Hawaiian Turtles

— S ELass, ,9,@;- cles x
O\ Compilep By GHBALAZS







I'l

While visiting Oabu, divers will find a
lasge communily of turtles in areas as fre-
quented s the reef a1 Waikiki. Just off of the
Hiltom Hawaiian Village Reson, there lives
Scarlet, Sid Vicious, Bamey ard Baby. Ap-
parendly, Scarlet rules the roest, even B the
extent of sitting in o diver's kap if given the
chance. Since Sid Vicious and Baby are
srmall young artles, they need to come up for
air more frequently, The tcam at Adlantis
Reel Divers have narmed one of this duos mi-
newvers, “The Stealth.,” These two linle
turibes pop up bo e surface for air and then
glide back down in anack formation towards
any diver in sight. Turtles are generally as
harmbess an animal as vou could ever meet,
but apparertly Sid Vicious acquired the
moniker because be's a “litle nipper.”
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When diving in Maus, a favorite beach
ot baat dive is the Hyatt Beef off Kaanapali.
The coral gardens of this shalbow reef anz
rich with fish & well as furtles. Lahaina
Davers Murine Awareneas Team has nomed
one litle guy Tripod, and although he's
missing a fin, be seems 10 be as graceful and
at ease in the reel as all the others.

Across from Mau = the island of Lanai
and a special dive site named Turtle Town.
Apain, bocauss of the turtles love of the coral
gardens, this is a shallow and sunny dive site
that is simply teeming with turtles, This dive
areq and several others Like it will host wp o
twenty animals at a fime. Even in the early
seventies when furtle sightings were rare
around Maui, Turle Town was home bo al
least & dozen individual animals. Today,
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WHAT CAN YOU
D) TO HELP THE TURTLES?

1. Whiledieing or snorkeling, enjoy feir Deaty and
respect Lheir e, Mever atiempl S ouch on “ride”
ahutie, Thesa peealresathing arimas and amdhing
thal we cio Sral fimits feir il iy fo bresin and mine
Iy 30 eaim them,

2. Report ary intidenca that you may sea of furlkes
bésing Faken Iom their hakitat o i you s 4 lute
nesling. These animals are profecled by S Unied
Siales Endangerad Species Acl 35 “thiealened” in
Hawaii and "endangered” i Flonoa

3 Waka sure that wh you & uSing the opsen en-
vironmen? [hat vou - pick W any Irash you 58 a0
nevar leave amy behind.

4. Conlinue % swuppart legisiaion fora workdwida
B o drift netting. This practice of ying miles of
i, some ol which neaks Ionse and conlinues 1o
e indizcriminalely. i5 0ot jost 3 Dlght b urties
Faal a0 ¥ manne mammals, sea hinds and pelage
1&h

5. Wihen diving, be sum o be avan of you! efecls
on the hanial. Avoid anchoning on CorAL never ke
broken cosl 35 4 souverer of your dive, and maie
ey aftempl [ pracie good Buovancy conind

6. M yoia wnuid |ike o contribute 0 oS 1os e
grean g3 fuslies conlact he Center for Merine Con-
servation 2 1725 DeCales Gireet MW, Sule 500,
Wizshirglon, DE 20036

Rermemier, &5 dvers we an mais a difeen:!

wartles are also found at many of the betber
known dive sites along “the backsde™ of
Lanat, mcluding Shark Fin, Fish Rock arvd
Second Cathedrals.

Probably the most famous of all
Hawaii’s green sea furtles is the effervescent
Miss Figgy, who resides vear round on the
Kona Coast off the Big Island of Hawaii. Jus
#s her name suggests she (5 & star of renown
ad has been featured m nUAMEROUS Mags-
zines and videos. The folks st Kona Coast
Divers say that you can usually find her at a
dive site called the Golden Arches. And al
though she i apily named, since she cals
everythimg m sight, she is estimated o weigh
in &t oniy 35 pouncds,

Anather female tuntbe of similar size and
character is Minji, she sneaks around Red
Hill for silent attacks on fingers! One of the
ressons attributed to thess animals apparent
sense of freedom and safety 15 the legislation
enacied o profect them.

Kauai also has a well-known resident
poputation of trthes and another turtle-rich



dive site. There is a se1 of caves just off the
Kauni Sheraton, and, once your eyes adjusi
10 the light. you realize the large boulders in-
anide the caves are actually very large teriles,

The turtles seen while diving the Ha-
waiian Islands are actually ravelers them
selves. Most of Hawaii's green sea turle
population mate and hatch their young in a
largely ummhabited set of islets narmed the
French Frigute Shoals over B0 miles noth-
et of the main Howaiian Tslands. I 15 here
in these desolute atolls that they begin their
siruggle to survive. soon leaving the nesting
areas (o hve o the offshore ocean environ-
menl. Somewhene between three 1o five
years of age, of moe approximately when
they reach a length of about 35-40cm, they
mowe into the near-shore reefs of the islands,
These animals are known to grow slowdy and
may five up to fifty years. During their sexusally
muafure years they migraie back o their nesting
grotnds and mate every two to four years.

Despite some indications of increased
hatching activity and cenainly increased
sightings in the Hawaiian Tslunds, these
turtkes continue o face some difficult chal-
lenges. Animals conties fo/be poached, they
are certaindy & favorite food of tiger sharks,
they are often trapped in the gilinets of local
near-shore reef fisheries, they are subject 1o
entanglement in ooean debris, and they have
been known to ingest and die from eating oo
much foating trash. Thankfully, these ane
generally areas in which we e able 1o make
changes and help the tunies.

Unfortunately, they are now facing a
mew challenge. Since 1983 green sea turtles
from Florida to Hawall have been develop-
ing a disease called Fitropupilloma. When a
turthe is afflicted the fleshy parts of its body
can have tumor like growths that eventoally
impede their ability to function. Currently,
reszarchers from Mational Marine Fisheries
Service (NMFS) are attempting 1o find both
a cause and a sodution for this disfiguring dis-
ease. According to George Balors of NMFS
Southwest Fisheries Science Center in Ho-
noluly, “the real concem Ioday is that the
epadernic facing the green sea turtlbes of
Flonida and Hawaii will spread to other areas
of the world,” =2 -
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Experience the Cypress Sea
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Northern Californial Come discover for yourself our unigue
and exciting style of boat diving!
Foatures: Fast » Comprassor oo haaed filkng b 3000 psi

* Sl banks proicied = Refreshments prosided = Full galley
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Call (408) 244-4433
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Dive Team Hawaii represents the beadars

in Hawaiian |sland diving. Guided dives take yau
on a lascinating adverturg inte one of the warld's most
unigue and alluring dive locations,

A stmken shipwreck, a “forbadden island,” breathtaking
seascapas of valcanic formation, a high-tech submarine and
wialers teaming with exotic marine life. A brilliance onhy Hawaiian
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MANTAS AND WALL DIVING — AND
THESE ARE BEACH DIVES

Along the Big Island's Kona Coast there are two fascinating
dives that can be reached from share: One is right off the Kona
Surf Hotel. While not an "advanced” dive in the traditional sense
af the word, it offers # nighttime underwater experience
guaranteed o get even the mose faded travel diver's blood balline.

The hotel sits on a lava rock shore a few miles souch of the town
of Kailua-Kona. Each night the hotel turns on a number af
spotlighes which shine into the warer juzz below che hotel's main
restaurint as well 8z on a small cove about 40 vards down along
the lave wall, Thess spotlights actrace plankeon, and the plankton
EM CWFN AERACE MBMTA rays,

O almcse every night of the week vou can find from a5 fow 2
rwo 10 as many as 10 manta rays with wingspans seaching 12 fest
in water a5 shallow as 15 feer. As bong as there are only a few divers
in the water the manea rayvs will continue o feed while perform-
ing their underwater somersaules and figure sights, sometimes
gently pushing divers out of che way who happen to inoeefers with
their baller moves.

Another excellent shoee dive an the Kong Coast is at the Place
of Refuge Park. Locared at Honaunau just a few miles souch of
kealakekua Bay (Caprain Cook’s Bay), The Place of Refupe is
probably the mest protecred shore dive abong the Kona Coasr, VEL Sy, r.-.-_.-r.h: "'i'!'-"-'.'.-:-__r_.'_.l.:.l_l____. -
it ollers maore diversicy than any ether shore dive in the islands. o o
There is casy access bt the warer via lava steps at the center of the
bay. OMf to the righr of the entey poine is o vertical wall thar drogs
tram & shallow shelf in 20 feet of water to a flar sandy bottom over

"I""""‘:'-'.':l.-_;,_ T

.".'.I"r""'l"-':'ﬂ'-'.|r
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100 feet decp. Along this wall clouded
with huge schools of baidish you can swim
with amberjacks and other large pelagic
SpeLies.

LAVA TUBES HIGHLIGHT SOME
SPECTACULAR TOPOGRAPHY

While boasting a few great beach dive
sites, Hawaii's best diving is accessible by

bont, And one of the Big Ikland’s most
specracular boar dives is exploring the lava
tubes found at Cavern Point, locared on
the norchern edge of Lacokamimi Poine
on the Kong Capst, just south of Keala-
kekua Bay.

e of the Eona Cosst's newest diving
arens, there are actually a number of dif
ferenic dive sites in the Cavern Poinot ansa,
The Eona Coasc’s two live-aboard dive
vessels, the Kona Agereszor and the S
Secker, make regular srope at these sites,
and they are also visited by some of the
shire-based dive aperations our of Kailua-
Kona.

The primary antmactions at Cavern Foint
are Twin Lave Tubss and Thres: Boom
Cave, At Twin Lava Tubes there are two
paralle] underwater tubes, one on wop of
the ocher, thar extend owver 2090 feet
straight into the lava rock wall. The fubes
range from 10 w0 20 feet in diameter and
their walls are scored with cracks and
crevices which hide a variery of cowries,
shrimps and lobsters. Schoels af solbdies-
fich, solicary bigeyes and glesseve snappers
also ropm the darkness,

M OAONCONER  MNVEMBERTELEMEES M)

A rock coluron eising our of the warer
marks the entrance to the leva tubes. Just
behind this rock there's a spacious cavern,
Make sure to bring vour dive light when
exploting these caves, Except for the lighe
at the entrance, which quickly fades as you
swim back inro the recesses of these
natueal pipelines, the only illumination

T

and [nterconnecting tunnels. The com-
plex is 5o extensive char the Kona Apgressor
always places a safery line in the cavern
eaquipped with a strobe light and a spare
scuba tank before allowing anvbody togn
inslde. There's alsa a back door w0 the
caverns that leads 1o another interesting
lava tube tunnel.

Mfaeabai.

vou'ee going oo have is whar vou bring
with vou,

Theee Boom Cave i locared just south
of Twin Lava Tubes, A vertical well drops
tx absour 235 feer. To find the encrance w
Three Boom Cave, swim coward shore
along the vercical wall. The opening iz
fairly large. Insice vour'll find ehree ncre-
dible caverns with high arching ceilings

Above g ford The chamiel betymen Mad, Lenwd enn Kirhoolae &5 g peat
Biloee o raw s Joeusphark awd kel whailes, Beloee: A school of Goadfreh off

The holes along the ceilings of the
runtels and caverns-are home w beight
orange Hawsiisn kobsters, bullseye lobsters,
alipper lobster, spiny lobsters and mole
lobsters. Turkeviish are also quite com-
mon, as are white-tip reef sharks, leaf
scorpionfish, froghish and other rare and
interesting animals,

Elsewhere in the island chain, the
southesarern side of Lanai also has some
excellent lave tube diving. The best of
these ane First Cathedrals and the Second
Cathedrals, First Cathedrals offers o
huge underwater grotoo inside a lava ridge
thie's full of arches, coves, tubes, crevices
and interconnecting passageways. The rear
wall of the main cavern is & latricework of
hales, which gives the interior a cathedral-
like appearance ss sunbeams flicker into
the cavern.

The Second Cathedrals is 5 massive
haollow pinnacle dsing fror 63 feet deep to
g flag platesn in 15 foet of water, The inner
cavern (s a gigantic room with several large
runnels providing rear exits. Both First
and Second Cathedrals are full of marine
life, including squirrelfish, nudibranchs,
loberers, cowries, moray eels and crabs,
These Lanai sites are aften wisited by
Lahaina Divers and other dive operations
from across the channel at Lahaina, baui.
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WHALES, SHARKS AND DOLPHING
ABOUND IN BLUE WATER

some of the most exciting diving in the
Hawailan Islands is found in aress where
the booom is hundreds and even thow-
sands of feet deep. Each vear, between the
meonths of Movember and April, hurmng-
back whales migrate to che warm Hawsdian
waters to give birth o cibves snd to breed.
As a result, whale warching has become a
rmajor pastirne for visitors, Listening o the
haunting songs of the whales, watching
them frolic on the surface and che occa-
sional unespected underwater encounter

Larnat 5 Corifoarala e e soemes of somsiomal
PO s ith wlirfe-fEn spal alrris

ArE eXperiences you wor't soon forger.

Humpback whales are protected by
federal laws thar stricely preclude boats
and individuals from approaching within
100 wazcds of them, However, the laws do
not prevent whales from approaching
divers who happen o be in the wates.
Because the number of whales appears to
be on the increase, encounters are be-
coming more and more frequent, but you
still have to keep vour fingers crossed to be
able ro actually get in the water with them,
An excellent location for sighting hump-
back whales is In the channe] between the
islands of Maui, Lanai and Kahoolawe.

OF COLTEE, thers are more than Just
humpbacks out in Hewaii's blue water.
There are alsa pods of pilot whales, and
where chere are pilot whales there are
imvariahly a few oceanic white tip sharks.
This beautiful open water shark i known
tx be a curious animal, so don't be sur-
prised if they approach very, very close,

Fretpaent encounters are also made with
spinner dolphins. This small member of
the dolphin family & easily recognized for
its acrobatics. They seem to bove leaping
out of the water, spinning and doing
sorersaults in larpe numberss nos far from
sl

Tvo af the best bocarions for blue water
snorkeling and diving are cthe backaiels af
Molokini Crater near the southwest side
of Maui, and the deep water of the Kona
Coast on the hig island of Hawaii.

Ed Rebinson's Adventure Diving out of
Kihei on Maui also offers some exciting
blue water diving in the waters off Makakai,
And on the Kona Coast the Kona
Ageressor and San Sesker are wellknown
for their blue warer excursions. Several
Kora Coast day boat operators, including
Kona Coast [ivers, Jack's Diving Locker
and Dive Makai, also provide excellent
opportunities for blue water diving and
snorkeling, Continied
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MANA CRACK
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OAHU

LANAI

SECOND
CATHEDRALS—
FIRST

with all chat, diving Mana Crack is pure
THEIC.
Mana Crack i3 an animal lover's dream

come true. Because of the currens, large
pelagics frequent the ares; it's noc at all
uncommen toosee black-tip sharks and

gray sharks
rays. Aquarics Kavai offers frequent trips
to the Mana Crack abeoard ics 43-foot

HAWAIIAN ISLANDS

MOLOKAI
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MGLDHLNE CRATER

CATHEDRALS KAHOOLAWE

KONA SURF—=

PLACE OF REFUGE—
CAVERMN POINT
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and jacks and delphins and

KING KAMEHAMEHA DIVERS ;.

A PA.D.I FIVE STAR FACILITY
THE FIRST AND ONLY PADY IDC FACILITY ON THE ISLAND

The Bt Diving In Hreaii

Eu_'l.l'r
Abosd Kreen's Finest Custom Buik
[%ve Boat. Cur Delee Dive Fos
Fearisres 1 Fr\r|;|1 "ullnlal;gl_- 5!1'.'\"-‘-'\!!!.
Berhmoom, Seeren, Exvtended Handop
.’;mil_.“:'mu,—_-.._‘h:_:f._.u_-

Lrr Experienced Dive Guides Lead

Small Pessovalized D TFours On
Boma's Peauriful Beefs Thar Abourd
Wich Marire Life Yoo Divieg Dy
Srzers With A Continental Breakines
Al Marine Lie Oriensacione Afoer
Your Frs Dive, We Enjoy Limich And
Solt Drrinks While W Fish And Look
For Whak=s And |:|n.:||||'.':|,.|-|||rin|_l.l‘|.
Letsunchy Craise To The Mest Lve
Locarion

Ohar Ex'HTl Cinew '\fl.‘i" r:m';lcr lI:\;r_|
With Orur “Aloka Spaic”

Far The Mew Or Cepified Thver
Thar Woiskd Like B Beview Their
Dhiving Skills e (ifer Daily FREE
Faal F'll".iluus “II‘.II ':"'Jr P.'1| D:

Dive With The Best...Aboard The Best!

1-800-525-PADI
KING KAMEHAMEHA DIVERS

Iretructors,
75-5660 PALANI RD.
70 Mo, o G L2520 KAILUA-KONA, HAWAII 96740
ﬁﬁm Chur Pl Service: PADY Traming Facilicy and Betail Stooe Offers the Diver a Large

Sedection CF che Finest in Diving Eouipreent, Bepalr, Bental, Video and Camerm

Servives

Save Valuakle Vaomtics Deollacs By
Llsing Owr Airfare, Hoeel O Canda
A Fenal Packmges. O Linge Seles-
ticn O Hiotel Ared Condio Properties
Allow Yo To Creare Thar Perfecr
Haamiian D Achwrisure.

Separe Deve Pockoges From: 314
Du:.-.- Fusthia ﬁrhh‘l::m r!iu_"l_\llju-
Ta Maximize Your Engovenent OF
Kiopa's Recfs.

Crpons Do Packeages arad ._-'i|'- g
Ambble Bor Dive Giroups or Clohs,

GUARANTEE

SatEfaction ks Guarantaed
Cir Your Monay Rafunded

Flrawe Smd Ma dore Infermation On
Bona Dving & Vecarken Packapes
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Dive with

Call toll free-
LAHAINA DIVERS
1-800-4657-7885
KONA COAST DIVERS
1-800-542-3483
AQUATICS KAUAI
1-800-822-9422

Just Published! |
DIVING
HAWAII

NIKONOS
REPAIRS

FACTORY AUTHORIZED SERVICE

ﬂﬂhﬁﬂ‘ Divers: Shipwracks,
Pholography, Salely, Dive Guides,
Maring Lifa and marg,,

CAMERAS =LENS »FLASH

ESTABLISHED 1953

Pacific Camera

2880 McClintock, Unit H
Costa Mesa, California 82626
(714) 642-7800

1-800-933-8989
I Pest Ciliea Cravier A

Pubkcations, Inc. | pevied Vallay, MY 11560

ADVENTURENT 2% CLUB NAUTICO]
HI!FHﬁ WELCOME + OFFSHORE AND BAY CRUISING
4 ok a0 "~ DELUXE FLEET OF

22" BOATS &
14" INFLATABLES
POWERED BY

B s | JOHNSON®
T ENGINES
P s 27
RESERVATIONS ACCEPTED
NONMEMBER RENTALS WELCOME « OPEN 7 DAYS AWEEK

(408) 373-4448

at Bragkwater Cove Maringa next to Coast Guard Peer
32-J Cannery Row, Monteray, TA 93040

FACKIC IXVER  MOVEMBERDEGEMAER 1500

Tl Ko Cocaf affers feow fTue beach dives the
Fwa Sary Fotel e Hre Plove of Befuge Aok

Odyssews, the only large dive boar
operating on the iskind of Kaual.

Trips o che nearby island of Mithaw
also promiss some first-rate diving adven-
rure, Alchough the island is only 12 miles
from the mearest point on Fauai, the cross-
ing can often be long and bumpy.
Aquarics Kauai and Bubbles Below run
phe-day summer trips on an infrequent
basis 1o the northesstern tip af Mihau.
When the ocean iz flat, the trip takes
abour thres hours.

Because of is inaccessibilicy, che coastal
arcas of Mithau offer near vimgin diving.
While lacking a subarantial amounc of
coral, the underwater sites offer spec-
tacular vertical walls, canwons, giane arches
and caverns slong with s wriety of pela-
ghes thar lnclede cavs, sharks, jacks, una,
ulus and other game fish,

Hawali i eruly a unique diving destina-
tior. It i widely publicized as & great place
for novice and intermediaee divers o get
chedr firsc warmowarer diving experience.
However, Hawall s much more than that.
Itz glso a place where sdvanced divers, by
chonsing dive sites carefully, can enjov
unuzual marine animals and bresthtoking
underwater topapraphy rivaling vacaton
dive destinations the world over, !'

Ereve Bosenberg i a professional wrirers
Photographer/videographer based in Morth
ern California. He & the auchor of the new
Agua Cheese ook Diving Hewsii a5 well as
iy other books on spore diving.
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Article and photos by Steve Rosenbeng

agaii 15 the number one vacation dive destination in the West. However, the majority of divers

visiting the islands tend to be relatively new o the sport; consequently, mast Hawaiian dive apera-

tions are set wp primarily to meet the needs of novice to intermediate divers. So where does that [eave

advanced divers? Do underwater veterans have to look elsewhere for their vacation diving kicks?

Mot necessarily. As it tumns out, there are spots throughour the Hawaiian Islands that are puarantesd
1o pictiee the interest of even the most experienced sport divers, and there ave a number of Hawaiian dive opera-
tions veady and willing to arrange specialerips for divers with some experience under their belts who are craving
something a little different.

For the sake of this article, let's define “advanced”' dive sites as those requiring a higher level of diving skill
chue to deeper depths, stronger currents or open water; and those requiring enough underwater experience tw
enatble you o safely react to unusial underwater terrain or the presence of large pelagics.

Many of Hawaii's advanced sites are remote; to get to them vou need either a live-aboard dive vessel or day
boats that are fast enough w get to the out-of-the-way spors. But still others are close to heavily popudated areas,
and some of them can even be reached from shore.
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DIVING WITH

TYURTLES IN HAWAII

Bringing home good photographs requires
distance—in Hawaii you can be assured of see

on film.

more than seeing something in passing or in the
ing turtles and of getting close enough to get them

Text and photography by Steve Rosenberg

ne success of dive tnps is

often measured in s of
encounters with interesting

=% I marine animals, Sea turtles
dre certainly among those creatures that
can make or break adive trip, This is es-
pecially true for underwater photogra-
phers. OF course, bringing home good
photographs requires more than seeing
samething in passing or in the distance.”
{ ¥ou have to have the OPpOTtunity o get
close, renlly close! There are few places
in the workd where you can scually be
assured of not only seeing turtles, bug
getting close enough, long, enough, to

| take a series of exposures,

The warm blue waters around the
major Hawaiian Islands offer a unique
opportunty o dive with sea tortles.
Encounters with green sea turtles have
become a fairly commaon event for spor
divers. At some dive sites, such as
Colawalu and the Hyanm Reef on the
west coast of Maui, divers can almost

count on seeing 10 tp 12 wrtles on a
single underwater excursion. These
shallow sites are easy to get (o by boat.
Most of the diver operators in Lahaina
regularly visit these areas on aftemoon
dives, The nearby island of Lanai has a
similar site, usually referred o as the
turtle tarm, which is frequently dived
on multi-lunk moming charters.

Lhave been o a lot of places in the
world where dive guides have said,
"Thix is a great spot for metles” or “You
will probably see a turtle here.” Maore
often than nod, this translates o You
Ay seea tuetle if you are the first one
in the water.” | rarely dive with the
express purpose of photographing
turtles because you wsually can’t count
on them being there.

Hawaii. however, is an exception,
When I jumped into the water ot the
Hyatl reef with my dive buddy, Roger
Hess, we were optimistic, but notoverly
s, The dive guidies from Central Pacific

Divers and Lahaina Divers had
practically guaranteed green sea mrles,
We descended on top of a fairly
unimpressive coral reef in about 43 feer
of water and we were amazed when wi
starfed moving around. As we swam,
we could begin o distinguish large,
oval shapes that blended in with the
coral.

Green sea turtles are medium-sized
turtles. averaging 40 inches in length
but growing a= large a5 five fest, Their
shells are maottled brown and olive green,
but their name is actually derived from
the colour of their body fat, Green furtles
can be distinguished by the single pair
ofscales on the frontof the head, between
the eyes.

These turlles frequent shallow
coastal waters, especially inrocky areas
and coral reefs. Turtles are active during
the day and sleep at night. At night,
when they can usually be found sefiled
down in sandy channels between the
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BOUND TO BE KEPT

Protect your
DIVER MAGAZINES

5,05 soch plus £1.50 for shipping and handling, to:
DIVER MAGAZINE
25100 | Shellbridge Way. Richmond. BC,

—J  Camgda. VX ICH

Available in Beggeady 40 Ropel Bilee,

in these elegant binders. Kecp them nearly orgonized for
retention and reference. Send chegue or money ocrder for

IMPORTANT
NOTICE

FOR SEAFOOD

HARVESTING
DIVEKS.

As a result of the serious accidents which have happened
to inexperienced divers in the seafood diving industry, the
Workers’ Compensation Board has established a requirement
for a seafood harvesting diving certificate. This certificate must
be obtained by all divers in the seafood harvesting industry:

The certificate can be obtained at WCB Offices in the
coastal region, and is awarded to applicants who have a current
medical certification, proof of attendance at a training course,
or experience in the fishery and who successfully complete an
examination to be written at the WCB office. This examination
will be based on Section 11 of the WCB's Industrial Health
& Safety Regulations, Underwater Diving, and the N.O.A AL
Diving Manual or equivalent. ;

Further information can be obtained by contacting:

Vancouver Island Regional Manager
WCE Field Services

320 Cook Street

Yictoria, B.C.

Phone Toll free 1-800-663-3453
(effective December 1st)

WORKERS
¥ COMPENSATION
BOARD 28

T T T
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Turtles

caral. Tt is believed that when mntles
sleep underwater, they con close the's
nostrils and survive for up o five houss
without oxygen. Doring the day they
are often seen ot in the open on fop of
and blending in with expanses of coral.

AL any ope bme in the B0-fool
wisibility, few could see two or three
turtles perched ontop of the coral. Most
of the turtles lifted off a5 we approached
and slowly swarm in circles. Somne even
allowed us o swim side by side with
them. We observed others munching

“It is important fo
consider that many
turtles are now on the
endangered species list.”

on sponges and algee exposed by the
anchor, Green turtles hecome mostly
herbivorous when they reach matunty,
but will still eat mest when they gel o
chance.

Turtles can alzo be found on the
Kona coast of the Big Island of Hawaii.
There i 2 provping of boat access dive
aites to the northyof Bailus-Kona, which
include Hoover Pinnacle and Golden
Arches, A small, fermale green sea turtle
has adopted this area, and will invariably
show up to preel dives al some point
during the dive. Puako is an excellent
bewch dive location farther north, which
has 8 great reputation as an area whers
turtles are commonly seenon night dives
as well as day dives.

It is important to consider that many
tuirtles are now on the endangered species
list. The green seq rtles i the mid-
Pacific are currently listed as threatened
species. Divers should appreciate the
unigue opportunity that Hawaii affords,
bt should never fouch, grab orotherwise
harass these wonderful animals. The
experience of seeing urtles underwater
15 one of those things thal makes diving
a0 rewarding. For more information on
diving with turtles in Hawail contact
Jim and Julie Robinson ar Kona Coast
Divers, 755614 Palani Rd., Kaeilua-
Kona, Huywaii, 96740, (808} 329-8802,
[n Hunolulu-Jackic James at Aloha Eive
shop, Koko Maring, Hawaii Kai, Ph
«30d) 3595-8552 W




LETTER TO THE EDITOR

April 15, 1989

Mr. Peter Vassllopoulos, Editor
DIVER MAGAZTINE

295-10991 Shelbridge Way
Richmond, B.C. CANADA V6X 3C6

Dear Editor Vassilopoulos:

As a 25-year resident of Hawall with a special concern for
sea turtles, your article "Diving with Turtles in Hawaii® (Jan/Feb 89)
left me with mixed emotions. On the one hand, rhotography can
certainly play an important role in enhancing the publics awareness
and appreciation for marine life, as in the case of our sea turtles
protected under the U.S5. Endangered Species Act. To my knowledge,
no turtles here or elsewhere have ever died from being "shot" with
a camera. On the other hand, great numbers of scuba divers with
cameras repeatedly intruding into sensitive underwater habitats,
such as places where turtles rest on the bottom, could easily
constitute a harmful activity. Sea turtles breathe air, just like
we do. When disturbed or provoked to swim when they don't want to,
turtles are forced to rise to the surface to breathe more often.
Unlike the camera-carryingidiver'out to.get-a plcturdy "the tartlechas
noe scuba bottle on ita back.

What is the solution? The best guidelines, in my opinion, are
common sense, self-restrain, and regular reminders to dive tour
operators that Hawaiian sea turtles are threatened and endangered
species stringently protected by law. Take pictures, but from a
distance, and in such a manner to not disturb, harass or alter the
turtles normal behavior. Going home with good photos is a rewarding
part of any vacation. But doing so at the expense of a gentle
sed turtle would surely only result in an ugly reminder of poor
judgement having been made. At least to those divers with any sense
of ecological responsibility. As a diver myself, I know that most
of us are included in this category if we have accurate information
on how to properly conduct ourselves while underwater.The recommedation
in your article of getting "close, really close” to a turtle is
misguided advice. I hope that by publishing this letter a more
ened attitude will be realized.

992=-A Awaawaanoa Place
Honoluly, Hawaili 96825
Tel. (808) 395-6409
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AUDUBCH SCHEEN TOURS

hs we go to press, the closings-in time for the second lecture-movie is at hena. .

‘:.'e have hed the pleasure of success with the first plcture, with Leurel Reynolus, °
end now look forward to Bert Harwell and his "Canada Vest® — with zest. Heports of
kls movie given to the schools are enthusiestic,

. ¥r Harwell evvived several days ago, spent a couple of days in Hepmolulu, then
vent off to see old friends - Mr John Wosky end MNr. George Huhle - &t the Feweil
Betional Perk. He "ehot" some nene, and various other less agvertised biras, and
tpent énough time on Meul to give two performances of his "Canads West!., It makes
w2 particularly happy to have other islands begin to enjoy these superb pictures.

We hope Mr. Herwell will teke away as pleseant a pleture of Hawaii as we have
of him, & most grecicus, friendly man, b
& 1,

- ¥ran William Hall and hiz wife come in April, the moment not yet enncunced.
¥e ghall enjoy them, we know, and try to meks thair vromised elght weeks here full
ef picture cpprrtunities and happy scquaintances,

i WOTES OH THE PIZUS OF FRENCH FRIGATE SHOAL
i & Part I: General eccount of visit of
(3 98 October 19573, Ey Frenk Richerdson

i & :
! % French Frigate Shoel is & large shellaw area gome 500 miles west-northwest of
‘tehu end includes some twelve small, flat, coral sand ielands, and one smell, aecubla
‘Yoleanie remnant - La Pereuse Pinneele, This group of islsnas, although part of

-the ‘Hawaiisn Archipelego, is widely separated from ather islanae of the chaln, beins

some 100 milee beyond Wecker Islend end about 150 miles this siace of Gardner Pinna-
cle, Altheush the evifeuna of Fremch Frigate Shosl is similer in many ways to that

of the rest of the sn-celled leewerd islands of Hawaii, eo little has been publish-
el and from se many years past that recent cheervetions may ba of intercst or value.

Twn tripa to French Frigete Shoal were mede in late 1953, My first trip was
‘tken on the Japenese fishing beat Osprey, owned snd piloted by ¥r Shinseto, I wes
ccompenied by Ivan Raimwater of tho Depertment of Agriculture and our goal was 2
*eo-day stay on Hihoa Islend for ornithelogical and . erchaeclozical study. We wers
0 able to land on Wihom, due to rough sess &nd approeching darknees, and so two
deys 1z fer wers dropped off Tern Island of French Frigate Shesl where wo stayed from
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geteber 26 to Wovember 2, making side tripa to & number of the other islands of the
shoal.Tern Island is the only inhebited island of the group for it has a Coast Guard
foran Statlon with some 13 men. The Ccast Guard very kindly offered us livinz quar-
terg during our stay - and mevies and an cecagionsl meal aquarer than we could pre-
pere from cur Nihea rations!

Followlng are genersl sccounts eof observations on different Fremch Frigate ls-
lends. Numbers of birds, except where gmall, are rough estimetes. On Tern Islend
they represent the maximom rumber of a species seen any day.

.r'F,:

'f fern Island.- This island of the Shoal was leveled and extended to form & lend—
ieg strip seversl years ago. A year ago (fall 1952) the Cosst Quard Staticn with
its various buildings was transferred frem East Island, seversl miles eway, to Tern.
U1 bird nesting, especially of Sooty Terns, was then larsely eliminstea or discour—
¥ild and even well-fed house cats, of which there sre feour or five on this =mall (a
little over half a mile long) islend, further discoursge bird nesting ana have killad
bidreds of Golden Plover. We founa large accumilations of rlover wings as sed tes—

t%}:@' of this,

- . Plever, ‘Yturnstone, and eenderlings often congregate on the plane runway ano
seem t0 prefer this hard cpen erea for resting and also use rainwater pools for bath-
Ing'and drinking., Theee species all forsge in the low, sparse vegetation above the
beaches, The most common imsect they may be gotting i a small moth.

. Species of birds seen:

Velge—tailed shearwater L4 Western Gull 1

Frigate Aird 2 Sanderling 10

Flue-faced Eooby 2 Golden Plover 1k

Fintail Dack 1 Budday Turnetone 8

Rellard Duck & Common Moddy Tern 2
k'ﬂﬂﬁ Tern 2

1 4 s

’%‘Pﬂg, Skate,and Whale Ielands - October 28, 1-5 P.M. - These three islands are
’hrn o three miles east of Tern Island and sre ell very lew, rether barrem, small
(F5'acres), and rarvely visited. Hach has low vezetation scattered on the coares
hli'g'_l_-:dnﬂ. ana gravel - chiefly clumpas of grass, Beerhesvie, Tribulus, &nd Portuleca,
Tt large 8ea turtles weresleeping on the beech of Trig end one dead, newly hatched
Wrtle was found on Whele. A large (7-8 fect) Hawslien Momk Sesl was slesping on

the besch of Skate Islend ond allowed epproach to within a few feet. It then lumber-
® quickly into the weter but stayed & little way off shore.

b ‘Epecies of birda seen:

Hlack-footed Albatroes 75 Ceammon Nodoy Tern 250-350
“ﬂg:&-tailaﬂ. Shearwater B85 Buddy Tarnstone a few
Trigate mirg £00-700 Brietle—thizhen Curlew 1
flis-faced ooty 100-150

i-footed Booby 1

:ﬁ&rﬁast Island ~ October 31, 1:30 - 3 P.M. - There &re many deserted bulldlngs
38 8 good deal of jupk on this fslena. The species of birds seen were about the
08 2 thoss on Trig, Skate mnd Whale. Thers wera two curlews, ssome 30 albatrose—

!*:Fnﬁ several hindred dead Common Noddy Terns, parhaps mostly foll-grown young
]

azed 80 that risht now only a few shearwaters seem to repressnt the ses bird regicents
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F
secerted at the end of the past breeding sesason, A Tree Hellntirope about eisht feet
!ﬁ‘gih the only specimen of a tree or real bush in all of French Frigate theal (excert.
l.fg'u' amall thinre now planted on Tern Island), is on this lslend. It was covered

yith nesting@Ed-footed Boobles, the cily place where this species was feund nesting..

| ... 1a Perouse Pinnacle — October 31, 3330 -4:30 P. M. = In spite of rough water, I
\yas eble to swim eshore and climb onte the west end of Ia Percuse without ony trouble
|gnit-then explore the cliff feces arcund its west end. I was not eble to climb gquite
\to the top without teking serlous chances, It seems likely, though, that all the
[mgiea of birds on the rock were seen ana a2ll nesting observed except perhaps of
\prigate Birds, The occurrence here of three species (Hawaiian ¥oody ana White Terns,
gpd Brown Boobies)} and not en &ny of the corsl islands of French Frigate Bheal 1ls cf
mch intereat, &= is the fact thet they are 21l nesting ncw. Hahifat prefvrence

jg undoubtedly shown by the Hawaiian Terns with their preailectien for eliffs. Ter-
pzps the White Terns prefer rocky cliff ledges when trees are ebsent, as they are

on the nearby coral iglande, Why thousgh has the grourd-nesting Brown Booby come out
to this great rock? BPaecause cf competitlon with Blue-feacea Boobies or beczuse of
secasional molestatlon on other lslsnde? Terns ano Brown Bococbiss were nesting on
plmost the s=me rocky ledgze habitat but the beobies on slightly lerger ledges. The
young shearwsters wers alsa nearby but were more aphk te cheose crecks or holes.

The Golden Plovers seemed partlcularly out-of-place stencing srcunc cn rocky
cr gaeno-covered ledges. It iz hard to see what they coule eat but they primarily
my be resting. No vegetation wRs present on the perts of L= Ferouse I saw.

A LAAT BEAWAIT
(Plants belonging tc Hawaii)
By George G. Munro

¥a Jasu Hawaii has reached 2 stage when it can be said with confidence that it
cap, without great outlay, be made &n ultimsate success., In the meking it will pro-
vide information of scientific walue and furnish much plessure to those interested.
That s, if the little sren is made eecure as & "living meeum" of the rercphytic
er drylend plants of Hawail; if the Hawail Auoubon Society can and 1s permitted to
take a perpetual interest in it; if we continme to bring seed of native plants and
to epread the seed of those slresdy thers and to eredicete foreign plants, It will
take & long time to bring it to perfectiom but it will be an extromely interesting
study ag it proceede. My work with mirsery rélsed plants is not essential but fur-
aighes experience and scceslonally there may be results of some value frem 1t. It
my, perheps sooner than the geed planting, provide something to show to ettract
iaterest in the project. Many people taking an interest in 1t will ineure success.
¥ithent the friends who collected esed for it Ha Ieeu Heweil weulu not have made
ndfrlr the progress thet it has.

e | ot

)
o

Eince the ideafbr this living museum wes put inte sction on December 28,1951
there has been & successlon of droughts which has killed very cold plants of several
| metive gpecles which were growing neturally en the slae, but failea to destroy plants
of . wiliwill (Erythrina sandwicensin), seed of which wes plantea in 1950 &nd some 1in
| Jepuary 1951. The old native plants killed by the arousht have seedlings growing

by them. It these are killed, more seed, temporarily dormsrt in the ground, will
gérminate and the plants be esteblished egein on the spet, The natural eycle will
work cut if foreign plents are kept in check Plants from seed of alaweo (Cheno-—
Iodium gandwichium) that hed been broadcasted grew well last wet season, Thedrought
¥illed much of it but & great many fine plents remain and some will probebly seed
thig year. Seed of plants that ripen on the area will be spresd until plants aro

tufficiently -asteblished.
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‘Systemculture’ works on Oahu
_Culture of phytoplankton provides feed for oyster farm

By Taylor A. Pryor

The high cost of Imported farm feed
to Hawaii makes it difficult to consider
growing shrimp, lobster, or fish eco-
namicaliy.

On the ather hand, the 12 months of
warm weather and sunlight make the
islancs an otherwise good place to
produce sguatic crops. The solution is
in cancentrating on growing the fead
locally, beginning with marine phyto-
plankton in large cultures ]

In 1976, | built several 1-acra reser-
volrs on an abandoned airfield at
Kahuku on the island of Oahu, Sinking
wizlls into the limestone below, |
brought up brackish water to flood the
raservoirs with Y0000 gallons each.
Al that ime | knew that no one had
attempied o initiale or manage
phytoplankton cultures on (his soale.
Mt knowing much aboul it myself |
turned the problem over b our techni-
cal director, Linda-Les Watgon, and to
her sanior fisld biologist, Gralg Ember-
son, Within a matter of weeks they had
trapped the appropriale phytoplankton
species from wind pasasing from the
surf zone and over the airfield, had
pgenerated cultures In small tanks, and
had inmoculated the blg reservoirs and
brought them o full bloom, They have
been blooming o a rich brownlsh-
green calor ever since,

We harvest about 30 to 50 percent
of each acre dally or an estimated
000 pournds of plankton celis per
acre per day, The next step is fo pass
the plankton-laden water through what

Editor's Note — Taylor A. Pryor s a
formar Hawaii state senator and
served as chelrman of the Senate
Commiftes on Agriculture, Foresiry
and Congenvalion, He is president of
the Pryar Corporation and the Kahuky
Sealond Planlation and the goneral
partrear in five oysler farm pariner-
Ships. Frora 18680 o 1873 he was
president of the Oceanlc Foundation.
He aizo formerly Served on the Presi-
dent's Commissgion lor Marine
Science, Marine Engineering and
Maring Resources. He cumrenlly iz &
consuliant” fo the Uniled Nations
Emvironmental Frogram,
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The Kahuku Sesfood Plantalion at Kahuku on the island of Oahy, Hawaii

operates a new farm on an abandoned airffeld, cultivating oysters, It will
soon have clams, shrimp, lobster, mahimahi, cclopus a:’q, turtles az wall

wi gall production trenches which are
simple raceways 20 feet wide and 180
feet long which are stacked with trays
of clams and oyeters, These are, in
effect, giant bio-filters and they do
indeed remove over 30 percent of the
foed =0 that mostly whal leaves tha
trench is ellluant

Effluent managed

. Years ago, when we first spoke of
aquaculture in Hawaii, one criticism,
which wa heard, was that the effluent
of & tarm might ecologically damage
the reefz of our pristine coastal zone.
Theralare, in designing the Kahuku
Seafand Plantation, | felt from the out-
Sil that we should manage (he aiffuant
rather than let it run off. | decided o
build seawead ponds where the waste
water from the blo-filter beds could be
usid beneficially to glve us a seaweed
crop. We now have a 10-acre pond In
production and infend to add 10 mare
acres in the near futura.

While there |z a market lor soms
forms of seaweed, such as Euchewnma
which iz used by the colloid indusiry,
we believe that there s an even betler

market right at ive farm. If we harvest
our seawaed along with the lilapia fish
that grow abundantty among B in a

T 2

b N

Oysfers, placed in slacked frays,
ang grown in 8 contralfed enviren-
ment.
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The oystars are provided with a
caonstant supply of food, 8 sleady
waler femperature, and plenfy of
sunlight

polyculture, wea have the basic ma-
terials fo make our own pelletized fead,
ong that should be a lof less costly
than those that we might import
fram the mainland baceusea it will be a
by-product of an already profitable

FOR SALE

DUE TO ILLMESS

THRIVING
FISH FARM

106 acres

Fres wales and 965
Z Bedroom house
2=Yeoar-old I00-iree
Fecan grchard

S4's nrodsm . BT Jabarseilad A3 02017 masAng
s1nagal Ll pumgs oseless inecke aned -
170 5l genam - pgling And O A @qQurplsanl ok
CEhEong alant
B0 41 el and stecker inveaban
Extahlished fuiket
Friced anfer mathid 1adae
SERE D

Charles I). Crow
P.0. Box 734
Graham, Texas 76046
B17/540-1K18
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operation. When we have completad
that next atep, we intend to build addi-
tional production trenches (raceways)
on our airfield and to begin growing
labater, shrimp, turbe, or fish, or all of
these. In other words, anything that
can feed on our pellet for which thers
is a halchery source or capability.

| call this concept “Systemculture,”
gince it is neither monaculture nor
pofyculiure in ithe treditbonal meaning.
The siress 1a on multiple species ol
marine plants and marine animals
being maintained for the most part in
separate impoundments but managed
=0 that they are used as feed or fo fead
on each ofher bul nol in a natural
gcobalance, rather in a balance that
wiz manage them in series according
fo economic guidelines.

Market available

For the time being, howewver, 1 am
pleased to be just an oyster farmer and
am happy with e quallty of our crop. |
test marketed In Hawaii for most of
1877 lincluding the months wilkoul &n
“R") and got very good consumer and
distributor respons=. As a rasult |
intend to expand that phase of the farm
five-fold this year with the help of a
federally guaranteed construction
lnan, We will b2 harvesting on an

Harvasters make fraquent checks
on the oyslers lof size and quality
caniral

avergge of 100,000 oysters per maonth
until the fourth guarter whan it steps
up to 500,000 per month and doubles
again in early 1975,

Zince we can air ship to almast any-
where In the world we recelve arders

Er
SERVING YOU SINCE 1872
114 PARK STREET

LOMOKE, ARKAMNSAS FA086
ARES CODE 501 — 676-21#

We sall all chemicals and supplies
needed for fish farming and we ship
anywivare in e nation.

Ciontact us lor afree catalog.

Readear Servica No. 330

SO GALLON
FIBER GLASS

FISH CULTURE DRUM
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RED EWALD, INC.
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and inquiries constantly from every-
whearz and believe now that cur markat
is worldwide. Perhaps the reasons lor
such interest iz in the unigue
character of our crop. Because we arg
uzing well water with stringent
hygienic aystams devebloped by the
FOA and ihe State of Hawaii Depart-
mant of Public Health which are
imposad on the facililies and afaff for
the managemenl of the watar
throughout, we can certify our ovslers
to be pura. (We call them Tap's Pure
Hawaiian Oysters] We can harvest
daliy for 12 months of the vear. Finally
becauaz of the character of our
planktan, the salinity of our water and
tha fully controlied system of produc-
ing. @ach oyster is not only rated excel-
ient o eat bul i uniform in both
appeerance and quality,

210 milllon Invested

By mid-1973, we will have invested
ovar 210 millien iate the Kahuku
Sealpcd Plantation. That seems a ol
for a new venture but, in fact, we fesl
lika old-timers in this business, having
taken it from a very amall laboralory
unit, step by step through 8 demon-
stration farm and a big prototype on
tha zirfizid. | am confident of our pro-

5
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when levels usually drop.

Many commercial fish farmers are using Condé
P‘_um;gs to increase and maintain the level of
dissolved oxygen before the summer months

Condé Pumps — long the standard in the
tropical fish and lobster industry = are finding

B

& b
o
# F i

A PN

The ultimate product — a sucewlent meaty ﬂb'slm.'.

jections and leok forward to feeding &
lot of ovsters to & lob of people in the
months and years ahead.

| think that a commercial cross aof
aquatic production with terrestial farm-
ing is a technobogical hybrid which will
indead prove o be an important salu-
fion fo the world food need. | am happy

' of Ponds, Silos, Tanks...

CONDE PUMP

F]

new friends in fish farming. Here are a few

ITeasnns?

® SAVES ENERGY vs large circulating pumps
e 3 Basic Models — 3/4 to 5 h.p.
® Up to 60 cfm output

| Reader Service Me. 337

Dept. CF

Condé Milking Machine Ca., Inc.
Sherrill, N.Y. 13461
T

by ses many others are waking up to
the fact that aquatic production has
much to offer at a time when neither
the world's fisheries nor agriculiure
can hope to expand by much. | am
hopeful that the example of many
exiating aquatic farms will spon be
followed by many olbkers. |

' ... to build up dissolved oxygen

- CONDE & — 1% g,
beit driwe, 1200 rpom., & 92 9 posl,
Etfective zerationat op to 30 =.f.m,
Larger moadels fa 50 o0,

® Asrates more efficiently
# Minimum Maintenanca
® Mever nesd lubrication

CONDE — for the long run, your best investment!

Plaase write or phone us for detalls an the Conds Pump or Pumps to imeet vour FEUrETnenEs,

CONDE PUMPS

315/363-1500
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The green turtle, though known throughout the Pacife
Islands, does not appear to be found in major concentrations
anywhere among them. In most of the islands the taking of
a turtle is an event sufficiently rare to call for o community
celebration. There are indications, however, of a few more
Eavored nesting heaches and feeding srounds and there were
many more in the past.

A modest turtle fishery exists in the Hawailan Islands,
especially off the islands of Oshu, Molokai, and Maui. Between
1948 and 1858 official statistics indicate a catch averaging some
10,000 pounds a year, most of which finds its way to Honolulu
restaurant tables. Chelonia mydas, however, is not known
to nest anywhere on the main islands nor are specimens
smaller than ten to fifteen inches in diameter ever taken by
local fishermen.® Circumstantial evidence points te French
Frigate Shoal (23° 45" N.) and the other islands of the re-
mote Leeward group as the home of most of the turtles
found in Hawaiian waters. Of this string of tiny islands
stretching northwest for more than 1,000 miles from Honaluly,
only Midway and French Frigate Shoel are inhabited, the
latter by a small Coast Guard detachment. All but Midway
are in the Leeward Islands National Wildlife Refuge, so that
the turtles are protected along with other wildlife. Even
though there is no patrolling or supervision of these islands,
they are so infrequently visited that violations must be ex-
tremely rare.

T Most reports of green turtles in this area are of individuals

basking on the shore during daylight hours, a hehavior pat-
tern that has been previously suggested as distinguishing the
Indo-Pacifie population from its Atlantic counterpart. While
it is apparent that certain of the Hawaifian Leewards must
be targsts for nesting females during the fall of the year, the
favored beaches do not seem to have been identified except in
the ease of French Frigate Shoal, where both nesting and
basking populations have been reported. Dale Rice, who made

_ Dumerous flights over the Leewards during 1957 and 1958

and spent time ashore on several of them observing the
Hawalian monk seal, reports having seen especiallv large
concentrations of basking green turtles on Pearl and Hermes
Reef, always on the same beaches, namely, on the north
side of Southeast Island (uwsually twenty to fity turtles)

and a small bight en the south side of North Island (nor-

° Personal correspondence, Vernon Brock, Director of Division
of Fish and Game, Territory of Hawaii, November 28, 1957; see
also 16



Fally ten to bwenty turtles ). Smaller numbers were present on
Lisianski and Laysan atolls.® On more remate Midway juvenile
greens are oceasionally taken in the lagoon by skin-divers from
the naval base, but adult turtles do not appear to haul out
there today, undoubtedly because of the considerable human
activity ashore. ’

The extent to which the Hawaiian Leewards may | B
been exploited for turtles in the past is conjectural. One ae-
count, at least, suggests that it was more than a casual matter.
In the spring of 1882 a Japanese-chartered vessel for which
we have a record took at least 390 turtles, including an un-
determined number of hawksbills, in the Hawaiian Leswards
beyond French Frigate Shoal. Of these 10 were taken at
Midway, 25 at Pearl and Hermes Reef, 126 at Listansld, 17
at Marco Reef, and 191 at Layson. Some were turned on the
beaches and others harpooned at ses, but it is not clear whether
those taken on land were turned during daytime hours or as
they came ashore at night to make their nests. At Laysan,
where 61 were turned within a few hours, a sign was found
on shore that carried an appeal for passing ships not to take
more turtles than needed. Their abundance at this time must
have been such as to have encournged waste. The visitors,
apparently in sympathy with the recommendation, repainted
the sign and placed it on 2 pole hefore leaving. At French
Frigate Shoal, where they slaughtered a part of the catch
and dried the meat in the sun, they must have taken more
turtles, The account left to us only states that 47 gallons of
turtle oil and 1,500 pounds of shell were added to their
stocks there, dlong with béche de mer, albatross down, and
shark fins. The entire product of the voyage was eventually
transshipped to Hong Eong, from where the turtls was sent
on to England. (See 110; the log was kept for six months by
George Mansbridge, an employes of the Mitsubishi Com-
pany of Madagascar.)

It seems generally agreed that green turtles are much rarer
today than they formerly were in Hawaiian waters. Tt is even
possible to speculate that they once congregated om the
beaches of Honolulu itself. Although, according to W. A
Bryan (26:299-300), the name is generally agreed to have
been derived from & Hawalian word, hono, meaning harbor
(Honolulu, “quiet harbor”), ene cannot resist pointing out
that the Hawaiians know the green turtle by the almost identi-
cal term of honu and that beaches such as Waikiki might

® Personal correspondence, Dals Rice, Richmond, California,
- August 14, 1939, and Karl Kenyon, Sand Poinr Naval Air Starion,
0 Seattle, August 13, 1959; see also 117,
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Conservation and Management Act (FOMA) have
underscored the need for state leaders o plan for the
development and management of the marine resources
of the NWHI.

To gather information needed to ensure that the
resources of the NWHI be managed and harvested
prudently, a broad-scale study coordinated by Bichard
Grigg has been funded by the University of Hawaii
Sea Grant College Program. So that the complex
ecosystems of the NWHI can be siodied without
duplication of costs and effort, the University-hased
research team will coordinate its efforss with the Stae
Division of Fish and Game, the National Marine
Fizsheries Service (MNMFS), am:l the U. 5 Fish and
Wildlife Service.

“An idea whose time has come” is Grigg's
assessment of the need for a multi-faceted, multi-
disciplinary study of the NWHI resources. "There has
been nmo comprehensive, systematic investigation of
the fertility of the NWHL'" says Grigg. "Managers of
the respurces need to knmow what the basic
producitivity 3. How much biomass 1s the system
capable of producing?"”

The species-specific, Sea Grant-funded projecis will
seik biological and ecological information on botlom
fisheries, sharks, green sea urtles, precious corals,
lobsters, shrimp, and pelagic nehu (Hawaiian
anchovy). Other swdies will compile daia on the
effects of currents and oceanographic conditions on
the population genetics of several commercially
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valuable speces. The socio-economic-legal compo-
nent will assess the impact of the NWHI resources on
the current and future economy of Hawaii.

Acropora Found

During a 16-day cruise conducoed in Movember
1978, researchers studying the ecology of the coral
reefs of the NWHI made a stariling discovery.
Although. thought o be rare or non-existent in
Hawaii, two species of dcropora dominated large reels
in the French Frigate Shoals 500 miles northwest of
the Island of Cab.

Scientists had hypothesized that deropora, usually
abundant in tropical wiaters, were absent in Hawaiian
waters because of their cooler temperatures. Henee,
the dominance of Adevopors av the French Frigaie
Shoals constitutes a scentific puzele

Crigg, principal investigator of the project on the
ecolopy of the corals, proposed three theories for the
presence of Aeropora in the NWHI:

(1) new colonization indtiated by World War 11
barge traffic between Johnson [slands and
French Frigate Shoals,

i2) a relic of the geologic past when the waters
surrcunding the Hawaiian Islands were warmer,

(3) a nawral invasion of the recent past, A study of
sediments from the reefs will test this theory,
Even if borne owt, there is still the question of
why the corals are concentrated at the French
Frigate Shoals.

The largest coral head discovered by the researchers
measured 15 feet Tll.l inches (about 5 meters), and is
estimated to be about 35 years old. According o
Grigg, this “match” between the coral head's age and
the number of years since the war lends credence to the
fivst theory,

Jurisdictional Questions

The enactment of the FOMA in 1976 added some
A00.000 square miles of marine arca to the Siae of
Hawaii. While the State of Hawaii retains its right to
govern the  3-mule territorial waters, the federal
government’s jurisdiction has been exterded from the
former 12 miles o 200 miles from the coasts.

For Hawaii. one of the major questions resulting
from the FCMA is the question of jurisdiction over
channel waters. Are the channels intermutional waters?
Or does the state have a case if it were o claim
ownership over the waters by promoting the
archipelagic regimer

Jurisdiction of the NWHI was already complex,
before the FCMA. because so many agencies have
historic and legal roles in the management of these
islanids, many of which are livle more than atolls
barely above sea level,

— The U.S. Fish and Wildlife Service was granted

management responsibilities and control of entry 1o

the islands of Hohoa, Necker, Laysan, and

Listanski, when the NWHI were designated as a

wildlife reluge.

— The U5 Coast Guard has authority over Dern and
Crreen Islands,

— The Midway I[slands are part of the U5 Naval
Defense Area (vemember World War I1) and thus are
miet pisrt of the Hawaiian Islands,

The inability of the Unired Mations Law of the Sea
Conlerences 1o come to consensus on what the regime
ought 1o be for the ownership of both the discovered
andd the ver-undiscovered resources of the oceans of the
wirhd provides mations the license 10 continue 1o
hammer ol “inlerim' nationally-oriented laws
which will soon, if they have not alvesudy done so, have
the force of precedence,

The archipelagic regime which would circumseribe
a state boundary around the islands of the archipelago
has been promoted for the Hawaiian Islands by John
Craven, Dean of Marine Programs at the University of
Hawaii. This concept would include the NWHI as
part of the archipelago.

Tripartite Management

The three agencies, which have been designated
certain aspects of a joim study of the rsources of the
NWHI, will develop plans for the management and
contral of those resources,

The National Marine Fisheries Service (MNational
Oceanic and Atmospheric Adminisiration, Depart-
ment of Commerce): the marine resources (rom the
[0-fathom contour outward, including the pelagic
vesources within the 200-mile rone;

Hawaii's State Division of Fish and Game: the
nearshore coasal waters o the [l-fathom contour;

The U.5. Fish and Wildlife Service (Department
of Interior): the land-associated resources,
including land habitats of marine animals such as
the monk seal and the green sea turtle,

All these agencies feel thar development of the
MWHT must be done within the context of "wise nse."
While there 15 need for development, the vast colonies
of sea birds and wildlife thar live there, including
those that are endangered, and the often unique flova
and fauna of the islands need 0 be protected,

According 10 Kenji Ego of the Division of Fish and
Game, “The mmnal assessment is that there are
development possibilities in fisheries and other
resources. However, such development needs 1o be
done carcfully so thar there are no mistakes,"

A similar note of caution was voiced by Robert
Skillman, the NMFs representative on the tri-agency
planning  group. “Harvesting 15 nor harmiul o
wildlife,” he says, But limits Tor the harvest must be
set at a rate that allows for renewal of the resource,
Hence basic hiological dara is critical 10 management
and development,
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becarse of thetr cooler than average termperalures. However, last fall veefs al French Frigate Shoals uere found to be dominated
by corals of the genas Acropora. Based on the age of the largest coval head found, scientisis theorize thal barge traffic in Warld
War [f may have miroduced Acropora te (e Worthwes! Howaiian Tslands,

Fishery Resources Available

The MMF5 15 charged with the determination of
resources which can be developed and the impact of
such development on the resources. Studies indicane a
potential for commercial and recreational develog-
ment of the NWHI. 5o far wentified are substantial
populations of

— spiny lobster

— about six species of snappers and groupers, such

as opakapaka and ehu

— kawakawa [(Euthvirius yaito)

— two or three species of jacks

Within the lishery management zone, espectally
around the Hancodk Seamount about 180 miles off
Kure Islands, a laree fishery of armorheads has bren
located, These are bottom fish which are unfamiliar o
the American public and require a fishing method not
commonly used by Hawaiian [ishermen,

The possibilities for developing recreational
fisheries are also being considered. Such favorites of
sports fishermen as jacks and one are abundant in the
NWHI. Negoiiations with the U5, Navy have led 1o
the establishment of a bshing station on Midway
Tslanads,

Although the 115, Fish and Wildlife Service's work
i5 land-based, the water portion of the refuge 5 an
integral part of the wodal ecosysiem they are siudying,
brcause the animals that live on the 1slands within the

wildlife refuge derive food from the ocean.

Henry  Hanson of USFEW considers a  three-
pronged thrust in research to be vital. “"What is the
extent of the living resources of the NWHIF Whan is
there? What are the ecological groups?”” Thus the
information 1o he gleaned is vital o the management
studies.

The Fish and Wildlife Service is especially
concerned with the spiny lobster fishery because monk
seals feed on lobsters. To protect the seals, part of the
proposed overall management plans will prohibit
taking lobsters within the 10-fathom contour
shoreward of those islands which are monk seal
habitats.

The Wesern Pacific Regional Fisheries Manage-
ment Council 15 another agency charged with the
development of management plans for the living
resourees of the NWHIL The Council has developed a
preliminary management plan for spiny lobsiers,

Research data on the basic productivity of the
NWHI, provided by the University of Hawail Sea
Grant College  Program, will be used o create
computer-hased ecological models centering on the
top predators and working down the foodweb,. These
medels will then be used by the tripartite agencies so
they may develop rational management policies for
the use and the conservanon of the valuable resources
which abound northwest of the main Hawailan
i5larmds,



Toxic Chemicals
in the Great Lakes

Whitney Gould

University of Wisconsin Sea Grant College Program

Uil relatively recently, comcern abeor
Greal Lakes water quality centered on the
problem of sutrephication—ihe process
by which nutrent enrichment  cawses
lakes o age prematurely.

In the past few years, however, the jssue
of eurrophication has been all bue eclipsed
by what is now widely regarded as the
major threat to Great Lakes water
quality—towic chemicals. Earlier, many
of these compounds, which by definition
can kill or injure living organisms, went
unrecognized. But with improvements in
the scientific technigues for deteciing
them, toxic substances came to light and
today boom as 2 significant envirenmenial
peablem.

It was the DT crisis of The 1960 th
first browghe the threat of toxic chemicals
in the Great Lakes to public attention.
The persistent pesticide, which was widely
used throughout the Great Lakes hasin,

wurned up at high levels in the Jakes” fish
species, including  trowl and salmon.
Some of these fish, in e, were declared
uniit for human consumpeion,

Since DIDT was banned nactonally in
14978, levels of the pesticide in Grear Lakes
fish have dropped considerably. In Lake
Michigan, the decline has been o dramartic
40 percent, and DIYT in fish s no longer
considered a public health probiem,

But more recently, o whole new array of
chemical comtaminagnis has aroused the
concern of scientists sudving ihe lakes,
These range from organic compouncds
such as PCBs (polychlorinated byphenyls),
dioxing and petroleum products, 1o heavy
metals like mercury, arsenic, lead and
cadmium,

The chemicals enter the lakes from g
varety of placs—point sources such as
wissiewaier  discharges [om  cities  and
industries, leaching from waste disposal
sitex, illegal dumping, and non-point

CALIBRATING equipment for arrasol sampling on Lake Michigan, Photograpls with

this article courtery of the University of Wisconsnin Sea Grant College Program,
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sources such as  wimaspheric pollwion
s runodi from [arems and city streets.

Contaminants Studied

Since 1969, the University of Wisconsin
Sea Grant College Program has concen-
triaved & substantial part of s research
effoet om the sources, Gates and effects of
Grear Lakes contaminants.

Much of this rescarch has focused on
PCBs, industrial chemicals tha were used
until recenily inoa varely of indusrial
profucts, Though the federal Toxic
Substances Cangrol Act incluaded @ ban on
the manufacture, distdbution and use of
PCEs as of this vear, the PCB compounds
alrewdy loose in the environment continue
to conlaminate waterways like Lake
Micligan.

PCBs’ Behavior

Stuedies by UW-Madison water chemise
Anders Andren indicate thay perhaps as
much as T percent of the PCHs enteving
the lake Eall from the aimosphere;
ameounis 10 aboul 8600 kilograms a year,
Likely sources of POBs, according 1o
Andren, include landfill and  inciner
AL,

One of Andren's colleagues, David
Armegmrong, has shown low PCRs, once in
the water, anach 1o solid particles and fall
1 the botom aof the lake, There, the
compounds are picked up by bottom-
dwelling organisms and passed up
through the food chain.

Alewives, for example, eat these
organisms and concentmate PCRs, These
small, sibvery ocean fish are, in wirn, the
miajor food source for the op predator fish
like lake rowul and salmaon,

Trout and salmon, as a result, have
accumulaied PCE levels as high as 25
pans per million in a few areas of Lake



Pigs and Fish. It would seem the twn
cotldn’t be [urther apart. However,
oppEsis attact and  necessiny is o e
meher of invention and therein may i
the reason Alaska bas lound pigs and Gsh
tinke i goed tepm,

I all pares of the siate economy, Alaska
hias @ waditionsal problem wich the boom-
bust svnadome, From ihe Gold Bush
the pipeline, a secies of highs and lows
have plagued the cconomic stsctire with
lictle moderation between, & penceul
decline since pipeline construction has
placed  stabilization o the economy
foremast among concerns [or state
officials, Sreadying the lshing incdusiry is
a rood  alveady  paved—with  ineensive
acquaculere projects, legislatiwe stmscmeres
like limived licensimg, and a hose of
meargerment plims, The success of these
attemipis s partially measored by ihei
ability o deal with new problems w the
andusiry,

Using Fishery Wastes

Che o those mew problems is whit o
dhoy with fish processing wasies, Acioss the
country, jrocesons e looking st the
s prehlemn, since pending . Envinon-
mental Protection Agency regulations
willl saesp che dompang of wastes back inne
the orean and mandare cleaning of
eflluent waters, The classic solution 1w
this proshlem is fishmeal; il wasies can be
made mie a saleable prochc, they ceuse w

B wisre, Alaskan progessors decided somme
tire e that there was @ e in the
Bishmeal busimess, and three plangs
currenfly operare in the stale s Kodak,
Petcrsharg, amd Seward.

Chne problem Alaski has with eneow-
aging indusiey of any kind s a0 Lk of
neeessany infrastraciure o suppor e The
gromindwork fon fishooeel proeessing s
bewmn laic, bowever, with these planis in
eaerstion, The problem now is gering a
big eoough maker oo supguor them, Mol
only i3 the hoowe marker lor fishoseal
sl |, bui Alwska Fishimeal sobd inoa lower
48 Diss 10 g st a price thae incledes high
tramspor iatbon costs. Finlesl meal enjovs o
faisly Luge sty marker a5 4 high
auiglity prodein supploment., especielby n
liveseek feed. Shelllish mesl s o poorer
epuhity povdein content amd  finds s
higgest markes as a feviilieer. The shellfish
] msirket is much smaller chan thar of
fimfish meal  amd 50 is dthe price,
Consexguenily, Alaska processors produce
shellbish meal an a loss,

Will Pigs Eat Meal?

['s mow thal pigs begin o look
premmising.  Since the V05, shellfish
meal has bBeen considered indsgesiabie and
uisplatabde. Besearchers said the prowin
comtend ol shellfish meal coold mor e
used, even by Bvestock. Bue Fres Hushy of
the: Trniversity of Alaska  Agriculueal
Experiment  Sgagion takes excepinom o

ALASKA's Agricwliral Experimens 5
rerfireRienen . of produciion,  Brocessi
rremyperrent, AN plodos weith this arp

thar commonly held wroism

Hugsly - savs those  copeclusions were
drowny Trom  investigations on sl
numilEas ol East ooast bloe ol Timsner
erab. The chemical composition of
Waskan king and Tanner cials is dliflerein
Do Esist Coast erabs and should, by s
mpiure, beomeore digesable. Husba's Sea
LR I.'!i.|]{'.|il||t!ll!li bz cenperedd graumil
rinising Hgs from A0 pounds 1o marker
weighi omn oo digt eaing shelllish meal s o
sulstitate lor pewt of s URpHTEivE
prcatwin supapaleneens

Podennial Lo shelifish meal progdociion
in the stare s wemendboos, given the
tannage of shelllish caught  annually.
Adaska corvently plisces jlaoug cneTifth fo
ane-wenih of its total waste intoe Gishoeel,
vid il prodeces over one-balf of the qoda)
1.5, shellfish meal ouipur,. What is
neeihed] desperarely is an expansicn of the
aleellfish ol market, Hushy's prropect nos
anly shows & way ol geiing thar inerease,
Tsuan e fies in neanly with stane coneerns for
encrririging stille, renewahle induserics,
[0 also provides an inestale markes,
avoding high shippring cosis thar make
some Abliska products analdle o compene
i ghee compinenial U5,

There are only two small commercsal
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show foxee effects; o oa study by pathologist Temes Allen.

Michigan. This is greaily im excess of the 5
ppn lmir established by the Food and
Drug Adminisiration (FDAY for fish
destined for human eonsumpaion. The
PCB-comaminaied fish canwor b sold
comméercially, and the siate of Wikoonsin
has warned anglers not to el more than
omne meal a week of fish from Lake
Michigan and ather PUB-izinted waier
WaYS,

In shori, PCR coptaminatiim bas deali
a severe blow o Lake Michizan's spori
ancl commerical fisherics, wgether valued
at moge than §28 million for the seate of
Wisconsin alome. The Blow could be
wiorse el i the FIDA bowers the permis-
sible limit o 2 pprm, as it has proposed 1o
dir, Such an actiomn woald adversely allec
the whitefish fishery, the major commer-
cial lishery in Wisconsin.

Removing PCBs

How long will FCRs remain a pooblem
i the Great Lakes? David Arnstrong and
ather UIW-Madison researchers are devel-
oping @ oomputer mode]  designed o
predic how long it will iake for PCRs 105
bevasime buried—and effectively sealed—in
bestioom sediments of Lake Michigan.

Rased on the decline of DT concenira:
tions in cxho salmon following the DT
san, the vesesarchers predict this i all PCR
impaat 1z the lake were 1o slop immediaie-
lv, PCB levels in eoho salmon would
decline by 60 io 80 prroent within abow
si vears, The remaining 30 o ) percent
wonalel adeclime more slowly.

The rare of PCH removal wounld depend

om such factors as the mate of sedimenia-
tion in the fake and the degree w which
contaminated mods are stirred up, pass-
ing PCBs on into the food chain.

- L]
Harvesting Alewives

One |_muil,|-|-e' way o decrepse  the
contamination of food sources [or large
fish, accosding 1o recent PhoDE recipien
David Weiniger (now with the Environ-
mental Protection Ageney), would be o
undeniake large-scale harvesiing of
alewives, which accumulae PCEs a
highes levels than obeer fooage [sh do.
Elimingiing alewives, Weininger theorie-
s, wioll ld Torce rout and salmon o switch
i smelt and sculpim—iwo species with
low PCB levels—as a food scource. The
vesuli, he suggesis, would be thay POR
coftcenirations in adult lake owun and
salmon could decline by a fvcvor of alsous
i,

Fish managers with the Wisconsin
Depuntment of Matural Resources e
intrigued by the idea of alewile harvesi-
g, done on g limited scabe already, Bui
they fear thar a lavge-seale effort would be
extremely expensive.

Cn the other hand, as Armstrong points
out, the oosis of suel anm effom moast b
balanced against the costs of POCR
coniamination of the Lake Michigan
fishery.

Do PCBs Hurt Humans?

.Whi'd:lul current levels of PCHs in [ish
are cising problems in human popula-
tions 5 mol vel knowmn.

7

Bagt the Wisconsin program plans 1o
look imo that guestion, in comparative
siudies of PCB comtamination in the
Blooad and oeast milk of two groups of
Sheboygan, Wisconsin, women=—ong
group made up of heavy consumers of fish
from PCE-tainted waterways, the other
with a history of litle or ‘no fsh
CTMISLITR IO,

Infamts b 1o these women will be
tested for behavional and developmenal
abnomalities.

PCBs and Monkeys

In Sca Grani-supported studies on the
effects of PCHs on rhesus monkeys, TIW-
Madizon pathologist James Allen has ver
1 [ind whar he considers a “'sale” level of
PCRs im Eonel

Since 1968, Allem has been feeding
PCRs o these primaes, which resemble
humans im their binlogical responses,
Even when fed a steady dien containing
PCE levels as low as 25 ppm-—=the
amount cuirently permined in milk and
dairy products=the monkeys experienced
reproductive [ailures, loss of hair,
swelling of the eyvelids, and other health
problems. Infanes boom i the fermabes
suffered similar ailmenis, in addition w
behaveoral and leximing disabilities.

O the other hand, monkeys being fed
PCR-contpminated [ish meal—in a
sippation more closely approcimating
human exposurcs—have shown no ovet
il effecs 1o date.

Thest PCB siudies are only one Ewet of
thoe LW Sea Gramt program's research on

Conrinued on page 12
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lalion carvies oul sludies coreerning conservation and development of neur Tand,
o Irensporieiion of feod end wood groducts, and developmend of resources
cley by Salre MoCracken, Unfversity of dlasha,

savings in feed costs can be realived, even
at lower levels of consumprion.

pig farms in the soaee wday. Husby says
i is paritally  bessose ofia lack of
supporiing slawghier houses and proces-
sord, s thar each operation mest raise,
slunghter sl process i own pork for
sale, Bur the biggest block o oo large
livesiock madustry o Alaska s o5 lack of
freesd prosduction inothe stne. Farmers have
e import ceréal geains and  protein
supplements, paying not only for the feed,
buit high shipping cosis. Farmes curceni-
Iy pary atboud S400 per tom for soybean oil
mcal, used a5 a protein supplement. King
craly meal sells i abosee $140 per v from
Alaskan producers. IF 0 proves 1o be an
cllective substitmte, 31 sulstintial  feed
savings can be pealived,

Alaska Grown Feed?

Ore way of sobang the beed  graom
puchbem may rist in another siate project
armed ar encounging renewaihle mdos-
iries, Abowt T0 miles scutheast of
Fairbanks ar el Junciion, the siaee is
sponsoring  a G000 acre  agriculioral
project raising cereal prains, notably
bearley. Currenst moarketing plans for the
griin call or sales o Jagimese aond Borean
invesiors, 1, however, those pl:lll!. stlter,
the grain can be sold in-stace w ivesiock

operations.  Huosby estiomaies thon of the
sl ouipaar of Chiose 60,000 poes were put
ino pork  prodoction, the resuling
sprvimmarls would just meet Alaska's current
pork demand,

In his smicial experimenis, Husby fownd
that pigs had no problem caring shellfish
meal. Pigs fed o comn diet had up oo 25
pereent of the soybean ofl meal supple-
et repliaced with shellfish meal, with
ni adverse effecis, The change represented
A savings of 3 perceni or $5.30 per pig
mavrketed, 1 they are fed o dier of harley,
S peroent of the soybean oil meal can be

ctgplaced i oa savimgs of 5290 per pig

miarkeled (1970 figures).

Some Drawbacks

There are scane drawbacks w the use ol
shellfish meal. Since the proein i not of
the highest quabicy, Hushy does oot
suggest wsing the meal as a8 complewe
replacement for more expensive protein
supplemenis, He says the shellfish meal is
st elliciently used at lower comsump-
e rabes. (This is also becanse pips wend
vo waste feed ar a high raee) Pigs have
alstvwm no aversion toa diet with some Bish
megl in i wnd indeed a substantial

9

Because of his success in feeding
shellfish meal o pigs, Hushy has turned
his auention e other types of lvesiock.
Preliminary experiments with dairy catile
have been swocesalul. Alaska has one large
commmeersial daery and 3 good potential for
wiidiional growth with reduced feed oosis.
Husby says the canle experiments have
yiebded good “success in spite of one
unoeoperative cow  who wouldn't ear
Levels of intake for most cows were high,
and Hushy expecis sucoess[ul application
of shellfish meal o dairving,

Taste Prejudice

Another problem with putting fishmeal
of any kind into livestock feed is a market
prejudice alsout wate. Consumers seem 1o
feel that fish-fed livestock will taste like
fish. To alleviate these [ears, Hushy has
kept o careful sampling of his pork for
testing by professional tasiers. 5o far,
Husby say no one eating the pork has
complained of unusual odors or tasies,

One other aspect of the [ishmeal
problem also under investigation by Sea
Gerant is the storage of wastes. There are a
rnultitede of small fGshing communities
in the state that will be pur in a real bind
by the new EPA regulacions on [ish waste,
These commmonities  are o small 6o
support their own fish meal plams and



ey, |
= .-.'-..:_ -I‘I"."L. hj- f .
FARMERS AND SCIENTISTS alike have held that shellfish meal is unpalatable, bul
these hogs show little aversion fo feed confaiming a shellfizh meal supplesment. The
animals ave placed in control groups. Each group gets a cevtain percentage of crabmeal in
its feed, the percentage varving with the group and reaching & high of 20 percent Jor some
ETORL)-

vonk Bt From established plani wo get their
wiztes there cheaply, In order 1o save
encigh wistes 10 make o g e ihe
processors. profitable, they may have o
fish lor 3 month or more,

Marine Advisory specialisis Cure Kerns
and Per Heggelund have been working
with an ensilaging proces 10 help with
storing wastes, Through manipulation of
pH, they have found wasies can be sfored
for several momtha with no odor ar
spoilage. When o community has collece-
o enough 1o make the cost of shipping
per unit low enongh, the wastes can be
send away wooa fishmeal plane,

Somewhat of a “chicken-and-egg"
syndrome s developing  amomg  fish
processors and the variows siate sponsored
attempis Lo stahilize the economy,
Although Husby got involved with
shelifish meal fecds  because the [ish
prowessors were looking lor new markeis,
it is erqually e thar livesiock Farmers are
trying almost as hard o find ways 1o cut
feed costs. Both problems have a possible
solutivn i shellfish meal, but it is
eilTicuilt 1o say which came fivse An over
all guideling of siabilining  Alaska's
nbor o]y Huctuating sconomy provides
i public dimension o the project, helping
Alaskans overcome a heavy dependence
on  shor-teem revenues like the ol
pipeline.

Sailing Lake Champlain

This summer students and alumni of
the University of Vermont will be able 1o
bearmy aboui Tife on a sailing ship through
first-hand experience. Professor Kempion
E. Webb, Chairman of the Geography
Departmient of Columbda University, will
b guiding the interested through a week-
long experience in the history and
geography of Lake Champlain on board
the first windjammer o sail the waters of
this lake in [ifty years

Those whe enroll will study, Live, mnd
saxil aboand the Schooner Richard Robbins,
which is powered anly by sail, where food
is conked on & wood stove, and ice cools
the food, Participants will explore the
lake, learn about sailing cralt and
navigation, the early explorers and
seitlers, military compaigns and  naval
battbes and the present threats posed o the
lake By development and pollucion.

For further information, write Summer
Session, University of Vermont, Burling-
tom, VT 05405 or Box 195 Vergennes, VT
05401; phone BO2-7.2411,

1o

AN weins semice phote by Kenneth J. Moron.
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OBRLIQUE MERCATOR projection of the western Daited
States and the north-eastern Pacific Ocean, drown by
Barbara Hall from one published by the National
Geographic Saciely, Waskemgeon, DLE, (1968,

bout three-fourths of the 1600-mile Hawaiian
archipelago (see map) was designated a National
Wildlife Refuge in 1909 by Theodore Roosevelt, pretty
much isolating the coral veel and volcanic islands
comprising the Northwestern Hawaiian Islands (o
NWHI).
Recently, however, pressures on the marine
respources of the principal inhabited islands of the
archipelago and the implementation of the Fisheries
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fgdﬁuam=tt& Perry, Department of Oceanography, University of Hawaii A
MAGNETITE IN THE CREEN TURTLE

(Major Professor: Dr. Richard E. Young)
o

-

Migratory green sea turtles, Chelonis mydas, can accurately navigate in the open
ocean over distances of several hundreds to thousands of kilometers. HNumerous guidance
mechanisme for thelr feeding to breeding site journeys have been postulated, but few
have been examined experimentally. Prelimipary data suggest one navigatiomal cue may
be the ability of the green turtle to detect the geomagnetic field.

A possible transducer of magnetic field information to the turtle nervous syatem
iz the highly magnetic iron-oxide mineral magnetite. Biogenic magnetite has recently
been discovered in a variety of marine species, ranging from invertebrates to pelagic
fish and marine mammals. In order to determine if Chelonia also synthesize magnetite,
hatchling, juvenile and adult specimens were tested for magnetic remanence using the
SQUID magnetometers of the Hawail Institute of Geophysics and the California Inatitute
of Technology. Saturation-induced magnetic remanence one to two orders of magnitude
grester than background ooise was found in the heads of all turtles examined, and was
localized to the dura mater in the adults. Samples were subsequently subjected to
alternating field demagnetization to determine magnetic stability.

Dora tissue from six juveniles and one adult was digested with 5% hypochlorite
solution (household bleach). The residue was examined microscopically and numercus
opaque, needle-shaped magnetic particles were removed. X-ray diffraction and micro-
probe analysis of the particles showed that they were composed of very pure magnetite
crystals., Crystal structure was examined under scanning electron microacopy.

Behavioral studies are planned to conclusively demonstrate whether the green turtle
does exhibit magnbtic sensitivity.

i!i’!it*ﬁ_tnttittit*lti*i***i**i



H_:lc.hul M., Walker, Department of Zoology, University of Hawali

THE LIKELY SITE OF THE MAGNETIC SENSE ORGAN IN YELLOWFIN TUNA (THUNNUS ALBACARES) AND
BLUE MARLIN (MAKAIRA NIGRICANS)

{(Major Professor: Dr. Ermst 5. Heese)

The problems we face in understanding animal navigation are epitomized by the
migrations of pelagic marine fishes. It is very unlikely that fish ecould use the sun
compass or other knmown orienting mechanisms to guide pelagic migrations. There is a
growing body of indirect evidemce that magnetic sensitivity is a very important
orienting mechanism for migratory animals. This paper reportis succassful conditioning
of yellowfin tuna (Thunous albacares) to magnetic flelds and an investigation of the
possibility that the physical basis for a magnetic sense in both the yellowfin and the
blue marlin (Makairs nigricans) is biogenic magnetite deposited within the ethmoid
bones of the skull of both species.

Yellowfin tuna were trained using a discrete trisls-fixed interval testing
paradigm to discriminate between the normal Hawaiian magnetic field and an altered
field genarated by a coil encireling their tamk. Fish were trained to produce or

25

withhold & conditioned response (pwimming through a gate lowered into the water for
30 second trial periods) in anticipation of positive or negative reinforcement.
Studies using the cryogenic magnetometers at Hawall Tnstitute of Geophysice and
California Institute of Technology set out to identify concentrations of magnetic
material within the bodies of vellowfin tuna and blue marlin. Where concentrations

of magnetic material were found the tissues were demagnetized in an alternating field
to determina the coercivity of the magnetic material.

All yellowfin tested for magentic sensitivity learned to discriminate between the
two magnetic fields after two 30 trial sessiomns. Control trials were performed with
one fish by interrupting the circult between the dc power supply and the coil around
the experimental tank. All other procedures continued as before but discriminatiomn
between the positively and negatively reinforced trials ceased. Discrimination by
the fish was re-established when the circuit was recompleted providing good evidence
for the existence of a2 magnetic semse in these fish.

Concentrations of magentic material were predictably found within tha ethmoid bones
of the skull of both the yellowfin tuna and the blue marlin. Examination of the
coercivity and other properties of the magnetic material showed that it was single
domain magnetite in both cases. Theoretical analyses imply that the amount of magnetite
present ig sufficient to provide these figh with a very semsitive magnetoreceptor if
the magnetite is linked to the nervous system. This finding of magnetite in the same
structure in species from different families of pelagic fish strongly suggests that
magnetite deposited within the ethmoid bones is the basis of the magpetic. sense organ.
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FINAL REPORT FOR NOAA CONTRACT 41 USC 252 (c) (15):
ANATOMICAL DETERMINATION OF PRESENCE/LOCATION OF MAGMETITF
IN YOUMG TURTLES AMD BEHAVIORAL STUIDY OF MAGNETIC SEMSORY

CATABILITY OF SFA TURTLES

Anjanette Perry
Nceanography Department
University nf Hawafil
Honolulu, TMawaii

On Aprdl 1, 1981, a study was undertaken to determine 1f the Hawaifan

green turtla, Chelonia mvdas, possessed a sonsory receptor capahle of

detecting the geomagnetic field. Tt was postulated that the presence of the
ferrimagnetic mineral magnetite frrjﬁﬁ) in the head might indicate such =
sensory capability, and behavioral studies could confirm that the turtle
utilizeas the mineral to detect chanpes in mapnetic field intenafty and/or
inclination.

Employing the SQUID magnetometer of the Mawail Institute of Geophyeics,
five hatahling and juvenile turtles, of age 2 wecks to 20 weeks, and one
adult head, were examined. Results are presented in Takle 1. Mapgnetic
remanence above background nolse was found in the head regions of all
animals examined. In the adult, the highest readinps were obtained From
samples of facial muscle and from the dura, Sections of hone and brain
adjacent to the dura did not give high mapnetic readinpgs, Indicating that
the magnetic material was concentrated within the dura ar in structures
closely associated with it. Light microscopy revealed the presence of
opaque structures in the areas which had high remanence, No specific
cellular components could be elucidated, however, as the samples had heen

frozen before examination and céllular membranes had hroken dowm,



fneral magnetite occurs ubinuitously, and its presence alone does not

The m

{ndicate a magnetic field sensibility. Mne method of determining if a mample
contains a conplomeration of many crystal tvpes or of like crystals is to plot
a coercivity curva. A mognetic gubgtance's coercivity 1 an Indication of how
well ite component ¢rystals maintain thedir orientation, or moment, in the
presence of an alternating mapnetic field. By subjecting a sample to an
alternating fleld of increasiny strength, a curve Is obtalned indicating the
rate at which the sample loses its remanence. Fipure 1 11luatrates the
coercivity curves for the dura and facial muscle of the adult turtle. The
suscle sample loses much of its remanence at a low field stremgth, while the
dura sample presents a much more pently slopinp curve. The emcother curve ie
indicative of preater mapnetic stability, prohahly of Importance in a
gensory mechanism.

Similar concentrations of magnetite have heen found in vellowfin tuna,

¥

homing pigeons and dolphins, concentrated fn the dura or anterfor dorsal
region of the head. It is assumed, therefore, that in the turtle the
magnetite asgociated with the dura is responsible for magnetic field

detection, and that located in faclal tissue is either contamination or

serves ancther purpese in the turtle's metabolie procossca.

Two behavioral experiments were sot up to test if the turtles would respond
to magnetic field conditions that were different from that of the normal
peomagnetic field. WHelmholtz ceils were wrapped around two tanks, one 18 feet
in diameter, one 4 feet, and each set was connected o A power Source.

A one amp current added a vertieal field of approximately 0,35 Dersted,




The large tank held 38 turtles. These turtles were heing trained to a
clagsical conditfoming paradigm, The turtlea were ohserved via a vides
monitor for a peried of two to ten minutes hefore the Field was activated.
One minute after the field was turned on food was delivered down a TVC tube,
The ohserver, food entry end of the tube amd electrical apparatus were
located in a tower and were not visikle to the turtles, Moises made by the

observer or machinery were masked by the gound of water flow inte the tamk,

The small tank held one turtle. HKear the side of this tank tubing with a
plastic disc attached to {ts end was comnected to A microswitch, and the
apparatus hooked up to an LVE relay beard and to a syringe pump. A ayringa
on the pump delivered a food paste via the tubing to the turtle when he
pressed the disc with his head. The planned experimental setup was to train
the turtle to press the disc for food only when-a 1ight hehind the dise was on.
Gradually this lipht signal was to be replaced by activation af the altered

¥
mapnetic field. The turtle trained rapidly to the 1ipht. Mowever, funding
under the NOAA contracl was terminated hefore Ehe furtle eould be tralned to
the mapnetic fleld.

Freliminary resulte of the larpe tank pxperiment indicated a sensibhility to
the magnetic fleld, but insufficient data were taken to porform statistiecal
analyses. It is hoped that additienal funding can he ohtained in order to

complete Chose experiments, so that meanineful conclusinng on the turtles’

sensibility to magnetic ficlds can be drawn.
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This 1s A chapter from:

fPurtles of the United States & Canada"
by
GClifford H., Pope
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Spiny Lobster rifal, Panindivies wr-
mirketries, These dirk lobsters are social
animals that gacher under rocks and
ledges, where they pass the day togeth-
er AU night, these predators venture
o, searching the reef for snoils, clams,
crabs, and shrimps. spiny lobsters have
lramge, STOUE simtcina that often poke
out from the edge of their dayime hid-
ing places, Thoese black, waving anten-
nae are sometimes all vou will see of
these lobsters, which can grow 1o 18
inches long.

Regal Slipper Lobster irla e ).
Arctides regalis. slipper lobsters have
wide. flat bodies swith mortled colors
that blend with their backgrownd, OF
the cight tvpes of slipper lobsters found
in Hawmai'i, the sdnchdong regal is the
mast colorful. Like the spiny lobsters, ™
all slipper Iobsters are nocturnal, vene
turing from their diovtime eesting plices
e hunt saails, clams, shromps, ancd
crabs, Meither spiny nor shipper lob-
sters hove enlarped pincers, a5 do their
Mew England cowsins, e American
labsrers

Hawilshill Sea Turtle el Evetrro-
chefys rrhricata. Compared with
ereen sed turdes, hawksbills are rne
in Hanama and in Howai'i. The few

hawkshills thar do five here are found
close to coral reefs, where they poke
their narrow beaks into crevices for
sponges and other invertebrates.
Hirwrkshill sea turtles are smaller and
have more clongated beaks than groen
sca murties. Over the years, people have
slawghtered hiawksbill turtles to near
exrinction for their lovely shells, If vou
are Jucky enoueh to see one, remember
that this turtle is rere and needs our
protection, Don't chase; just watch,
Aclult hawkshill shells, "tortoise sheil”
i color, prow to about § fect long,

el

— ki E——




Green Sea Turtie ¢homnu ), Chelonda nrpdas. OF the several tvpes of sea turtles
found in Hawailimsvaters, only the green sea turtle s common in the bay. These
turtles are named for their preen body fat once used in soup. Their shells are gold,
browi, and Black, Look for green sea turtles flosting on the water's surfice, resting
underwarce. or ghiking on submerged serweed, Because animals have been protecred
in the bay sincc 1907, and s are protected throughout the state, some turtles
nerw commuenly approach swimmers, Enjoy the bestury and clem of these creaturcs
without touching, chasing, or riding them, This is nof only illezal but could haem the
andmal, Green sca wirdes grow 3 o 4 feet long and can weigh up to 00 pounds;
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Volunteers Heed Conservation’s Call in
the French Frigate Shoals

By Susan Scott

B 5. Think of thousands, even m ions of binds swooping and screech

1 in the air, sitting and soqus 2 on the ground. [magine every lree,
bzt and hole pa

hts ared sounds of birds dominate
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VILLAGE HILTON
Riediscorver the Hilton Hawaiian Village—the first in 2 niw seties explaring the
Eigigest and the best of the Teland's large, seli-contalred resoris.
By Lasry V. Lelonse

ikl
PEARL HARBOR MEMORIAL
Acomplete listing of activities plarmed to commemarnate the Fith anmiversary
off the Pearl Harbor bombing.
BEiw Jube Penisters

pid
DAYS OF '41
This excerpt from Bd Sheehan's bock shows 1 |n prewar Wil
ansd the pemdemonium that follewed the boembing.
Bicaois by Ed Sheshan; Excerpt by Ron Jacobs,
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AFTER THE ATTACK
e man's journey from high schoal athlets to Wheld War [ saldier; an
account of lifie during the earby war days.
By Tom Unger,
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QUONSET HUTS
Many of thess wartime structures remain in Havwai,
fumctioning as retail stores, awtn shops ar ahandemed madside decor,
By Jobn Penisten.
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MUNRO TRAIL
The Munto Trail welcomes hikers to the dversity of Lanad landscsces,
By Rohert Smith.
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HAWAIIAN-STYLE HOLIDAYS
Islend hotels celebeste Christmas with special events for their holiday guests,
By Gladys Flanders,

—

LIFE ON TERN ISLAND
Volunbeers on the French Frigate Shnals work for comsesvation of
the region's nabursl species,

By Susen Seolt.

]
HAWAIFS SPORT
Cancs paddling competitions began in the eary 1900 toden, the spart enjoys
imtemational competition.
By Carol Hingan,

=)
 ISLAND MusIC

From the Ka Hotos Henohane swards to the Society of Seven, leasm about
Hawaii's entire music scene

By Fahn Bergier,
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SEASONINGS
Create an Islamd-stvle Christenes dinrer, with 2 Bitde help
Irawm Flasait's best chifs,
By Kit Snedaker.
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station in the atoll French Frigate Shoals,

French Frigate Shoals s past of the
Hawaiian |alands Natinnal Wikdlife Refuge,
¢ chain of eight islands, reefs and atolls
extending about 804 miles northest from
the main Hawaiian Islands, Tern Island is
the largest of a nurmber of small etz in
French Frigate Shoalz and is the ondy island
i the refuge that has vearround human
inhabstarts.

Usually, two full-time assistant manag-
ers live and work on Tem Island but in the
summmer, wlunteers, rescarchers and stu-
dents bring the population up to a crowded
eight or nine. This place, and all islands of
the refuge, ave part of the City and County
of Honolulu though any resesmblance to the
busy citw is in name onhy.

“You give up a lot to work here,” 2ays
Ken Niethammer, who has lived on Temn
Island as assistant refuge manager for the
[ast twer vears. A fairy tern named Spike
shares the railing he leans on and the full
mian i rizing slowly over the bird-chattesr-
irg istand. “But ther, vou get a lot too,” he
Az,

Niethammer is ane of two permanent,
full-time Fish and Wiklife Service employ-
ees on the Island and it is his responsibility
tn see that things keep working—a chal-
lenging task on & 58-acre island isolated
from civilization by hundreds of miles,

The systems work well and the tiny
Ten lksland community has a surprising

R 1
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A supply plane only arrives ence every sin weeks [bottom|, making “plane day" & holi-
mmmum.mmnmmmmmmnmm

bBandfing and releasing them.

number of comforts including a spacious
"house™ left by the 1.5, Coast Guard when
the atoll was a LORAN station. The Lirge,
one-story residence has two long corridors
with adjacent rooms that serve as offices
and bedrooms and a central kitchen. dining
room and entertainment center shared hy
evervone whio stays there,

Solar panels stand guard on the rood to
help power water pumps, lights, refrigen-
tors and radins, Stoves and refrigesators
rum on propane. The sun heats water and
residents can enjoy ho, i brief, showers,

The old tennis court a8 the side of the
busikding is mow a platform for catching rain
that is stoved nearby in huge water tanks.
The tanks were nearly overflowmsd |ast
summer becaisse of an unusual armount of
rainfall, so there is a lusurious amount of
fresh water to squander,

But this isn't all good. The dark, rain-
bearing clouds hide the sun enough that
Miethamimer rmust run 2 generator in the
evenings to charge the house batteries that
weep things going. And. during rainy spells.
the showers are cold,

AWK MAGAZINESDECERNER 1591

atorms slow activity here because
most of it i5 outdoors. But even in had
weather, birds still need banding, the seal
census goes on and lost hatchling turtles
need to be collected and taken to the beach.

Wildlife biology is the bottom line here
and all human activily is tailoved to 2uit the
pest interests of the animals. Niethammer,
2 wildlife bsologist, is careful that everyone
of the Island knows the rubes about ap-
proaching these wild creatures. Most have
evolved with few predators which makes
them easy to walk up to but which isn't
ahways good for their delicate reproduction
rikuals,

Howaiian mank seals, especially fi-
males. are the rovalty of the refuge. Of all
the animals that live here, this group is in
the most sersous danger of extinetion. Also,
like most ather seal species, these animals
are extremely sensitive to human activity.
They are solitary creatures and prefer to be
alorve. hence the name monk seal, Some-
times, just the presences of a human walk-
ing on a beach will cause a resting mother
monk seal to abandon her pup,



CRNG THORAS

3¢ the beaches here belong to the
seals, which make good use of themy, Dur-
ing the day, the white sand is littered with
dray snorting bodies, sleeping like ks in
the hot sun. During the night. the seals
prefer to lie in the brush areas above the
heach which gives the turtle people a
chance towalk the beaches ta look for signs
of nesting fernade sea turtles,

If & seal is sleeping unidera bush that has
a bird shudy going on in it, forget it. The bird
study stays on hold wrtil the seal moses.

Mitch Craig, a National Marine Fisher-
2 Service (NMFS) emplovee who works
on Tern [sland from March through August
toresearch seals. tiptoes and whispers as he
counts and fdentifies individual seals.
Some have tag numbers which he tries to
read from a distance with binoculars but he
identifies most from body scars,

Craig carries packets of photos and
cards detailing individual seals and their
scars and must try to match one of these
with each seal he finds. If the animal is lying
on tts mark, Craig waits for it to tum,
sometimes for 30 minutes or more. “They
always seem to turm the minute [walk away

and then, just when | get back to them, they
roll back over the scar” he jokes,

The job can be frustrating and tedious
but Craig likes it and stavs on the monk seal
progect back in Honolulu, He came to kinow
the project while working with seals for the
amithsondan Irstittion at the National
Lo in Washington, DuC,

With the exception of Miethammer and
assistant refuge manager Jennifer Megyesi,
Craig and all other people whe shared the
quarters at Tern Island last summer were
temporary residants.

uring the turtle nesting season (the
D-:ru] of April through September),

bwo emplovess of the Fish and
Wildlife Service work specifically on tur-
tles. Because a larger rumber of sea turtles
bask and nest on East Island. an 11-acre
islet about six miles from Tern, these two
take turns living and working in a tiny tent
camp theare,

“T'm not reasdy Lo o hack to Term vet,”
said Glynnis Nakai, a Sea Life Park em-
phovee who took a keave of ahsence from her
job in the education department towerkon

A fairy tern stands on Kon Meithammer's finger during his daily census, These seabirds
ara't afraid of people because they have no natursl predators,
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the turtle project. She talks about Tern
Island like it's a crowded metropolis, *T Jowe
bemng out here alone with the animals.* she
savs. “I like the peace and solitude.”

NMalai and Michael Mos=r, the other
turtle worker, trade off between Tern and
East Islands every four davs. They work
long nights recording which turtles come
ashore to Ly egits, how many times they do
it and the nest locations, They stay awake
nights and sleep during the day even while
on Tern to keep their night-working
rhythm for the tasks on East Island,

Moser hasworked for Fish and Wikilife
snce 1990, when he was a graduate stu-
dent at the University of Hawaii, He Tikes
the work but misses his wife too much to
consider staving longer than this season.
He will consider the current job opening of
second assistant refuge manager only if his
wifie will come as 3 volunteer,

Thwe waters surrounding French Frig-
ate Shoals are packed with marine animals,
mary economically important to the fish-
ing industry. Bottoem fish, lohsters, shrimp
ard Kona crabs are abundant near the atoll
and tuna swirn around it

No fishing is allowed inside refuge
boundaries and, so far, this hasn't been a
problern. “The fishermen respect aur lim-
ik, said Niethammer, “And we do what we
can for them when they need help.”

Tern Island managers arrange for
medical air evacuations when someone on
a fshing boat is seriowsly ill or injued.

Ouocasionally fishermen call and re-
quest permission to enter the protected
waters of the atell to rest or fix broken parts
when sea conditions are rough, The izo-
lated staff at Tem welcomes contact with
these lobster and fishing hoats and the
same seems by be true of the fishermen
whe are sometimes out for months, More
than once, Nietharmmer has gone to the
refuge boundaries in one of the Boston
Whalers to exchange greetings and trade
lohsters and fish for conkies,

‘5*' anaging the French Frigate
l /{ Shwoals wildlife refuge is a delicate
i balancing act for the 17,5, Fish and
Wildlife Service. Refuge mamagers must
Juggle issues like resource use and puhlic
access while working with modest, LEipre-
dictahle hudgetz.

The Fish and Wildlife Service ad-
dresses these questions of protection ver-
sus exploitation in a refuge master plan,
which was completed in 1986 and written
with the purpose of providing [oruE-ramge
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WHERE THE HECK IS
FRENCH FRIGATE SHOALS?

ention French Frigate Shoals and the
COMEMON response & “Where i
that™ Few people know about this Hawadian
atoll that is rich in wildlife as well as history,

Fremech Frigate Shoals was so narmed he-
cinge ik wis nearhy the end of 8 couple of
French frigates em route from Monterey to
M,

O Movember 6, 1786, at
130 aum., men on both ships
sighted breakers directhy
ahead. La Perouse, the
French explorer and captain
of the: ships, inmediately
tumed both around and
avoaded crashang om the reef
with omly a tenith of a mile to
SPEIre,

Becinase La Perouse nearky
lost his vessels at this place,
he named it the Shoal of the
was officially changed in 1954
to French Frigate Shoals,

Given his near disaster, La
Perouse wasn't too mberesbed
in seeing mare of this place
and quit when he saw a lange
lava rock, named La Perouse
Pirmacie mamy vears later.,
The pinreck i now the major lamdmark in
tine cerrter of the atall. AL 123 feet. it & the
highest paint around, towenmgt above the flat,
sand klands.

It weasn't unkil 1858 when Lt John M.
Braoke waited the sres on the LLS, schooner
Fermimore Cooper that the atoll was explored
tharmthly. Brooke made the fivst complete
rtap o the [slands and ook forrmal posses-
sion for the United States.

Brooke's report of guand {lnd droppimgs
valued as tertilizer) in the area caused some
excibernent i Honoluhs among guano imast-
s bt suhseguent wovages ta the shoals
prowed that the tiny slands were not as rich
a5 they kad hoped. Rain amd wives combin-
alty wash the dvoppings into the ocean, often
Furmimg e waber a pleasant mifky blue,

[t's hard to imagine anyone thinking
puano here 15 i shart supphy: 18 species of
seshinds and four species of endangered birds,
tofalling up to 14 million animals, visit the
refuge each year, laving their white bird
kdas an everything, including people.

Earhy sailors also noted an abundance of
Herweaiian momk seals. sea turtles and fish,

ELGAR ST

CHAEG THOMERS

arud it wasn't longt before people began killing
these animals for various uses,

Sealers saughtered monk seals to near ex-
tinctioa. The Japanese began killing thou-
sands of birds for a booming hat trade and
hatiling off huge numbers of sea furtles,
These events lod President Theodove Roose-
velt bo set aside afl the Northwestern Hewai-
iz Islands, except Midvarny, a5 an animad
prsenve in 1904,

But the militar was a2 inberested in

A red-looled booby parent with chick
[abowe) enjoying the sunshine, Bettom,
Tem island after a rminstorm. Ground-
nesting wadge-tailed shearwaters have
dug burrows throughout the grean fore-

French Frigate Shoals 2s the blologists, In
1528, the officer in charge of a 115, Coast and
Cendetic Survey wrote to the commander of
the U5, Naval station at Pear] Harbor:

“. ..French Frigate Shoals might be a very im-
portant point in case of & war between this na- |
tian and some power to the wesbward, ..

¥ 1435, the U5, Mawy was using the ares

rontinely as & training base for coordi-
mated plane-ship exercizes, The My was se-
crefive about its seaplane
sipsidrors there but East Is-
land, an 11-acre islet rear the
rrrkkdle of the aboll, becamne a
tent city i house el sdstor

Mok long afterward, the
place hecame a furming paint
in World War [ with that
*prwer to thee veestward.”

On March 3, 1942, the Jap
aniese used French Frigate's
lagsan & b poinit fr two sub-
marines to refuel and boad
wilh weapans for another mid
on Pearl Harhor, The LS,
Mavy got wind of this, mined
the: lagoon, stationed marmes
on East Island and had newy
vestsels patrol the area,

This foroed the fapamess o
attack Michwiny without knov-
ing wihat was going an in
Peart Harbor—namely that the U3, Fleet was
already headed for Midway,

The stummang United Stabes victary at the
buttle of Midhway i row history, I the Japan-
e had won that fght they planmed to wse
French Frigate Shoals as a stagingf area for
raids on the main Hawaian [slands,

After this crecial battle, the Navy decided it
rerdedd an air base at French Frigate Shoals
The Seabees joined the Hawalian Dredging
Comrpany and by 1943, tiry Tern Bsland had
been tranaformed into a new island by dredgd-
ing coral aroune the island and durnping it in
the shape of a gant aireralt carrier,

Evervone seems to have forgotten that this
area was 2 wildlife refuge, After the war, the
Dlany turmed the aboll e b commmescad fish
ing compamies; then it was comverted toa
Coast Cusrd LORAN Station.

With improved electronic navigation sys-
Fernes, e atoll was finalky given to the 1.5,
Fish and Wildkile Service in 1979 and 11 was
reestahlished its refuge status, Since then, the
vkl anirmals thal have ahwinys [ved here once
agiain have priority over hurnan activities.
—5.5.
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Huidarce for managing the area,

Puitlic access is a particularly challeng-
ing issue, A national wildlife refuge belongs
to the public and continues to Exist
thmugh public support. But how many
people can visit such an ecologically deli-
cate place without destroving the qualities
that make it a good refuge?

While public access is restricted, 3 pér-
mit system gives a fow individuals a chance
to wisit the area. Refuge MANATETS {4511
permits for research and educational Fri-
grams that will benefit refuge animals or
increzse the publics knowledge of the ref-
uge and its resources,

The number of visitors here Per vear is
bow for several reasons, the most obvious
being that hurnan acthdty can hurt the
andmnals that live and breed here,

Most of these creatures evolved with-
out predators 3o they nest on the Eround or
in Jow bushes and bask on beaches, When
people are around, monk seals often scoot
frm the beach into the water. female SE0
turthes sometimes won't lay their edfds and
birds fly off their nests leaning therm ungiro-
tected.

How marny people are too rmany? That
is & constant worry among researchers, Al-
though managers need to leamn the biology
of these animals to know how to help them,
human traffic broadens the chance of
someone accidentally introducing harmiful
organisms that could wipe out entire native
populations,

Ants are already a problem on Tern
Lsland, where they swarm over the devwmy
hodies of baby birds. And weeds are a
constant battle in a place where people
must be extremely careful about herbi-
cides,

A number of concerned individuals
ard groups believe that public access {in-
cluding their own) to French Frigate
Shuoals should be strictly limited if that will
help priserve the area, These people believe
that our quality of fife is enhanced by sim-
My knowing these animals are there and
protected. regardless of anyone seeing
themn firsthand,

Others believe a refuge i of little vahue
il one uses it, One partial solution. and a
priovity of the Fish and Wildlife Service, is
lo show this unigque place to the public
through the impressions and cameras of
wildlifie journalists, photographers and film
makers,

The master plan also includes sUpEr-
vised visits for educators and wildlife en-
Hhusiasts,

=
s i i =
i N0 b e

= 4 E 3
R IS e A s T el

mmmwmmmm
ﬂmmﬂﬂmupﬂﬂnﬂu
m-h-nmﬂuuﬁ.utmmhnﬂu.

FP e Island is now just a ghost of the
past bustling military presence that
created it {see sidebar), It 25l holds

its shape of an aircraft carvier, albeit an

ancient one. Roofs and fittings of the old

buildings leak and rust, Metal sheets s

for seawalls are deteriorating as the wind

and salt watey relentlesshy work at claiming
them.

These seawalls, which now line three
sides of the rectangular island, have been
rebuilt twice and repaired once since the
creation of the munway, Not only are they
rusting away again, they are a had design
for animals which get cairght bebween the
wall and the land, Workers must check the
walls daily for trapped sea turtles and monk
seals,

The seavadl situation can’t he ignored
andd left to goaway by itself I the breakowaters
aren't there, the island will crumble. The
ocean would txke back the corad rock that is
the foundation of this artificial island.

Also, managers fear the rusty struc-

~ tures will form a huge trap for seals and
turtles long before the istand and seanwall
are totally reclaimed by the sea. These ani-
mals can swim in through gaps they acei-
dentally find, but thev don’t know Bow to

Bet oukb

The Army Corps of Engineers has a
program for cleaning up World War 17 de-
bris and has proposed a plan for rebuilding
the island with ramps instead of walls, This
would cost an estimated 55 to 310 million,
Henwever. the impact of such renovation on
these sensitive breeding grounds is an issue
that must be considered if this plan is im-
plemented,

AANAKI MADAZFNE « DECEMHEER 1 M

Right now, the istand runway is still
intact and isuﬂmmﬂ:&ﬂpenﬂiem
supplies to this wildlife field station,
Niethammer, grades the rufiway with a
small tractor just hefore a plane s due,
Aircraft, along with an occasionai supphy
ship, help the field station stay in touch
with the outside world,

But the fate of the station lies in ques-
tion because the refuge budget in Hawaii
hias not increased despite the added costs of
new refuges in Hawail, such as Kauais
Hilawea Point and the Big Island's Hakalay
Forest,

E Regional managers recently had de-

cided to close the Tern Island field station

é hecause money was so short, But at the Jast
mioment, L5, Senators Daniel Inoiye and
Darniel Akaka added funds to a hill to keep
the Tern Island station domg, And so, in the
cumous way of politics, the feld station was
saved.

But for how long is anyone’s guess,
Senator Akaka made a visit to Tem earhy
last summer and warkers here are hopeil
that be will help keep money coming o the
area,

According to refuge manager Ken
McDermond, closing the Tern Island field
station would have a number of negative
corsequences. No one would be there to
enforce wildlife laws so Hawaiis easily ap-
proached green sea turtles, monk seals and
sea hirds would be vulnerahle b poachiers.

MeDermond also worres that vandal-
isrn would be a problem on the Lsland and
there would scon be no tuming back to
make it usable again. Even without van-
dals. the zalt. wind and waves would soon
finish off the structures,

Sowhat is the future of this Tern Island
fiedd station that is such a vital part of
refuge management?

“Uncertain.” says McDermond. =and
dependent upon future funding ™

Right now. the money comes from
Congress only one vear at a time This
makes planning difficult, Reflge Managers
hope that the Figh and Wildlife Service will
get long-term refuge funds throwgh the
executive budget in 1991 so Congress
doesn’t huve to decide on this isaue each
and every vear,

SLman Sooff writes “On The Reel™ fir
HAWAI Magazine, She also writes a
treekly columm, “Oceameateh, " for the Ho
nolulu Star-Bulletin wad i the quthor of
Ocearitaicher: An Above-Water e fo
Hawai s Marire Animals,
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[SHORELINE et by Bernsdett srennsn

Gigi Rounds Hom,
I Bound For
Mew Fealand

T Teechera, the Detrodit, Michi-
gan, native who began a solo
circumnasigation with the sup-
port of several LL3, Governoment
agencies (see "Shoreline)
February 1985}, has passed his
first milestone by rounding
Caps Hom,

The scientific research as-
pect of the wvage, however,
has been terminated. Due foa
series of communications prob-
lermis between Techera and fhe
Smithsonian Institute (the
governmenl's liaigon for the
project), all LS. Government-
Essiied equipment was removed
from the boat during a laymoer
in the Falkland Bslamds.

In a recent letier postmarked
from earthguake-ravaged Vina
del Mar, Chile, Techera de-
scribed his vovage to date:

“Crigi (8 Contessa 52 arrived
here February 21 after a wery
rough rounding of the Homn.
This vear was much rougher
thamn last due bo strong (33 to 45
knods) westerlies and north
westerlies and seas of mostly
15 to 20 feel. The boal was
knocked down and lost all
masthead insiruments and
the dodger and spray panel
wtre destrayed

“Because we stopped in the
Falklands for ebectrical repairs
| had to go much father south
than | would have liked. Last
vear Gigi rounded the Hosn
doublehanded in 11 days,
this year 14%. MNext port New
Zealand. Should take about
T clays."”

Turtle Tidbits

Almaosi all of us who have
crulsed in fropkcal walers have
at least once mistaken the
greenish discs floating in the
water for debris — that is until
the *debris” lifts its head, books
indignantly aboal and ihen
disappears, These floating
Frisbeees, the animals-in-abox,
are the sea turtles, one of the
few inlacl survivors of the
Dinasaur Age.

There are seven different

species of sea turiles in the
waorld, afl restricied to lving in
the tropics duse b0 their inabil
ity to regulate their cwn body
temperalure, Tropical seas pro
vide a constand, warm enyiron-
rnien for the animals who then
have no nesed o hibemate,

To gain extra heat, turtles
often Aoat about on topoof the
water, soaking up the sun's
warmn rays. [t is during this
hasking that they can be spot-
fed from & boat — bud not for
long. Even though sea furiles
hreathe sir with hungs simikar
to our wn, these caulious,
shy creatures will dive when
frightened and can stay down
for extended periods of time.
Dont wait for one fo emerge,
Large turtbes have been known
to stay underwater for gwver
twa hours on one breath of air,

The stories about lwesty,
armarous make turbes are e
They are often indiscriminate
about thelr choice of mates
and will attempt to mate wilh
crude decoys, other males,
divers and even rowhoats. Un-
receptive females will hite at
the makes and then go off toa
“safe zone” These zones,
poarly understood by humans,
are simply areas to which the
females can go to escape
arpused males. The males re-
spect these areas

Gravid females await a noc-
turnial high tide to crawd ashore
and dig a hole for their eggs.
This i3 no easy task for this
marine athEmal. She must often
dig several mesis because the
walls of those dug in dry sand
collapse. After laying up o
250 eggs, she returns to the
sea. She will come ashore
agalm b o four vears,

After about two months' in-
cubation and some crganized
digging, fhe baboy turtles emerge
fromm their hole all together, All
sourmy boward ihe water in uni-
son, making tasty targets for
birds and other predaiors,

All species of turiles are
considered in danger of ex
tinction due o the hunting of
adulls and inlerference with
the nesting process. While
sharks are the lurile's greatest
predator, humans are ifs dead-
liest emvermy.

A baby Hawalian Monk seal and & grean
sea turile grab 40 winks together at

Frigate Shoals, Hawail,

It is lllegal 1o take & sea hur-
the for any reagon; it is a crime
againat cur Earth to disturb or
annay & fernale in the nesting
process, The latest data sug-
gests that green turtles may
fake 40 or even 50 years to
resch breeding age, & fact that
makes survival impossible in
the face of egg stealing and
killing for profit.

Thy b0 imagine navigating
your way to the Cayman 1s-
lands in heavy fog by follow-
ing the sounds of migrating
turile herds, it happened in the
T6th century, If we take care
of our turtle friends, it can
happen again.

Susan Scott
Honolubu, Hawail

Chack These
Expiration Dates

Sailors are reminded that visual
distress signals obtained in
1981 or earlier have expired and
miust be replaced for this vear's
vachting season, The federal
lanw that requires all pleasure
boats 16 feet and longer that
use coastal waters or the Great
Lakes to carry approved paro-
technic signals, also provides
that those signals muss be ra-
placed 42 months from the
date of manufacture.

Following are the bpes of
signals approved for use by
the L5, Coast Guard;

DAY DMLY — Orange 50-sec-
ond smoke signals (three re-

quired); 3-font = 3-foot flag,
specially marked,

DAY AND MIGHT — Red six-
second meteor flare with
10,000 candlepower {three re-
quired]; hand-hebd bvo-minule
red flare with 500 candlepower
ithres required); red parachule
flares (three required).
NEOHT ONLY — Aastomatic
clectric 505 light.

RMOC Celebrates
Anniversary

The Boval Maval Officers Club
(RMOC), a little-known organ-

lzatbon maindy of retired officers
of the Boval Masy who became
expatriates after World War 11

- and are now residents in the

Lnited States, recently cele
brated the 35th anniversary of
it fonznding in 1949 at the Mew
York Yacht Club, Direct miem-
bership inguiries to David
Facy, Fresident, ENOC, Fer
ranti Ebeciric, B7 Modular Ave.,
Cormmack, NY 11725,

Gathering Of The Clan

Tartan Marine announces the
second annual Gathering OF

Jure G CRESGWORLD 15



Seaweed—a Food
With Other Uses

Limw is a general Hawaiian name
for all plants living under water, fresh
or salt. The English word is seaweed,
the Japanese word, opo, and the Ko-
rean word, sk

Before the kapu system was lifted
in Hawaii in 1819, women were oot
allowed (o eal certain foods, including
pork, bananas, coconuts and many
fish, 5o it was necessary and desirable
to know where to find non-kapu foods
such as invertebrates and alpae. 1t has
been estima t shout ~thres
ounces of a certain iype, provides
more than the necessary dafly require-
" ments of Vitamin A, riboflavin and
Yitamin BI2.

There were other uses for S
besides food in old Hawaii. When
family dissensions arose a Ho'opone-
pene was traditionally held. This was a
time when the family got together to
“set things right,” Wrongs and griev-
ances were aired and discussed, for-
giveness was asked and prayer, was
offered. Following this ceremony,
family members ate a certzin type of
fire which had been clesned and
blanched. It was called Nmu kala
which means to forgive,

Priests alto em d lime kalz in
some of their divale, one of which was
to ?uﬁﬂ those who had watched over
and mourned 2 dead relative. lolani
Luahine, the famous hula dancer, wore
neck and head lels made from Himu
kala during one of her performanc

Medicinally, fimu s used to heal
coral cuts. After belng chewed well,
fimee makes an excellent poultice,

A familiar sight 40 years ago, slong
the shores at low tide, From Waikild to
Kahala and around Hilo Bay, was
woanten, wearing broad-brimmed hats
with their dresses tucked up between
their legs, picking Hmu and also opihi
(shell fish). It s important to know
. what {imu is edible and what is not, a8

some, such as Ebrmfmmﬂam;am .

podsoaoaes,
t 'I_‘a.lm ahout v also abound, One
quaint story told abowt an old Hawsi-
. fan woman who was known for her

12(2) : b1-70.
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good waorks, Her aumakus (family god)
was the furtle, Very early one morning
she went down to the seashore to pick
limt for her friends and herself. She
seated hersell on what she thought was
2 large flat rock and began to search
with her hands for the seaweed. To her
dismay, she found very little. Sud-
denly she felt herself moving, and she
realized she had been seated on the
back of an enommous_turtle who was
slowly but carefully moving her across
the water. He stopped by a part of the
shore that was abundant with K-
kohu, the most deliclous and sought
after fimo. Alter her basket was filled
to the brim, the turtle slowly returned
her to the shore, She later told every-
one her gurakug had rewarded her
this way so she wus able to share with
her friends.
One authority claime that st least
70 edible algae exist in the waters, but
only 40 varieties are commonly used.
In Hawaii, thice popular ones follow:
~— [ im-Kohu — soft, secculent and
red, Best liked of all edible scaweed;
gold in Honolulu markets in balls;
quite expensive.

"= Limme-pae — called a landed sea-

weed, Term also applicable to a new-
comer or, in a bad sense, a drifter,
vagabond ov oulcast.

e Limu-ka-kanake — o slimy  Blue-
green algae, bright green when fresh.
Grown on the shores of Hanaled,
Kaual, and famous in song. Called a
man-striking moss because a person
can slip and fall on it

Most Hawaiians prefer to eat limu
raw or lightly salted. A favorite Hawai-
jan method 5 simply to mix the
cleaned Nppe with roasted, salted ku-
kui muts, chili peppers and seafood,
such as opihi (shellfish).

Before limu can be prepared for
consumption, it must be cleaned.
Soaking the lmu in waler bzfore
cleaning helps 1o remove some of the
debris, but bits of coral and sand must
be picked out carefully by hand.

Most of the recipes below call for
the crunchy red fimu found In super-
markets. Other vareties, if available,
can be substituied.

OGO TEMPURA {Fried sexweed)
11k ogo

1 cuap flour

15 tsp. sumr

i tsp, salt

| tsqr. shuyu

legg
¥ cup milk
ﬁ.}nm'n;-ulu-
Wash ogo, pour hot waler over it and

drain after § minutes. Pour cold water over
it andl squeeze out afl the water, Mix Oour,

sugar, salt, shoyu, e, Ajlnomotoe and milk
Put oo i, 8 little ot a time ond fry in deep
fat Drrain and serve hadl,

LIMU TSURUDANI {Seasoned seaweed)

1 cup mirdn (rice wine vinegarh
1% cups shayu

14 cups brdowmn SEgar

dash of Ajinomuolo

| colander of limu {deatned)

Clean Wena. Bring sugar, shoya and mirin
to & full beil and add limu. Stir accastonally
o prevent burnding, Reduce heat to kow and
cover and cook aboul 15 minutes of untt
ol A heawy alaminuns type pot is recom-
mended to keep from scorching. Add the
Ajinamoto during the last stages of cooking,
Goma (sesame seeds) and chili papper may
be added acoording o faste,

TERIY AKI MEAT WITH NORI

10t beef or chicken, sliced 2* by If5™

| sheet mosi {roasted black seaweed, found
in Japanese staces)

Marirade:

¥ coyp shoya

I tsp. grated ginger

1 clove garlic, grated

1 T. sake (rice wine) or mlﬂ.n

3T, nagnr

Mix &l ingredients well. Slice meal thin
and nllow to stand at besst thres hours oF
overmight in marinade.

Cut acress the widih of the seaweed fo
make strips ¥ inch in width. Taking four or
five strips of meat in one hand, fasten
seaweed around [he cenfer of the meat
sirips, Deep fry until cooked and draln on
absorbent papet. =

beach chairs
and chaises

"TELESCAPE

. leadding surmmer B casual
furmtum manufacturer

a complite

ling of indoor -
outdoor furniture
“at your favorlie
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v ‘ ..

Thi Talescope Folding
Furnitura Ca., IR
Granwills, MY 13332
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Ubzervations on French Frigate Shoals, February 1956

by
Arthur Svihlg

A visit was made to French Frigate Sheals from Pebruary 11 to
February 21, 1996, in order to study the life habits, distribution and

shundance of the Hawveilen Seal (Monachus schauinslendi). Ineidental

to the primary purpose of the irip, observations end collections of
other animals and plants wers mads.

I am indebted to the U, 5. Coast GCuard for transportation to

French Frigate Shoals as well as for gssistance and cooperation whils
there.

All collesctions were made on Tern Island due to inability to wisit

the other islands in this group. Specimens of plants and terrestrial
arthrepods which were collected have been deposited in the Bernice P.
Bishop Museum, Homolulu, Hawaii,

Tern Island consists largely of the barren landing strip but there
i5 & small area of approcizately thres acres in exctent which still re-
tains scme of the original flera. This congists of various grasses
{scme of which are undoubtedly introduced), the beach morming-gleory
{Ipomoes pes-capras) and Scaevela. Around the tuildings of the Loran
Station three coconut trees and severasl eluzps of Casuarinas have been
planted. The trunks of the thres cocomut trees are about cne foot
high and seem to be established, The Casuarinas, planted in front of

the mess hall are about 15 feet high. Ihey too sppear to be growing
well.

Under blocks of coral sbove the beach line as well as under dis-
carded boards were found sow-bugs, erickets, coclroaches, earwigs end
spiders. Since soil from Honolulu had been brought to Tern Island,
ithese arthopeds might have been introduced in this wey. A few house
flies were present in the buildings.

The only nesting bird cn Tern Island was the Laysan Alhatrass.
Zach nest had a single chick about & month old. A few Black-footed
t1batross were also present but were not nesting although they were
going through the characteristic dancing antics. About 15 Turnstones
Irequented the vieinity of the mess hall where straps were throwm to
ther, Only 1 Sgnderling was seen. On several otcasions Han-of-War
9irds were observed flying over the iglsnd, Siu Fairy Terns flew over
the islend cne day. The most numercus birds were the Sooty Terns which
“fheered every evening just before or after suiset over the shal low
izgoon where they were apperently feeding. Their loud ealls eould be
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heard as soon &s they appeared aud contdoued uatll thay disappeared
about 3:00 o'elock each worning. I have been informed by one of the

men wno was stationed there that later in the year these birds nest
in enormmous numbers on the islsnd, hence the nsme Tern Island,

The mammals on the island consisted of a fluctueting pepulation
of Comst Guard personnel, two house cats (said to be of the same sex)
which fed to a certain eitent on the birds; two dogs, pets of the men,
and the Hawaiien Seal, Four of these mammals were seen on Tern
Island. On the retuwrn flight to Honclulu a count of seals wes made.

A totsl of 32 seals were seen cn February 21, 1956, from the follow-
ing islands of the group:

Shark (didntt fly -:mn!r:l

Tern . b e e womow eoe i enw <00 (o Ay beFore)
small islanu in frcnt a0 e 1 AR
i 1 N el R et [ o
SR e vin it e e B A0 B At T
WOREE % Go% w0 b R Al o nw w T Eﬂiﬁiﬁ
b e T e e R T
PRLIEEE: Tx Lia now leimera woar et e e s
EE‘H‘t-I--III-l- lll|+-ll-l
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The plane did not fly over Gin, Little Gin or Disappearing Islands.

. The previcus count of Hawaiian Seals occurriag on French Frigate
Sheoals was 16. This masmel is spparently on the iscrease hers. Om
some of the lslands the seals were seen in pairs, the males could be
distinguished by thedr larger size, heavier fn:rrer_uartera_ngar.R__m

color from the smaller, gore slendnr light browg gcolor females. Pair-
ing was apparently ccourring here at this time of the year.

Several large ses turtles were also seen from the air,
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Almost all of us who have spent some time on
Hawalian waters have at least once mistaken the
greenish discs floating on the surface of the water for
debris—that s until the "debris” lifts it's head, looks
Indignantly about and then disappears. These float:
ing frisbees, the animals-in-a-box, are the sea turtles,
one of the intact survivers of the Age of Reptiles, a
period in the evolutionary history of the earth that
occurred some 90 million vears ago. Turtles are liv-
ing fossils of that pelod, the only change being that
they are now smaller. Their methods of living and
reproducing have been quite successiul even if
sometimes viewed as a bit awkward by spying
humnans. Regardless of their evolutionary history or
lack of grace, the sea turtles are unique and fasci.
nating creatures.

Sea turtles, like whales and dolphins, breathe air
with lungs similar to our own. However, unlike mam-
mais, their reptilian heart is divided into only three
chambers which creates a comparitively Inefficient
systern of cuygenating blood. This characteristic is
one which causes the " slow as a turtle” reputation al-
though they can and do exibit bursts of speed when
necessary. Since newly oxygenated blood is con-
tinually mixing with cxygen-depleted blood, the
animal is. unable to cope with extended aerobic work-
outs. Turtles can literally claim a "bad heart” as an
excuse for being slow.

There are seven different specles of sea turtles in
the world, all are restricted to living inthe tropics and
subtropics due to their inability to regulate their own
body temperature. Tropical seas provide a constant
environment for the animals who then have no need
to hibernate. To gain extra heat, turtles often float
about on top of the water. k is during these baskings
that they can be spotted—but not for long. These
cautious, shy creatures will usually dive when fright-
ened and can stay under water for extended perlods
of time. Don't wait for one to emerge—large turtles
can stay down for over two hours on one breath of air,

.= &

Sea turtles differ from their terrestrial cousins, the
tortoises, In characteristics that are distinctly adapted
to the marine environment. The ocean going branch
of the family has a streamlined shell for swimming.
Broad fiat flippers have replaced stubby, round legs
in anocther adaptation. These paddies are efficient
only in the water however, They are the cause of the
clumsy, laborious lumbering about that these ani-
mals do when on land.

Given the sea turtles proficlency in the water, they
spend little time ashore, However, the females are
nature bound to go ashore for the purpose of nesting.
During the breeding season, (summer) males and
fernales migrate long distances to find appropriate
nesting beaches. They mate in the water; the male
uses a sort of hook on his front flipper to hang onto
the shell of the female. The stories about amorous,
lusty male turtles are true. They are often indiscrimi-

cont'd on pg. 230

SEA TURTLES

Are Protected in the Hawadlan [nlaads
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MULTIHULL MADNESS OR
THE GOOD, THE BAD, AND THE UJi

The Good

They've done in again, those funny boats. The 300 mile transit tag race from Guebec to St Malo, France is over.
The winner, the 80 foot cat Royale in 8 days 19 hours at an average speed of 14.1 knots. Now, are you ready for
this? The fastest day was 524 miles in a 24 hour period. Simply incredible. That days average was 21.8 knots.
These are boats no longer. They are gran prix racing machines.

The Bad

In the same Race Double Bulltt was lost (the 67 foot cat that last year set a new Cal, to Hawaii record of 7 D 7 Hr)
when it hit & log and was abandoned. Mo injuries. On a sadder local note, Dean and Wanda lost their 31 Brown,
Brightwing on or about 30 Sept. off the Calif. coast {42 degrees N.) They had been laying & hull in 55K winds and
24 to 28 foat seas (varied by C.G.) when the tller which had been tied off, broke. When they went forward to set
the parachute sea anchor, they discovered major structual damage to one float connection. They set off the
Epirb and prepared to abandon ship. Within 3 hours a plane dropped a raft and within 12 hours a ship picked
themn up. 48 hours later Brightwing was reported 140 miles south capsized with one float missing, The C.0.

asked and recelved permission to blow up the boat. A sad end for a boat which had traveled many 10's of thous-
ands of miles with us thru the South Pacific,

The

Ugly
When the phone rang and Pete first invited me for the Seattle to Hone. crossing, | was thrilled. it was achanceto
sall a State.-Of-The Cruising-Art Multihull on an easy off the win passage, Endless surfing for 12 days, Li'Dat. A
week of motoring and ghosting across a windless high ended hopes for afast passage but it still gave me timeto
evaluate and compare Tevake to my antique.

Speed. The reason most people turn to Multihulls. At 8K Antigone is pushing water and transverse wave action
is causing what leaners call hull speed. At 10K to 12K blocks and fines creak and groan and | simply walk to see
what is next to get all Bus-Up. Nine knots on Tevake is effortiess, even to weather. [t does get a bit wat close reach-
ing abave 12K because of the open wing decks, however, In cruising, what really counts is days in passage. If you
don't think so, just ask yourself, what is the first thing anyone asks you when you arrive? “How long did it take?"
Well. How about Australia to the Solomans, 1200 Ml/5 days or Japan to Hawmii, 5000 Mi/32 days or Hawali to Sid-
ka, Alaska, 160 days. One speed racer, dis one.

Conternporary Multihulls speak for themselves. They no longer resemble Keehis 3 sotry Codzillas (gag me
with a spoon, fer sure), Me? ['ve never had a particular affinity towards ocean bashing soas faras'm concerned, J
less time out, more fun ashere, Our longest passage was 18 days, Galapagoes to the Marquesas, 3000 miles 4
without a cold beer. Barbaric! | leave long passages to wetsnails with 3 bladed sea anchors and to those who pro-
fess that it matters not how long it takes " cus I'm in no hurry”. Well, there's a bottle of cold hinano waiting for me

in Papaete so leave your anchor light burning at night. When we go by we'll sing you a song. You may not knowit
but you'll never forget it. [

Arnold Carmuthers
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\“‘" nate—they will atternpt to mate with crude decoys,
other males, divers and even (if you can believe this)
rowboats. Unreceptive fernales may bite pursulng
males, leave the water or retreat to the “safe zone”.
The reserve is an area where females can go to

| escapearoused males. It is known how this territory is
established among the turtle community, but
| fernales go there and males honor it

_turtles weighing up to 1500 pounds. This species

P ﬂﬂ'ﬂl.ld.flﬂnﬂ-."

~——+Female turtles of all species can store sperm—the
eggs they lay could be ferile frorn a mating that took
place years ago. A gravid female will await a noc-
turnal high tide to crawl ashore and dig a hole for her
eggs. This is no easy task. She must often dig several
nests as the walls of those dug in drying sand aften
collapse. After laying and burying upto 250 eggs, she

returns to the sea to begin the ancient cycle over
again. She will come ashore again in 2 to 4 years.
The baby turtles emerge from their hole all at once
after about two months incubation time and some
organized digging. All scurry in unison toward the
water making a good target for predators. These little
turtles are easy pickings and make good snacks for
crabs, birds and other predators. The mortality rate
for the hatchlings is often, unfortunately, quite high.
Three of the seven specles of sea turtles can be
found in Hawail, the most common being the Pacific
Green Sea Turtle or Honu. It was named not for it's
shell color but rather for it's green color of fat once
coveted for soup. It is a gentle, shy creature that can
grow up o a whopping B00 pounds, Mesting is pri-
done In the French Frigate Shoals, a Mational
Wildlife Refuge, since most of our beaches suitable
for nesting have been taken over by humans. The
adult Honu only eats algae and marine vegetation.
The Pacific Hawksbill and Leatherback Sea Turtles
can be seen in Hawailan waters but are not as com-
mon as the Honu. The Hawksbill s relatively small
{100 pounds) and was the source of tortoiseshell for
jewelry. Leatherbacks are the largest of all the sea -

eats jellyfish almost exclusively.

All species of sea turtles are protected In Hawalian
waters because of their endangered status. While
sharks are the turtes' greatest marine predator,
humans are its deadliest enemy.

It is Hlegal to take any sea turtle in Hawaii for any
reason. it is an inexcusable crime against Earth to
take, annay or disturb a nesting fernale or her eggs.
Mo species of sea turtle Is considered safe at this
time. The Honu takes 15 years to reach sexual matu-
rity—at four year breeding cycles, the mathematics

‘of recovery are quite simple. it will be slow.

Try to imagine: navigating one's way to the Cay-
man Islands in the fog by following the noise of
migrating turtle herds. it happened in the 16 century.
f we pay attention to these magnificent ocean
animals, we can have them back again.

=

50% OFF 1ST MONTHS RENT WITH THIS AD

1632 Hart Strest, Honolulu, Hawall S6817,
Telephone (808] 841-7296
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] harbor yacht i ON THE HOOK

= sales Itd. ] by Nanette

: s 8 snAY saLvG

= BROKERS ] Sunday is the universal day to go out on the

- b e T @ Water to play. We can always tell when it's Sun-

] Honoltiky Hanal 96‘5,5 ® day. There's as many wakes going under our

— Office: (808} 941-4880 @  Doats as there are air planes going over,

= B We enjoy sitting on deck with cwrrﬂng

[ ] B cup of coffee. To just kick back and a deep

- Selected Listings: @ breath and snuggle in the beauty all around us,
're in Paradise!

= Welkraft Sunyacht 25 w/tir 22,000 = “\E r!:nﬂzg a E?tfle smog but we can still see the

B Lobsterman diesel 26 26,000 W og :

®  Sportsfisher 32 15000 @  greens, reds and browns on the mountains. And

[} artsfi 0 di ' 8 we can still see the tall bulldings downtown,

] Sportsfisher 4 esal 12.000 "

" — The trades are usually blowing just a little too

@ Ranger 22 Make offer B  much but then, if it stays like a lily pond all day,

B  Pacific Seacraft 25 25000 B it's Hable to raln. When the trades blow too

@ Hotloot 27 20,000 @ strong, rowing home is a bitch, but it's easy to

= H-28 25,000 = get to shore. Strong winds keep the mosquitos

g ver Tri 31 : 22000 g  and flys away and tests our anchors. -

] g*'ﬂmh 34 ¥ 20000 W  The Sunday Sailors are fun to watch in mild

- DaTanv';E:ic 40 ggg% @  breeze and full trades. As the wind fills their sails,

= : ® the boats pick up speed and go gliding across

@ Herreshoff Yawl 42 60,000 g i

® Steel Cruising Ketch 43 89500 ® :2; Iﬁ; £ the Water, across oLt view, a5 f parad:

= » ; _

Ssssmssssssssssssssssssssssnenl 'O 2l Of them make it with full grace. Some

Sunday Sailors forget the onetwo-threes and
our stage becomes a comedy. The hero or the

heroine comes to the rescue and the boat sails
a on, taking their stories along.
R Once in a while 2 Sunday Sailor gets tangled
\ in our ancher lines and we become on-stage.
i Then it's always a comedy. But the scene never
B lasts long and soon we're back to watching the
parade: Big boats, little boats, fast boats and
slow boats. Motor boats, sail boats, row boats
and barges. Tug boats, speed boats, yachts and
dinghys. Scooners, ketches, yawls and sloops.
Monohulls, catamarans, trimarans and flat bot-
toms. Steel, cement, fiberglass and u.rcﬂd.th-
ers, sailers, fishermen and skiers. We watch
CLOSED CELL FOAM them all go by on Sunday in Paradise.

MARINE HEADLINERS & CARPETS L TE T e e R Ty

BRONZE STAPLES

BIMINI TOPS, SIDE CURTAINS

: Alin on VHF Ch. 15
& {WHW 512

COVERS Ble
ISEAND
INTERIOR & EXTERIOR CUSHIONS MARINE hNe.
145589 Alapa Sireet Kallua-Kona, Hawall 95750
CUSTOM BUILT SKI BOAT INTERIORS S i R
John & Linda Villesuik
T167 WAIMANU ST. 533-7240 and Shelly & Carol
. y
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——IERN MARINE~——+
| SAMARIUM
For Sale !
839-6499

SEEN AT
KEEHI MARINE CENTER D-4

18 Boats Presently sailing including:
) Rosie 36'2" Tom
'.'- Tamata 32" Bernard Montessier
- Strider 48" Walter Fuller
. Night Wing 36" Hugh Brown
\ With 5 boats now under construction

43’ Steel Hull Construction |
By John & Hutton
Owner & Builder
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THE EDITOR’S

COLUMN

Aloha once again here we are |n the final phase of
" o SN O e 1984, It has been an exclting year with many chang
LU A Ll P_!..rrmﬂygnnd.ihnputhasbﬂeﬂagnnqw?arfcrazl
G F c.) you guys too. | want to express my appreciation to the
hospitality | recelved on the big Island recently, The is-
land ks every bit as beautiful as | have heard and so are
the people. 21° North will be distributed there on &
regular basis, The stories | heard about the fish being
caught there are truly amazing. The Marline are in the
thousand pound range. It's really a fishermans para:
dise in those crystal blue waters. And for the sailing
folks it's absolutely perfect conditions. | also would
like to thank the people that gave me the support |
needed to help me get this edition out Have a safe
holiday on the water no matter what your in and enjoy
yourselves, Watch for those Kona storms.

MELE KALIKI MaAKA,
HOUL! MAKHIKI HOU

OOOOODOCOOOOODO
NELSON MARINE SALVAGE

Rescues—Salvage's—Tows—
Set Anchors—Buys and Sells
used boats and paris

847-2908 or 735-3664
Romance Has Returned to Mani OO0 00O0000D00

HOW TO TELL A BUSINESSMAN
FROM A BUSINESSWOMAN

Ananonymous but acute and mischievous observer of the
office scene compiled this telling commentary:

A businessman |s agressive; a businesswoman is pushy.

He is careful about details; she's picky.

He loses his temper because he's so invalved in his job;
she's bitchy.

He's depressed (or hung over), so everyone tiptoes past
his office; she's moody, so it must be her time of the month.

He follows through; she doesn't know when to quit.

He's firm; she's stubbom.

He makes wise judgements; she revesls her prejudices,

He is a man of the world; she's been around,

He isn't afrald to say what he thinks; she's opinionated.

He exercises authority; she's tyrannical.

He's discreet; she's secretive.

He's a stern taskmaster; she's difficult to work for.

The above was loosely adapted from "The Executive
Woman." a newsletter for women In business,




" turning
turtle

Two years ago, North Shore
local Panche Sullivan ran
aver a Hawaiian Green
Turtle while surflng Rocky
Point and ripped the fins
out of his surfboard.
Damage to the turtle
remains unknown, Early this
seasan at Backdoor, Pancho
had anothar run-in with
LCHELONIA mydas, but this
dhell-back was quicker and
did what came naturally to
avold any damage to housa
ar foam. Photo: Wince
Cavataio.

Longboarding today

Huge East Coast swell

Early-season Hawaii e P e aw




WILLIAM FINNEGAN, 38
NEW "I"URH NEW YQHH

et T ; : -"l"l"'l Aol
%ﬁ'ﬁ;ﬂs :an-:i'me_"i‘ew :l"l."."ﬁ'er Wﬁ:‘:ﬂ he bacame :m WIS,

Ever the surfer, Finnegan managed o sall tha afitor of Tha
few Yorker on the |des of wiiting about swiing in San Francisen. B
hies el ba finish that important task, hawing been sloe-trackad o writ-
ing esEEYE ENd books on such mundane maliers as Mozambiqua’s ren-
oluticn and America's dnig problams.

Maanwhile, babtwesn becturing stints 2% ¥Yale and Harvand, Bill
can be faund i the shorebreak at Fire lsland, Montauk Poant ar his
sacral apot on Black 1aland.

—Mark Renneker

ASEY STAHR, 16
al _ALIGUETINE _FL

I:url to Cailfernla, the Deminican H-n-hli: ﬂn-tn Hlua
Mexice, Australia, Tahitl, Indonesia, New Zealand and Ball. |
addition to surfing the world's greatest waves, Stahr's cm:l:—
tent good luck has allowed him to hobnob with other famous
surf travelers, In Indonesia, he spent a day surfing with Wendy
Botha, Titus Kinimaka and Richard Cram. At Pasguales in
Mexico, he sarfed with kis faverite pro, Brad Gerlach. In North
Marrabeen, Awstralla, he spotted Tom Carroll and Damien
Hardman, surfing at home,

Casey's luck has a lot to do with the people who
brought him into the world. Dan and Kerrl Stahr, whe love to
surf amd bodyboard, are living proof that you don't nead to awn
a Lear Jot to travel the world, Dan Stahr is a teacher, so every
Easter, summer and Christmas vacation It's time te pack the
camaras, tants and surfing equipment and head for the nearest
alrpart.

-

“When we travel, we don't fully style owt,”
says. “As long as you're thers, that's what matters.”

He ndmits, however, that low-budget traveling some-
times has [ts disadvantages. While aslesp in thair tent at a
secret spot in Southern Mexico, the Stahr's had all their cam-
eras, electronlos and money stolen fram the family car. But
the robbers left the traveler cheque recelpts sa they couid get
thair meney back. and they sjected the tape from the taps

5/92 Sberde

Casey

argTri ok phokos

deck before they took it. “They wore poilte robbars,” Casey says.s

TR e “We just shook it off and went surfing. When you're in Mexico ynu"-TF
T ‘5 have to be in a different frome of mind anyway.”

Even if & trip starts out badly, Casey's luck always mrp.:-l_

~ages to turn things around. Australia started out te be a miser

able adventure, with raln, S0-degree weather and a disgruntiag
father who had been talked into the expensive trip by his wife and
son. “At first evarywhere we went it was gigantic and closed out
and cold, but when we got a litie farther up the coast it was the
best trip of our entire fives, so Dad owed us one.” OF all the
places he has visited, Stahr ended wp liking Burleigh Head the
masat. 1 like the speed. It's such a long wave. it's like & baach
break, but it"s a point, 50 you can get really long tubes.”

Casay's travels have made him the foocus of considerabila
anvy., “Between his contest results, his Rusty and Dakley spon-
sorships and his traveling, Casey's the most hated kid at the
shop,” says sponsor Mancy Macrl, co-owner of St. Augustine’s
Blue Sky Surf Shop, whera Casoy works. “But he's as low-Key and
quiet about thess things as you can be.” Casey doss admit his
traveling expariences and familiarity with bigger waves give him
an advantage at local Watlonal Schelastic Surfing Association
contasts, He won ths last two NSEA contests held in waves over
3 feet.

Like many hot grommets, Casey dreams of samaday
hooking up with the ASP Towr. “When | get out of high schosl, my
Dad and | are golng on a year-long, “round-the-world trip. | want to
follow the ASP and ses how | de. They get better waves than any
othar touwr.”

What can the tour life offer Casey that he dossn't hawe,
or hasm't doene, already? *| haven't been to Esrope, yet.” ha says.

Breaks your haart, —Amy Vansant
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Turtle Ungirt

ta, Greg En

Chris "‘l"w::rr-udﬂi

The scene on the beach in front
of the Aquarium early one morning
recently reminded one spechotor
of on old George Roft move: ™You
know, the one where he's wearing o
new but ill-fitfing suit and the prison
worden gives him $20 ond shokes his
hand,"  To me, it was more remin=
escant of "Born Free" or ot |eost
"Lossie Come Home"™, The scena?
The return of bwo green sea turtles

o5, ond Dowve C!ugtﬂu

L . T
bid oloha to former tenant.

{photo by Gecrge Bolozs)
from  copbivity bock to thelr native
ooean .

The onlooker's onalegy obout the
old prison movie was for from correct
although to some pasple the coptivity
of ony wild enimal is tantemeount fo
imprisonment . Institutions that dis-
plov living orgonisms hove o serious
and: dual  responsibility: the First
chligation is to the animaol, to ossure
thaot the environment, food, ond be=

hovioral seMing are as suitable as
possible.  The second ohligation s
o the viewing public, fo insure Hhat
the animals are disployed in o satting
thot encourages people to leom about
the natural history of the animal os
@ uniqua species (ond certainly not
o5 @ human earicature],

Really, in the final onalysis, the
anly justification for placing onimals
in coptivity is to osure the well-
balng of wild populations through In-
craased humen knowledge ond vndaer=
stonding. Like it or not, we humans
haold the survival of all life~forms in
owr collective grip. If we ore ignor-
ant  or fo our fellow
species, we may inedvertently or im-
pulsively commit irreperable domage.
But  with increased uriderstanding
through  First=hand conback, we con
guord ogainst such damage,
example, | think the widespreod con=-
cem obout the fate of the world's

great whales hos roots in the disloy
of the smoller roothed whaoles in
DS Ar] LTS .

Becouse our green sea turtles,
howksbills, ond loggerheads hed to
share space with three lorge sals to
the disodvantage of all the onimals
we felt thot we wera unckle to meet
the  dual respensibility  of exhibit
standards ond therefore had to con-
sider  several  alternctives, One
obvious solution wos to improve the

insansitive

Ae on

*Kile i"a means "watchar of ma life", For more information on Kile i'a, e next poge,



present focility  ond provide o new
pa turtle pool with o nesting ond
bosking beach, The 1976 Stote Leg-
isloture cppropriated $100,000 for
this purpose and Acting Governer
Ariyaghi (then compoigning for Gew-
amor) participated in o ground braok=
ing ceremony for the pool, Alm,
the funds were never relecied and
the poel s sill & dream,

The ramaining aoltermatives wers
simpler [and cheaperl: find homes ot
aother  in#tibtions, or, releas the
onimals. For two species, releose
was ill=advimd. The howksbill is an
endangered species ond its unlikely
we would be able fo chfoin speci=
mens againg the Atlontic loggerheods
coyld probobly net smvive in the
strange waters of the Pocific. Thess
onimals ore now on display os guests
at our colleogue=institubion, Sea Life
Fark,

With the cooperotion of Howaii's

distinguished furtle researcher Gearge
Balozs of the Howaii Institute of
Marine Biology, eight odult green
sea turfles howve been released te the
wild, The animals howe all heen
tapgged ond several hove been chseread
more than slx menths later ot areas
far distont from release points, Ohne
adult femole was seen by George
Bolazs one year and bwo maonths after
release ot East lsland, French Frigote
Shoals.  This is the major nesting
ground for Hawalian green sea turtlas,
It iz netoble that the former femole
resident of the Waikiki Aguarium was
chesarved to nest ond produce  [ive
haotchlings,

3 oas we bid aleha ke Peo more
turtles recently we hod confidence
thak {E}L’II"I":I'@ bhuman interferencel they
have a goed chance of ressming o
natural life in their notive occean,

Leighten Taylor

Nautilus 11

-J.

-

Micronesion Maoriculture Center Directer, Dr, William Hamner (for riﬂ-hﬁl
led a tour of the lab for Palow visitars ineluding (] ta r) Linda Taylor (WA),
Ed Dals [NY Aquerium), Mixon Griffis,-Carrie Denney (MNYA), Mario & Rob

Taylor WA), BIll Flynn YA,

From Jon |2 ko Febrpary B,
Leighton Taylor, Milke deGruy, ond
Broce  Carlsen participated in on
expedition to the Folau Archipelogo
te collect live chombered Mautilus,

and Mike deGruy,

Bruce Corlson MWA),

Lrals,

Saventy-four Mautilus were col-
lactad, including several rarely tak-
#n  juveniles, Most of the aduld
MNoutilus were togged ond released

The trip wos sponsarad by the Mew
York Zoologicol Society with the
wpport of Trustes Mixon Griffis, in
order to obfoin specimens for disploy
ot the Mew York Aguaorivm, Al
participating in the collecting acti-
vities were  Mr, Williom FI‘."'"".I
Besncinte Director of the B, %,
Aquarfum, ond his assistant Mr, Ed

becousa facilities were not ovalla=
ble for keeping 5o mony onimals, A
special catch were three specimens
that hod been togged end releassd
in May and July, 1977, These wers
measurad  for  growth chonges and
again released,

Ong Mautles  wos also togged
with on ultrasonie transmitter provi=

ded by Dr, Don Melson and James
McKibben of California Stote Uni-
versity ab Long Beach; ifs movements
wara monitored from the surface wsing
a unidirectional hydrophone, Dur=
ing the eorly port of the evening
the enimal sfoyed o depths between
J00° - 500°, but near midnight it
moved deeper  [(below &00') before
the signal was finally last,

Onee ogain we had 100% syrvi-
val on ull Mowtilus beought bock to
Hawaii. Four of these will remain
with vt (in oddition to three animals
remaining from lost summer's trip to
Palau); twelve more Maoutilus are
already on their way to the Mew
Yeork Aquorium.  Dther onimals col=
leeted on this kip include colecful
and  bizarre  fishes, corals,
cloms ond other invertebrotes,

A very special animal Frem Palay
soon to be on display is o juvenile
salt water crocodile  obtained ond
donoted by Mike deGruy, The
baby croc is presently of the reptile
houge of the Honolulu Zooc and will
jein us scon,

Speclal thanks for the mecess of
this trip ore due to the Micronesian
Mariculture Demenstration '::En+=rll
Alr Micronesia, and the University
of Guam Marine Lab,

Bruce Corlson

RS L T e ST
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Eile I'a is produced bimonthly by
the Friends of the Waikiki Aquorium
and 13 dadicated ta increasing the com-
munity's knowledge of the Walkiki
Aquarium and Howaii's morine |ife.

Kilo I'a meons "wotcher of sea
life®, or "“watcher for fish™ and refers
not only to the oncient Howaiion fish=-
ing specialists who oided others In
finding fish but, herein, to all wha
find mrstenonce and pleasure in mere|y
“watching sea life" .

The editors welcoma your com=
ments, sggestions, aond contribubons
for future issues.



Aquarium Adventures in Learning

HAWAILAM SEA BIRDS)
The Agquarium is offering a brend

new,  once=in=g=lifetime class in
seabird ecology, biology and iden=
tification. Hawaii's internationally
respected expert en Howaiian bird=
life, Dr, Andy Berger, professor of

tour lecders on the hwo-wesk bip.
Dabes: Aug, B = 22

Enroliment 1z |limited to 30

Cost:  3B50.00 (ineludes all trons=-
portotion, rooms,  enfronce  fees,
and selected meals and parties)
Deadline for poyment: May 5

zoology ot UH and auther of Hawai- Howail residents have first priority
ian Birdlife will be the instructer, urti] Apeil 7, offer that the tour

will be opened te educators on the
Mainland, (DOE B credit will be
available For teochers.)

Detailed brochures availekhle on re=-

Phane 9234725,

The class will meet ot the Aquarium
for lectures on April |9 ond 26 at
7130 p.m., ond will go on Pwe Sof,
fleld Hips. The first, April 22,
will wisit the seobird eolenies an
Rabbit {(Manana) Isdond offshare Fram
sea Life Park, The secend field
trip will be on April 27 to the Red
Feoted Booby breeding eolony ot
FKaneshe Maorine Base, This closs
is a must for noturalists, photo-
graphers and others who enjoy learn-
ing in the cut=of=doors, The 320
fee helps support the Aquarium's ed-
ucation  programi, ond covers boot
fees to Bobbit lslond,

ADVARNCED UNDERWATER
PHOTOGRAPHY |

A closs in Advenced Underwcter
Photography will be offered May 9-
25, (Twes, & Thurs,), 7-9:00 p.m,
The Instructer §s photo-journalist
Dewg Wallin, Students need o
provide ftheir own equipment.

Fee 335
PAAI LA D ADVENTLRE ]

The Friends of the Waikiki Aquar=
ivm ond the Mational Marine Educo-
tlon Asseciation ore sponsoring o
special tour which will combine par-
ticipoHon in the Mational Morine
Education Conference and o special
“behind the scenes” wisit to maripe
education centers and ofuoriums on
the West Coost,

Includad in the brip will be guided
towrs of the Seattle, Yaoncouver and
Scripps  Aguariums, the Marine
Science Center in Poulsho, Wash,,
Pacific Science Center in Seottle,
3aa Warld in 5on Diego, the Hubbs=
3ea0 World Reseorch Institute, and the
Orange County Floating Lab and On-
Shore Lab in Dana Point. As an
added benus the four will alsa visit
the King Tut exhibit In Seattle, Ann
Fielding and Pat Ralnes will act as

quuest,

SnngSpeclas

Wa would like fo =all your
2 altention to the following spec-
ial leckures to be held in the
2 Aquorivm  foyer ot 7230 p.m.
Al Friends ore invited.
Wednesday, March 29: Dr, Ed
Shollenberger, Sea Life Park,
will speok on "Howalion Eva!'u--
iceans” and  show the racently
produced  Mat'l. Geographic
= film on the Greot Whales, (Co-
:pmmruﬂ I:-].r 51::: Grnnl nnd 'rhe

Bruce Carter and Leightan Taylor
discuss two rore fishes, the bigscole
pomfret ond the rozorbock scobbord=-
fish. {Stan Wright Photo)

Watching "Let's Go Fishing®™, the
popular local television show hosted
by Bruce Corter ond Hor Kojima
tpride of Tomashirc Morket ond o
"Friend" of the Aquarium}, is @ Sun-

u’rurduh &ﬂ] M, ﬂuunhn

Feynes (greot gmndm of Char=
fes Darwin) will lecture and
shew & film sbout his fomouws
ancaster and his voyoge aboord
the Beogle. [(Co=sponsored by
Howaii Geographic  Soeiety,
Fridaoy, A fﬁg?tpﬂrucc CurTgn,
Aguarivm stoff member, will re-
port on "MNautilus 11, ™ the re-
cent collecting  expedition to
Micronesia  sponsored by Fhe
Mew York Zoclogical Society.
Wednasday, April 122 Dy, Jon
Mewhouse, Dept. of General
Science, UH, will |ecture on
his research invelving  "Man
and the Atoll Eﬂnl}rﬂEm." [Co=
sponsored  with  Sec Gront &
HAS)
Wednﬁd;ﬁ: -ﬁ-%il 24 Goorge
alazs, Howaii Institute of Mo=
rine Einlug-y,
"Wildlife ond Geology of the
= Howniion Leeword lslonds. ®
= (Co-sponsored with Sea Grant
= ond HAS)
= Wednesday, May [0: Dr, Rohert S
Johannes, HIMB, will talk on
his research in Palou and “Mic=
= renesion Maorine Lores A Scien-
= tific Bononza," ({Co-sponsored
_. I:-:,' san Gmnl lfn. HAS] -

Taylﬂr “Goes Frshmg on Telewsmn

doy aftermoon traditien for most local
sportsmen.  Leighten Teylor, Director
of the Waikiki Aquarium, has been a
guest on several recent shows diseys-
fing some wvery notoble cotches by
lacal fishing boots.

Recently, viewers had the epper-
tuniby bo e o “Bigscale Pomfrat”

o “Rozorbock Scobbardfish”, twe
wvery rare fish in Howall, Each fs
known from only one other specimen,
both in the fish celleckion of the
Bishop Museum, The fish were caught
by the modemn Howaiion fishing vessl
Makihana, on standord tma longline
gear. The scobbordfish is ever 2-1/2
m leng {7'5") but anly cbout 12 cm
(5"} high, Beth specimens will be
curated by Dr, Toylor for deposit in
the study eollection of the Bishop
Museum, He expressed his gratitude
to Bruce Caorter ond local fishermen
for bringing these rare specimens to
public attentien,



Meet the Staff:
Greg Enos

Expediter. Resource  person.
Guide, Teacher. Counselor. At
any one  Hme Cregory K., Encs
might be serving in several of these
eapacities while still parforming his
regular duties as Aquarist Foreman.

Greg it on eight yeor veteran of
the Aquariem heving Joined the staff
In March of 1970, ond in the years
that he's been employed he has taken
on more  tosks ond  responsibilities
than would be expected of him nor-
mally, alwoys maintaining on unruf-
fled but quietly efficient mien,

Raised on Kaouoi, he groduated
from Oahu's Kom School in 1965
and from the Church ':-EIHEQ'E of How-
gii four years later, He worked for
Howaiian Telephone Co. for o wear
before settling in at the Aguarivm.
The Enos Feomily = G:rEgr wife Shoron
Ani, Gmrin'. age ¥, ond '5.l_':~|:|:|,r|[|¢'|.J
oge & - are leng-time residents of
K apahulu.,

When he is not In green apron
aftending his tonks, Greg con be
wwen  directing Ewplorer Scouts or
Community Cluest students as they
perform  vorious Aquoriuen Jobs, er
serving a5 their mentor when they
learn obout the ocean, Or he might
be orgonizing o task force fo pick
up such wvaried Thems o food for the
animals, choirs for evening lechures,
tools, chemicals or office desks, He
hos lectured o wvarlows  growps on

aauarivm kEEFingr colnselad hnbh:,...
ists in the care of their animals,
served as Jelence Fair judge, host-
ed vidting school groups, scientists
ond oquaorium people.  He has served
as fiscal efficer, coshier, mechanic,
custodion and SCUBA diver,

Greg is  continuing his educa=-
Hon at the University - working for
his  teaching cerbificote. He hos
bean. o saricus  samp colleckor for
many years, Greg is the co-coptoin
of the Agquarium's off ond on vollew=
ball team, on ovid rod ond reel
shore caster, and a Faithful follower
of Monday=night football,

He is alss o person possessed
of on whvssally leng  middle nome:
the "k " stands for F~'1:||'||‘;:|.:-I|::E1i|-:|n'||l
and if nn:,.-l:-:hd:," can eotch him dur=
ing on unbusy moment (he might ex-
plain whaot it means, (Greg's smil=
ing foce oppears on the first page
of this newslettar.)

Charles Delica

Bubbles from the
Director's Snorkel

Good Mews! Long=time land
long=suffering) volunteer Pot Roines
is mow a poid stoff member, Ay an
emplovee of the University of Herweati
Foundotion, she will handle all
Friends business ond continue to help
in our educofion ond docent pro=
grams. The position of Education
Cﬂl:lr\di'ml-'ﬂl'r formerly and ably fill=
ed by Sare Peck (who is presently

VIAIKIK] AQALARIUNY,

Liniversity of Hawali
2777 Kalakaua Avenue
Honoluly, Hawaii 96815

freezing Tn  Montana), 1s now  the
job of Mr. Les Matsuura., Welcome
oboord, Les! We're glod you're in
the same boot!

The Matyral Selection Shop con=
Finues to beé o success with visitors
ond #aff alike. Please drop in ond
see the varieby of items for zale, in-
eluding autegraphed prints of Richard
Ellis' humpback whales and eriginal
watercalars of Hawaiian Fish by abaff
artigt K, C, Miller, The shep will
be open before and ofter the speciol
spring évening lechures {listed &|se-
where) and will feoture price reduc—
tions for selected products for those
nights only.

Thanks are dus to the Mew Yark
znq:h]n-gim1 Sur_ief:,r and  Trustes
Mixan Griffis for their sponsorship
of the Aquorivm's recent collecting
ond  reseorch  frip to Micronesio.
More Moutilus hove joined our soff
along with o perky lile soltwaber
crocodile whose mother wos probekly
12 feet long! Bruce Corlson  will
report on the trip on April 7.

Recipients of the Friends' spon-
sored Employes-of-the-Maonth bonus
selected by stoff voting aret Oct.
R-ulph Alexonder, Mow, Aileen "I"n"un'.
Dec, Gr&g Encs, Jan. Hnrr}r Cordeira
and Fek, Poul Makamura, ':n:hngrnl—
ulotions!

Ba prepared for o special event
in June %o mark the first anniversary
of the Friends of the Waikiki Aquar-
ium,

Aloha from the Agquarivem shaff!

Leighton Tn';.r|t|r

hor=Fmii Cm
LIS Pealnge

PAID

Honohoil, Haweid
Panrrt Mo 270
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Outrigger Neighbors

By Leighton Taylor

Outrigger Club beachgoers and terrace
sitters are accustomed to seeing heads
bob up among the waves between the
beach and the windsock. Sometimes
these heads have hair on them and are
fitted with poggles; some are merely
fitted with goggles; almost all of them
belong to human beings. Oocasionally,
however, a head will pop up with no
hair and no poggles and will then dizap-
pear for a long period of time, indi-
cating that the owner of the head has
considerable breath-holding ability. If
you're sailing along very guietly in a
Hobie Cat or paddling quietly in a
canoe or mayhe just swimming quietly,
you may be lucky enough to sneak up
on the headbobber, which is one of our
shy but friendly neighbors. If you are so
lucky, you will notice the large,
rounded shell of the gresn sea furle,
Fortunately, green sea turtbes are be-
coming more abundant off the Club.
These animals are a protected species,
Heavy fishing and spearing over the
past several decades have diminished
their numbers to a dangerously low
level. They are now protected by State
and Federal law, and it is illegal 1o take
these docile plant-eating creatures.
Green sea turtles are preat long-dis-
tance swimmers and migrate through-
out the Hawaiian chain. Like other
turtle species, the preen sea turtle
female crawls ashore, digs a desp hole
in the send, deposits her eggs (about

the size of ping-pong balls), covers up!

the hundred or 50 epgs with sand and
crawls back into the sea,

There has been no evidence in récent
vears of green sea turtles nesting among
the high islands. The major nesting area
15 French Frigate Shoals, about &)
miles oorthwest of Honolulu, George
Balazz, a Hawaiian marine biologist
and internationally known torile re-
searcher, has applied metal rags to
green sea turtles at French Frigate
Shoals and found that the turtles swim
back to the main islands after nesting.
He has also applied tags 1w turthes taken
in walers from around Hzwal, Mauol
and Dahu (including some captive
specimens from the Waikiki Aquarium,

which were subsequently relcased),
tagged them, and found them again at
French Frigate Shoals, indicating that
the individual turtles make the long
round trip. When the green sea turtles
are in the high island waters, they are
mainly concerned with feeding on the
lush limu growing around Hawain's
reefs, particularly in areas off the Club,

If you're lucky enough 1o sneak up
on a honu, 85 the Hawaitans call the

green s2a turthe, and if itz shell is larper

«_than & garbage-can lid, ook af its tail, If

it'’s wery long, exceeding the rear flip-
pers in length, it a male. If it has &
short tail, it's probably a female,

Honw were imporiant 10 ancien
Hawaiians, who wsed the rich, tasty
meat for food and used the shells to
make jewelry and such tools as net
spacers, Oreen sea furtles were often
looked upon by some Hawaiian fam-
ilies a5 ‘omakua, or personal guardian
gods, It is likely that Hawaiians har-
vested the turile eggs.

Green s&a (urtles may nol appear o
be green, but are named instead for the
greenish cast to the fat, which is visible
only after they have been buichered,
and, of course, it's not only unneigh-
borly but also illegal to butcher our
Ereen sea turthe friends,

Although the Hawaiian specimens
belong to the same species as those
found in Mexico and the Caribbean
Sea, they represent & different subspe-
cies in population. Turtle biologists feel
that the Hawailan population is unigue
in demonstrating “basking™ behavior.
Green sea turtles in other parts of the
world only crawl out of the water to
nest, Hawaiian turtles, however, like
their human neighbors a the Qutrigger
Club, apparently enjov crawling out on
the beach or reef tops to bask for long
perinds in the sun.

S, the next time you are basking for
a long period in the sun at the Outrigger
Club, keep an eye open for the little
bobbing heads of our green sea turtle
neighbors. While your fellow members
are munching Health Spa salads on the
terrace, turiles are munching their own
limu salad just a few yards eway.



ﬁi’""rﬁa [4 zg

A LIST OF
THE AMPHIBIANS, REPTILES, AND MAMMALS
OF THE HAWAIIAN ISLANDS

{Exclusive of the Whales)

By
Spencer Wilkie Tinker

Honolulu, Hawnaii AlE
1080



A LIST OF
THE AMPHIBIANS, REPTILES, AND MAMMALS
OF THE HAWAIIAN [SLANDS

[Exclusive of the Whalas)

By
Spencer Wilkie Tinker

Honolule, Hawaii
1080



Copyright, 19680, By Spencer Wilkie Tinker

Netiee o librgrive: To increase the life of this pamphlet,
it ghould be enclosed in a strong, proteclive cover,

Graphic Preparation by Glends Farley

Printed in Honolaolo, Hawail
First Printing: Nowvember, 1880 ... _.._, .. 1,000 eopies

Published hy
Spancer Wilkie Tinker
1121 Hunakai Street
Honolulu, Hawall #6816
1880



INTRODUCTION

This pamphlet is a checklist of the amphibians, reptiles, and mamrmals [exclu-
sive of the whales) which occur as “wild animals' within the State of Hawaii. [t
includes many domesticated animals which were living in a wild state at some time
in the past on one or more of the various islands and which no longer have wild
populations.

The exact number of species of animals living wild in Hawaii is uncertain. In
some cases, the exact number of species is uncertain because scholars do not agree
on their identity. For example, some forms of marine turtles are regarded by some
authorities as full species, while other scholars regard them as subspecies. In some
cases, animals, including some frogs amnd toads, which were formerly known to be
established in some areas, have become scarce and may have died out in the inter-
vening period. Some groups are also difficult to identify and to inventory because
of the uncontrolled commercial traffic in them, particularly through pet stores: this
is especially true of the terrapins and tortoises.

The amphibians found in the Hawaiian Islands are few in number and were all
introduced into Hawaii by man in recent times, probably in the years subsequent
to about 1875, A few species in Hawaii were brought from both Asia and the
Americas in about equal numbers, but none were brought from Europe, Asia Minor,
or Africa. Only the tailless amphibians (Anura), the frogs and toads, occur in
Hawail today. The tailed amphibians (Urodela), which include the salamanders
and related forms, were probably never introduced into Hawaii and, if they were,
did not survive, for none oceur there today. The legless amphiblans (4poda), a
small group which includes the caecilians, likewise do not occur in Hawaii.

The reptiles include three well-known groups: the turtles, the lizards, and the
snakes. In Hawaii, the turtles are represented by a few native marine species which
are of wide distribution in tropical seas. In addition, a few introduced fresh water
and terrestrial forme cccur. Two groups of lizards, the geckos and the skinks, have
been in Hawail for many years and are believed to have been transported from the
South Seas by the Hawaiian navigators in ancient times, Additional species of
geckos, iguanids, and chamaeleonids have appeared in the years since about 1950,
The snakes in Hawaii at present include but two species. One is a widely-distributed,



tropical, poisonous, marine snake and the other is a small, burrowing, land snake
from tropical south-eastern Asia and its adjoining islands.

The mammals known from the various islands of the Hawalian Chain are nearly
all introduced species. Only two species are endemic and occupied these islands
prior to the arrival of man. They are the native Hawalian Bat and the native
Hawaiian Monk Seal; both occur nowhere else on earth. The Polynesians doubt-
less brought three additional mammals with them in their canoes, they were the
Polynesian Hat, the Domestic Dog, and the Domestic Pig; of these, the last two were
food animals. The remaining mammals have all been infroduced through commoes-
cial channels from various places during the period which followed the arrival of
Captain James Cook, R.N., on his third and last voyage in 1778, At that time,
Captain Cook landed a pair of European pigs and three goats (a buck and two does)
upon the island of Nitheu on February 1, 1778.

All of the mammals in this list have been liberated at some time and at some
place in Hawail and have there assumed a wild or feral status. Some of these wild
populations have since died out, been exterminated, or were captured in their wild
habitat and so no longer exist in Hawaii as *“*wild animals"

It is the pattern of this checklist to include a large and wide framework of
animal classification, so that persons who use this list may know the names of the
larger animal groups which are represented in Hawaii and, in addition, know the
names of other closely related groups which do not occur in Hawaii., This will
give the student a greater perspective of the animal kingdon and its divisions and will
help the student to better understand the framework into which the Hawaiian
species are placed.

Spencer W. Tinker
11231 Humskai Stresd
Honolaba, Hewaii BGR1E
United States of America



A TABLE OF THE AMPHIBIANS, REPTILES, AND MAMMALS LIVING WILD IN HAWAIL
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THE ANIMALS OF HAWAIL
Including Only The Amphibians, Reptiles, And Mammals
| Exelusive of the Whales)

KEingdom Animalia — The Animal Kinpgdom

Phylum Chordata —The Chordates Or Vertebrate-like Animals And
Related Groups

Subphylum Acrania® — The Vertebrate-like Animals Without A
Cranium
Class Tunleata (Urochordate) — The Tunicates, Ascidians, Salps,
AndRalnten BoFme oo on o el aana Omitted

Clags Cephalochordate — The Lancelets ... o oo cnsvvnivna s Oimitied
Subphylum Craniata — The Vertebrate Animals With A Cranium
Superclass Agnotha — Vertebrate Animals Without Jaws

Clags Ostracodermi — Ancient, Extinct, Armored Fishes. .. ...... Extinct
Clags Cyelostomata — The Cyclostomes Including The Lampreys
And The Haghahes ..ol Mone in Hawail
Superclass Gnathostomats — The Vertebrate Animals With Jaws
Class Placodermi — The Ancient, Extinct, Armored Fighes, ... ... Extinct
Class Chrondrichthyes {Selachii) — The Cartilaginous Fishes. . . . . Omitted
Claga Ostichihys (Places) — The Bony Fishes. .. 0w vnnnnnnns Omitted

Clags Amphibla (Batrachia) — The Amphibians
Wwubolass Labyrinthodontio — The Ancient, Primitive, Extinct

PR B el e R e B R S eI Extinct
Subelass Lepospondyli — The Ancient, Primitive, Amphibians
With Spool-like Vertebrae. ... ........ None in Hawati

Subeloss Lissamphibia — The Bmooth Amphibians

Order Urodels (Coudata) — The Tailed Amphibians In-
cluding The Salamanders, Newts, And Related
4 7o o R R D R R G, ol e None in Hawaii
* The Hemichordata, Including the tongue wornms (Balanoglossus), the pterobranchs (Cephalo-

disoug), and related forms which are often neluded within this group, are here regarded ae a
sepamte phylum and placed below the Chordaota,
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Order Apoda (Gymnophiona) — The Legless, Tailed Am-
phibians Including The Caecilians And Related
IPONETE & e e e T L R R T e Mane in Hawaii

Order Proanura — The Ancient, Extinet Frogs ............ Extinct

Order Anurg —The Tallless Amphibians Including The
Frogs And Toads

Family Ranidae — The True Frog Family

— Rana catesbeione Shaw, 1802, —The American
1517 (Sl e T AR SR L U [ ]
fis- Rana clamitans Latreille, 1802. — The Green Frog. . . ... [1

> Kana nigromaculota nigromaculate Hallowell, 1860,
— The Japanese Black-spotted Frog ... .......... [1]

P Rang rugoss Schlegel, 1838, — The Japaness Wrin-
Kelert Brog - S e e []

Family Dendrobatidee — The Arrow - poison Frog

Family

— Dendrobates auratus (Girard), 1855, — The Gold

And Black Poison Frog . ... ... .. ovrvnnrnnnrnns [1]

Family Bufonidee — The Toad Family
P Bufo boreas halophilus Baird and Girard, 1853, —

TneCalitorida Toad: . - o bn i e e [1
—— ¥ Bufo bufo gargarizans Cantor, 1842. — The Asiatic

NI 2 oo o e e e Y e [1]
—'h Bufo marinus Linnasus, 1758, — The Giant Tropical

21T T T e [ ]

Class Replilis —The Reptiles Including The Turtles, Lizards,
Snakes, And Ancient, Extinct Heptiles,
Subcloss Anapsida — The Reptiles With A Solid Roof On The
J Skull And No Openings Behind The Eyes.

Order Cotylosguria —The Stem Reptiles Or Ancient, Ex-
tinct, Squat, Ancestral Reptiles Including The

Pareiasaurs And Relatives . ... ..............Extinet
Order Testudinata (Chelonia) — The Turtles And Their
Relatives

Suborder Amphichelydia — The Ancient, Extinct Turtles, . Extinet
Suborder Proganochelydic — The Ancient, Extinct Turtles, Extinct

Suborder Pleurodire —The Turtles With Side-folding
g MNone in Hawaii



Suborder Crypiodira—The Turtles With Vertically-
folding Mecks

Family Testudinidoe — The Pond And Land Turtle And
Tortoise Family
Subfomily Emydinge — The Common Aguatic And
Terrestrial Turtles And Terraping . ... .... ... Omitted
Subfamily Testudinge — The True Land Tortoises . . Omitted

Family Chelonfidaoe — The Sea Turtle Family

Chelonia mydes agassizi Bocourt, 1868, — The
Eastern Pacific Green Turtle . ... ... ... ..... 4]

Chelonia miydas faponica (Thunberg), 1787. =
The Western Pacific Green Turtle . ... ov0 oo ivna []

Caretta species. — The Loggerhead Turtle . ... ....... [ ]

Yyvvyy

Eretmochelys Imbricata bissa (Ruppell), 1835. —
The Pacific Hawkshill Or Tortoise-shell Turtle . ... [ ]

Family Dermochelyidoe —The Leather-back Turtle
Family

v

Dermochelys corlacea schlegelil (Garman), 1584,
— The Pacific Leather-back Or Trunk Turtle ... ... [}

Formily Tr.rﬂ.r:y:rﬁ!dae = The Soft-shelled Turtle Family

.‘ Trionyx sinensis sinensis Wiegmann, 1834.— The
Chinese Soft-shelled Turtle. .. .. ..ovveerrersnns [ ]

Subclaoss Synapsida — The Ancient, Extinct, Land Reptiles . . . .Extinct

Order Pelycosauria — The Ancient, Extinct, Primitive Pely-
eosaurs Including The Sail-fin Lizards. .. ..., .. Extinect

Order Therapsidas — The Ancient, Extinct, Mammal-like
o) T S S e o S RS - Extinct

Subolags Euryapsida — The Ancient, Extinet, Land And Marine
e L L e e e N R e g Extinet

Order Aroeoseelidioc — The Small, Slender, Eatly, Ancient,
Primitive, Extinet, Lizard -like Reptiles. . .. ... LExtinet

Order Bauroplerygio — The Ancient, Extinct, Marine Ple-
sicgaurs, Nothozaurs, And Related Reptiles, .. .. Extinet

Order Placodontia —The Ancient, Extinct, Armored
Flacodonts And Related Reptiles .00 0. Extinet

Subelass  [ohthyoplterygio — The Anciend, Extinct, Aguatic
AR BT o s s e e e Extinct

Order fehthyorauria — The Ancient, Extinct Fish -lizards . . . .Extinct
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Subelass Lepidosauria — The Scaled Reptiles
Order Eosuchia —The Ancienl, Extinct, Small, Lizard-

e RapRIIeR . o e e R e e e e Extinct
Order Rhynchocephalia — The New Fealand “Tuatara™
And Ancient, Extinct Relatives. ... ... . Mone in Hawaif

Order Squamata — The Lizards And Snakes
Suborder Lacertilia {Sauria) — The Lizards
Family Gekkonidae —The Gecko Lizard Family

- Lepidodactylus lugubris (Dumeril and Bibron),
1836, — The Mourning Gecko., . . ..ocvveoennn. .. [1
| Hemiphyllodactylus typus fypus Bleeker, 1860.
1 bR S S S N et [1
- Gehyra mutilata  (Wiegmann), 1835. — The
2 T e T e e [1
.‘ Hemidactylus garnoti Dumeril and Bibron, 1836.
— The Indo-Pacific Or Fox Gecko ... .......0... [1
Hemidactylus frenatus Schlegel in Dumeril and
Bibron, 1836. — The House Gecko . .., .......... [ ]
Family Tguanidee — The New World Or Iguanid Lizard
Family
> Anolis carolinensis porcatus Gray, 1840, — The
GbeerrAmole Trsand: . . ol s e e e [1]
fguana - iguanao Linnaeus, 1758.— The Green
L S e R e R e e e T [1]
Family Chomaeleonidae —The Chamaeleon Lizard
Family '
g Chamaeleo jocksoni Boulenger, 1896, — Jackson’s
T A S £ ]
Family Seincidae — The Skink Lizard Family
> Ablepharus boutoni poeciloplewrus (Wiegmann),
1835. — The Snake-eyed Skink. ... ........., .., [1]
B Emola cyvanura (Lesson), 1830. —The Agure-
T BT e [1
> Leiolopisma metallicum (O'Shaughnessy), 1874.
— The Metallic Skink. .. ... ..ovvirinrirnrensn. [1
Leiolopisme noctua noctua (Lesson), 1830. —
g T ey e e e i 3 |

Suborder Amphisbaeniy — The Ringed Lizards. .. None in Hawaii
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Subarder Serpentes (Ophidia) — The Snakes
Family Typhlopidae — The Blind, Burmowing SBnake

Family

—." Typhlops  braminus [(Daudin), 1803, — The

Brarminy: BHrd Snales e v i e e Lk o |
Family Hvdrophiidoae* — The Sea Snake Family

—." Pelamis platurus (Linneeus), 1758, — The Yellow-
Epalbie Miea: Bralen- e i nel e R i L i [1]

Subeloss Archosauria — The Ruling Reptiles Including The
Dinosaurs And Helated Forms. . . . ... ... 0 000s Extinct

Order Thecodontic — The Ancient, Extinet, Primitive
Ancegtral Reptiles., . .. v veevveainaainnccnns Extinct

Order Crocodilin — The Crocodiles And  Their Ancient,
Extinct Bebaklves. . 0 .o ooy d e v Mone in Hawaii

Order Pterosauria — The Flying Reptiles And Related Forms . Extinct
Order Saurichio — The Dinosaurs With A Three-branched

Pelvis {“lzard Bpa'™ . . ovooienernn s s Extinct
Order Crnithisehie — The Dinosaurs With A Four-
branched Pelvis {“bird hips™). ....c0ovvvvua. Extinct
Class Aves — THe BITds . . .o vv v eereesnsenneeineeneenns Omitted
Class Mammalio ¥¥% — The Mammals
Subelass Prototheria — The Egg-laying Mammals . . ... MNone in Hawaii

Order Monotremata — The Monotremes Or Egg-laying
Mammals (The Platypus and Spiny Ant-
LU P S e e None in Hawaii

Subolags Theria — The Viviparous Mammals
Infroclass Metatheria — The Marsupial Or Pouched Mammals
i Order Marsupalic — The Marsupial Or Pouched Mammals
Family Macropodidae — The Kangaroo And Wallaby

Family
.‘ Petrogale penicillata (Griffith, Smith, and Pidgeon),
1827 — The Brush-tailed Rock Wallaby ... ....... 1]
Infraclass Eutherig — The Viviparous Mammals With A
Placenta
Order [nsectivora — The Insect-eating Mammals (The
Hedgehogs, Shrews, Moles, Ete.). . ..., . Mone in Hawai

*0ften plnced as o subfamily within the Family Elapidae.
*EThe orders of extinet mamemals are omitted. Al orders of living mammals are Listed.

&



Order Dermoptera — The Flying Or Gliding
L e e None in Hawaii

Order Chiroptera — The Bats

Family Vespertilionidoe — The Common Or Simple-
nosed Bat Family

P Lagiurus cinereus semotus (H. Allen), 1890 — The
Native Hawailen BRb . o+ .o iinimnsiossinssssa []

Order Primates — The Primates (Monkeys, Apes, Man) . . . Omitted
Order Edentats —The Edentates (Sloths, Armadillos,

AT RRBRTRY o e e e e Mone in Hawan
Order Philodots —The Pangoling . ............. None in Hawail
Order Tubulidentata —The Aardvark . .......... Mone in Hawaii

Order Lagomorpha — The Rabbits, Hares, And Pikas
Family Leporidee — The Rabbit And Hare Family

F Oryctolagus cuniculus cunieulus (Linnaeus), 1758 —
The Buropeaty Rabbit 0. o e i aivavas []

Order Rodentia — The Rodents
Family Muricidae — The Rat And Mouse Family

—_—p Rattus roftus rattus (Linnaeus), 1768 — The Roof
Rat, Black Bat, OrHousa Rat, ... ... ... 0iuss [1]

B Rattus rattus alexondrinus (E. Geoffroy-Saint-
Hilaire), 1803 —The Grey-bellied Rat Or

Alezemd e ek o s R S [1]
P Rattus norvegicus norvegicus (Berkenhout), 1769 —
e S A O it [1]
." Raftus  exulons  hawoliensis Stone,, 1917 — The
POl TBE i v v v x e e o mime in o pniEn o s s [1
_—." Mus musculus domesticus Rutty, 1772 — The House
4 MG R []
Family Caviidoe — The Guinea Pig Family
e Cavia porcellus (Linnaeus), 1768 — The Guinea Pig . . . . . []
Order Carmivorg — The Carnivores Or Flesh-eating
Mammals

Family Canidae — The Wolf And Dog Family
> Caniz  famiiaris  familioris - Linnaeus, 17568 —The
O R L I el s [1]

Family Viverridae — The Civet, Mongoose, And Genel
Family




- Herpestes auropunctatus auropunctatus (Hodgson),

Order Perissodactyla — The Odd-toed Ungulate Mammals
Family Equidae — The Horse Family

_—— Fguus caballus caballus Linnasus, 1758 — The
Domestic Horse. . oo cianvianrcaanaar-ncsais

————— P  Equusasinus asinus Linnaeus, 1758 — The Donkey .. . ..
— Equus asinus ¢ x Equus caballus¥ —TheMule.........
Oirder Artiodaetyla — The Even-toed Ungulate Mammals
Family Suidae — The Old World Swine Family

h Sus scrafa serofa Linnaeus, 1758 — The Domestic Plg. . ..
Family Cervidge —The Deer Or Antlered Ruminant
Family
— P Axis axis (Erxleben), 1777 —The Axis Deer Or
¥ Spotted Deer, . .. ..o

—_—p Odocoileus hemionus columbignus (Richardson),
1829 — The Mule Deer Or Columbian Black-

Family Antilocapridae — The American Fronghom Family
'-———.' Antilocapra americana americanag {Ord), 1815 — The

American Prong-horn . ... coa i iiaiiainaa e
Family Bovidae — The Cattle Or Hollow-homed Rumi-
nants Family
—_— Bubalus bubelis (Linnaeus), 1758 —The Water

BTET LI i 5 B S e i B R

1836 — The Small Indian Mongoose .. ..., -0 eas [}
Family Felidae — The Cat Family
L 9 Felis catus Linnaeus, 1758 —The Domestic Or
~ House R e o e S L e L [1
Order Pinnipedio — The Aquatic Carnivorous Mammals
Family Phocidae — The Hair Seal Family
. Monachus schauinslandi Matschie, 1805 — The
HawailignMonk Seal ... ..cvveviadansareaisnns [1
Order Odontoceti — The Toothed Whales. ....... ... Omitted
Order Mysticeti — The Baleen Or Whale-bone Whalas , , . . Omitied
Order Proboscidea — The Elephants . . ..., ... Mone in Hawail

Order Sirenia — The Manatees And The Dugong. . None in Hawaii
Order Hyracoidea — The Hyraxes Or Hyracoids , . None in Hawail



P  Bos taurus Linnaeus, 1758 — The Domestic Cattle . . . . . . [1]

| Bison bison* (Linnaeus), 1758 — The North Ameri-
[ v 3T SR e O RE A e R e W R [1]

[ Capra hireus hircus Linnaeus, 1758 — The Domestic
N5 s aria i o A g Tt i B B AR A S e A []
e Crois gries Linnacus, 1758 — The Domestic Sheep. . .. ... g |
—h’ Croiz musimon (Pallag), 1811 — The Mouflon Sheep ... .. [1]

* Currently Hmited to ranch lands on the [sland of Hawaii,
: &
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Isolation and Characterization of Midway
Virus: A New Tick-Borne Virus Related to
Nyamanini

Mitsuo Takahashi, C.E. Yunker, C.M. Clifford, Wataru Nakano, Norio Fujino,

. Katsuo Tanifuji, and L.A. Thomas
Department of Medical Enfomology, National Institute of Health, Shingawaku, By .
Toryo (M.T.); Department of Health and Human Services, Public Health Service, i L e
National institutes of Health, National Instifute of Alergy and Infactious Diseases, AL A
Epidemiclogy Branch, Rocky Mountain Laboratories, Hamilton, Montana (C.E. ¥, WL L e
CMC, LAT) lwals Institute of Public Health, Morioka City, iwate Prefecture, e

Japan (WN., N.F., K.T)

Midway virus, o new tick-borne vires isolated from twe species of Ornithedogos
(Alectorobhius) ticks of the capensis group (0 capensis, O denmurkit, is deseribed
from Midway, Eure, amd Manong islands in te Ceniral Pacific i Hawaiian Archi-
pelagod und from norther  Honshu (Japan). Midway viros is cnveloped, unue-
sudlly large, acid and femperature sensitive, amd #s type of nucleic acid is RNA.
Complesnent-fixation (CF) tests show a close relation of Midway o Nyamanini
virus, which has been isolmed from srdeid binds and Argas tcks in Africa, the
Indian subcontinent. und Sowtheastern Asin, However. cross-box tests (CF, muouse
und thssue cubre newtraluatwn, immunoflusrescence) show chat thess b virses
are quite distinel, Midway virus is lethal for newborn Swiss msee incculated by
mracenebrul, but not intrapeninenl rome, I Fails w kil four-week-old mice by
either route. Midway virus causes cytopathic effects in BHK-21 cells and titcrube
Plagues in Vero cells, Antibidies to it wene prevalent among sestlings of Larus
crassirosiris {Black-tuiled Cull) on Aomatsushima 1., bul sere scuree vt hise
of Nycticorax nycticonx {Black-crowned Might Heron) of the sime island.

boey words: lick-borme virmses, Midway virus, Mymmuning serogreup

INTRODUCTION

In 1866, & new tick-borne virus of the Nyamanini serogroup was ssolated at the
Rocky Mountain Laboratory (RML) from seabird parasites, Ornithodoros ( Alectoro-
bius) capensis Neumann, collected in Central Pacific Islands [Clifford et al, unpub-
lished information: Yunker, 19701, The new agent, colled Midway virus, wias 3
originally isolated from ticks collected on Midway and Kure islands (Midway group,
Howaiian Archipelago) and later from a related species of tick on Manana 1., off
Oahu, Hawaii [Yunker, 1975; Clifford, 1979].
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152 Takahashi et al

In 1971 and 1972, 1solations of & virus serologically related o Nyamanini were
made at the National Institute of Health (NIH), Tokyo, from (. capensis ticks
collected on Aomatsushima 1., off northern Honshu (Twate Prefecture), Japan [Taka-
hashi et al. 1980]. Tentatively named Hirota virus, the agent was subsequently shown
to be serologically indistinguishahle from Midway virus.

Although Midway virus has been mentioned bricfly in the lierature [Yunker,
1970, 1975; Hoogstraal, 1973, Clifford, 1975, 1979] specific details of its discovery
and characteristics are lacking. The purpose of thiz paper is 10 report details of R DY
isolation of Midway ( =Hirota) virus and to provide combined results of our serolog- i
ical, biological, and physicochemical charscterization of this virus. Results of an
antibody survey among nestling birds on Aomatsushma 1, are also included, The
epidemilogical significance of this new vires, which exists in the same marine-hind-
tick biocoenose with 13 other arboviruses, including suspected human and avian K
puthogens, warrants investigation.

H 1 , L LT
MATERIALS AND METHODS tﬂrﬂ‘- e ; ’ ..n-m m—?
Tick Collection and Processing II:I" il .___ SRS

All ticks collected were members of a closely related species-group, the Omi-
thodoros {Alectorobius) capensis group (sensu lato) of Clifford et al [1980], whose
members parasitize seabirds in the tropical and temperate latiudes of the world. Two
species were involved, O, (A.) capensis [Neumann, 1901] on Midway, Kure, and
Aomatsushima islands, and O, (A.) denmark [Kohls et al, 1965] on Manuna I

Midway (Sand 1. ) (about 28° 13'N = 177 23W) and Kure (Ocean 1.) (about
28% 23'N 178 25"W) are among the most westerly islands of the Leeward Chain
of the Hawaiiun Archipelago, Midway 1. is approximately 2130 km WNW of Oahu,
Hawaii; and Kure L. lies an additional 94 km in the same direction. Both are small,
flat coral islands with sizeable populations of breeding and roosting resident and
pelagic birds. On Midway 1., the Sooty Tern, Sterna fuscata, is reported to be the
most numerous species of the avifauna [Bailev, 1956]. Manana (Rabbit 1.} (about 21°
20°N x 157° 39'W) is a small volcanic cone less than 2 kim N of the easternmost
point of Oabu 1., Hawail. It is a sanctuary for large populations of seabirds, of which
Sooty and Noody Terns (Anous stolidus) are conspicuous elements, especially during
the breeding season, inasmisch as Manana is one of the main nesting grounds for both
species, Aomatsushima 1. (38" 52'N x 141° 42°E) #5 located at the Pacitic cosst of
Iwate Prefecture, northern Honshu, Japan: it lies about 100 m off the tip of Cape
Hirota. Larus crossirostrs (Black-tailed Gull) and Nycticorax nycticorax (Black-
erovamed Night Heron) breed on the island each summer.

Ticks, collected from the nests of birds breeding on the islands, were pooled in
lots of various sizes. Some pools contained both nymphs and adults of either sex, but
others were segregated sccording to instar and sex. Pools were triturated in phos-
phate-buftered saline (PBS) containing the antibiotics penicillin G and streptomycin
sulfate. and either 2% calf serum (at NIH) or 50% rabbit serum (at RML). Particulate
mutter was centrifuged from the triturates, and supernatants were inoculsed intracere-
brally (ic) in 0.02-ml amounts into two- 1o five-day-old suckling Swiss mice (sm).
Mice were observed daily for signs of iliness and for death,

-I'_ 'I' I‘l 151 i :E:.-E.H.-.I---I
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Lsalation of Midway Virus (b]
Serological Studies :

Complement-fixation (CF) tests were done with immune and hyperimmimne sera
generated in mice moculated with sucrose-acetone antigens derived from virus-
infected mouse brains [ Thomas et al, 1960], Identity of the various isolstes from ticks
was determined by CF screening tests in which immune serum from the Hirota strain
of virus was tested against antigens prepared from 51 tick-borme (nonflavivirus)
viruses, and immune serum from the Sand 1. strain was tested apainst antigens of 40
arboviruses (including flaviviruses) and 11 other agents. Sand, Kure. or Manana
iskand isolates were tested also against hyperimmune sers prepared from 44 arbovi-
ruscs, mostly tick-borme, of various genera and serogroups. Tn all, the various isolates
of Midway vires were compared with 79 different viruses of at Jeast 27 known
serogroups (Table 1), Serological relationships between Midway and Nyamanini
viruses were also explored by CF cross-hox titrations in which hyperimmune sera
and antigens prepared from two or more stains of each virus were used.

Cross neutralization (N) tests of Midway and Nyamanini viruses were done in
mice by the serum dilution method, Serial two-fold diletions of antisera, beginning at
|:800 in homologous and a1 1:10 in heterologous systems, were mixed with equal
volumes of about 100 sm ic LDy, of each virus, incubated overight at 4°C, and
moculated ic into sm. Controls, in which each virus was mixed with an equal volume
of virus diluent, also were inoculated into mice in dilutions of - 10 and Lz HHD 1oy
ensure virus infectivity. Plaque reduction N tests were performed in Vern cells
accorting to the method of Earley ct al [1967).

Microimmunofluorescence (MIF) tests were previously described [Yunker et
al, 1979]. Briefly, antigens produced in Vero cells were identified by an ndirect
immunofluorescence technique, in which serially diluted, immune mouse sera were
s,

Hemagglutination tests were performed with o microtiter-modification of the
standard technique. Auempts were made 1o agglutinate poose ervibrocyies with g
sucrose-acetone extract of mouse brains infected with Hirot (Cap-135) steain of
Midway virus, The antigen was pregared at the fourth mise-passase evel of the
virus, Tests were performed at 37°C and over a pH range of 6.0-7.0.

Cell Culture v

For observiion of CPE. an established line of baby hamster kidney cells (BHK-
21} was used. About & x W cells were inoculated into test tubes and culiured ot
F7°C in Eagle's minimal essential medium supplemented with 2% calf serum. Each
tube was then inoculated with 0.1 mL of virus serislly diluted in cell culture medium,
After virus was sdsorbed at 37°C for one hour, each tube was given 0.9 mL of
medium and incubated at 37°C. Five whes were prepared for the inoculation of each
dilution of virus. Infectivity was titruted as tissue culture dose 50% endpoints (TCD,,),
In some experiments African green monkey kidney (Vero) eells were used fo produce
viral plaques according to the method of Cory et al [1974],

Physical and Chemical Characterization of Midway Virus

Size of the virion of the Hirota strain was roughly estimated by comparing virus
titer of infected sm brain materinl that had been centrifuged w1000 = g for ten
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154 Takahashi et al

minutes with that of the same material that had been contrifuged at 8000 = g for 20
minutes. The virwm size of the Sand 1. strain was estimated by passing lightly
centrifuged, sonicated virus-infected material through a series of graded Millipore®
filiers and Litrating virus infectivity of the filirates |Cusals, 1968].

Mucleic ackd type was judged by compering the infectivity of the virus with and
without exposure to metabolic inhibitors actinomycin-D (ACT-D) or S-bromodeoxy-
uriding (3-BUJR). At MIH, BHE-21 cells infected with wen-fold dilutions of the virus
were cultured in medium coptaining 10 pg/mL 5-BUAR, whereas this substance was
omitted from the medium in infected control cultures. AL RML. Vero cells were used,
and procedures followed those detailed carlier [Yunker et al, 1979).

sensitivity of Midway virus to lipid solvents. sodium deosycholate (DCA), and
dicthyl ether was evaluated, A1 NIH. the effeet of expasure of virus o DCA (final
concentration, 0.1% ) &t 23°C for one hour was tested by using BHK-21 cells as the
wssay system. AL RML. sensitivity of the virus 1o ether was evaluated in Vero cells as
previously described | Yunker et al, 1977).

Heat semsitivily was tested by exposure of paired virs sumples in PRS contain-
ing (.5% bavine phosphate albumin w emperstures of £1.5% or 56°C [Saikku and
Brommer-Kovenkontio, 1973]. Samples were removed a1 intervals and stored frozen.
Later they were thawed., pairs were pooled, and pools were titrated simultaneously in
Vero cells.

Sensitiviey e acad pH owas determined by the method of Borden et al [1971],
except that all sumples were held it 27°C instesd of 4°C for three hours betore
titrution | Yunker ct al, 1977].

Bird Plasmas

Heparinieed blood samples were abtamed from a wing or neck vein of nestling
Larus crassirosis amd Nycticorus nycticoras, of Aomatsushima 1. The samples were
lightly centrifuged and plasmas were removed and froeen in dry ice. [solation of virus
trom cach undilwred plasma was stlempted by e inoculation of sm, Detection of
Midway virus antihody in these plasmas wis done as follows: Bach hemt-inactiviated,
undilite plasmiy wiss mixed with an egqual volume of aboat 100 sm e LI, of virus
{Hiroti [Cap-13] strain). incubated overnight at 4°C, wnd inocolated ¢ inwe sm.

RESULTS
Virus lsolations

In [H966. two collections made by Keith Smart (K51 of O (AL} cupensis ticks—
one from Midway L. (in a Sooty Tern colony ) and the other from Kure 1. (host not
specified) of the Hawaiian Archipelugo—yielded @ virus unrelated w any under study
al RML (Table 1. Two additions] tick collections were made by K.5.. one from a
Noddy Tern taken on Freach Frigate Shouls, Hawaii, and another from u Sooty Tern
on Howland 1., Phoenix 1s.. also were tested. with negative results, Ticks were not
segreguted aecording W ikstir of sex. and pools contained both nymphs and sdults of
either sex. The virus isolates. called Midway (Sand 1. [RML 47153] sirain) and Kure
{RML 471560, were ohtained by i moculation of sm, which became ill nine duys
laner.

In 1971, a1 NIH. a single solate of o vios entively called Hiroi oCip- 15
strain) was obtained in sm by ic inoculation of supernsam fluid obtained by high
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Isolation of Midway Virus 1HE

TABLE 1. Isatioms of Midway YVirus Form Ornithodores (Alectirobies) Species, Parasites of
Seabirds, on Idands of the Central Pacilic and Japan

Disic i
Tick species wallecied Lancaliry isalalsme® Sbrain designuign
O, | A b copensis Trixehe Midway (Sandy .. 162 78y Band | (RML 4T153)
Hawaii, U5A

aindnh Ruere 1, Howaii, LS 171 (32} Kune (EML 47156)
liN3lie6  Frenmch Fropule Shixils. o'l | T0p
Howovaii, LSA
Taeh  Howband 1. Phaemx L a'l 1208

=237 Acmarsushana .. L2323y Hires (Cop-15)
Huonshu, Jupan
T2 -ENT 0k WK
fuih! T2 JM3 0 whir Hineta iCap-3E ik, -4
62072 G (LR Hirisa |[_":|p-l-]_ 445
Ch, 4 A, b denmarki HAB?R Mnuns (Bnbhic § 2T 4T Manana {RML 6366H)
Ciahe, Hawaii, USA ] EH s iy Ll
axin. poots posttivieing. pools wosied (no. toks eaed). F"?‘!!!‘“‘Hhil*’""[’_"""ﬁ!'!ﬂ-!hg

wul-::w{hq:“

speed centrifugation 10000 rpad W mind of o triturated poaod of ten nymphal O, (A
capensis collected on Aomatsushima 1., Honshu, Japan in nests of Larus crissirostrs,
Am additional 27 poals of ticks proved pegative. However, i 1972, afier the viron
of the Cup-15 isolate was found to be unusually large, additional atiemprs were made
10 isokine virus from supernatant Muids obteined by low speed centritugution (3, (00
rpmy 10 mink of tick trturates. This resulied inthe isolition of five additional strains
of Mudway virus from 29 poalbs (Table 13,

In 1973, w collection of . (AL denmarki was mide from eracks and crevices
af the wp and ower erater rim of the voleanic cone of Munana 1., Oaha, Hawaii, and
sent tir RML by the collector R.C.A. Rice. Viruses serologicully indistinguishable
From Midway (Sand 1, [EML 47133] sraind woere isolaed froams 2 ol 17 pools of these
ticks inoculmed i into sm (Table 1), Pools that yielded viros wene RML 63668-9 (of
ten males) and RML 63668- 13 (of ten females). Two pouls of ten mules each vielded
other viruses: RML G3668-1 proved o comtain Johaston Awdl vires |Clifford e al,
[96H] wnd BEML 636684 Soldede virus [Jonkers o al. 1973 The frmer is an
unchissified vines of the Quaranfil serogroup; the aer. a Narovirus (Bunyaviridac)
of the Hughes serogroup. Antigen preparcd from one isolie of Midway virus
(Minana [RML 63668-13] strain) also showed a low but sigmificent degree of reactiv-
iy b Soldude virus, indiciting thit the Litter was proksibls present imome or more of
the ticks of that pool.

Serological Tests

In a screening CF test done at RML, 18 viral antigens were tested at a 1:2
dilution against a bauery of 32 virat immune sera difuted 1:4. Antigen of the Sand [.
(RML 47153) strain of Midway vires rescted only with its homologous immune
serum and with Nyvamanini (EgAr 1304) immune serum, while Nvamanini antigen
reacted only with its homalogous antiserum. Subsequently, amtizen or untiscra of
various strains of Midway virus were tested agoinst 53 arboviruses and 11 other
pathogens (Tabie I1I). The only reactive systems, other than homologous, were
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TARLE I Arbwwirmses anad Other Pathogens Represenied In
Complement-Fixion Teds af Midway Virs Straim®

Arbavirune — Nonurboyiruses
Tagnvirices Fa fbilh
Alphavirus () A G-
Flavivirus | 16} B Reckeitai spp. (1)
Bumyaviridae

Bunyavirus (Tr BLIN, C, CAL
Nairovirus (54) COM, DGE, [HO,
HUG, KEM, LS, NS0, 5AK

Phizhovinas (11 S8F !
Unkwirus {5) UK
Cher seroproups {10 BAE, OHA,
K50, THO
Keoviridae
Cirhiwirus 46 CTF
Arenaviridac
Arcrving (1) TOR
Fhabdovirides

Unclasaficd (31 HF. SAW
Unclassified serograups {19 MM,
QREF. YR, UMD
Mizcellanemes arbaovimaees (11}
Aride. Chabar Corge,
Eghr 1475, lns, Kelerah,
Makimdu, Malucare, BML 62238,
Wanrvaie

*Numbers in parertheses indicate mumber of vinses or sirgins
represenied in tests. Capitalioad abbrevintions of serogroups follow
Berge | 1975].

TABLE ITI. Cross-box Complement-Fixution Relationship of Midway and Nyamanki Virnses*

r - bmemune serum
Midway [Sand 1.3 Myamuamni
Antigen i RML 47153 _{Epdr 13}
Midway (Sand 1) RML 47153 120 o H 16
Myaneining {EgAr 180} = 433 124

*Fipures indicate reciprocal of serum tiser/reciprocal of antigen tier.

Midway and Nyamanini. Cross-box CF tests (Table 1) later confirmed the relation-
ship of Midway and Nyamanini viruses. but heterologous titers were significantly
lower than homologous ones. An additional CF titration failed 1o distinguish among
isolates from three Hawaiian islands, Sand. Manana, and Kure, Anti-Midway (Sand
L.. RML 47153} serum having a homologous titer of 1:128 was reactive in its 1:96
dilution with undilute Manana (RML 63668-9) antigen and in its 1:192 dilution with
Kure (RML 47156) antigen diluted 1:8, Anti-Kure serum having a homologous titer
of 1:32 rescted in its 1:64 dilution with Midway antigen diluted 1:8 and in its 1:32
dilution with wndilute Manana antigen,

_,
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Tsolation of Midway Virus 187

Antiserum of the Hirote (Cap-44) isolate was tested against 51 tick-borne virus
antigens (Table 1), This serum reacted only with s own antigen (serum tter 1:128)
and with that of Nyamanini (EgAr 1304) virus (serum titer 1;16). The Hirota isolate
and two strains of Myamanini vires were furiher studied by cross-box CF fitrations,
revealing a close relutionship between the two viruses, However, serum titers of
heterologous systems were three- 0 fourfold lower than those of homologous ones
{eg. homologous serum/antigen titers [reciprocals]: Hirota, 128/128; Nyamanini 256/
1024. Heterologous titers: Hirota/Nyamanini, 32/256: Myomanini/Hirota, 640128),
After we learned that the Hirota 1solate was related, but not identical, to Myamanini
virus, the former was compared with Midway virus in CF tests {Table V). Both carly
immune serum and hyperimmune serum rescted strongly with antigens of either
virus.,

In an MIF test, antisera prepared against the Hirota (Cap-44) and Midway (Sand
L) isolates were titrated for reactivity with Nyamanini (EgAr 1304) virus (Table V),
As with CF resulis, the relationship between the first two was much stronger than
between either of them and Nyamanini virus.

Cross-box mouse N tests between Hirots (Cap-44) strain and Myamanini (EgAr _ k
1304 strain) also demonstrated that these two viruses are gquite distinet. Reciprocals Eﬂ-‘_'"”"'*” ' ’-E._"”" e
of homologous serum titers were 3200 (Hirota) and 6400 {Nvamanini), whereas those
of heterologous titers were 10 (anti-Nyamanini/Hirota) and < 10 (anti-Hirota/Ny-
AnELning.

Cross-box plague reduction N tests in Vero cell culres showed a marked one-
wity relationship of the Sand 1. and Kure strains of Midway virus with Nyamanini
virus {Table ¥I). In these tests, the three Hawaian strains—Sand [, Kure, and
Munana—were indistinguishahble.

HY IJ'

TABLE IV, Cross-hos Complement-Fiation Relstivnship of the Hivids Isolate aind Midway

Virus* = = i
Imimung =i
Y Hirol {Cap-4d) Midway chu.mi 1 IH-I_]_.__I_?I"H
M=) Hypenmmmisne Flkal Hy perimmuwane
._-"al'lllﬁﬂ_ e R El;l:ll_l'a_l.:l:ul_lil__ SCTUET ||||I:|-.u'|'u_|'|'| _ SUTUTIE
Hironu 1 Cap-344 A8 128 b | R o P W el
Mulaay (Sand 1.3 = 256250 2561250 _ B U T

*Figures indseate reciprocal of seram tler reclprocal of untigen titer.

TARLE V., Indirect Microdmmamnaflasresceine Relulionships Amang the Hivota and Samd 1
strakns ol Midway Vieus and Nyamaning Yires*

s, Fmamieng senim

Hirtia Samd I Mynmanini 2
Antizen =l (Cap—41 (RAL 471500 {EpAT 1MH)
Midway {RML 47133) 512 = AiFG el
INvamaming (EgAr 14K} o - |25 150

*Figures indicate regiproil of highest senim difutim giviog o positive negtion sib undilised antigen,
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TABLE V1. Serologivel Relationships of Hawaiian Sirins of Midway Yiros and Myamaniog
Viruses, As Hevealed by Plague-Reduction Tests

- Inoione serd )
Comml NI et it

iMonmal nwwee Myamwning Midway 1Samd 1 Midwiy {Kore)
Virus : seruml ALK RMLATISH  RML 47156
Myumanini Il'.;b.-b.r FAE) [ =4k 15 19
Miclwuy (Ramd 1Ly KML 47153 A 1.1 220 =26
Madway (Bumcy BEML 47156 5.3 12 - =315
Micwiy 1 Manumih ML 65684 L2 n =24 =20

Winas tiser in Vero ool plasjue-Tonning umits (0FL mL wiver sneubation with nonmnal meise s,
‘Ml Muewtrulizatmn Index §Dex reduction ol Wero cell plagee @er [FFUBL] afer incubation of vings
BIRETHENG =Tl Tkisiurel.

M L.

Antigens of the Hiros (Cap-15) strain of Midway virus did not agglutinate
goose erythrocytes within the pH range 6.0-7.0,

Virulence for Mice

Midway virus (Hirota [Cap-15] strain) of the fourth mouse-brain passage killed
sm when inoculated . Vires titer was 5.2 LD002 mL, and deaths ocecurred
between 6 and 15 days after inoculation. Intraperitoneal (ip) inoculation of the same
material (.05 mL) failed o Kill sm. Neither ic (0.03 mL) nor ip (0.2 mL) inoculation
of this material killed 4-week-old mice. The Sand L. strain of Midway virus (RML
47153, tenth sm passage) produced nearly identical results, except that scatiered
deaths were seen in sm inoculated ip with the highest concentration of virus. Nine-
day-old hamsters, adult guinea pigs. and wet chicks all survived challenge with the
Sund . strain of Midway virus, regardiess of route of inoculation.

Virion Size "

The vinon of the Hirota strain of Midway virus was judged w be wnusually
large when it was found that prolonged high-speed centrifugation significantly re-
duced its titer. About 1P sm ic LD, of virus were recovered afier centrifuging a
suspension at 1000 = g/10 min, whereas only 100 sm e LD, could be recovered
after centrifugation at 8000 » g/20min. Thus. over Y8% of the infectious virus
became sedimented at the higher speed. The large size of the Midway virion was also
evident from results of filtration experiments. A 10~ sm brain suspension of the
Sand 1, (RML 47153) strain of virus was sonicated, centrifuged at 1000 % /20 min,
and the supernatant fluid was sequentially pussed through a series of Millipore®
filters. Titers, in Vero cells (dex PFU/mL), of this material were 6.1 (unfiltered), and
5.8. 3.6, and = 0.7 after serial passage through filters of 450-, 220-, and 100-nm
average pore diameter, respectively: Thus, the largest and most significant foss of
mfectivity, ncarly 98%, occurred on passage through the 220-nm APD filter, and the

average size of the Midway virion, like that of Nyamanini [Casals, 1968, is between
220- and 45-nm.
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Mucleic Acid Determination

Both the Send 1. and Hira strains of Midway vimes. o well a5 Nyamanini
(EgAr 1304 ) virus, were relatively stable in the presence of the DNA inhibiior BUAR
(Table V). Two strains of Japunese encephalitis (JE), an RNA virus, reacted
similarly, whereas vaccinia. o DNA virus, was greatly inhibited. Similar resulis were
seen when actinomycin-D was used as a DNA inhibitor. Titers of Midway (Sand L),
Myamanini (EgAr 1304). and JE (Nakayama) were not significantly changed in the
presence of this substance. whereas that of herpes simplex, a DNA virus, was greatly
reduced.

Effects of Lipid Solvents

A marked loss of infectivity occurred when Midway virss (Sand 1. and Hirota
strains) was exposed o the lipid solvents diethyl ether and sodium deoxyeholite

(Table VIIL). M
it s luu., haﬂlﬁw' |
E:‘;tf ' " ..|.|...u., ...........
| . el
TABLE VII, Effects of 5-Bromodeosyuridine (BUAR) and Actimemyein-Tr on Infectivity of
Midway and (Hher ViFass iy
- Wirs tier P 3
W ppml BUIR" 3 ye'ml BUDRS | pp'ml. ACT-[F
Wims® . Comral . Test Conirid Tt Conted Test
Madway [Ein-li I THRML 47152 - - 4.0k 3.3 1.3 24
Mudway (Hiroda) Cop-44 in 35 &l s —_
Myamanini (EzAr 1304 = 549 1.7 4.8 iR
JE {Nakoyamau) = - LA 103 54 5.5
JE (J&iar #01) s 5 = _ -
Ynerima (vaccine] = - 4.5 = LY -
Wurcimia (DIE-26) K5 15 - - —_ -
Herpes simplex (1) — - — = 1.5 1.9

E = lapuncss cnwpanlﬂ'ﬁ vilris,
Mex TCDw/mL in BHE-21 cells
e PFLmd an Wero cells.

TABLE YIIL. Effects af Lipid Sahents on Infectivity of Midway and (ther Viroes

Virus Liler
Dicthyl ether* ) mdmm}thl:ﬂmuh_
i Vines Congrid  Experimental : Comral — Baperimental
Mdidway (Samd [, ¢ ML 27153 a4.4 £ 1.9 —*
Mil:ll-'l'-i,:n' [Hirowa) CAP-44 —_ 5 = 1.5
' JE (Makayarna) K 5.8 - = .
Chenssdn {Ar 1152) 3.4 5.7 - =

Trers in dex PELUmL (Yero celish,
"Tilers in diex TCDyml. {AHK-2 | celis).
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Heat Lability

Midway virus (Sand I [RML 47153] strain) was rapidly inactivated by heat,
Thirty minutes after a virus suspension titering 3.4 dex PFU/mL was exposed to a
temiperature of 36°C no virus could be recovered in Vero cells, When exposed 10 2
temperature of 41.5°C. the loss of infectivity was somewhat delayed. Here, a sample
of the above suspension. which lost 1,7 dex/mL of titer in the first 30 minutes, was
sl infective afler three hours; however, by six hours the virus had been completely
inactivated.

Acid Sensitlhvity "

The Sand 1. strain of Midway virus, as well as Nyamanini. and two acid-
sensitive control viruses (JE and Chenuda) were significantly affected by exposure to
PH 3.0 (Table 1X). Infectivity of a similarly treated, resistant control, reovirus-3, was

undiminished. -
i - =il RS

Midway Virus and Antibody Among Birds of Aomatsushima Island “'iméii'ﬂﬁiiu!'ﬁi;ﬂ'?-ﬂp_:}:w

No virus was isolated from plasma of 112 Larus crassirostris or &0 Nycticorax SR R S e

mycticorax bled on the island during 1971 and 1972, However, N antibody was cpuite
prevalent among nestlings of L crassirostris, especially in June. when ticks were most
abundant in nests (Table X). Some nestling N nycticornx also were positive for
Midway antibodies during the time of highest prevalence of antibody in L crassimstris,

TABLE IX. Ackd Sensitivity of Midway and Other Viruses
Infictivity fdex PEL/mL. or sm ic LD

Wims: S pH '|‘.-_l-__ i filgl 3-L|__ _Li”L
Milway (Samd 1) KML 47152 .4 o2 =20
Myaimanini [Eghr 1304 5.2 o .0 |
JE { Makayama) 9.k 34 ok
Chastiuda 1 &0 £ 20 =50
Reavirus-3 L5 I8 A+ LY
“lapanese encephalinls (JE).

“Reovirngs-3 drated in suckling mice: all others in Ve eells

TABLE X. Prevalance of Newtralizing Antibody Apainst Hirota Vieus Amaag Nestlings of Rlack-
Taided Gull (Larus crassirostris) and Rlack-crowned Night Heron {Nyeticoran nyetlearas) on
Aomntsushima Bland, Japan®

1971 1972
Berd species June 22-23 July X321 Jume -4 Jume Hi-2| Taotal
e ) SRS~ A R i e ) e | L e
L crasairostris 2008 Th.5) TS0 11424 (45 %) W27 (148 SHT 12 442 9
N myaticorny 4191200 T i) — 0724 i 460 (6.T)

*Figures indicure mo. positive/no, sested {percens posilive).
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DISCUSSION

Midway virus, described here, was first mentioned by Clifford et al, [ 1968] ax
[unidentified] isolates from seabird ticks of the genus Ornithodoros on islands of the
Midway group, Hawaii. Later, the relation of these isolates (o Nyamanini virus wis
noted [Clifford, see Yunker, 1970] and an additional viral focus on Manana 1.,
Hawaii, was reported [Yunker, 1975]. Although Midway virus was shown o multiply L et
well in tick-cell cultures [Bhat and Yunker, 1979], no further descriptive information S 3 Ei
concerning this virus has been published. When a virus isolated from Omithodoros d,,,,::,:.--.w-.-;;-;-,_-.:..';..;%u-liiﬁ:; ¥
capensis ticks in northern Honshu, Japan [Takahashi et al, 1980] was found 1o be it

* identical to Midway virus, a detailed description of this agent was deemed necessary.

Our tests show that Midway is an enveloped RNA virus of unusually large size
and is sensitive o heat and acid pH. Tt is serologically unreluted 1o all other viruses
tested except Nyamanini, an unclassified vires also of unusually large size, Meverthe-
less, Midway and Nyzmanini viruses are readily distinguishable by serological tests

and. in addition, differ bivlogically. The liter virus has been isolated from cerets and *"" AL L
@ heron, and their tick parasites (Argas spp.} in South Africa, Egypt. India, Mepal, ﬂ-.:--:j_sg' =§Iﬂ"1:ﬁii;;ii1"§:f
Nigeria, Sri Lanka, and Thailand [Taylor et al. 1966; Hoogstraal, 1973: Theiler and SR i 1 l"::'!i‘ :

R PV O R TP R, | R

Diowns. 1973; Berge, 1975: Kemp et al, 1975]. Hence, it is associated primarily with . -
freshwater wading birds of the family Ardeidae and ticks of the genus Arsas. Midway
virus exists in sgabirds and in Omithodoros ticks of the CIPENSIS Eroup.

The Ornithodoros capensis group consists of seven seabird parasites and one
additional species parasitizing pigeons, swifts, and swallows [Clifford of al, 1980).
The former licks comprise a complex of morphologically similar species parasitizing
nesting and roosting marine binds, principally gulls and terns (Laridae). Characterist-
ically, members of this species-complex are found in cquatorial and subequatorial
climates, but they also may occur in higher temperate lutitedes invaded by wanmer
oceanic currents. Man may be bitten by certain of these ticks, at times suffering
severe reactions [Hoogstraal et al, 1976; Clifford et al, 1980). Thircen viruses of at
beast five serogroups are known from various members of the complex., Eight of these
viruses—Midway (NYM serogroup), Johnston Atoll (QRF serogroup); Upolu (UPO
serogroup); Huagho (KEM serogroup): and Soldado, Raza. Farallon, and Punea
Salinas (HUG serogroup)—are known from islands of the Pacific Ocean. Some of
these, or related viruses (Huacho, Soldsdo, Punta Salinas, Zirga), have been associ-
ated circumstantially with human illnesses [Hoogstraal et al, 1970, 1976] or mass
moralities of scabirds [Converse et al. 1976], Although Midway virus his not been
implicated in either of these events, it exists in the same biocoenose as those that
have. Thus, its potential for infection of man and animals deserves investigation.

Repeated isolations of Nyamanini and Midway viruses from ticks might indicate
that tick-vectors represent the principal way these viruses are transmitted, although

o this had not been proven experimentally, Antibody to Nvamanini virus has been
detected in man, poat. and donkey [Berge. 1975], as well as in dog. camel, and
buffalo |Durwish ct al, 1973], which may indicite alternate means of transmission of

. the virus. However, our serological data from Aomarsushima 1. (Table X) show a "
prevalence of Midway sntibody among nestling gulls, but not nestling herons in close
proximity to them, except during the time when the infection rate in gulls was highest.
Thus, infection of herons in June 1971 may be attributable (o the use of an aberrant
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host during the season of peak tick activity, Such a host-parasite association mighs
also help to explain the transfer of virus between land- and seabinds, which could
resull in the ecological isolation and eventual emergence of serologically different
viruses. such as Nyamanini and Midway.
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“Man-made Objects on the Surface
of the Central North Pacific Ocean

I# Aupgust 1972, on the Scripps Institution of Oeeanography's
expedition CBOG T in the Centrul Morth Pacific, thers was a
rare combination of clear warm weather and calm seas which
iempted the scientifle personnel (o spend thedr kelsure time on
the bow of the ship. From this vaniage point it »ms obvious
ihat the sea surface is littered with a startling arcay of man-made
obfects, even 600 miles from the pearest major civilization
i Hawnii) und outside the mojor shipping lanes.

A junk log was established and maintained (not continuowsly)
‘or fiour days, during which time the ship travelied from
XN, 1430 360 W o 357 000 W, 155100 W and then south to
317007 M, 15500 W, Record was kept of the duration of watch,
ship's speed and viewing conditions, and an cffort was made
v categorize ench object, even though exact ldentification was
pfien uncertain.

The results of this log are presented in Table 1. During 8.2
viewing hours during which time the ship travelled 156 km,
ind in approximately 1.5 km?, a total of 53 man-made objects
wat recorded, Twelve of these were glass fishing floats, approxi-
pately 3 to 14 inches in diameter, which may claim some historic
or acsthetic place on the sea surface. The remaining 41 ohjects
were encounteced with an average frequency of one every 12

| mimetes. At lease two-thinds of these were plastic.

Succumbing to the iempiation toexirepodate from our smple

| of six plustic boltles, we hove calculated an average concentras
gon of 0.5 bottle kem=* (955 confidence interval, assum-
ing @ Poisson distribution: 0.2-1.0 bottle km-*) and a tofal
of 354 million plastic bottles {14.2 = 10°~T0.8 = 10%) currently
adiift in the Morth Pacific Ocean (as well a5 5.9 million red
| rubbes sandals). A more conservative estimate may be derived
from the observed rotio of plastic bottbes 10 fishing Aoats,
o which there are an estimated ten million afloat in the Pacific
geean®, Our ratio predices five million plastic boales.

e

—

Teble 1 Tanlatve |dentificetion of Man-made Qbject adift in the

% _Cnnlral Meith Fagils: Deoan
i Plastic Crlnss Miscsllaneous
U pogiles i Fihlogfeas 12 Rao 1
" Frapmenis IZ Bottles 4 E_ll I?_:Iglmmm 1
5 5 EnEs W 1
Todal bh] Tatal 1 b af 1
Rubher sandnl
{red) |
Paper iems 31
Coffes can 1
Takal 1]

-

On two of the plastic boedtles, algal growih was evident,
& hird was covered with gooseneck bomackes, Floating plastic,
ke 0 glass fishing Ao, provides a long-lived substrute for
pamsport of sessile animal specles as well as algal*und bacterial

h; whether the increased wvailability of such “micro-urks™
phhtalier distributional patterns or attract local concentrations
pf asoviated pelaghc organiims is an open question.
- I the growlng concern over global pollution, the accumo-
i of plastic products has received  little  attention,
_ﬁﬁl:ln‘!-ld concentrations of plastie pellets have been reported
g the Sargnsso Sea’, Although plastic objects may directly
gare wildlifie?, the incrt nature of plastic means that it s
- likely 1o enter the food chain and threaten human welfire,
n pallutant, its effect is chiefly aesthetic, which is difficult
" mluﬁl: end easy (o ignore. We find it alarming that
'.-. ilems now litter even the maosd remote surfaces

. SR P ag—— T S

, [ DOCANS,
- The production of plastics has evolved rapidly during the past
& ety vears—annual production of plastic botiles now exceeds
S0, The development of degradable plastics may bring

e reliel®, bl unless we find adequate means of disposing

A 27
of our plastic products soon, we can anticipate that the

“Wynkin, Blynkin and Mod™ of our children will st sail into
a plastic sea, accompanied by all the “no-depasit—no-return™

produects of our echnology,
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Limiversity of Californfa, San Dicge,
Eeripps Institwifon af Oeeanopraphy,
La Jolta, Califoenin 92037

Recelved October |6, 1572,

U Whise, ., Marfwel Fivkermon, Yeorbook Freue, 58 {19770
’L‘arpurm:r E. 1., and Smith, K L,Jun Srivace, 175, 1240 (1972),

! Evans, W, E. ML § on Environmental Preservation,
Wlay 20-21, 1970, MWLC ”‘1! 125 (19710
! Marime F‘ﬂ'-[l'rrn’mf Buflermn, 1, 130 (1970,

Induced Nucleophilic Substitution

in Benzola]pyrene

Cavalieri and Calvin have proposed™? that the cercinogehic
action of benzofa]pyrens (BoP) may arise from aryl hydrosylase
induced binding {0 nucleophilic cellular components.  Thelr
theory proposes that situck by electrophilic oxygen, produced
in the hydroxylase system, occurs af the & position of the
hydrocarbon to give o carbonium jon, localized primarily at
the 1 and 3 positions, which can undergo attack with nucles-
philic cellotar components.  Alternatively, initial attack could
occur at 1 or 3, followed by nucleophilic reaction at 6.

Some evidence for the theory has been obtained by using
icdomium ion as & medel for the hydroxylase system. Benzofal-
pyrene and iodine dipyridine nitrate react to give either the
t-indo or G-pyridiniom derivative or a4 mixtore depending
upon resction conditions.  Effects of solvent, concentrations
and ratios of reactants wer: invesiigated pnd are summarized
in Table 1. Equimolar quontitics of the reapensts react within
LD miin in chioroform 1o give S-iodo-beneofn]pyrens in nearly
quantitative vield, All other reactions listed required up o 24 h
to reach completion.  Formation of the pyridinium derivative

requires o 2 ¢ | molar ratio of ledonfum reagent 1o BaP,
Tabla 1 Ettent of Resction Variabiss on Froduct Farmation
-r.'mulzn- Malar ratios
iration (py=l-pwi ) ¥ledd, %5
of BaP  py/BaP*  BaP = Solvehl  L.BaP piv-BaP
1 CHCLy a5 Trace
1 MedH &
1 DMF A
I?ndme e reaction
I mg ml—* 12 2 13 pwiCHCls 50t 50t
fSmgml=' & ] 1% pwiCHC, o5
i mg ml.-! 30 2 SE o CHCL 0%
5 mg miL- o i 55 i CHCL, 50
I mg ml.-" 2 CHON In
* Audeled pyridine.

T Aapprosmmnie viekls,

The formation of the 6-pyridinium derivative may be infer-
preded as arising vz the proposed ionfe mechanism with initial
electrophilic afack oocurring at position 1 or 3 rather than at
position & as occurd in the formaton of f-iodobenzofn]pyrens,
The position of atteck might change for steric reasons bocawss
different rengents could be invelved as ndicarsd by the Follow-
i equilibria:

(py-I-pyit = {py-I)= + py = 1* + 2 py




AUT'S

Tur_tle Cleaning
T _tatloﬂs




] EW AMIMALS ARE A% FASCINATING g5 the green scu furics.
— I Inhe clear blue waters oft Maus, they congregate in smail
- vommunities on the shollow reers that serround the island.
It is almost impassible w do a dive and not attract the aitention of
an engaging ke, Olien. divers will see muny on a single dive.
Their antics are énteraining and they ofien approoch divers w
exchiange curiows glances. Why othey remain in specific locations
for long periods of time? Why wre certain dive sites known as Lur-
Hee dfives? How can divers observe turtle behavior and not interfere
with it? Hawing u knowledse of esic wirthe bickoay ean help o answer
thesse questions!
Because wurtles must keep their shells free of algae thar would
slow them down. cleaning sistions are often the focal point of each
urtle community, After discovering u reef that provides adequale

HAWAII

WHAT EVERY DIVER SHOULD KNOW

food and shelter, one of the first things turtles do is set up a clean-
ing stanro, This usually involves finding a conspicieoes coml head.
Living amongss the antler-like branches ure damselfish, ungeifish,
and other algse eaters. Tuking tums, ofien sharing, omd ut fimes
erowding about, the turtles present themse lves 1o the fish for a pick-
ing over. As they hover patiently over corals or it on the bottom,

Pacific
ODcean

the hangry fish eagerly perform the task. Turtle shells are sensitive
and they cun feel the slightest ouch.

When turtles are encountered hanging cut on or near large
coril heads. this is an indication that cleaning is about o take place
Stmart divers wait patiently 1o watch this ancient rital, The ani-
mils will come and go calmly if undisturbed. The best way 10 witch
the is 1o stay low and go show. Divers should not do anyrhing 1o
change o trtle’s hehavior, Turtles wllow the experience 1o continue
unly of they do not feel threatened.

Carefully gliding up to the cleunimg sution. the mrtles sirprise
divers with their graceful movements. Though they often sit directly
on the fragile corals, they rurely damage them. In an amazing adap-
Lation b conserve energy when inactive, turtles slow their hear rates
and reduce the Dlood Bow o their muscle pssues, Guihering minute
amounts of oxypen though highly vasculorined nasal passages. they
s exzered their bottom tme by resting in this non-pulsed mode, Even-

- R [ g%
DPFOSITE PAGE: Diver and turtle hover in the
Sun rays, just under the surface. TOP PHOTO:
Muminating this turtle with a strobe shows
off its beautiful shell. ABOVE TWD PHOTOS:
Turtie=s being cleaned at one of the most
popular cleaning station for turties in Maui.

TEXT & PHOTOGRAPHY BY CORY WILLIAMS

Auguet - 1995

T L L e T




HAWAII

3

Tl heey must sueface for air, as an oxy-
e lelot s bl wp Enotheer lessues. Becawss
Preuthmg the water has g chilling effect on
ther bahies. they will float on the surfoce

ard bask i the senatier s extended dive.

When numierows tartles wisd oo shane
these stations. 1 ocan lead 1o confusion.
Sometimes twa or more will siloon one
col e zimultancousiv. [F
roo of lop. they may fie on the botiom
mear the maim ane. L ninrumately, when

thefe 15 nio

hiahitat of their Friends, e dumseifish,
DramselNsh cultiviate small fanns of
stk e [or food, aimd olbers are beds For
their eggs. The Turious litke damsels will
aiack anyihing that wets near their hahi-

I undisturbed. they may rermuin motion-
lesy for over an hour,

tats, They cane linle i the eifender is o two
Perwdred-pound diver or u four hundre-
prowrd turtle. The damsel has a tiny linle
mouth, but sirikes with the intesity of o
jackhammer, the message is clear; don't
mess with me! Mol able o ignore 1the
aggressive dumsel. the beleaguered rur-
tle has few oplions and will usually re-
position himsell until the atack stops. 1F
there is no room near e stdions, some
furthes will wuit parked on the bottom:
other times they may cirche impatiently.
Older und Targer turles usually get the
prime spots, and they need them becuuse
they have & greater sccumulation of plgue
on thetr shells.

As is the case with many specics, sci-
entzsts waonder whicly cume Ferst. the fus-
Lz cleaning or the cleaning station? On
many rects there is an abundunce of food
and shelter but no large or conspicuous
coral heads. In this case the twrtles find
sheldter under overhangs or near large rocks.
[n these situations, e zh always seem o
find the morles snyvway, At these locations
there is not the abundance of damsels tha
one finds a1 the antler coruls. and often
other species of fish are observed doing
the cleaning, With le=z f1sh 1o do the job,
fewer turtles will inhabit these stations,
Almost any time o turtke lights on the bot-
tom, cleaning will comamence shortly there-
after, and this could then be called clean
ing behavior, The werm cleaning siation
implics that ihere is morne going on than ran-
dom cleaning behavior. There appears to
be a social higrirchy umonast the werle
communitics awd the cleaning suion i
like their town hall, There 1s no doubr tha
specific cleaning stations do exist whether
of not the titkes consciously set them up
is nod knaown,

When not husking in the sun, hiding
from danger, of being clenned, mnles foed
on the thick carper of wlgee thue hlankes
the rocky shoreline. Holding on witl their
sharp beuaks, they use the motion of the

they do this they often inteide into the

|.| ks Ra.
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DIVER’S FLARES

Use Shyblazer's Locating

Flizre fo;

= Signal your diving
portners n.nd hoats
an the serfoes

Usa Shyblozer's Emergemoy

Flare bec

# Gignal boats on the
surfate jn cose of
[a:] (ITIHTHE":T

DIVER'S FLARES
1 700 VIA BURTOH ARAHEIM, CA 92508 = (BOT) 631-F355 # (719) T54-8350 = FAX [T14] 956-4471

Cics W (n Ragder Seovics Cor

HORIZON

SAN DIEGO
Long Range Live-Aboard Diving
- CHANMNEL ISLAMNDS TO
LINTAMED BAJA

Fully Afr-condiioned Bunk
Firoms

. ﬂnmﬁ.'llﬂﬂngltﬂunlﬁ

Free Air Fills To. 3, (00 psis
Fanks & Webnhts Available To Rent

| (Mt el o s E g e | waves to help them tear off pieces of dense I
growth. [nthe aftermoon. when trde winds
wre wp und creaning some surface chogp, [
FIEE (I Hede Samie Gand
a4 Digspear Diving
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turthes van b obseryeg r.:.v.jmn actively
Clarsar Tor Shavrp

DON'T FORGET 70 L.0G IT

MmNy cleve sies, urthes are af egse -
with sdivers and it is w these places whers ]
hertle '.._.I-..'|'|:|'|:: 35 0wl Mawk's west and i
IR coasts provide many excellent fyr-

ivies, tJ v sites ke Honolua Bav.
fonnkams heach Pitrk inear the Hyant

ey Lo Clowal ure the best zites
ol ||:._~ west side mear Lahoina, On the south

=St near hahel. iy diving ar Wailea
Paint. Five Giraves. or Pu’u Olai (also
vitlleaf Bed Hill), These places are famous
I'urturi..' cleuning staton behavior, How-
ver. dimestany codl reef or rocky shore-
e will have a resident winje populition
v engesy, The wirtles do move locations
[Fom timwe b timie. <o cheek with koeal char-
e aperatars and dive shops lor more spe-
ctfic information about which dive spots
ure currently mas) octive,
The United Stutes government has My ﬁudlﬁ.f Chuck and | were on i1}
lwws i place designed 1o protect turtles ; F g
= 7
irem harm. They are an endangered second Dive, o was it our third? We
species. and il is illegal 1o touch or haruss were 80 feet down, with 100 ft. wisi-
them, These fovable creatures, once hunted i s .
I near eXlnCLon. are pow on everyday h||l|'|.'. or wos it 1307 There was this
sight on Hawiiiun reefs, Divers here hove & 19
dunue opporiunity oo observe turtle b f. shark or wos it 127 Muyhe |
Behuvior, 1M divers et responsibly around was with my ille[h' lohn. .. MEXT
ihem. the trtles will stay near the area
for all o enjoy. TIME, REMEMBER TO LOG IT 11
Experiencing and understanding the H
turtes cheanimg behavior is one of the Zres "H I]EL“:I:E
thrills ubout diving on Muui, There are
few plices lefi on Earth where turtles will
illow divers inte their privare lives. On I]H
Maui they are secustomed 1o having divers
neir them and & times they even seem (o L [ e I i i P
ey our compiny. i | ’.L"-:ILEI[Ik ong Trl]lrung Record in One! The SEUHﬂI PJ&SSPURT L-Qi 3l duwes,
[:”WELM HHHEHTUHES Includes personal photo 1D page, fraining records for Resort Courses, Instructoe Refergl
il o 1 CApr ] | IndRm rar ] i
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ABSTRACT

The endangered Hawaiian monk seal, Monachus schauinslandi, and the threatened
green turtle, Chelonia mydas, were studied intermittently on Lisianski Island throughout
the summer in 1986, Field personnel were present on three occasions: 3 May, 30 May-2
June, and 5-26 August 1986. A total of 10 censuses were conducted; seal beach counts
ranged from 76 to 107 (excluding pups), with a mean of 94, Twenty live pups were tagged
after weaning, and two pup carcasses were found. Two adult female seals were seen with
fresh dorsal wounds, and up to six adult and subadult females were seen with older, healing
dorsal wounds, Eight green turtles were identified by tags: five were tag resightings from
previous years and three were newly tagged in 1986. An adult green turtle was found dead,
and 15 individual turtle nest sites were located. A total of 174 net and debris items capable
of entangling seals and turtles were inventoried and destroyed. Two seals were found
entangled in debris and were immediately released.
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INTRODUCTION

Lisianski Island is one of the nine reported haul-cut and pupping locations of the
endangered Hawaiian monk seal, Monachus schawinslandi, and is also a nesting, basking,
and feeding area for the threatened green turtle, Chelonia mydas, in the Northwestern
Hawaiian Islands (NWHI). The National Marine Fisheries Service (NMFS) Honolulu
Laboratory has established annual 1- to 6-mo field camps on Lisianski Island since 1981
for monk seal and green turtle research (DeLong et al. 1984; Stone 1984; J and
Henderson 1986; Johanos and Kam 1986; Kam 1986; Alcorn et al. 1988; Kam'). The
purpose of the research is to monitor these two species and aid in their recovery.

The primary objective of this paper is to report the findings of the 1986 Lisianski
Island field research. It is not intended to present and review other monk seal and turtle
research.

STUDY SITE

Lisianski Island (lat. 26°02°N, long. 174°00°'W) is a low-lying, coral and sand atoll
located on Neva Shoal, a shallow reef bank in the NWHI (Fig. 1). The island is situated
905 nmi northwest of Honolulu. The interior of the island is densely covered with
vegetation (vines, grasses, and shrubs), and the beaches are fairly steep and narrow, except
for the southeast portion where they are quite flat and wide. There are also rocky ledges
scattered along the east side of the island. The maximum elevation of Lisianski Island is
just over 6 m. For more detailed information on geography, flora and fauna, and history
of Lisianski Island, see Clapp and Wirtz (1975).

The island perimeter (about 5.2 km) was divided into 49 sectors (Fig. 2) in 1982
(Stone 1984) for recording the locations of animals and other observations; these sectors
have been used in successive years’ research, including 1986.

METHODS

The NMFS personnel visited Lisianski Island on three different occasions during the
1986 field season (Appendix A): 3 May, 30 May-2 June, and 5-26 August. On 3 May,
personnel conducted an island cireuit to photograph and draw scar cards of nursing female
monk seals, tagweaned pups, resight tagged animals, and note any injured, dead, or
entangled seals, Similar activities also were conducted from 30 May to 2 June when a short
field camp was established.

'Kam, A, K. H. 1985. Green turtle research on Lisianski Island, 1983, Southwest Fish, Cent.
Honolulu Lab., Natl. Mar. Fish, Serv.,, NOAA, Honolula, HI 96822-2396. Southwest Fish Cent.
Admin, Rep. H-85-11, 11 p.
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INTRODUCTION

Lisianski Island is one of the nine reported haul-out and pupping locations of the
endangered Hawaiian monk seal, Monachus schauinslands, and is also a nesting, basking,
and feeding area for the threatened green turtle, Chelonia mydas, in the Northwestern
Hawaiian Islands (NWHI). The National Marine Fisheries Service (NMFS) Honolulu
Laboratory has established annual 1- to 6-mo field camps on Lisiansli Island since 1981
for monk seal and green turtle research (DeLong et al. 1984; Stone 1984; Johanos and
Henderson 1986; Johanos and Kam 1986; Kam 1986; Alcorn et al, 1988; Kam® ). The
purpose of the research is to monitor these two species and aid in their recovery.

The primary objective of this paper is to report the findings of the 1986 Lisianski
Island field research. It is not intended to present and review other monk seal and turtle
research.

STUDY SITE

Lisianski Island (lat. 26°02'N, long. 174°00"W) is a low-lying, coral and sand atoll
located on Neva Shoal, a shallow reef bank in the NWHI (Fig. 1). The island is situated
905 nmi northwest of Honolulu, The interior of the island is densely covered with
vegetation (vines, grasses, and shrubs), and the beaches are fairly steep and narrow, except
for the southeast portion where they are quite flat and wide. There are also rocky ledges
scattered along the east side of the island. The maximmum elevation of Lisianski Island is
just over 6 m. For more detailed information on geography, flora and fauna, and history
of Lisianski Island, see Clapp and Wirtz (1975).

The island perimeter (about 5.2 km) was divided into 49 sectors (Fig. 2) in 1982
(Stone 1984) for recording the locations of animals and other observations; these sectors
have been used in successive years’ research, including 1986.

METHODS

The NMFS personnel visited Lisianski Island on three different occasions during the
1986 field season (Appendix A): 3 May, 30 May-2 June, and 5-26 August. On 3 May,
personnel conducted an island circuit to photograph and draw scar cards of nursing female
monk seals, tag weaned pups, resight tagged animals, and note any injured, dead, or
entangled seals. Similar activities also were conducted from 30 May to 2 June when a short
field camp was established.

'Kam, A. K. H. 1985. Groen turtle rescarch on Lisianski Island, 1983. Southwest Fish, Cent.
Honoluly Lab., Natl. Mar. Fish. Serv,, NOAA, Honolalu, HI 96822-2396. Southwest Fish Cent,
Admin. Rep. H-85-11, 11 p.






From 5 to 26 August, a circuit of the island was made twice daily for tag resightings
and, on alternate days, included censusing. Reproduction was monitored, and all weaned
pups were tagged. Monk seal injuries also were monitored, and necropsy samples were to
be collected if a death occurred. Turtles were tagged and resighted on an opportunistic
basis, and nesting activity was monitored. All nets and debris capable of entangling seals
and turtles were inventoried and destroyed. Data on monk seals and green turtles were
obtained during censuses and patrols of the island’s perimeter.

Censuses

During the 5 to 26 August field camp, seal and turtle beach counts were conducted
on alternate days, starting at approximately 1300 (Hawaii standard time), and averaged
1.5-2,0 h in duration. Two observers traveled in opposite directions, heading away from
camp (sector 1/49 boundary) and met on the east side of the island in sectors 25-28.
Observers alternated their directions traveled each census. No census was conducted on
3 May, and from 30 May to 2 June, only one formal census (about 5 h) was completed by
one observer,

Census and coding instructions are described in Forsyth et al. (1988), and data were
recorded on preprinted forms. These data included island, date, observer, data type
{census or patrol), a summary of the weather conditions, and beginning and ending times.
Data recorded for seals and turtles were sector location, size class, sex, tag numbers, beach
position, and disturbance by observer, if any. The permanent identification number (ID)
and percent body molt also were recorded for seals. More detailed information on size
classification, seal identification, and molt status can be found in Stone (1984).
Associations with other individuals, or with debris that could possibly entangle a seal or
turtle, also were noted. It was standard procedure on all censuses and patrols to record any
new births, injuries, deaths, and entanglements.

Patrols

One 6-h patrol of the Lisianski Island perimeter was completed on 3 May, and from
30 May to 2 June, three patrols (2.5, 105, and 4.5 h, respectively) were conducted.
Twenty-four informal patrols also were conducted 5-26 August. Information recorded was
the same as that for censuses, with the exceptions that not all individuals present were
recorded and some association data were not collected. In August, two patrols were done
on noncensus days, one in the morning and one in the afternoon, with starting times and
durations varying each day. One or two observers recorded as many tag numbers sighted
as possible as well as locations of untagged weaned pups. An effort was made to photograph
and record those seals that had lost one of their two tags or had illegible numbers because
of sand abrasion on one or both sides of a tag. Because field camp time was limited for
identifying animals spending minimal time ashore, morning patrols also were conducted
by one observer on census days. No taggings were done during these patrols in order to
minimize disturbance prior to the afternoon census. Completion times of the morning
patrols varied but were as close as 45 min before census began.



Individual Seal Identification

A small number of untagged seals in the Lisianski Island population were identified
on the basis of scars and natural markings. Time was a limiting factor; hence, priority was
given to identifying nursing females to gain information on individual reproductive
histories. During patrols, scar patterns were drawn and photographs were taken of these
females and injured animals. Photographs and scar drawings of previously "known" seals
also were collected to update photo ID's. New ID numbers were assigned to seals only if
they could not be matched with any seals from previous years but had relatively distinct
scars, markings, or both, Scar cards and photos with the new ID numbers were filed for
future reference,

Tagging Weaned Pups

Weaned pups were restrained by two or three persons to minimize the tagging time.
A green, plastic Temple Tag” was placed on each hind flipper as described in Gilmartin
et al. (1986). Tags had an engraved, resined letter and number on both sides and a unique,
drilled hole pattern for year of birth, Axillary girth, straight body length (see Table 1), and
other data were recorded on tagging cards for each pup. Pups were watched for 5 to 10
min after tagging to monitor their response to the procedure.

Turtle Research

Green turtles basking on the beaches or seen offshore were recorded during all
censuses and most patrols. Foreflipper tags applied in previous years were read on an
opportunistic basis while turtles were basking, One or two Inconel alloy tags were applied
on untagged, immature turtles after they had been captured in shallow water with a scoop
net; they were then measured (straight and/or curved carapace length and width) and
released. Turtle nesting sites around the Lisianski Island perimeter that appeared to be
from the 1986 nesting season were noted in August.

Debris Inventory and Disposal

In August, fishing nets, lines, and other debris that had accumulated on the Lisianski
Island beaches and could possibly entangle monk seals and green turtles were sampled,
and each item was cataloged. More detailed information on data collected can be found
in Johanos and Kam (1986). This debris was then gathered into large piles on the beaches
and burned. Samples were brought back to Honolulu for further analysis.

*Reference to trade names does not imply endorsement by the National Marine Fisheries
Service, NOAA.



Table 1.--Summary of pups born at Lisianski Island, 1986, (F = female,
M = male,and 7 = unknown.)
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ID
No.
GLOD
GLOZ
GLO4
GLOG
GLOS
GL10
GL12
GL14
GLI16
GL1B
GL20
GL2Z2
GL24
GL26
GL28
GL30
GL?
GL34"
GL36"
GL3g"
GLI&E"
GL9"

"AG = axillary girth and SL. = straight length; measurements were taken at time of tagging.

biwadunnmingfemaks{(}ﬁm and G105) were identificd early in June; it is not known which of
these six pups belonged to them, nor whether their pups were lost and never seen during the 2-mo period
between observations on Lisianski Island in 1986,



RESULTS AND DISCUSSION
Monk Seals

Censuses

During the 10 censuses of Lisianski Island in 1986, seal beach counts excluding pups
ranged from 76 to 107, with an average of 94. Counts including pups ranged from 88 to 121
and averaged 105. A more detailed census summary appears in Appendix B. These counts
are higher than in 1982-85, with the average number of seals excluding pups ranging from
86 in 1983 to 68 in 1984 (Johanos and Kam 1986; Alcorn et al. 1988). Higher beach counts
in August 1986 could have been due to more adult male seals hauling out because of their
annual molt in late summer, in comparison to the 1982-85 field seasons when most or all
of the research was conducted earlier in the summer. Adult males comprise the largest
size-sex fraction in the Lisianski Island population (Stone 1984; Johanos and Kam 1986),

Pup Production

Twenty live monk seal pups (11 males and 9 females) were seen on Lisianski Island
in 1986; all had been weaned prior to the August camp (Table 1). Two pup carcasses found
during this time appeared to be of nursing size, but the sexes were unknown. The number
of known births was greater than in 1984 (16 pups) and 1985 (15 pups; Alcorn et al. 1988).
but still appeared to be below the numbers in 1982 (28 pups; Johanos and Henderson
1986) and 1983 (25 pups; Johanos and Kam 1986). Adult female migration to and from
Lisianski Island may have somewhat influenced pup production in previous years, but that
alone probably would not account for the low numbers in 1984 and 1985 (Alcorn et al.
1988). The 1984 and 1985 Lisianski Island camps were short, however, and pups that may
have died or possibly emigrated would have been missed. Two of the three visits in 1986
were near the peak of the weaning period, allowing for more complete coverage.

When camp disbanded on 26 August, no pregnant females were apparent. Most adult
females on the beaches had partially or completely molted, which occurs approximately 2
to 3 mo after weaning or earlier in the season for nonparturient adult females (Johnson
and Johnson 1984). It is unlikely that any more pups were born in 1986, although births
have occurred at least once in every month of the year in the NWHI (W. Gilmartin™).

Identification of Parturient Females

On 3 May, eight nursing females were observed and photographed, but a camera
malfunction resulted in poor photographic quality, which precluded matching ID’s. Of the

W. G. Gilmartin, Southwest Fish. Cent. Honolulu Lab., Natl. Mar. Fish. Serv., NOAA,
Honolulu, HI %6822-23%6, pers. commun. September 1986,



three nursing adult females in early June, two were identified as GAO1 and G105. Both
pupped in 1982, and GA01 pupped again in 1983 (Johanos and Henderson 1986; Johanos
and Kam 1986). It is not known whether these females gave birth in 1984 and 1985, because
of the short camp durations. There were no nursing females in Aungust 1986,

Tagged Pups

Twenty pups were tagged intermittently over the summer (Table 1), and all but one
pup (GL20) were resighted in August. All 1986 tagged pups had retained both of their
hind flipper tags when last seen.

Eleven pups tagged in 1982, 19 pups in 1983, 12 pups in 1984, and 14 pups in 1985
were sighted at least once throughout the 1986 field season (Table 2). First-year survival
of the 1985 tagged pups was 100%. One pup, still nursing when the 1985 camp disbanded,
was not tagged, and it is not known whether any pups were born later in the season. This
first-year survivorship of 1985 pups is excellent; their large yearling size (subjective
comparison with yearlings at other locations) may well indicate that food around Lisianski
Island was not a factor limiting their survival,

Interisland Movement

Four monk seals moved to or from Lisianski Island during the 1986 field season (see
Table 3). Three of these individuals (G027, TT 14, and T25F) were seen in 1985 on Laysan
Island, which s 110 nmi away, and immigrated to Lisianski Island since that time, The
fourth individual, a 1985 Lisianski pup (GK24), moved to Laysan Island and was sighted
during a 3-mo field camp there in 1986, Green algae throughout her pelage indicated she
had spent much time at sea.

Deaths

There were two pup carcasses of unknown sex discovered in 1986 on Lisianski Island.
Both appeared to be of nursing size; their skulls were broken and bones were scattered,
with pieces of black pelage adhered to their skeletons. One carcass (GLY8) was found near
the sector 22/23 boundary in a rocky area, and the other carcass (GL99) was partially buried
at the vegetation line in sector 19. A baculum was not found with either carcass but could
have been lost.

Injuries

Fresh injuries inflicted upon seals could not be monitored for any great length of time
because of the short duration of the camps. An adult female (temporary ID JUNE),
attended by an adult male, was seen on 1 June with a large, deep, fresh dorsal wound. She
was later seen in August, with the healing wound having partially closed. Another adult
female had a healing back wound reopened in August, probably by an adult male. She bore



Table 2.-Number of pups born, tagged, and resighted at Lisianski Island,
1982-86." (M = male, F = female, and 7 = unknown.)

No. of tags resighted by year
No.ofknown  No. tagged

births that year 1983 1984 1985 1986
Year
tagged  Total (M,F,7) Total(M,F) Total (M,F) Total (M,F) Total (M,F)  Total (M,F)
1982 mq{lﬁ.l},l}“ 13(7, 6) 11 (5, 6)° uEes  uGer 11 (5, 6)
1963 25(7,18 24 (6, 18) ' (615"  20(s,14) 19 (5, 14)
1984 16(10,5,1)f 15 (10, 5) 14(9,5) 12(9,3)

1985 15(5,9) 14(5,9) 14(5,9)°
986 2(1,9,2°  20(11,9)

"Data for 1982-85 births and taggings are from the following sourcess 1982, Johanos and Henderson
(1986); 1983, Johanos and Kam (1986); 1984 and 1985, Alcorn et al. (1988).

annlhﬂudumdmd,nmﬂg-s?ﬁdpupt

“There were 24 pups from 1982 resighted: 11 were identified by tags, and 13 were identified by
bleach marks applied in 1982 on untagged pups.

“Tatal includes one pup not seen that year at any location but resighted in 1985,

®Total includes a Lisianski pup resighted at Laysan Island that year.

"Total includes one dead pup.

Table 3.—Interisland movement of monk seals to and from Lisianski
Island in 1986, (A = adult, § = subadult, and J = juvenile; M = male

and F = female.)
Movement from Movement to
Tags Size

Tag and Date Date
D Left Right color  sex Location last seen Location first seen
GE2¢4 KM K25 Green JF Lisianski T3S Laysan S0Ea"
GOz7 027 028 Green SF Laysan 7T Lisianski B1VEE
TT14 T4 T2 Tan SM  Laysan 11/26/85°  Lisianski 531/86
T25F - - - AF  Laysan T/28/85° Lisianski 8/18/86
Data are from the following sources:

"Alcorn et al. (1988).

hAlmm,,D.J_,nuiR_ L. Westlake. The Hawaiian monk seal on Laysan Island, 1986, Mamuscr, in
prep. Southwest Fish. Cent. Honolulu Lab., Natl. Mar, Fish. Serv., NOAA, 2570 Dole St., Honolulu, HI
DAR22-2306,

“Johanos and Austin (1988).
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a right hind flipper metal tag that was not read, but based on sightings in earlier years, her
ID was probably GATT (tag A1011),

At least six individual adult and subadult females were seen with older back wounds
during the August camp. The wounds varied in size, severity, and degree of healing and
appeared to be of the type inflicted by adult males, probably earlier in the season or from
the year before.

Entanglements

In August, two seals were found entangled in debris. A weaned pup (GL28) was
observed entangled in a pile of polypropylene netting attached to a large, heavy pile of
mooring line in the wave wash of sector 19. The pup’s neck was wrapped around with a
strand of netting in front of her foreflippers, slightly cutting into the blubber layer (Fig.
3A). The pup was photographed and released. A subadult male seal (TT14) was seen
partially entangled in a polypropylene rope in sector 25 while hauled out on the beach
(Fig. 3B). The rope appeared tight on top of the seal’s nose and was photographed, but
when released, it was found it would not have restricted his movement.

Green Turtles

A total of eight turtles were identified by tags. Five of these had tags from previous
years, and three were newly tagged in 1986 (Table 4). Fifteen turtle nesting sites were
mapped and inventoried in 1986 (Fig. 2). Two of these were dug while observers were on
the island in August; there were no turtle hatchings observed during this time, although
effort was not applied to monitor for hatchings. A dead adult turtle (sex unknown) was
found half-buried and partially decomposed at midbeach in sector 29. Tags were not found.

Debris Inventory

During the 1986 field season, 174 pieces of net and debris items capable of entangling
seals and turtles were removed from the beaches on Lisianski Island. Each item was
sampled and inventoried. The remaining debris was put into piles and burned at the end
of the August camp. Further analysis as to type and origin of the debris is ongoing and will
be presented elsewhere.
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Figure 3.-Seals entangled in debris. (A) Entangled weaned pup in a pile
of polypropylene netting, and (B) partially entangled subadult seal in
polypropylene rope.



12 -

Table 4.--Green turtles resighted and tagged at Lisianski Island, 1986. (A
= gdult and I = immature; M = male, F = female, and ? = unknown.)

Carapace measurement (cm)

Tag MNo. Straight Curved
Date  Sector
Left Right  resighted Na. Spe Sex Length Width Length 'Width
Resightings
68 - 82 0 A M - - - -
e Ado4" 821 27 A F = - - -
6477 - 812 0 I '3 - - - -
- Bo66 819 2T I T - - - -
— 2851 822 09 1 3 - - = =
Tagyings
8668 - 813 49 I 7 40.0 - 417 3635
8670 8671 813 49 I ? 45.0 372 - -
8672 8673 813 49 I : 4 316 - -
*L1.S. Fish and Wildlife tag.
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Appendix A.—Itinerary for the 1986 Lisianski Island fieldwork.

Event

33

5/30

The NOAA ship Townsend Cromwell departs Honolulu with NMFS
Honolulu Laboratory and U.S. Fish and Wildlife Service (USFWS)
personnel on board.

The Townsend Cromwell arrives at Lisianski Island and disembarks
Honeoluhi Laboratory personnel (D. Alcomn and R. Westlake),
USFWS personnel and volunteers (E. Bean, A. Marshall, and J.
Simasko). Alcorn, Westlake, and Simasko circuit the island while
others remain near landing cove. The Moana Productions film staff
comes ashore with Townsend Cromwell crew members in the
afternoon. Everyone embarks the Townsend Cromwell by 1715, and

the ship departs for Laysan Island.

The fishing vessel Feresa arrives at Lisianski Island with Honolulu
Labaoratory personnel (T, Gerrodette) and USFWS personnel (D.
Hu, K. McDermond, and T. Ohashi), and field research begins.

Shore party ends research and disbands field camp, leaving Lisianski
Island via the Feresa for Pearl and Hermes Reef.

The Townsend Cromwell arrives at Lisianski Island with Alcorn and
Westlake and USFWS personnel (Bean, Marshall, M. Morin, and P.
Siepmann), Personnel and crew members disembark with supplies
and help set up field camp. The Townsend Cromwell departs the
same day with crew and staff while Westlake and Siepmann remain
to conduct research.

Monk seal and green turtle research formally begins.

Research ends, and Westlake and Siepmann disband camp; embark
the Townsend Cromwell with supplies and head for Pearl and
Hermes Reef to pick up Honolulu Laboratory field camp there.
Arrive 27 August and depart same day for Midway. Arrive Midway
28 August, and all Honolulu Laboratory and USFWS personnel
arrive back in Honolulu via MAC flight.
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Appendix B.--The 1986 Lisianski Island seal census summary. (M
females, and 7 = unknown.)
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GEOREE H. BALAZS

Aloha Molokaians:
Flease read the following reminders: .

Chack the County Office and inguire about Surmer Fun. Ite never too late,

Remember to bring an extra box or rackage to put litter ir when going to the
beaches. Please also refrain from throwing scda cans and beer bottles along
ovrr highweys.,

These of you whoe are cereless about leaving keys ir vour cars, rot locking

" your homes and not pleying it safe might creste tesmpzaticn for thieves to

start their work.
This is the beginning of a hot summer. So Please be real careful with fire,

The pineapple companies are slowing down in their hirieg but after vaeding
uutlihnse ¥ho do not want te work-jobs will then beceme available. 2o LE
JU dave nol registered, do seo, and stend b,

To aveid flys from becoming a nuisance, keep food, storege or Earbage areas
cleen and coversd, If ¥ou have to get rid of animal innards bury them, or
drop them.in the ocean. They make good food for crabs and other crustacisns,

Do not bury rlastic material because it does not deteriorate and become tom
stii. It only pollutes the soil. Burn them. Our trade winds will keep our
iglends relativaly free from aip pollution. -

Have a nise, cafefiee, and SAFE. Sunkers Throw & piece of wood.in the ocesn
where youa are ;3ing to swim Vif you are not familiar with the area) and
observe ii for twenty minutes. That piece of wood wiil tall ¥ou the strength
of the cuvrcnt £nd the direction. That 20 minutes of observation rignt save
your life,



9,  8kin diving hintn: Jf you want to spear an ulua or={Jack Cravells) with =
snorkel under water, emalate the &0und of an ulua by ereating a seund do-
your throat thnt sounds liks a ballgquish pumping air in. 'gnu will Eat'u.jJ
poaple, and vkn ecome chorping at ¥Ole ter you get the fish elose ito you _; L
the ecalling and this will cause the fish to glide slowly, making a head shét“

rﬂu;ible.

If catching turils, try these times of the day=10:130 a.me and 2:00=2:%0 n.m.
They seem to rost about this time of the day. Some people gaft 1;,-._]1-1-_"__{75_' 54 g
couse lots of comaotion and blood. Others ride and wrestocs them. I fing
thet the ea;iaft way is to mske a home made spear. The original spesr is =oo
agavy and 20t without barb only & sharp peint, the end of the spaar harz-
ing eoout 10-12" over th end of the arbalette {spear gun) (too long will
cause speer Lo whlp under water) and propelled by a pair of 14 tﬁick, 1750
center hole surgical rubber. This gives you encugh force to pnffrata a 50 gal,
druz. Naturslly, under water there is resistance but sccurcte and poweriv’
enougsh to down any size turtle, N

Because there is no barb, only a head shot will help you. When looking direc-
tly ovor a sleeping turtle spear it just an inch towsrd the body, between
the eyces, That spot is softer and essier to gat a brain shot.

“NEn GLVIRG in Warl S TRy WEuer, ahc you Noticeé L1SREB [mang b weke especisi-
ly) dashing frantically, chances are a big fish is attecking them, I% ynur*
consclious says, move sut-do it, or something else will move you out of the
WaY e

Continue on next page.

ARl A d LS Lk Rduin pagye &

If you ever come bafore a shark, do not panie. Keep 2n eye on it, and swin
natural. This is important. Erratie ond frantic splashing activete tha
shark., If it comes towards You, cup your honds and make definite cupplng
glaps on the water. This will cause it to veer away, but it will come bock
agein, 3o do it again. After two pesses, it will leave. Chances would be
better if yo# would move to another ares.

These hints I am sharing with you have proven succesfully for me, especially
¢alling for uwlua & uku. A Tshitian Chempion skin diver John Tapu, demonstrated
that "talking" to fish is not a fluke.

I will be E]!'I.E:‘[:ﬁ..;ﬂg some hints of fishing hunting, and so on as time goes by.
l-l )

'
Mahale for your time,

rnky Yamamoto, Pregident

”ﬂIEFE}fﬂbmmyhilf Action Uouncil I

i ""—-..___-_-_-_

et

THINGS TO EEMEMBER THE GOSPEL OF SAFE DRIVING
Excessive speeding and drinking are It dsn't the car that beginas to whine
factors in many accidents. ¥hen forced to stop for an old stop sign-
Hemepgber & car 1s net a play thing. It's the Driver.
Driving a car is a full time job with It isn't the car that takes a drink, then
both hands on the steering wheel, quickly loges its power to think-
Degide now you will never drive unless It's the Driver.
you drive carefully. It ian't the car that fails to heed the
Let's obey the mony good traffic laws dangers of reckless, discourteous speéd-
Bnd {rafiic officinls. Tt's the Driver.

B a1y me Ak s FRha B ehwnve avynact TR e e T S R RS e e o e R R L E
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areas, with rain and especially rampent wind erosion, will become like Kshoolawe:
BARE, RED DIRT.

So that a fair sssessment of deer damage to Kanepuu since gbout 1930 can be
pade, I have sent a xercx copy of Mr. Munre's memorandum to the State Animel Species
Mvisory Committee. I challenge the members to find the species of plants at Hanepm
that existed there before deer overran the island.

Mthough I expect a wise decision from the Advisory Commission soon, I am
surprised that the State of Haweii hed plammed %o liberate the axis deer "In the
higher elevation arcund Msuns Kee." In a 1968 brochure of the Hawaii Cattlemen's
Council entitled "WHY AXIS DEER SHOULD HOT BE INTRODUCED TO THE ISLARD OF HAWAIT,"
ig stated the well-lmown fact that this Indien deer "is tropicsl and prefers lower,
wermer elevations." When flying over the Islamd of Hawaii, note the deep gulches
zigzesping from higher elevations through ranches, cane fields, vegetable and flower
gardens, and orchards, Can any one believe that a tropical, fence—jumping amimal
will remain with little cover for protection from hunters at "higher elevations?"
These nocturnal animels will work their way nightly from cold elevations to the

. warmer lowlsnds. They will wander prefersbly along jeep and plantation roads from
suneet to sunrise. When sufficiently mslei to enjoy the warmth, they will hide in
the gulches during the day, coming forth nightly to mingle with cattle and to raid
sweet luscicus cane, vegetables, flowers, and orchard fruits.

The American Society of Memmalogists, in comvention at Yellowstone National Park
in 1950, urged our Board of Agriculture and Forestry, then flirting with the idea of
introducing exis deer to Hawaii, "fo consider the danger and folly of such an
introduction...." Uill we in the State of Hawaii never learn?

A Ly ]

“\gne Wildlife of Keehi Legoon, Oahu, by Romald L. Valker, Wildlife Biologist, Hawaii
Division of Fish and Game (Paper presented st the second Hawaii Wildlife Symposivm
held in Hilo, Hawaii, 12 May 1971

Introducticn: The propesel to construct a Honolulu International Airport reef
rurvay &t Eeehi Lagoon on the leseward coast of Osimu brought up the question of the
effects of the comatruction on bird habitat end activities. Accordingly, the State
Department of Transportation through Halph M. Persons Co. hired Dr. Andrew Barger
and the auther to conduct a field survey end literature search on the bird life of
the area. Specifically, the study was to determine populaticn levels and the
distributicn of migratory, introduced, end netive bird species and to record meximum
elevations of bird flights es they might relate to mircraft. The study is not yet
complets, so these remarks should be considered somewhat premeture....

Techniques: Between December 12, 1970 and April 28, 1971, a total of 60 bird
censuses were made in Keehi Lagoon end environs. They were conducted under a variety
of conditions of tide, seas, westher, end time of day, and varied in duration fram
1% hours to 4% hours each. A 15-foot skiff with a 20 H.P. motor was used, although
when szell-craft warnings were up, an automobile was necessary. Initially, there were
5% gtations located over open water, on tide flats, on islets, and along the shoreline,
but begimning on Jamary 9, 1971, the number was reduced to 17. Generally, each
station was glassed with 7x30 binoculsrs and covered an area with a redius of 230 yards.

History: The literature search has not been completed, but it is clesr that
little was known of the ornithology of Eeehi lagoon prior to this atudy. Sporadic
records of bird observations heve eppeared in the journal of the Hawaii Andubon
Society and in waterbird census reports of the State Division of Fish and Game. The
four common migratory shorebirds and the Hawaiian stilt were lmown to frequent the
exposed mud flats particularly in the winter montha. Umisual species recorded over
the years included & godwit and & glaucous-winged gull. It wes thought that perhaps
the Hawgiisn stilt nested on some of the islets in the lagoon.

Bird Species: A total of 12 species of common introduced birds wae recordsd
during the survey, and most of these occurred aleng the coast of the meinlend of
Ozhu. Only the lace-necked dove, barred dove, white-eye, and Engligh sparrow were
seen with any frequency in the lagoon itself, primarily associated with mangrove and
kiswe trees. Others noted were the rock dove, mockingbird, mynah, Brazilisn cardinal,




elevations well belew 100 feet while moving around end to and from the lagoon.

(The exception being the aforementioned "pre-migratory flights.") The amall common
shorebirds usually flew at an elevation of about 20 feet between stations, and the
stilt never flew above 40 feet. Some meximm flights include: Brown boohy 50°,
domestic pigeon 80", caprey 75', glaucous gull 45', ond Hawaiian owl 15'. Disturbance
by people caused shorebirds to fly up, circle, and land only & few hundred yards
awey. JAirersft such as helicopters, jets, and light planes had litile effect on
feeding or roosting birds, especially if these flights occurred at an elevation of
200" or more. During lew- or mid-tides, most birds flew in an easterly or westerly
direction, and at high tide movement was predeminately maulka-malad,

48 this vas primarily a study of the avifauna, little effort vas made to record
the occurrence of mapmals or reptiles. House mice were noted on the vegetated islands,
and it is likely that rats are found on the islands where the squatters' shacks have
been located for many years. Domestic dogs, pigs, and chickens cccur in a scmewhat
semi-wild state on these islands as well. No effort wes made to collect skinks or
geckoa, but they probably cccur on the higher islands. /CGreen sea turtles were common
in the lagoon, particularly in the western-most chasne LS

42 ususl, & study such as this raizes more quest then it enswers, But this
survey does represent over 170 hours of field observation in a relatively limited
geographical ares. It is hoped that these cbeervations will be of interest to
future investigators.

FEREH

Audubon's comments en H-3 pre-final environmental impact statement by Vice President
Willian P. Mull, 7 Merch 1972:

The subatance of the attached statement was presented crally at a public meeting
in Honolulu on February 9, 1972. It is our perspective on the Vegetation and Wildlife
sectiona of the H-3 Pre-Final Envirommental Impact Statement, to which the public was
given only limited access. Public comment wes not soliecited by the State Department
of Transportation.

i iz iz bed girculated for the firast time .

In light of its parallel to conclusions reached by the U.5. Environmental
Frotection Agency, as anncunced locally in the press on March 7, 1972, the background
details ard rationale of our review should interest those officials, conservationists
and medis people vho are concerned with the BE-3 controversy and to whom this mailing
is addressed.

Impact of E-3 on Vegetation end Wildlife of Qahu——What It Really Means

The Draft impact statement issued by the State Department of Transpertation in
June 1971 gave the resfer the impression that nothing of value in the natural
envircnment would be lost as the result of H-3=--but neglected to substantiate thet
conclusion. The current Pre-Final impect statement conveys the same conclusion and
endeavors to back that conclusion with the findings of respected scientists who were
hired by the highway planners to survey the flora end fzuns glong the proposed
highway route. The most important area of their survey was the three-mile-long
corridor through Moanalua Valley.

Hoth Dr. Charles H. Lemoureux, vhe did the flor , and Dr. JAndrew J.
Berger, who did the faupa survey, hoted that the Moenalua Valley corridor had suffered
disturbance by man and incursions by exotic species introduced by man. They alsa
noted endenie species along the corridor--but none that they regarded as "endangered.”
They concluded that ne native animal or plant species would be threatened with
extinction as the imcediate result of construction of H-3. Dr. lsmoureux's only
significant qualification to his findings was that the long-term effects of E-3 on
the flora of the valley are "difficult to sssess." Dr. Berger's only signiTicant
qualification wes thot a thorough bird survey of Moenalua Valley should include
observations during the spring breeding season, when the birds are more evident
than in the fall season, when he conducted his BUrTEY .

One must accept the statements of these scientists, within the paremeters of

their surveys. One must question, however, whether the immediste threst to the
overall existence of native Hawaiian species is the eole, or even the most important,

congideration in assessing the impact of H-3 on native vegetation and wildlife.
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Against the illimitable blue of the sky, over the
unfathomable biue of the vcean the sea birds of the Pacific
wingthe crcle of their lives. For them the oceanis o
larder: the islends and atolls their mating

sround ond RUTSEries.  GEORCEC MUNRO!SIRDS OF MAWAI

Bzlore dawn the sky over the Pacific was like a sheet of dark Blue
glass. From below the szstern horizon, lght and heat began to play on
it. The siars squeezed shut end the sky expandsd, growing pale and
tatt. Suddenty the sky shattered, falling in countless tinkling fragments,
while overhead. replacing the stars, white birds soared.

The island is small, 2 send-covered coral plastform only about half
g mile long a=d a few hundred yards wide. There are no tress on it,
onty broad patches of tough narrow-leaved grass and mats of yellow-
Hewered puncture vine. Along one side of the island runs a beach of
corzl sand: o the other there are limestone reefs and shelves. During
the might a kalf-fozan green sea turtles. biz as overturned whealbar-
rows, heve hanled © Emselraam on ihe beach to sleep. Not far away
two brown-gray sesls, sach with her single hlack-velvet puyp, are doz-
ing on the sand. In the shellow waler near them the silhouette of a littla
‘wave. less than a fool high, suddenly tarns solid end moves against the
grain of iba other waves—a shark's fin.

The island is v=ry low. The highest point on it is only 12 fest above
tha lav -'.. oi the sea Toom thera one can see about seven miles ta the ho-
rizon wiers i =i Sirections thers [s no smaoke, no seil, no ship, nothing.
The islang i3 Far fzom any traveled sea lanes: almost no one ever FoEa
thare intenticnally. The discov ‘erers of it surely went there by mistaka,
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Iu@ﬂzé}nvn English whaleships, the Pear] and the Hermes, cruising in
consort, ran into the coral reef and broke up. The survivors built a 30-
ton craft out of the wreckage, the Deliverance, and navigated it 1,100
miles southeast o Honolulu, Today the charts show this coral bank as
Pear] and Hermes Reef.

Pearl and Hermes is in fact an atoll, a half-submerged coral ring
ebout 15 miles wide enclosing a very pale green lagoon in the dark blue
sea. There are a few tiny islands along the rim of the lagoon but this
cne, Southeast Island, is the largest and of greatest consequence. The
rest are big sand bars. The atoll marks the place where once there ex-
isted a high volcanic island, perhaps as large as Oahu. Now it is wem
down by rain, wind and waves so that no trace of it is visible, although
if a drill hit were sunk through the sand and corel it would strike black
leva roois a few hundred feet down.

In the early-morning light two structures appear on the island. Ons
is a flimsy tower of metal posts end angle irons with something white
lashed to its top: a five-gallon metal water cen completely covered with
sea-bird droppings. It might serve to alert a navigator spprozching the
low island. The other i& 2 redwood sign. Carved on it in large halfuinch-
deep letters is “Hawaiian Islands Netional Wildlife Refuge/Pear] and
Hermes Reef/Southeast Island.” Below that there is "No Trespassing”
in English and Japanese. Aside from the tower and the sign there are
not many evidences of human life except for s temporary camp in which
a few men are living.

The birds that had replaced the stars were whits alheirosses and red-
tailed tropic birds. At lower levels shearwaters, petrels, boobies snd
frigate birds dipped and soared, On the sand, in the grass and on the
bare limestone rock there were white egge.and speckled eggs. oval eggs
and conical eggs, egzs that weighed less than an cunce and others that
weighed three quarters of a pound, Chicks were everywhere. The naw-
ly hatched sooty terns were little gray fluffballs spotted with brown.
The infant frigate birds were ugly enough to rouse relisious thoughts in
the mind of a heathen. Surely nothing could be that homely without
being part of some grand design: slark neked, without even a visible
halr or pinfesther; bright grey skin, the color of 2 hookmalker's falt
hat; covered with permanent large goose-pimples; potbellied, scrawny:
mad-eyed and squirming with lust for food.

The young albatrosses, although they wete already shout six months
old, two feet tall and had six-foot wingspreads, were still enly chicks
and not nearly as ferocious as they tried to appear. Some were just
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learning to 8y and wonld make 20- or 30-foot hops that often ended in ri-
dicolous crasies that seemed to embarrass them a good deal. When a
man approaczed {hem they would snap their beaks rapidly with a sound
lixe castanets but then they would trip over their own feet and fall
down. Sometimes they made little peeping sounds. There were about
8.000 of them on the island, so that it was impossible to walk very far
without running into one. Perhaps B0 per cent of them were Laysan al-
batrosses, with white heads, breests and underparts; the upper surfaces
of their wings and their tails are hrownish black. The remaining birds
were black-footed albatrosses, first cousine of the Laysans, with black
billz and sooty brown heads and bodies. When they are standing on the
ground both birds, at least at first glance, suggest enormous sea gulls.
In the air, with their long, narrow wings outstretched in gliding flight,
thev look like sallplanes. Their common name is gooney, or gooney
oird, 8 seilor’s term that may derive from the old word "gawney,” mean-
ing a elownish fool. St1l, although they have comical habits and often
g2t into ludicrous scrapes, they are—as birds go—fairly intelligent.
The zir over the island was not, as might be expected in a rookery,
fell of vproar znd stench. The trade winds blew steadily from the north-
east at about 10 miles an hour and the birds were fairly guiet except
when a man Intruded directly among their eggs and chicks. At such
Hmes they set up an incessant screaming, as they were doing now.
Walking in = blizzard of sooty terns so thick he could reach out and
czich them in midair in one hand was the man who has charge of the ref-
uge, looking =fter the interests of the birds and the people of the United
States. Although he had arrived on the previous afternoon, a good deal
| of ime had been consumed in setting up camp; and now he was taking

his first careful look around. "Please,” he said to the terns in a rea-|

| somable tone, “stop dropping gneno on the administrator.”

The name of the sdministrator 4s Eugene Kridler, pronounced with a
long “i," as in rider. He is & rugged man in his early fifties who works
for the Fish and Wildlife SBervice of the U.S. Department of the Inte-
rior. Two or three times a year he leaves his office on Oahu and journeys
out to the refnge to see what has been going on there. The refuge ex-
tends for more than 802 miles northwestward from the main Hawaiian
islands end lIlm_E'"ﬁ-Ei a chain of reefs, islets and atolls—Nihoa Island,
Necker Island. French Frigate Shoals, Gardner Pinnacles, Maro Reef,
Laysan Islarnd. Lisianski Island and Pear]l and Hermes Reef—that are
collectively one of the world's most important sea-bird nesting areas.
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The elassia semicircular shape of a
coral gfoll appecers on this map of Pear]
and Hermes Reef. Only 15 miles wide,
Peor] and Hermes covers more than
160,000 acres of reafs, islands and
lngoon within the barrier resf
{putermost line) separating it from the
aeean. The shortar lines mark coral
formations thet are usuwally below
water; only the islands, which are
labeled, sland cbove the tide [zvel,




The refuge also contains most of the Hewaiian monk seals still sur-

viving on the planet, and s the last remaining‘nesting ground in the !

United States of the green sea turtla.

To reech the island, Kridler relies on the cooperation of the Coast
Guard and-the Navy, which sometimes have ships or helicopters op-
erating in the neighborhood and will take him along. In this instance a
big Nevy helicopter flying out of Midway Island kad set him down on
Paarl and Hermes with all his equipment, including aluminum bands
for the birds, metal tags for the seal pups and turtles and an enormons
elide caliper of the sort used by foresters to determine the diameter of
trees. Krldler measures turtles with it.

The Mavy had also provided him with a couple of burly assistants to
700 puu:tda respectively. One of the assistants, 2 Chief Hospitalman
nemed Marvin Cunningham, was an amateur naturalist who had sc-
companied Kridler on previous wisite to the island, Thizs time
Cunningham hoped to find a seal, dead of natural causes, intact and not
too fragrant, so that a skeleton could be secured for a musenm. Mo-
seums are glad to have the skeletons of rare crestures so long &s they
are collected by people who know what they are about. Cunningham,
whaose main medical interest is in bacteriology, spent considerable ime
in Vietnam and sent back scores of carefully prepared rodent skins and
skeletons to the Smithsonlan Institution.

On this trip Cunningham was looking for Haweaiizn monk seals, so
called because the E_!]huuette of their head and neck is thought fo re—
semble that of a m monk in a cowl; monk seals belong 1o an intarasting
branch of the p pinnipeds, or fin-footed mammels. There are {or perhaps
werg] only three species, unusual among their kind in that they live in
warm or subtropical walers. Several hundred of them still inhabit the
Mediterranean, principally along the North African coest. At one time
monk seals were numerous in the Caribbean, in the Bahamas and of
the Florida coast, but they have probably all been slaughtered. The last
sure sightings of them were made in 1940. Hawaiizn monk seals were
nearly wiped out as well, for their oil and skins; but have made a come-
back since Theodore Roosevell established the refuse in 1000, Kridler
estimates their number today at about 1,000,

As Kridler made his morning reconnaissance he lookad for signs that
anyone had landed on the island since his last visit. “Do you know
what could happen If thera were a shipwreck out here?™ he said.

It struck me that this would be a poor place for & man to be stranded.

I
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“] wasn't thinki~g shout people,” he said. “What I worry about is
reie, If a ship plows into oons of these islands and the rats get ashore,
they can wipe out = whole species before you know it. Ground-nesting
birds are 1.3;*_.‘_31.:21'&:-!& to rets.” A few years ago a scientist from the
Smithsrnian, workdng in the outer islands, watchad 3 rat attack an al-
batross on its nest. The albatross was go intant on brooding its egg that
it defended itself only feebly and was killed.

Alibough it would be grim news if rats got ashors anywhere in the
refuges, it would be disastrous on a coeple of the islands because of
the exireme rarity of the species living there. On Nihoa, and nowhere
else on earth, live some gravish-brown millerbirds, so called because
of thair fondness for eating miller moths. When Kridler last estimatad
their number he put it at about 600. The island also is the only home of
the Nihoa finch, 2 member of the Hawsiian honeycreeper family. In
size and color the birds resemble large canaries, with yellow heads and
bodies, but they bave powerful crushing beaks like those of miniature
parrots. About 4,000 of them still survive. On Laysan in the highly sa-
Iine interdor lagoon there are some handsome little ducks, unique to
thst island, that heve been fighting nip-and-tuck with extinction since
1523. In that year pnly seven of them existed; today there are probably
sbout 175. The ducks, the Baches and the millechirds would vanish
quickly ii rats became established on their islands. In 1969 a Japanese
fishing trawler ran aground at a speed of eight knots on Laysan. After
the men were rescued they swore a great nine-jointed oath that rats
had never s=t foot on their vessel, but when he inspected the wreck
Kzidler found several boxes of rat poison. "T had nightmares about it
for some Eme.” be said, "but either there really weren't any rats aboard
or they failed {o get ashore. That me, anyway."

There were no signs that strangers had been prowling on Pearl and
Hermes in the immediate past, so Kridler turned his eye to legitimate
visitors, the toriles on the full-grown green sea turtle is sur-
prisingly powerful and when it is slarmed it moves like a bulldozer
across the sand, heading streight for the water. To capture the turtles,
which were asleep, Kridler and Cunningham sneaked up on them from

((the side and turned them over with sudden strong charges reminiscent
|| of interior line play in football. They were careful to avoid the turtles’
fdippers, which are | ony on the front edges and can break a
man's wrist with g solid blow. They also took heed of the turtles' mouths
—gre=n sea turtles do not spap aggressively, but may bite off a hand if
it is carelessly ciered to them. The two men turned over four big tur-

Scrawny and bare, o newborn frigate
bird [above] hugs its nest in o clump of
solonum sheub on Pearl end Hermes
Heef, woiting to be fod small pieces of
fish and squid that its parents steal
from baokies. Tha adult male at right,
gliding to the mast on its seven-foot
wingspan, prepares to disgorgae tidbits
to ila Young a% its mate looks on.
Adults olso sat tern chicks and furtls
huetehlings when such delicnosies

are in season—mostly in summer.
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tles with Ltls trophis. A ffth one swakened, however, and began
making for the waisr. Cunningham jumped in front of it and put his
foot on its head. shoving it down hard into the sand. The turtle halted

and in 8 moment K-idler hurried over and fipped it

When green sea turtles are overturned they cannot right themselves

again as cen verious other members of their kind, including snapping
turtles. ['psif= down they can survive for weeks or months and were
often czrried in that manner for fresh food on long sailing voyages, to

he butchered when needed. Kridler's turiles, as though they had some

dim racial recollaction of this, lay on their backs without struggling, oc-
casionally uttering long, loud sighs. Two of them already had numbered
metal tags atiached to the trailing edges of their right front flippers,
cloge to the body, where Kridler or his fellow workers had placed them

in previous years. He took note of the numbers and then tagged the oth-

ers, using pronged tags that are pinched shut with pliers. The turtles
sezmed not to notice, apparently being fairly insensitive to pain. One

of them Ed been attacked by a shark that hed bitien a semicircular 2
niste oul of the side of 1ts shell abaut the size of half a dinner plate.] =
The wound had healed in the menner of bark covering a gash on a tree.

Kridler took tHe dimensions of the turile shells with his caliper, mea-

srring length. width and thickness of body, which in a falr-sized
creature came 10381/ 20.2 and 13.7 inches. In weighing the tortles he

and Cunningham 31id them one at a ime onto a piece of heavy canvas
that had a sleck loop of rope threaded through metal grommaets around

ts edge. When the rope was pulled taut the canvas enclosed the turtle

as in a hammock The rope was then hooked onto s spring scale fas-
tened 1o the middle of a stout eight-foot pole. They strained to 1ift the
pols on their shoulders and when the hammock was.clear of the ground

1 read the scale. The fair-sized creature wﬁghuf_z_ﬂi-puundu- Released,
right side up, it repidly heeved itzelf over the sand into the water and
swam ofF =t what seemed gredt-speed, although it was probably only
about 10 miles sn hour.
—{y¢'re building tp a file of information on the migration and growth
rates of these turtles ™ Kridler said. "“They're not an endangered spe-

gizs vet, but they soon may be. They're a greal delicacy and bring high
prices cn ths mseckel Right now we're cooperating with a scientist at :.{
the University of Fawaii who's trying to fgure eut if they can be raised
commercially.” Thus far Kridler has recaptured a number of turtles

that have traveled from island to island within the refuge, and o some l-
of the main ichebited Hawaiian islands—as much as 800 miles at times. |
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It was midsummer noon. Pearl and Hermes is not far from the in-
tersection of the international date line and the Tropic of Cancer, and
the sun there is like a sledge hammer. The water and the white, coarse
coral sand reflected light and heat. The young albatrosses, facing into
the wind, stood with wings outstretched, occesionally waving them to
exercise and strengthen them. To cool off, the birds rocked back on
their heels, lifting the soles of their triangular webbed feet so that the
air could circulate under them. Networks of fine blood vessels enable
their feet to serve as radiators, diesipating body heat. It is an effective
mechanism except in one regard: unlike land birds, sea birds have no
strong rear toes to support them when they rock back, and albatross
chicks take some humiliating pratfalls before they get the hang of it.

Not all of the elbatross eges on the island had hatched. Some had
been infertile and now, several months old, they were baking in the
sun, full of green slime and gas. Pow! If & man picked vp one of them,
joggling it, there was a fair chance that it might explode in his hand.
Sometimes an egg would burst spontaneously when no one was near.
The sound was like a smgll light bulb breaking but the smell was thun-
derous, fortunately soon swept away by the breeze.

Scattered slong the beach were scores of corked or capped glass bot-
tles, seemingly a strange litter to be found in the far wilderness of the
sea. Almost ell of them were liquor or [apanese sake bottles tossed over-
board from trawlers, merchantmen and passenger ships in many lati-
tudes and carried to Pearl end Hermes by the wind and the ocean
ate a slow-moving clockwise flow of waler in the North Pacific. A well-
sloppered bottle will Hoat for years or decades in the currents, and since
there are literally milllons of them adrift, even the most remote islands
become strewn with them. In fect the remote islands, rarely reached by
beachcombers and souvenir hunters, have many more hotfles than the
accessible ones. Among perhaps 200 bottles on Pesrl and Hermes, two
had messages or, at any rate, communications in them. One contained &
tract from atl‘._'u’es{- Coast Bible Eﬂdﬂt-'l.: noouncing good news for gin-
ners: the word of the Lord will rerch them even at the ends of the earth.
The other contained somewhat more earthly comfort: a photograph of a
pretly Japanese girl, some Japanese cigarettes and matches,

Among the beached bottles were Japanese fishing Goats, heautiful
hand-blown glass globes of pale green, light blue and lavender that are
used to hald nets upright in the water or to support lines of balted
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hooks. Many of them were the size of small grapefruit, othars as large
as basketbells and ane. measured with Keidlar's caliper, was nearly 16
inches in dizmeter. In use the floats are secured by light rope netting
that sometimss breaks end sets them adrift. Occasionally in a storm a
fishing boat may Iose part or all of a tuna line, perhaps a mile long, with
dozens of the big gizss balls attached. They are eagerly sought by beach-
combers in Hawsii, British Columbia, Washington and Oregon, who
sell them 1o collectors and curio shops for a¢ much as 350 apiece. There
were al lpast 100 of veriows sizes on Pearl and Hermes, waiting fur“
someone to pick them up.

In the heat of the afternoon Kridler took a census of some small
birds commonly called Laysan finches. Canary-like, with heavy bills,
they very much resemble Nihoa finckss, and they too belong to the
honaycreeper family. They are the only land birds on Pearl and Her-
mes and arrived as recently as 1087, when 30 pairs of them were
trensferred from their encestral home on Laysan Island. They were in
no immediste danger on Laysan, but it sgeemed a good idea to establish
a colony of them on another island as insurance. To meke an approx-
imete count of the little birds, Kridler followed the wildlife biologist's
standard pmmdﬁm of sampling by fransects, or swaths. At random in
all parts of the island he selected 100 pieces of ground, each 100 feet
long and 16%: feet wide, and walked down the cenier of each one, count-
ing finches as he went. The population conld be calculated by a retio:
the number of birds counted is to the total number of birds as the area
of the 100 transects is to the total area of the isl=nd.

1 set out to walk a few transects with Kridler. He began in the middle
of the island, which wes coversd with wiry bunch grass in which the
finches had built nests. On the ground between the bunches, terns were
nesting too. Below the ground. in burrows they had dug in the soft
earth, wedge-tailed shearwaters were nesting. Shearwaters are shout
18 inches from bill to tail Hp, gray brown ebove and whitish below, and
can dis at a remarkable rate. It is very unsettling to walk across their
nesting ground. Inevitably one steps on 2 concealed burrow, sinks to
his knees in the e=rth and stands thers horrified, not knowing if he has
crushed an adul: bird. a chick or an egg. Twice when I caved in their tun-
nels, edult shesrwaters, hopping mad. dug their way out and scuttled
and bounced awsy nnhurt.

After 25 traneecis T left Kridler. found a patch of shade in the lee of a
tent and sat waiching him. Back and forth he went under the ham-
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mering sun, changing direction, counling his steps, counting birds,
sinking into the earth and getting up, plodding across the hot sand and
coral rock. Kridler believes in the old-fashioned virfues and m_ga.:ds

=, = bt

yond q.rashnt of civil-service headquartam on the Pntm:nm:. he seemed
to have no thought of dogging the job by walking only 72 trensects or
even 29, He walked 100. He was dripping with sweat and limping whea
he came over to the tent and sat down to work out his ratio. The 50
pairs of E!}dﬁeﬁ-hﬂd multiplied in five years end now, he figured, there
were about 350 birds.

In the afternoon, isolated clouds drifted over the green lagoon, and
the reflection of the sunlight from the water tinted the bottoms of the
clouds, It was a pood strong tint that must have been visible for many
miles, if anyone beyond the horizon had been looking for it. Polymesizan
sailors, who were among the best the world hes known, used to find
atolls by searching the sky for green-tinted clouds. At sea they also
studied the flight of birds heading from their fshing grounds {o their col-
onies to feed their young, and the men turned the prows of thelr
seagoing canoes to follow, Now the birds were beginning to straggle
- back to Pearl and Hermes, carrying in their gullets and slomachs small ~ Member of @ species once found only

fish and squid that they would regurgitate for their chicks. ?ﬂﬂ’;ﬂ;ﬂ“ﬂﬁﬂﬁﬁ‘:ﬁ:ﬁhm“
Albatrosses feed largely on squid, and their digestive systems con- ,-,mnhsﬂmgmm}_m;mgmé
tain reservolrs of oily squid chowder. When a chick inserts its begk o Sontheos: Island on Pearl ond
crosswise into its parent’s beak the adult expels a jet of liguid that  Hemmes Resfin 196 The bird's right
the chick caiches so deftly that not a drop is spilled. Albzirosses con- ?ﬂﬁdﬁtf:ﬁi:?; .’_ﬂ:r?_.::; i
tinue to feed their young until they are five to six months old and al- =7 oc fead on insecss cud grass seeds.
moet ready to fly, and then abandon them, Thereafter the chicks, whicj In choosiog nestiog groeads, they

e rad

- drink salt water, may go without food for as long as two or three weeks|  fovorths denss moming of ercgrostis
living on their body reserves. If they have not learned to Oy and fen i e i
for themsalves by then, they die. Many of those on Pearl and He'mes|
had already been abandoned and a man could tell almost at & glance
which of them were going to live, and which not. The weaker birds
would stand in one place day after day, scarcely moving, while the
stronger would continue to exercise their wings preparing for thels long
flight out to sea.
Some of their short practice flights, however, ended in quick death.
I The chicks would land 20 or 30 yards ofshore and while they drifted
*  with outstretched wings sharks would drag them under. The a‘nn?
ks

feest of albatrosses had attracted to the island a large number of sharl
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among them resf whitetins ud@geﬂ'}vhich sometimas swam so close
to the beach that their bellies appeared io rub the sand. A few years
8g0 on Midway, saflars from the naval station caughi a 16-foot tiger
shark and stemne it up on a pole to take its picture. After a couple of
bushels of wet festhers had cozed out of the shark’s mouth the sailors
cut it open and found 13 young alhatrosses inside.

Among the birds coming home to fesd their young there were a num-
ber of boobies, so called because of their apparent stupidity, although
that may not be guite the word to apply to them. The three species on
Pearl and Hermes kave a persecuted. frantic look that Bts well with
thelr names—ihe blue-faced booby and the red-footed booby, which
are white, and the brown booby. The aculis are about 18 inches tall
zad appear to be hard-working conscientious birds. By day they toil in
thefr watery vinevard, dipping Inte it for squid and skimming over il to
catch fiying fish, and when they have a full basket for thelr chicks they
try to get it home without being hijacked. They ily low, as though try-
ing to escape the notice of the piratics] frigate birds, but this is not
much ose. The frigates plunder them enyway.

Frigate birds, also celled man-o'-war birds, are nearly as large as al-
batrosses although lighter, blackish in color and with wingspreads fhat
gﬂg‘_l:l_&__l:h_ semnfeeL ot. They have long. deenly forked tails, which in fiight
they open and close like shears. They are absolute masters of the air, re-
maining aloft indefinitely by riding currents, although they can also per- i
form =crobatics and can put on e handsome turn of speed. When the
boabies and tropic birds come home loaded late in the day, the frigate
birds dive down on them and sometimes even grab them, forcing them
to cough up their catch. Before the fzlling fish or squid can hit the
water the frigates swoop down and gobble it up, Luckily most boobies
carry more than one fish. In Birds of Howaii ornithologist George C.
Munro quotes en observer who is “positive that [the booby] alwajrsj{
gives up a fiying fish to the frigets; retains a squid for s young and a fly ,J'r
ing fish for itself.” Whatever tha case, the look of the boobies is not so
much one of stupidity as of extreme exzasperation verging on lunacy.

Frigata birds have their own problems. I'walched one commit a mid-
alr robbery and tzke= the fish home to its own chick. The frigate glided
in, breked, hover=d over the nest and then collapsed on it like a broken
umbrelia. After conntless generations of airborne existence the legs
and feet of frigate birds are atrophied, weak and uvseless except for
perching, The birds caznot walk, When they land they must come down
on a spot with some elevation, however slight, so that they can take off




again without the aid of an upward push with their legs. Their great
wings can make the most of the smallest updraft, but if they chance to
land on a flat place on a calm day they must do a great deal of fapping
and floundering before they can become airborne once more.

After dinner Marvin Cunningham, the Navy hospitalman, sald that he
had found a dead seal, and we walked over to have a look at it. The an-
imal had been dead for a couple of months end there was no longer
much odor, It was on the coral-reef side of the island, lying in a few
inches of water in a tiny protected cove. Bmall waves, only a few inch-
es high, had been lapping at the carcass and had neatly separated most
of what remained of the flesh from the bones, so that Cunningham's
task was mainly to gather them up and put them in a huge plastic baz.
The action of the waves had detached some of the smaller bones and
teeth from the skeleton. Cunningham searched carefully for them in
the water, meanwhile talking shout the unusual characteristics of seals.

Seals can dive to remarkable depths—a few have been caught by ac-

\\?idant on fishhooks as far as 500 feet or more under water. One reason
or thelr remarkable swimming ahility is that most seals are so stream-
lined; they have no protuberances anywhere. The sex organ of the mzle
is recessed and can be thrust out through a slit in the body when need-
ed. To assist in this the sesl has a baculum, or penis bone, that is also
found in some other mammals, although not in the primates. It is not
firmly attached by ligaments to other bones and thus it can readily be-
come separated from the rest of the skeleton. In the case of
Cunningham's seal this had already happened and he looked right end
left for the bone in the shellows. “We can't send &n incomplete skel-
eton to a museum,"” he said.

"God forbid,” said a coworker, jolning i the ssarch.

At length Cunningham found the bone, which resembled a small ivo-
Iy pencil, and put it in the plastic bag with tha others. When he got the
skeleton back to Midway Island he would put fresh water end deter-
gent in the bag, and after some eoaking, scrubbing and drying It would
be ready to pack and ship.

Night, in contrast to the shattering dewn, seems to fall slowly in the
mid-Pacific. It takes the stars a long tme to drill hales in the sky. When
it was dﬂrk Kridler mede another patral of T_h.ﬂ islend. On the beach,

.....

cen loomed like a Scﬂﬁﬂld The Sﬂt:-l'_. terns, 1-1]11:]: ﬂy ai] mght rE]lL:ng
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out their other name, “wideawake, wideawaks, wideawake,” swoopad
low overhead. As we approached the grassy center of the 1sland Krid-
ler stopped. lisiening. At first I could keer only the noise of the terns
but then beneath it emerged & hair-raising sound, exactly like the sound
of men and women, barely conscions. in agony. There were long-drawn-
out feminine mosns answered by masculine groans: wordless noises of
hearthreak and grief; mournings, wailings and low lamentations. Cer-
tainty no other birds, and probably no other living creatures excapt hu-
mans. make such sounds. It was a colony of tunnel-digging shearwaters.
They wers singineg,

In the morming Kridler and Cunoinghzsm set ount to tag some seal
pups. Heweiian monk sesls come ashore on Pearl and Hermes and oth-
er refuge islands thronghont the year. Like humans, they are fond of
wriggling on the sand until they have made a comfortable pillow and

" hed, where tthr doze in the warm sun. Thev are trusting creatures who

.....

CEN approgch within four or ﬂve feet of them before Ihey “show any
alarm, and even then they merely grumble about being disturbed and
do not become belligerent. Females with pups will roar and try to bite
enyone who threktens their pups, but this is not very surprising. The
faces of the seals seem wise and pensive, with drooping whiskers and
gad eyes. They appear to be weeping, 2nd in fact they are. Unlike most
mammais, seals have no tear ducts to drain off internally the fluid that
lubricates their eyes. Instead, the finid overflows externally, rolling
down their cheeks in streams of seeming sorTow.

When seal pups are born they weigh about 35 pounds and ere cov- -
ered with beautiful glossy black fur, for which they would be t‘:luhheﬂ""f
to death if hunters could get at them. They grow at an incredible rate,
drinking buge goantities of milk, and mey reach weights of 200 pounds
within six to seven weeks, after which they are weaned. Once on thefr
own. they shrink to perheps 100 pounds and begin &n orderly growth
until they become eight feet long and weigh 650 to 700 pounds. They
maoult their black baby fur six to seven weeks efter birth, eventually be-
coming soft erayish brown above and light gray on their stomachs. -

Kridler and kis coworkers have been tagging sesl pups since ':,IEBEI-J
and heve become very adept at it. There were a half-dozen pups on the
beach with their mothers and he tagged each one in & matier of thres ar
four minutes. Conninsham would distract the mother, waving his arms,
jumping and shouting, while Kridler slipped in behind and quickly fas-
tened a tag in the webbing of the pup's hind fipper. During this

==l
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operation one of the pups became so far separated from its angry par-
ent that it seemed safe enough to pick it up. I held the pup in my arms
for & few moments, looking at its friendly unsuspicious face, and put it
down when a big tear welled out of the corner of its eye. The pup hur-
ried off to join its mother and the two immediately touched noses, which
is apparently the seals' way of reassuring each other.

After the last of the pups had been tagged, we waited on the beach
for the Navy helicopter from Midway to pick us vp. An adult seal was |
swimming lazily about 50 feet offshore and Kridler wes taking pictures _|
of it. It was then that we saw the shark’s fin cutling throngh the small |

_waves, fast, in a straight line for the seal, Within seconds there was a |

thrashing in the shallow water where the two had met.

We wear, gll of us, the old mammal schonl tie. Our blood iz warm.
We rarely think, until we see and become emotionally involved in a
fight between a fellow mammal and 8 demned shark, just how strong
our loyalty is. I glanced at Kridler, who was trying vainly to get pic-
tures of the underwater struggle. He was velling encouragement 1o the
sedl and so was I. We shouted until we were hoarse, both of us prej-
udiced, bloodthirsty memmalian chauvinists to the core,

What can a seal do against a shark? I had read that porpoises had
been known to fight sharks. They form & ring around their enemy. and
while a porpoise on one side of the ring makes a diversionary move-
ment, another on the opposite side dashes in and rems the shark with
the top of its head. In short order they batier the shark to death. Buta
lone geal? For an instant as I stared into the water I thought of The
Threepenny Opera by that outstanding German memmal, Bertolt
Brecht, and the tranelation, "When the shark bites with his testh,
dear/ Scarlet billows start to spread. ..."

But there were no scarlet billows. God knows what the seal did to
the shark, but after a Tew wild flurries the shark turned tail end swam
off, beaten. The seal continued to laze along in the watar, paraliel with
the beach, and then hauled itself ashore about 50 yards away. There
was not 3 mark on her, ar him. It is toe much to think that the seal un-
derstood our cheering, any more than it understood the glgantic bird
that soon came rattling down, swallowed us, and flew away.
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