdstones in cemeteries in the area
near the epicenter were deranged by the
earthquake, As o part of the general earth-
guake INVESLIZAnion, These CEMencsies were
examined, and a roygh scatistical study of the
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damage was made, Unfortunately, owing to
shortage of personnel and pressure of other
duries, we were delayed several days in making
the cemerery examinations, and some resco.
ration of headstones had already taken place
in some cemeeries before we visited them.
However, in most cemeteries little restorarion
had been done, and the damage remaining
was probably a represenmtive sample of the
original damage. It is believed that practically
all stones which had been dislodged could
be detecred, even after they had been replaced,
by breaks or scrarches on the stone or dis-
tuibance of the cement bond at the base of
the stone.

There are more than 50 cemeteries in the
area, bur most are small family or church
plots with few graves and have nor been used
in recent times. In some places burial was in
vaults wichout headstones or with headstones
or markers fiemly cemented in place and not
readily susceptible to damage by an earth-
guake of the intensity of the one under srudy.
Maost of the valuable informarion came from
a few of the larger cemeteries. Damage at
these is summarized in the accompanying
table, and their locations are shown in Fig-
ure 1.

Derangement of hendstones included over-
turning of stones and shifring of scones on
their bases with or withou: rottion. In
addition many grave caps were broken, some
by falling or disturbance of headstonss and
some by lurching or slumping of the adjacent
subsoil. The latter type of damage was par-
ticularly prevalent on steep slopes, where the
subsoil is thick and loose. Damage of all
softs wis restricted to the area between Ho-
nalo and Honokuoa, 5 miles northeasc and
10.5 miles south-southeast, respectively, of
the probable position of the epicenter.

In cemeteries north of Keauhou no damage
or derangement was noted. Two miles south
of Keauhou, at Lanakila cemetery in Lehuula,
4 of the 15 headstones were dislodged ro the
west, Inland and slighely northward, at the
Daifuknji Mission in Honale, about 5 miles
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Fio. 10, Gmavestooe rotced councerclockwise, in
Craifukaf cemeery, Kaimalia, locking approximately
rocthoest,

nofth of Napoopoo, of an estimared roeal of
150 grave markers, & toppled west, T norch,
2 east, and none souch, Sic had been shifred
notth, 16 were owisted counterclockwise, and
2 clockwise; 8 grave caps were broken (Fig,
10). It was reported that many more had been
disturbed but had been restored.

At Hongwanji Mission, Kealakekua, with
more than SO0 graves, 12 headstones were
overthrowmn to the west, 9 o the east, and
none to the north o south. Thirty-four were
twisted clockwise, 11 counterclockwise, one
each shifted north, west, and south; 22 prave
caps were broken,

At the Central Kona Church cemetery at
Kealakekua, 12 headsrones and one large
memorial monument were overtumed west-
ward and one stone eastward. Another stone
was rowced counterclockwise, In the Epis-
‘copal cemetery, just across the highway, five
headscones were overtumned westward, one
was rotated counterclockwise, and one clock-
wise,

Ar Kahikole Church, abour 0.5 mile south
of the Kealakekua fault line, of & toral of 10
headstones, 2 were overturned o the west
and one was twisted clockwise, Two miles

tarther inland bur only abour 0.6 mile south
of the fault line is another cemetery of the
Hongwanji Missicn. Here, of more than 200
headstones, 20 were still down on September
7, the majority having been dislodged to the
west, and 10 or more had been replaced.
Thirreen had been rwisted clockwise and 4
counterclockwise; 24 grave caps were broken,
There was much damage to caps and markers
in the lower section of the cemetery” where
the ground 15 composed of rocky talus.

At Sc. Benedict Church, 1.3 miles farcher
south, there is a cemetery with approximarely
100 markers. Nearly half of these are wooden
crosses, which were not deranged. Several
others are light concrete crosses with wire
reinforcing, Some of these were broken ar
the shank so 23 to expose the wires one or
two of which were the sole remaining support.
Of abour 20 wvertical headsrones, 11 were
displaced or broken.

The maost complete derangement of grave-
stones was found in the Kalahiki Japanese
cemetery, a small hillside cemetery 3.8 miles
south of Kealia, where only 2 of 30 markers
were found in position 5 days after the carth-
quake (Fig. 11]. The dislodgement was chiefly
tor che southwest and, to o lesser extent, o
the norcheast. Ten were shifted o the nocth
without being thrown down, Seven, including
some of these 10, were rotared clockwise and
one counterclockwise. Here, on loose, steeply
sloping ground, & large proportion of the
grave caps were broken, owing o poor design
and to construction on the newly heaped
grave mound. This cemerery is abour 11
miles south of the probable epicenter. South
of this point no cemeteries with headstiones
susceptible to overturning or romtion were
found.

The prevailing easc-west azimuth of fall of
gravestones throughout the area is probably
largely the result of the prevailing westward
slope. The orientation of most cemeteries i3
governed by the generl north-south align-
ment of the principal roads, and, in turn, mase
pravestones face the west or east and have
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FiG, 11, Broken bases. displuced base srones, and erermrned beadstones in Kalahiki Japanese cemetery,
south of Kealia, locking southeasr, Parely because of unsuable hillside ground and pardy because of proximiry
to the epicenter, damage in this cematery was widespread and severs; SchnCely a grave escaped marked cers ngement.
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the long dimension of their base osiented
north-south, Therefore, the stones rock in an
east-west direction much more easily than in
any other, and, consequently, the most likely
azimuth of fall is easc-west, Furthermore, wn-
der sustained shaking, there is a tendency tor
all loose objecrs, including the soil cover, o
work downslope to the west under the in-
fluence of graviry.

Riration of Columur

Imamura (1937: 9G) has shown thar the
direction of rorarion of short recrangular
columns, such as many headstones are, can
be useful in determining the direction of
motion during an earthquake and, conse-
quently, the approximace azimuch of the line
toward the epicenter. If the earthquake mo-
tion is parallel to the sides or to the diagonal
{A~—B, inser, Fig. 12} of the column, rotation
probably will not occur, However, if the
earthquake motion is in some intermediate
direction, such as E—FE' in Figure 12, a
rocking of the column will be accompanied
by a rotational tendency. A ground motion
in the direction E° will cause the column to
rock an the comer B At the same rime, the
resultant of the force E' in the direction CD
will tend to rotate the column about the
comer B oin a counterclockwise direction,
Similarly, 2 motion in the direction E will
tend o cause a councerclockwise rotation
abour corner A. Directions of earthquake
mation lying in the unshaded ocrants of the
diagmm tend 1o cavse counterclockwise ro-
racion of the column, and directions of motion
in the shaded oceancs tend o cause clockwise
potation,

However, this law of rotanon” can be, and
commanly is, upset by other conditions. In-
homogeneity of the terrane may cause the
principal motion to be, locally, in a direction
other thin the azimuch pointing directly to
the epicenter. Also, excentric irregularicies in
the botrom of the monumens or it under-
lying base, or in the adhesion becween the
monurnent and its base, may result in rotation
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Fig. 12 Map of the cenmml Kon area, showing the
prvabent slirscrion of sorarion of momiments in ceme-
reries. The cemeteries are: 1, Duifukuy, Honalo;
2, Hongwanji Mission, Kealakekua; 3, Hongwaniji
Mission, Keei; 4, Kalihiki Fapanese, Ar sach cemensry
the amaw indicates the prevalent direction of rotatien.
The boandasies of the oomanms conmining the direcrion
dowand the epicenter are prolongsl. The stippled ares
west of Caprain Cook i that in which theee or maore
of the ocrancs overlap, The inser in the lower lefo ix
a diagram dofrer [mamur, 19370 of & honzontal
crass secnion of a recangelar column, indicating the
menner in which loetsonol eacthquake maoticn B—E*
rauses rottion of the column.

around those irregularities independent of the
rotation described above,

Dhuring this scudy it soon became evident
thar, to be of value, the direction of rotation
must be considered on a stacistical basis.
Thus, owo columns only 10 feet apart in the
Christ Church cemetery ar Kealahekua were
rotated approwimately equal amounts in op-
posite directions. However, by using the pre-
vailing direction of rotation of o number of
columns in & single arez, more useful results
were obtained. The average direction of ro-
tation of monuments in each of six cemerery
areas from 5 miles north to 10 miles south of
Wapoopoo were all consistent wich an origin
of the earthquake on or near the Kealakekua
faule from 2.3 to 3 miles west of Napoopoo.
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Cemeteries close to the epicenter showed less
consiseency in the direction of rotation than
did those farcher away.

In Figure 12 the prevalent directions of
rotation of monuments 0 four cemereries
are shown, Four other cemeseries wers omic-
ped because no monuments were rotated in
them, or because the number of rotated mo-
numents was too small o yield a reliable
scacistical result, At each of the four ceme-
teries plotred, the boundaries of the octants
containing the direction toward the epicenter
are prolonged. In an arex largely west of the
shoreline, from 2 miles souch o 2 miles north
of the approximate trace of the Kealakekua
fault, three or more of the four significans

octants overlap, and it is within this area of

overlap chat the epicenter should he situated.

LOCATION OF THE EPICENTER

Because of the dismantling of all bur one
of the seismogeaphs on the island of Hawail
during the preliminary phase of the earth.
quake, ic i5 not possible 1o locate the origin
of epicenter insorumentally. The oaly instru-
mental datum available is the S—P interval
of 9.5 seconds given by che Bosch-Omori
setsmaograph ar the northeast im of Kilauea
Cildera (Fig. 13). Using the oravel rimes
given by Byerly (1942: 210), this gives a
distance of origin of the earthquake of ap-
proximately 47 miles from the Bosch-Clmaori
instrument. These curves were derived for
sedimentary and granicic rocks bur, over a
period of several years of use at the Volcana
Observatary, have yielded more satisfactory
and reasonable garthguake locarions than any
others. The use of Jones's (1935 50) curve
for duration of the preliminacy waves [T¥]
increases the distance o only 49 miles, Taking
into consideration the aren of grearest inten-
sity of the earchquake, these distances place
the origin of the quake 3 to 3 miles west of
the coastline in the vicinity of Napoopoo.
The depth of orgin appears probably o
have been between $ and 10 miles.

Some information bearing on the location
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of the epicenter can be derived from the
study of damage by the earthquake. The
general distribution of damage to roads,
stone walls, and road cuts along the main
higtrory is shown in Figure 3. This is based
on a count checked against odometer mile.
age, assigning one unit of damage for each
1 o 15 feet of collapsed wall or road cor
Despite irregularicies, the graph shows a dis-
unctly symmetrical, bell-shaped distribution
curve, with irs peak about 2.5 miles by road
sputheast of Caprain Cook. An average of
more than 60 items of damage per mile in
the central 5 miles decreases o only one or
two per mile more than @ miles from the cen.
ter, This point of maximum damage coincides
closely with the position of the buried inland
extension of the Kealakekua fault. Other
rypes of damage also were most abundanr in
the same general arex, Together with the face
that maost ot the afrershocks, located by in-
strumental means, originared on the Keala.
kekua faule, it leaves lictle queston that the
origin of the major earthquake lay on or
close to this fault, and that che ecarthquake
almost certainly resulted from movement on
it.

The greatest strucrural damage was farcher
south, at Hookena, where the destruction of
the east and west walls of the two sone
churches suggests an epicenter somewhat far-
ther south. The possibility of a twin earch-
quake with one epicenter lying offshore
nearly west of Hookena has been considered,
but no other evidence suggests ir, and no
signs of a second earthquake could be de-
tected from the seismograms either from the
island of Hawaii stadons or from thar of the
Coast and Geodetic Survey at Barbers Point
on Oahu. }

Throughour the. Kona area, the prevalent
direction of fall of rock slides, stone walls,
and rombstones was weseward, and the nest
commaonest direction was eastward, The seis-
mograms indicare thar the fitst movement of
the ground was eastward, and it is probable
that same of the westward fall of objects was
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Fiee. 13, Seismogram of afrershock recorded ac 1832, Auguse 21 on the Boach
Leowes indicare the poines of wrrvel of phiary {P), secondary (51, sod lenig (L}
on ehe seismogram corresponds taapproximarely 0.7 mm, of gre

the result of lagging behind as the ground
moved eastwird under them. To seme exrent
also, the general east.wesr aximuth of fall
uadoubtedly refleces the direction of the £pi-
cencer, However, the prevailing  east-wese
slope appears to have been still mare impor-
tant in determining the direction of fall of
objects. Its effects on various types of damage
have already been indicated.

It has already been pointed out that the
prevalent direction of rotation of columns in
cerneteries indicates a locadon of the epicen-
ter within the shaded offshore area in Figure
12. This area contains the seaward extension

of the Kealakekua faulr.

As a result of the consideration of all fines
of evidence, the probahle epiceriter of the
earthquake is placed approximarely 3 miles
west of Napoopoo, at latitude 19°29° M, lon-
gitude 155%58" W

[NTENSITY OF THE EARTHQUAKR

There are in common use two different
methods of de:E:rmi.njng and expressing che

Dmori seismograph ar Kilapea,
waves, The amplitude of 80 mm.
und mation ar Eilanes, 47 miles from che Epicenter.

strength of an earchquake. The older method
i$ based on the observed effects of the earth.
quake on structures and various other ohjects.
Based on these effects, a numerical value js
assigned which is termed the intensity of che
sarthquake at any one point, Obvicusly, since
the effects are less at greater distances from
the origin of the quike, the incensity de-
Credses away from the epicenter. Various
scales of intensity have been proposed. Thae
used in the present study is the modified
Mercalli intensity scale of 1931 (Wood and
Neumann, 1931), in which values range from
1, at which the earthquake is not fele excepr
by a very few persons uader especially favor.
able conditions, to 12, at which damage is
toral. The second method assigns 1 value
called magnitude ro the earthquake, based on
the effect on standard seismographs at known
distances from the origin of the quake {Rich.
ter, 1933). The magnitude is & measere of the
amount of energy in the earthquake at jts
point of origin and, consequently, should e
essentially che same at all Measuring stations.

The norice of preliminary determinarion of
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epicenter issued by the Coast and Geodetic
Survey lists the magnitude of the earthquake
of August 21 as 6.7 a5 determined ar Paga-
dena and 7.0 a5 determined ar Berkeley, in
California,

Field studies of the effects of the earth.
quake indicace an intensicy of 7 on the modi-
fied Mercalli scale in the area near the
epicenter, decreasing to 6 at Waichinu and
Naalehu, 3 in the vidnity of Kilauea Caldera
and in Hilo, and 4 ar Honokua and in the
Kahala district at the north end of the island.
At Honolule, 180 miles (288 km.) from the
epicenter, the intensity was 2, Populared
areas of the island of Hawaii are largely
restricted to the periphery of the island. The
interior portions of the island are almost
wholly unpopulated, making it impossible
draw accurate isoseismal lines. Approximate
isoseismals are shown in Figure 1.

Given a single impulse, the minimum
horizontal accelerstion that can cause the
sliding of a short scone column on 4 scone
base is 71 per cent of the value of gravity,
decreasing to 57 per cent ar an angle of
emergence of 35° to the horizontal {Imamura,
1937: 105). Because the sliding of headstones
and, especially, base plares was common in
cemeteries during the August 21 earchquake,
it might be concluded rthar the acceleration
during the earthquake wis ar lesst six renths
that of gravicy, However, Imamura (1937:
106} also has shown that small, short-period
vibrations in the epicentral areas of SEIong
earthquakes, alchough they do not themselves
cause the displacement of objecrs, Mmay So
lower the nopmal values of the coefficients of
friction that sliding can be caused by longer
period vibrations with accelerations much less
than six tenths thar of gravity. The presence
of such vibrarions in the Kona ares s SUgs
gested by local vagaries of displacement and
by other behavior, The acceleration which
caused the lateral displacement of objects
during the Kona earthquake is nor known
but probably was much less than six tenths
that of graviry.

PACIFIC SCIENCE, Vol. VI, Ocrober, !_051'

COMNCLUSION

The earthquake of August 21, 1951, like |
most of irs afrershacks, probably was caused
by movement on the Kealakekua fault. This
i3 one of & number of similar faulrs along
which the lower slopes of Mauna Loa and
Kilaura Volcanoes have moved relatively
downward and outward roward the deep
acean. In this sense the carthguake was te.
tonic in origin,

In one sense, of course, all earthquakes in
Hawaii are voleanic in origin. However, the
Auguse 21 earchguake cannor be directly re-
lated to any specific volcanic episode. It is
possible that it is related in some way to the
great extravasation of lava during the 1930
eruption of Mauna Loa, bur there is no
evidence o demonstrace such g relacionship,
On Seprember 16 o series of smaller earch.
quakes originated on the Kaoiki fault system,
a series of fractures corresponding to the
Kealakekua fault, on the southeast slope af
Mauns Loa. From mid-May until early July
abnormally rapid eastward tilting ac Kilauea
Caldera indicated 3 tumescence of Mauna
Loa Volcano. There is a possibility thar both
the August 21 earthquake and its aftershocks
and the Seprember 16 earthquakes were
cavsed by 2 slight apward movement of the
central portion of Mauna Loa in relation to
the lower slopes. The August 21 earthquake
has no known connection with any coming
valcanic activity, though such a relaticnship
May yet appear.

The southern part of the island of Hawaii
is subject to frequent earthquakes, bur few
are as intense os thar of Augusrt 21, 1951, The
great earthquake of April 2, 1868, judging
from che descripions of damage, was much
more severe, Wood (1914) assigned to it an
intensity of 10. Its epicenter was farther south,
near Waiohing in Kau, where extensive sur-
tace taulting rook place. The earthquakes of
March 28 and April 3, 1868, also were prab-
ably at least as severe as thae of August, 1951
The earthquake of Ocrober 6, 1929, centered
oeneath Hualalai Voleano, had a magnitude
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of 6.3 (Gueenberg and Richter, 1940 M7,
and caused damage as far south as Caprain
Cook. The Maui earthquake on January 23,
1938, had a magnitude of 6,75, abour the
same as that assigned by the California In-
sttute of Technology Seismological Labaor-
atory in Fasadena for the earthquake of
August 21, 1951, During the years from 1929
to 1943, Gurenberg and Richrer (1949, rable
17} list eighe earthquakes of magnitude § and
wver which originated in the general Hawaiian
area, During the same interval they lisc 58
carthquakes in California with magnitude of

3 or mofe and 127 in Japan and Kamchatka,

Thus, during those years, California had about
SEVER times as many large earthquakes as the
Hawaiian area, and the Japan-Kamchatka area
fad about 16 times as many. However, there
e some areas, such as the northeastern
Uniced States, which have far fewer earth.
quakes than the Hawaiian area.

Based solely on the 1929-194% incerval, the
Hawaiian area can expect an average of about
one earthquake of magnitude % or mare Every
2 years. However, during the past cencury,
there have been only six earthquakes of in-
tensity comparable to that of August 31, and
no ather appears 1o have been quite as severe
in central Kona, There is, of course, no
assurance that anocher equally or even mare
severe earthquake might not ocour in thar
area In much less cime than a century. It
might occur within the next faw manths, but,
judging from the pase, thar s quite unlikely,

Well-buile strucrures, with footings of bet.
ter qualicy than many of thase now found in

Kona, will minimize or even eliminate the
damage resulting fram the lesser earthquakes
which the Kona area experiences frequently
in common with all the island of Hawaij
except the northemmose part. However, it
may not be economically feasible to build
in such & way as o eliminace damage from
the infrequent large carthquakes.
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July 29, 1986 F/BWC2:GHA

MEMORANDUM FOR: F/SWR1 - John J. Haughton

THRODGH: F/8MC2 - William G, Gilmartin
FROM F/SHC2 - George H. Balazs
SURJECT: Your recent reguest for biological and

historical information on green turtles and
hawkabills at Punaluu Bay and the adjacent Kau
District coastline.

The assortment of literature which I am providing with this memo

illustrates the importance of Punaluiu Bay and the adjacent

coastline to the critiecally endangered Hawaiian hawksbill,
imbricata, and the threatened Rawaiian green turtle,

We have periodically focused research attention on Punaluu over
the past several years because it is the most concentrated
resident foraging site for green turtle known to us in the
Hawaiian Islands. MNumerous interviews with fishermen and other
local reaidents conducted over the years have confirmed this
point. The turtles feed on the red alga Pterocladia cepillacea
which grows within the bay along the intertidal zone within the
profuse groundwater discharge, The turtles are therefore forced
to come close to shore to feed, hence are very susceptible to
punuhi:g and disturbance, Most foraging occurs at night, in the
later afternoon, and immediately after sunrise. Wowever, if =
high tide cccurs in the middle of the day, and human activity
around the bay happen to be low, the turtles will venture into
the bay during daytime to feed. Our scuba surveys outside of
Punaluu have shown that when the turtles are not feeding they are
resting on the bottom, often in coral crevices, at depthe of 30
to 90 feet. I should also point out that Punaluun is the most
productive site we have thus far identified in terms of Hawalian
green turtle growth rates. We have recovered tagged turtles at
this site that demonstrate growth rates of 1=-1/2 to 2 inches per
year in shell length. WNevertheless, even at this rapid rate it
would take green turtles resident at Punaluu 10 years to reach
the breeding size needed to undertake the long-distance migration
to French Prigate Shoals where nesting occurs.

The hawksbill is now very rare in Hawaiiosn watersz. Conseguently,
the low level of nesting that occurs llﬂh? the Big Island's east
coast, and especially in Eau, is highly significant to the
survival of the Hawaiian population. Neating sites known to me

o= T =




in Eau include the beach at Punaluu, Wamehame Point, Horseshoe
*beach," and the beach at Eawa. As you will read in the enclosed
literature, hawksebill nesting at Punaluu has stong historical
ties te the Hawaiian culture. The nesting documented at
Horseshoe points out the fact that hawksbills will come ashore
across exceedingly rocky terrain to nest in pockets of sand that
ere not beaches in the classical definition of the word. The
“beach® at Horseshoe, located just a few hundred yards south of
Punaluu, is used as an unimproved jeep trail. In August of 1984,
a nesting hawksbill became entanged in the lines of a2 tent of
people camping there overnight.

The Hawalian Sea Turtle Recovery Team in particular should be
kept informed as the detailed plans for coastal and nearshore
development at Punaluu bescome more fully known to our agency.

Enclosure
be: Balazs

Gilmartin
HL
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The turtles are never sub-
jected to stressful riding, but
are caught by hand or corralled
with a net and driven onto shore.
Yesterday, their temporary
capbors were re and
oceanography students gather-
ing data to help the threatened
green turtle species survive.

The turtles are thoroughly
examined to determine injuries,
disease, growth rate, migratory
maovements and population size.
The information goes to a fed-
eral database to help design
conservation strategies that will
work, such as protecting breed-
ing beaches from homan intru-
gion, ressarchers said.

Punaluy Bay is one of eight
locations throughout the
Hawaiian Islands where turtles
have rotuinely been captured.

and released in expedi-
tions led by scientists of the
AT Faard

said George
Balazs, researcher in charge of
the NMFS Marine Turtle Prog-
ram, The program cosis about
£76,000 a year, Balazs said,
Once the turtles at Punalud
were caught, they were carried
up to shade resting upside down
on huge floats that look like
truck tire inner-tubes, Hundreds
of curious people at the public
beach were given handouts tell-
ing them what was going on. The
turtles are measured, weighed

| and then tagged with a piece of

metal, pierced through a flip-
per, for identification.

Only one of the 11 turtles
caught during the Punaluu
expedition was an adult and had
peen tagged before. This adult
male turtle was originally

in 1082 at the breeding
800 miles from his home
in Punaluy, Balazs said. He
welghed 150 pounds and Was
about § 12 feet long from nose to

thoroughly examined for inju-
ries and signs of disease. Ome
turtle captured had a propelior
gash in his shell. The smallest
turtle, about two feet long six
years old, was found dead along
the beach with slash marks on
one £l suggesting he was
entangled In fishing line or a gill
net and drowned, Balazs sabd.

The type of turtles captured
reflect the actual population, he
said, because very few turtles
syrvive 25 years to reach matur-
jty. The threats begin even
before the half-dollar-sized tur-
ties hatch.

“The kids race on the sand
with four wheel-drives right
aver where turtles lay their
eggs,” said Komaka Bangay,
who was born and raised at
Punaluu Bay,

Bangay said he and hi=s
nephew built a fence arcund the
nest. When the tiny turtles
hatehes, they instinctively
headed for the brightest horizon,
which iz usually the ocean, 8
ended up in a parking lot con-
fused by artificial lighting.

Green sea turtles navigate
hundreds of miles, passing ideal
beaches on Maui and Oahu to
nest on the tiny islands of
French Frigate Shoals, perhaps
because that was where they
hatehed, Balazs said. The tur-
tles that nest on Punaluu beach
are hawksbill turtles, a critl-
cally éndangered species of sea

Hawksbills once nested at
Harry K. Brown Beach, now
covered by Kilauea lava flows.
1t is also possible that acidiz
material from the lava is
damaging seaweed Punaluu tur-
tles feed on, Balazs sald.

There is a Bew CONCETR that
land development may create
alge that damages sea

turties feed on, said David Tar-
nas, University of Hawail Sea
Grant coordinabor. Tarnas gaid

he works W

and government to make sure
that the turtles are a5

as possible as coastal develop-
mant continues, Athanassiades
zaid that in Greece, coastal
recreation development
threatens many of the sea tur-
tles because people hit turtles
with jet skis and even picnic on
the breeding beaches,

“Tt would be like putting a
resort on French Frigate Sho-
als,” Balazs said.

It is possible that human
introduced pollution may cause
3 life-threatening tumor disease
epidemic in some Hawail green
turtle populations, Balazs said.

Diseased turtles often are
found in areas where human

is nearby, but have
also been sighted in remote
areas, a NMFS report indicates.
Large numbers of fumor
afflicted turtles have been
sighted off the island of Oahu al
Kaneohe Bay, Haleiwa Harbar,
in the ocean off Kahala Beach
and even al Hanauma HBay the

gaid.
“In Kaneohe Bay, &0 to 70
of the turtles have this
dizease,” Balazs said. “Hilo
Bay is not a healthy place for
them either,”

For the island of Hawail,
tumor afflicted turtles are found
in in Puhi Bay — waters adja-
cent te a8 sewage treatment
plant outside of Hilo, the repart
said. Balazs said that there are
geveral hypothesis about what
cauzes the tumors: & virus, &
bloodwortn or a low-level pollut-
ant supressing their i
gyshem.

#The bottom line 1 we don't
have an answer,” he said,

The turtles are very sile spe-
cifie, living in the samé ocean
areas for most of their lives.
Researchers have never had a
tagged turtle from Punaluu
shmu&r up in Hilo for example, he
gaid.
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Spotlight Special
KONA KAI-YAKS

Foma Kai-Waks provides one of the most semene ways
to joumey into remote coastal areas of the Big Island.
Experienced guldes, for beginners, intermediate and
advanced kayakers alike, share their local knowledge of
secluded valleys, beaches, wildlife, and Hawaiian histo-
ry om trips planned for hours, a day and several days.

Kona Kai-Yaks can arcange camping trips, complete
with food, ger and transportation, to launch and pick-
up sites, These kayaks are unsinkable and the guides
are well-trained and knowledgeable, 326-2027
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SPORTFISHING CHARTERS

* Air Conditioned Comfort
+ * Fenmn International Eaals )
'* Free transport, Kona, Alrport g8

* Experienced Eap‘tal'ﬂ, Crew

* Full gallay e
172, 3/4 FULL-DAY CHAETEES
41" CLASSIC HATTERAS

229-2576
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Spotlight Special

SEA QUEST RAFTING ADVENTURES

Sea Chuest Bafting Advenibures lmits tours From fwo
to six passengers for the most personalized snorkeling,
sed cave and historic sites exploration by saft in Kona,
Capt. Randy Farish skippers a comfortable, safe and
Large craft created by Zodiac of France — the same flexi-
ble vesze] popularized by Jacques Cousteay — o ensume
best access to marine lava tubes, caves and anockeling
reafs. Trips start at Keaubou Bay, thereby offering mand-
mum fime for snorkeling and exploring Kealakekis
Bay, Capt. Cook's Monument and the Place of Refuge.
Morning tours leave at $:27 am. and afternoon trips
depart at 1:34 p.om. Snacks and snotkel gear included.,
Call 322-3664 for information and reservations.

g4 7 Big

7

1$5.00 OFF . :

/el SFe

51/2 HOUR SNORKEL & SCUBAIR ADVENTURE
to Captain Cook's Monurment in Kealakehua Bay
CONTINENTAL BREAKFAST - WATERSLIDE
GLASS SEABOARDS + ALL-YOULCAN-EAT BBQ LUNCH
Scubalr Available for Additional Charge
ADULTS - $39.95 s + CHILDREN (4-12 )- $20.00 s
Dreparts Kailus Pier at B:00 am + Returns at 1:30 pm

AFTERNOON SNORKEL - SUNSET DINNER CRUISE

To Kealskekua Bay
WEDNESDAYS ONLY!

Departs Keilua Pier 2:30 pm Retums Sunset
Adults - $39.95 vy + Children (4-12) - $20.00 s

THE PARTY BOAT

329-2177



sclf-inflicted calamities. Im most cases,
these accidents are brought aboul by diver
error and could heve eagily been svoided,
Conditions such as these threaten the
lives of bundreds of sport divers every

year. The topic of sccidents may be
covered in scuba classes for only a

minimum of time, especially if the course
wik a "couple hour quickie®, that may have
the movice certified in a matter of a few
short classes and pool sessions. In my
opinion, limiting one’s formal scuba
education to one short duration scuba
course i ultimately unsafe. What happens
after that short pool session, followed by &
checkout, when that ceriffed individual
nceds to plan their own dive? Will they be
capable of doing so0?

How important is it for 8 sport diver
of average experience lo know bow to
properly compute No-Decompression
bottom times? In some cases it could mean
the difference befween a pleazant,
after-dive dinner at one's favorite
restaurant, or a stint in the hyperbaric
chamber. (Let's bope they have Diver's
insurancel) It isn't surprising for
non-divers 1o be unaware of such factors,
buat bow aboot a diver who is, "cenified?®
Somelimes there's not much of a
difference. Many certified divers are not
fully knowledgeable of the simplest
principies involved in basic dive table
computations. Knowing basic rules and
concepls is easy and absolutely necessary
if one is to ulilize scuba zafely,

5o, is scuba diving just a sport?
Maybe il"s more of a responsibility.
Nowhere is it written that scuba diving
shouldn’t be fun, but it"s potential dangers
should be focused upon more carefully by
many divers,

Do you meed to enbhance your
knowledge about the wiilization of scuba?
Many would say that experience is the best
tescher, but bow much do you know
already? Knowing what to do during
diving-related emergencies, and especially
knowing bow to prevent them, should be
second nature to all certified divers.
Advanced scuba certification, specialty
courses, as well as Bed Cross First-Aid and
CFPR, arc excellent sources from which o
leam skills that may be required in a life
threstening situation.

If you are one who has already made
an investment of 8 Grand orso ina bot pink,
or neon green scuba ensemble, maybe it's
time you made another. The time invested
im such courses might save a life,

REWARD!
TURTLES IN TROUBLE II

Inourlast edition of Changing Tides-
May 8, '91 we featured an article by Shemi
Miller concerning the Homu, the Hawaiian
green sea turthe {Chelonia mydas) which is
threatened with extiction, and the problem
the Hona is having with a deadly fumor
infection called Fibropapilloma disease.

Regretfully this siory is about another
type of sickness the Homu is having 1o
contend with 1o avoid 1oia] extinction. This
sickness isn't in the Hono though, it's in
Man.

A 250 pound, sexually mature,
female Honu was discovered dead in a
vacant lot off Shower Drive in Hawaiian
Paradise Park subdivision, Puma,
Someone or more probably a group of
people, removed the furle from the ocean
and abandoned il, away [rom the water, to
die a miscrable death.

This malicious act appeared
intendional and violates both State and
Federal Laws protecting the last of the
Pacific green sea [ules: specifically the
Endangered Species Act with penalties of
up to $25,000 and/or one year in jail.

Any person with informafion on the
pemonof persons Involved inthis beartless
and potentially ecologically devastating
acl, or any otber acls against our precious
wildlife and marine animals are
encouraged to call any of the following
HEEnCies:

State Dept. of Conservation & Resource
Enforcement (808)-933-4291

Mational Marine Fisheries Service
(B08)-541-2727

U.S. Fish & Wildlife
(B08)-541-2682

Service

Greenpeace Hawaii (B08)-935-0770

Marine Option Program - UH Hilo
(B08)-533-3544

ALL SOURCES WILL BE TREATED
CONFIDENTIALLY
MAHALD

THE MARINE TRADER
"BUY - SELL - TRADE"

MARINE RELATED
EQUIPMENT

The Marine Option Program (MOP)
il the UH Hilo campus has set up an
information-exchange bulletin board for
your benefit to facilitate buying, sclling or
trading of marine-related equipment, and
adverlising activities like: diving, sailing,
snorkeling or anything related to the ocean.

The bulletin board will be outside the
MOFP office for your convenience ( &0 view
or place an add on).

The University of Hawaii at Hilo and
the Marine Option Frogram are not
responsible or liable for any faulty or
damaged merchandise purchased through
the Marine Trader bulletin board.  All
transactions are between buyer and seller -
only.

QUEST 1991

Michaal Childers

This past summer mighl have been
the busiest one yet at the UHH Marine
Option Program. Two days afier the Spring
Commencement Ceremony, QUEST, The
University of Hawaii's Quantitative
Underwater Ecological Survey Techniques
course began. For the first time QUEST
E offered a3 a credil course, Biol/Geol

For the first four days, intensive
classroom sessions were held at UHH, wilh
lectures, quizzes, and instruction from
08:00 until 21:00. The bours were
necessanily long as there was a lot of
preparation needed before the diving could
begin.
The diving began the fifth moming of
the course &t Puako, on the South Kohala
Coast. The first dive was a geomorphology
dive designed to map the submarine
contours of the dive site. During the next
four days, five more dives were made at
Puako to teach research techniques used to
census turtles, fish, inverebrates, coral and
linm and mocturnal animals, Additionally,
two dives were also made to demonstrate
the advantages and disadvantages of U/W
photo and video equipment as it relates to
nearshore marine research. After allowing
time for decompression, the group
commuted over the 3500 elevation



Waimea Pass to UHH for the third part of
the workshop,

The third part of the workshop
cenlered on Iranscribing the data collected
while diving, enlering it into spreadshects,
and then analyring and interpreting the
information. Each dive team then bad the

Opportunity to0 present their results at a |

mini-symposium held the kst afiemoon.
Even though the hours were
demanding and the work rigorous,

Return Requested. Flease Forward
University of Hawaii at Hilo
Marine Option Program

523 W. Lanikaula 5t.

Hilo, HI. 96720-3091

EVCTYONE CAME WAy from QUEST with &
real sense of sccomplishment. Student’s
comments writien on the course
evaluations refllect this view, "All in all i
was 8 greal leaming expericnce and fun
despite all the work (as it should be).”
"Overall, an outstanding and unique
diving/ learning experience.”

For more information on QUEST
1992, stop by MOP.

George Balasz
2570 Dole S5t,
Homolulu, Hi. 98877




Summary of green turtles, Chelonia mydas, tagged
and resighted at Kiholo Bay during the National Marine
Fisheries Service/Hawail Preparatory hcademy sea turtle research project

complled by

George H. Balaza
Honolulu Laboratory

Sputhwest Filgheries Science Center

2570 Dole Street

Honolulu, HI S6822=2396
Peteracon
Total no. tagged populacion

1 daye/2 nighte Total no. Ho. newly No. tag in population indax

study dates capturad tagged resight ing to date aatimates
Ockt. B7 -] & - & -
Feb. HE 13 13 ) 19 -
hpril 28 10 5 1 28 190
June BE 11 4 T e g
Oct. 828 21 1s & GG 112
Marsh 89 25 24 5 70 226
Hay B9 a7 17 20 g7 1ao
Octobar 59 24 B 18 93 11&
24=26 Jan. 90 23 9 13 102 157
25=27 April S0 E§ 21 37 123 188
24=26 October %0 El is a3 141 b= la]
4=-5 March %1 55 12 43 153 180
13=15 Jan. %2 62 21 41 1T 3wen 231

*Ho.,

tagged turtles recaptured

Total Ho.

turtles tagged

Total Ho. turtles captured

Total Ho. turtles in resident population [X)

#uTotal number of tagged turtles reduced by one as of B/19/88 when an individual
tagged in 6/88 was found dead from gillpnet encanglement.

=#*Total number of tagged tuftlaa reduced by one as of 5/9/91 when an indiwvidual
tagged Lin 1/90 wae found dead from gillnet entanglemant.

KIHOLO=T7.GHB
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